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1.0 BSUITING AND TNGRESS

Ags far as we were concerned, the suiting situation is
completely satisfactory. I think the crew should ingress
ag late as is feasible, and possibly 10 to 15 minutes later

than we did.
Up to 20 minutes later.

This should be carried out in the following flights, that
is, not have a complete sult loop integrity check ~ pressure

check, because the suit is checked individually earlier.
Certainly would help.

It should be deleted, because it loosens the straps and

everything.
That gives us 15 or 20 minutes gravy for our crew ingress.

The coolant loops and everything - I think this problem is
all satisfactory. None of us felt too cold or too warm.

It was beautiful.

kb Gl
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2.0 BSTATUS CHECKE AND COUNTDOWN

Status checks and countdown were completely normal - satis-

factory.

We knew we had a bad fuel cell 1 02 meter. In other words,
the meter had failed to the zero position. We all were
ready to go without it. The ground could see fuel cell

02 flow rates. However, I was not briefed, and no cone told
me that when you go to the fuel cell 1 position to monitor
the hydrogen flow or any of the other aspects of fuel
cell_l; you would get a MASTER ALARM. The only reason
that it was discovered is that I was going through the
systems on my own, prior %o lift-off. When I went to that
position, we got a MASTER ALARM. I was told later, after
people locked intc it, that this is a normal configursation.

I sure would like to have known that point before we lifted

off.

T think John and I found one item that was omitted by the
pad crew, and that was prior to the day of reentry. Before,

we noticed that the zero-g brace was hooked up.

This is a couch strut brace that braces the couch when you

have the X-X straps removed.

O |
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I seid, "I don't remember anybody putting that up," and

John said, "I don't either.”

I thought Gene did it. And Gene didn't do it, so obviously,

we launched - -

When I ingressed to the spacecraft, I locked down and that
brace was there. And none of us put the brace up, go it was

never down %o the stowed position for launch,

SECS PYRO, COMM verification, emergency detection system -
all those went &s previcusly during the CDDT and previous

checks.
We did no stable-member azimuth check.

The FDAI power, GDC align, and EDS checks were completely

satisfactory.

Didn't fire the RCS. The DELTA-V check was normal.
The ground communications and countdown were begutiful.

There's no reason to have the VHF keying in your ears - what-
ever it was that was keying. It's difficult to tell whether
you have a spacecraft problem or a ground problem. Thgy

should correct that because maybe you might launch with an

anomaly if you keep going with that kind of a situation.

CONFI
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It's without questicn, recognizable: 1it's like an open mike.

It's like an open mixe. And I don't see why the dickens
they have it. It seems to me like a little effort would fix

it.

It esppears that it's back in the COMM center where the cross-

talk occcurs.
I see no reason to live with that,
The rest of the countdown was beautiful. No problem.

The vehicle did sway prior to Ignition. Tihae vehicle swayed
and you ccukld see it on the rate needles. With the small
winds that we noted, it was a very noticeable swing, but not

oblectiorable.
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3.0 POWERED FLIGHT

8-IC ignition, the Stoney count was right according to the as
briefed procedures. He called ignition when he actually saw
fire coming out of the F-1 engines. This occurred at sbout
minus 6 seconds. You could feel the rumble and vibration

start to build up at minus 3 seconds.

2.5 LIFT-CFF
Lift-off was wvery obvious - with a slight increase in pressure
on your back and & decrease in vibration. Very similar to

Gemini .

We really had a sensation of motion.
You knew you'd lifted off.

Without question.

Lift-off was gsmooth. We had no problem at all talking to each

other.

Voice COMM was excellent in intercom. None of us wore anything

else except the Sncopy hats.

Yaw tower maneuver - what I observed on the rate needles at the

2-second yaw maneuver - was approximately one half of what we'd
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seen in the simulator. The deflection on the attitude error
néedles was approximately one half the magnitude of what I've
seen on the DCPS and CMS. This should be corrected. The
launch vehicle lights were lit. The dim lights were no problem,
The tower clear call was on time, the roll program, and the
pitch program were nominal. The rate changes presented no
prchlem, and you could hear the cabin relief -~ wvalve operating

as the cabin pressure decreased,
Cabin pressure decreased at abcut one minute, didn't it?

Yes, it was late - it was - somewhere around a minute to a
minute and 10 seconds, But when it did, 1t was loud and clear.

The simulateor iz a good simulstion.

The mach 1 and max g noise levels were less than in Gemini.
That's right: I sgree with that,.

Tt did not scream and howl like Gemini did,

After we got cut of max g, it was like riding a super bird.

After mex g the noise of the F 1 engine was less than we had

in the Gemini. The F 1 engines were very low and beautiful -

A guiet, smooth bird.

CONER# AL
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The EDS was turned OFF and we went tc manuel at 2 minutes.

We noticed no pogo oscillations during S5-IC boost.

There were nc problems turning the FEDS switch to OFF., I was
a little worried that we might have problems reaching the

switch under the 3 or 4 g load.

The 8-IC inboard cutoff was on schedule, and agaln there were
no problems. At ou%board cutoff, we were expecting a negative
g. We'd been briefed by the Marshall pecple that we could
expect the outboard shutdown approximately 2 1/2 seconds
earlier. We were expecting it st 2 minutes plus 37 seconds,
to 38, and the booster burned all the way to 240 — maybe it
was a little over 240 when it shut down. Now at this time,
we had expected a negative g, and we thought it would just

be one pulse, but what we had was.a tremendous structural
pogo oscillation. It was approximately 4 cycles and we were
slammed forward, back, forward, back, forward, and beck; the

instruments, t¢ me, were kind of klurred.
It was loud,

It was the loudest thing T've been on. The noise and sensations
to me sounded exactly like an cpened pre-valve, on the Gemini
Titan, at about minus 45 seconds before ... amplified by 10.

I was trying to call staging but I couldn't talk, and when

LSBT —
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STAFFORD  everything had settled down, we were burning away on the
(CONT'D) '
8-IT Jjust as smooth as silk. But it was obvious that it was
the 8-II stack that unloaded on us, because we still had the

dynamics after the lights went out, but we expected this be-

cause they have cut over 10 tons of metal out of that S-TII.

YOUNG We think that this thing is Just sitting there under tension
and then when it stages, the whole thing goes back to its
normal form, like in zero g, and it's going to oil can a

couple of times.
CERNAN Like a barrel -
YOUNG Fuel slosh is going up and down in that thing.

STAFFORD It was the darnest thing I've ever been through. As far as I
can remember it was L cycles with a decrease in amplitude per
eycle, We were worried about it's breaking hardware in the
command module/IM snd everything else, but once on the 3-1I,
you could barely hear the engines and everything was very

smooth.

CERNAN . The S-II ride was so quiet and so smooth up until we got to

staging, that you hardly knew anything was burning.

STAFFORD As far as any gaseous products at staging ~ we were going

through the pogc at that time, and I couldn't tell you what
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went on outside. I could barely see the instrument panel
because 1 was being slammed back and forth so nach. The

tower jet was a very low noise-level thing.

Just - prior to tower Jet, I could see - the only way I can
describe it is - amerodynamic heating smoke coming across the
hatch window and also the right-hand window underneath the

BFC before 1t was Jettisoned.
That reported before, I think, on Apolle 9.

There was no gquestion about it. It was coming between the
window and the BPC and it was aercodynamic heating. I could

see it on both my right window and on the hatch window.
I don't think you need the BPC, but I can't prove it.

The tower jet was done on time and again it was less noisy
than on the DCPS. It was mostly just like a plunk, then it

was gone.

The real cue to tower jet was that the windows all opened

up on you.
Yes, you could see it from the rendezvous window.

Guidance initiated was very smooth, and COMM was very good.

Inboard shutdown at 7 plus 40 was right on time.
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Could you feel that physiologically?

Yes, we could. We then got the GO for staging and again,
when the ocutboards of the 8-II shut down, we got structural
pogo. However, it was lower in amplitude than the pogo
that we experienced on the first stage and it abruptly
ended at about 3 cscillations. We staged off of the 5-I1
and we were on the IV-B.

Let me tell you that was a ride and a half.

Yes, there was_noise associated with this. You could hear
things - bluh, ©luh, blup - like this. TIt's hard to describe.
But then when the IV-B lit off, we were all amazed that one
J2 engine growled and rumbled. You could feel vibrations.
Where the S-IC stage and the S-II stage were completely
smooth, the S5-IVE growled, rattled, and rolled during the
whele burn. But you could actually feel little vibraticns.
- It wasn't a pogo - we never had a real pogo throughout any

part of the flight.
Nothing you could really feel.

But you could feel small lateral oscillaticns, a little fore
and aft, bubt not a pogo oscillations. The noise of that J2
engine on the S-IVB was louder than any of the engines on the

other stages.

&
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Remember this thing that Gene remarked on that was really

noticeable Just prior to staging?

Zkay. Gene hes never ridden in the DCPS with us to any
extent., I could see the mobilization in the guidance change
in there, and to me it was nothing, becguse I'd seen it in
the simulator. And if you've never seen it on a visual

tefore, 1t'1l throw you - like the guidance is going wild.

I saw the piteh guidance change sbout three separate times,
where the horizon went on the bottom of my window and went
to the top of my window. And then went to the bottom of my
window and then went to the top of my window. It seemed to
me 1t was more than a hunting, tut Tom then verified that
the guidance was good and what was happening. Then it had
pitched back. It wasn't hﬁnting as in Gemini where you

could sec the nose hunt. This was definitely a pitch change.
Yes,

It happened three geparate times towards the middle and end

of the burn.

It didn't concern me a bit because T've made so many runs on
the DCPS and T was loocking for it and it occurred right on

time. However, it is more dramatic when you see it cut there

-_ NTIAL

.



3-8

STAFFORD in space. Okay, the main thing about the IV-B was the way
(CONT'D) :

that that engine growled and the vibrations from it. We all
thought the thing was geing to quit any second. But it went
all the way and it shut off at the proper time. After SECO,
we went through our insertion checklist and everything looked
good. We had gocd communications with the ground. The one
thing we noticed was how solid the attitude of that Saturn

was using the APS engine. There were no dynamics off the

nominal. It was very impressive.

Cernan From the right segt, I didn't feel or know when any of those
thrusters were firing back there, nor could I during ullage
for the TLI burn. The only reason I knew we had ullage for

the TLI burn was that we could see the DELTA V counter count

up.
STAFFORD I could see the yellow flashes.

YQUNG I could see the light at dark. At night time, you could see
the yellow flashes.

STAFFORD At night time ...

YOUNG | That's right. You could also see the lights on the 5-IVB

flashing.

STAFFORD  Controls and displays completely satisfactory.

. ._
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Yes, they couldn't have been better.
The g forces are so low you can't believe I1t,

Yes I ggree, you could have dene it standing up.

3-9
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4,0 EARTH ORBIT AND SYSTEMS CHECKOUTS

Systems checkout was completely nominzgl, snd we were running
20 to 30 minutes ahead of time, except when we had to wait
for specific items. I think the total philosophy on this is
to make things as simple as possible. That was the approach
we used, and we were always ahead of the game. Roger. Probe
extension, which we were told would be very slow, wés exactly
like it was in the simulator. We heard an audible click-when

the probe got fully extended.

4.1 EVALUATION OF INSERTION PARAMETER
John's onboard chart and the DSKY had everything. We had =

GO right away from the CAPCOMM,

That guidance system was absolutely perfect at insertion.
It agreed with the crowd, we knew where we were, and if we
had had to do a mode L or an upstage, we could have done it

with every confidence cof being able to do it.

The SCS attitude reference comparison was good. The numbers
on our dials matched up within 0.1 degree of what I was read-

ing on the primary guidance and navigaetion system.

‘ﬁc
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YOUNG That allows aligmnment of the GDC to the IMU by Just using the
2 balls, just getting the roll, pitch, and yaw angles off 1620,

dialing them in, and punching a butten. OSaves you a lot of

time.

STAFFORD Right. . The drift rates we noticed early in the flight were
very low on the GDC. We did have an anomly on the command
module RCS ring 1 due to an isclaticn disc being ruptured.
This procedure was talked over before lift-off. We agreed
upen a preocedure, went through it right after insertion, and

it was all completed 18 minutes after insertion,
YOUNG Turned on the heaters in fhe ... 15 minutes.

STAFFORD And pulled it - turned them off, pulled the heater breakers
to close the isclation valves. COAS installation and hori-
zan check - fine - no problem. The horizon check was no

Eroblem.

CERNAN Unstowage and camers assembly was no problem. The prcblem
was retention of all this gear that we got ocut. We really
had pulled out cne piece of gear and didn't know what tc do
with it. On a tight timeline that could bother you. I didn't

think 1t was tight timeline.

M
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YOUNG During this entire TLI PREP and unstowage, the commander and
LM pilot stayed strapped in their seats (basically, loosely
strapped in their seats) and the Command Module Pilot did
all the LEB work, the unstowage, the optics, the checkout,
and everything. Systems verification and dock and probe ex-
tension was nominal. It occurred just like it does in the
simulator - 8ll you'd hear was definite click when it got

fully extended.

CERNAN Communications were excellent throughout the whole boost
phase. We never lost contact, we had good S-band check and

good VHF.

STAFFORD 3C5 attitude reference compariscn was excellent. Low drift
rates at that time and the DSKY readings were beautiful.

We were 20 to 30 minutes shead of everything.
YOUNG Shoot, it was a piece of cake.

L.14% CONTINUQUS VENTING SYSTEMS AND PLUME

STAFFORD Continuous venting system and plume, no problem.

CERNAN | FOD had to update cur state vector 2 to 3 times. Everytime

we updated it, we were in & higher orbit. ...
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4.15 TLI PREPARATIONS
We had agree that we wouldn't wear helmet and gloves for
TLI and then chickened out, there, &t the last moment and

put them on.

It was so easy, we were aghead of the timeline, and we had

nothing else to do. We said, "Shall we put them on?"

It was more psychological than physiological, because you
know if anything had happened, there wouldn't have been any-

thing you could do.

But it was a case of belng ahead of it, sitting there and

saying, "Well, why not?"

Tranglunar insertion configuration was satisfactory; verify

the EMS DELTA-V that worked good. Systems readiness was fine,

We went through all the component checks and everything

checked ocut nominally.

4.20 ENGINE ALIGNMENT
Engine alignment - 5-IVB again, the ground checks that. We
got the GO for TLI. Crew readiness and comfort - we were
comfortable and we were 30 minutes shead of schedﬁle - maybe

0 at times. Subjective resction to weightlessness -.
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fullness in the head - yes. As soon as I got in orbit, my

head felt full like the sensation of head-down position.

You better believe it. We felt like we were upside down

until about 8 hours.

I had no vertigo - neither did John, and I don't think

Gene did,
I didn't have any vertigo. I felt like a hundred dollars.
Nausea? I had none, John had none, and Gene felt good.

Nothing, Babe, during this whole phase.
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5.0 TLI THROUGH S-IVE CLOSECUT

5.1 TLI BURN MONITOR PROCEDURE
STAFFORD  TLI monitor procedure - the new procedure that we worked out
with respect to manual backup guidance worked out very well,
We set the OREB rate baell to the lunar torguing rate at 200
nautical miles - the way it should metch coming down - and
it worked grest. We were all confident that - if it were
required to do a manuel TLI, we could have done it - Just

no problem. The correlation, there, was great.

5.2 5-IVB PERFORMANCE AND ECO

STAFFORD  The S~IVBE 1it off exactly to the second on time. It started
its pitchdown 5 degrees. We were all getiing very sensitive
to any motion. The thing we noticed right away was the érowl—
ing of the S-IVB and these oscillations. There wefe little
lateral and longitudinal oscillations and a growl. Then
between 3 minutes and 3 minutes and 5 seconds, a high-frequency

' oscilletion noise and vibration were superimposed upon the

growliing. All three of us thought the flight was goling to be

over right then.
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It was a 222%Z2222z22Z272222222222 - like that. Maybe 60 cycles

or somevhere around there. It's Lard to say.

And you could feel the vibration in the couches.

FTeel it and hear it. Bo we all figured the flight was cver

right there. So, from 3 minutes on, we held our breath.

It provoked comments like, "burn, bhaby, burn." You can't eall

it pogo.
No, it wasn't a pogo.

You know, the couple of nights we had Ed James and those guys
in for dinner, and they'd briefed us that the math model showed

you toc expect & pogo in the last 15 seconds of S5-IVE flight.

But we never had a longitudinal pogo. There was no longitudi-

nal pogo. What we had were these motions.
It was a random buzz.

This might have been a high-frequency pogo for all we know.

But it just came on like that, and it lasted all the way

through until shutdown.

fes.
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We'd never seen it before and never heard about it. It really
scared the hell out of us - not from a gafety point of view -

we thought the flight was golng to be over shortly.
And I was trying to figure how we'd do a TLI - plus 10 abort.

But the guidance was Just beautiful, and it shut off within

a feoot per second, It was Jjust fantestic. The S-IVE maneuver
to separation attitude was on time right to the degree. It
was as solld as a rock. Preseparation configuration was
gsatisfactory; MCC GO for PYRO ARM was good. Again, T&D

attitude was good. Okay.

5.7 TRANSLATION AND DOCKING PHOTOGRAPHY

We tock 16 mm and 70 mm and it was just nothing more than
vehicle-to-vehicle photography. It was the first time we
used the television and it's the only time we used a closed-
circuilt technique. We had the time, so I pulled tﬁe proper
breaker and we had closed-circuit television. Just to make
sure we were going to get something on ocur monitor and that
we could point it. When we got the ground, we pushed the

bresker in.

We'd worked it out where John and I did practically the

whole transposition and docking. We left all the photos to
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Cene; there was no interference., We didn't even know he had
the system on as far as we were concerned.

Tank pressure locked good ~ Just what we'd seen in the simula-
tors —— EDS operation was fine, PYRO operations were nominal.
Separation from the SLA, I thought the bang was probably less
than what I'd been briefed on. Again, we had our helmets and
gloves on. We could hear it, but it wasn't as loud as I

thought.

As soon as we separated from the SLA, we could see SLA panels
start to go. As we started tc turn around, we picked up

probably three of the four SLA panels.

There's no indication on the EMS or anything that we got any

DELTA-V ocut of thet separation.

It's a good solid klonk.

We applied 0.6 ft/sec velocity to about 40 seconds and nulled
the velocity te zero, essentially. We then started our pitch-
around at about a degree and 2 half per second. When we gou
around, we were about 150 feet away from the 5-1IVB (which is
not a bad place to Be}. But that's about 100 feet further
away than we ghould have been. I don't have any explanation

for this. It took us a little more gas to get back there.
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Better to be safe than sorry. We were still moving sway from

the vehicle when we turned around. It tock three different
positive transiations of 0.2 to 0.3 ft/sec to start closing

on the wvehicle,

We used the exact same procedure we used in the sgimulstor.
In the simulator, when we turned around, the vehicle would be
out there 40 to 50 feet. And in real life, we got more

DELTA-V.

I don't understand it, but it didn't ceuse any problem, If

you're going to be safe about it, why not do it that way?

I thought that the total transpositiorn and docking was done
with & very nminimum amount of fuel. There was very little

thruster firing.

We didn't do any formation flying; we Just turned around and
went back into docking. Transposition was a degree and a
gquarter per second to turnarcund.

We were decing 0.2 ft/sec and we docked in CMC AUTO. It was
easy. There were no vehicle cscillations. Alignmenf, as far
88 I was concerned, was absolutely perfect — a viece of

cake.
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To show how accurately John had it aligned, we looked at the
docking tunnel for the LM activation, and he had the roll
aligned to a tenth of a degree. As for the capture lafches,
both the barber poles went gray. At the same time, you

could feel just a little clunk.

The CSM handled perfectly. The handling characteristics are
Just exactly what they were in the simulator. It's easy to
fly in AUTOC control. There was nothing to it.

Sunlight was no problem. I don't feel that the sunlight will
ever be a problem on docking. I don't think there is any
need to constrain the angle of sunlight except that you'd
1ike_to have it somewhere behind you, maybe within plus or
minus 60 degrees of being behind you. It doesn't seem to
make any difference. HNow, when we were far out there, coming
in, because the brightness off the IM, the COAS was washed
out, But, when we got in closer, it came back in again and
was there the whole way in. As soon as we hit, if I'd fired
the bottle we'd have been all right. But I turned everything
off and we sat there, and slowly the vehicle drifted down a
couple of degrees. I wanted to get it back. 8o I fired &
couple of down pulses and it slowly picked the vehicle right

back up and then we fired the bottles and went on in.
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YOUNG I don't really believe we hed any misalignment to speak of at
(CONT'D)

contact.
STAFFORD  John gave me the direction to fire the retract bottles, and

I threw the switch. The one thing that amazed me, I thought

it took a long period of time for the retract cycle to pull

in,

CERNAN That hit me, too., There were 2 things that T was amazed at.
In looking cut that right-hand rendezvous window, I noticed
that the IM moved such a distance during the retract cycle,
I didn't realize it was that far away in the capture-latch
position., I don't know how far it was but it seemed to me
an eﬁormously big distance. I saw it move, but it tock what
I thought was a long time to get to the capture-latch point.

Now, you didn't have the benefit of seeing it move.
STAFFORD I didn't see it.

YOUNG I saw it move, and I thought, my golly, how close does that

have to come to us before we latch?

STAFFORD I said to myself, "Is it retracting?" I couldn't see anything.
I was waiting for the barber poles to go gray and hear the
rings lock together. I just wasn't aware of this total time

that is required for the retract cycle. When the docking

(PPDENTIAL
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latch is made, there was & kind of ripple type of situatiom,

a real rapid ripple.

5.27 DOCKING LATCHES, UMBILICALS, POWER
Docking alarm was okay, sunlight okay, contact ckay. Command
and IM pressurization equalization was done as per the decal.
We did open the hatch at 4 and a half psi on the cabin gage.
When we copened the hatch and pulled it down into the space-
craft it was obvious that the Mylar, bonded insulation, had
broken loose and we had fiberglass insulation all over the
inside of the spacecraft. We shoved the hatch in the bag and
crawled back over in the tunnel to check the latches. All
the latches were engaged solidly. I felt around the edge,
over on the bungees and springs. Springs 3, 4, and 10 were
s8till partially compressed. In other words, they weren't
all the way up to the top of the bungee, and that indicated
they'd be one shot to cock and they were. 1 tock my helmet
and gloves off to attach the IM umbilieazl. The umbilical
configured normally and we applied pewer, and that was normal.
We were suited from pre-TLI through latch verification. We
installed the wmbilicals, vented the probe, and reinstalled
the hatch. There was g great deal of fiberglass insulation
that had floated up around the probe.: It could be seen stuck

on the IM center dump valve. We couldn't stop to do énything

~~CRUELEM L
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much with it, We had guite a bit of insulation flosting
around in the spacecraft when we reinstalled the hatch.

In general, the hatch removel, replacement, and pesitioning,
now that we've got the hoses reconfigured, 1s no problem.
Maneging that big hatch in zero gravity is very easy as long

as you don't try to rush 1t.

After completion of the tunnel work, I moved tc the left seat,
John was in the center seat, and we did the separation maneuver

as planned.

5.28 EXTRACTIOR
John fired the device and you could see a real positive
indication as we moved out of the 3-IVB SLA area. Then I
added 3 seconds aft on the translation controller. The totai
DELTA-V that I saw on the DSKY was 0.2 ft/sec. I was somewhat
concerned about this, so I added one extra blip on the aft
firing thrusters — about 1 second. It still stayed at 0.2.
When we made a maneuver to the ground computed angles, we
pitched over and we could see we were already out 200 to
300 feet from the S-IVB. Extraction was sclid as a rock;
there were no dynamics at all. HNo problems with the 5-IVB:

No adverse plume effects. The separation maneuver was as

CONCIRRMe—
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STAFFORD prescribed, There was plenty of time between the time of

{CONT'D)
extraction and the external DELTA-V evasive maneuver.

YOUNG The roll eangle that was computed by the ground when we
pitched to the evasive maneuver attitude, allowed us to see
the S-IV3 out cof the left side hatch window. This is an

absclute must before you perform the evasive maneuver. You

ought toc know where the S~IVB is.

CTAFFORD At the time of the evasive maneuver, I would estimate our
distance in excess of 500 feet. I could also see we were
starting tc move a little bit laterally from the 5-IVB.

The evasive maneuver external DELTA-V went exactly as planned.
The residuals were available to the ground and were recorded
in the data package.

Regarding the S-IVE sling slot maneuver and verting, we

never saw the S-IVB after we did the evasive maneuver.

CERNAN Yeg, we did. We saw it a number of times out there in the

distance.,

STAFFORD Way in the distance — 1000 miles away. The mancuver, the

venting, and the propellant dump, we never saw any of this.

YQUNG EDS systems deactivation — we pulled it off and pulled the

Dreakers.

CONFID
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STAFFORD I was lete in doing that. The ground called me on it. The
timeline from transpesition, docking, extraction, and evasive

maneuver was very easy. It was absclutely nc problem and we

were alwasys ahead of time,
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6.0 TRANSLUNAR COAST

We worked cout a new REFSMMAT andé an attitude for transiunar
coast, and this was completely setisfactory. Thne first night,
when we gset up the deedband, we noticed nesr the end, that
when the vehicle would reach the deadband, the thruster would
fire. We're trying to sleep. The nolse of the thruster was
not anncying, but the total dynamic response of the wvehicle
was. You could feel gbout three or four cycles and it felt
like a wvery locse vehicle - like a large airplane - something
like & B-L7 or a C-133, the way that the structural dynamics
worked.

After thai, the next night, we changed a procedure, thet is
demped the rates to zero before we set up the mode, instead
of setting up the mode and then damping the rates. After
thet the longest period of time we went without firing any

thruster was 18 hours.

It's recommended that this PTC setup and coperstion be con-
sidered a nominal PTC G&N mode, and that it e used in all

future flights, It's really a gas saver.

It's very simple and it's easy to do. It's just beautiful.
You couldn't ask for anything any better. The communications

throughout in%i*whole time appeared satisfactory,
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YOUNG Even without thruster firing, on seversl occasions - for un-
known reasons - we'd be sitting there on the second night
and no thrusters would be firing, and the whole stack would
suddenly give a shimmy. It was very recognizable, because
we're all sensitive to zero gravity - unexplainable, but
apparently quite normal. The whole stack would sort of reso-

nate up and down. It was kind of weird, but very interesting.

STAFFORD It might have been some fuel sloshing in the lunar module, tut
it had its own noise. The stack had its own noise. You could
hear things rumbling around, and it had its own little vibra-
tions in there. Tt was a'low frequency vibrgtion. Now, we
never felt that on the command module coming back. It was
when we had the IM on there. Also, with the LM onboard, when
you fire one pulse (again the Apcllo 9 crew briefed us on .
this) the whole stack seems to be a very loose structural

model,

YOUNG It'd set up this frequeney and it'd shake the whole works.
Nothing you cculd see on the rate needles, but you could feel

it.

STAFFORD We timed it, and it would go through about L cycles. It

would damp to zero in 3-1/2 to L4 cycles.
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CERNAN Communications all the way out were excellent. We went S-band
OMNI most all the time, especielly during the PIC sleep modes.
The ground switched the OMNI antennas. They did an excellent
Job. We didn't nave tc worry about loss of COMM. We were
ir SQUELCH ZNABLE. We had no noise problems. Wnen we used
the high gain antenna, the REACQ mode, it worked very fine

all through the transiunar coast,

YOUNG We did the IMU realign for REFSMMAT early in the translunar
coast pericd. It is recommended that the ground provide
roll, pitch, and yaw angles in which to perform the IMJ realign.
This will give the crew a cheance to see stars. In other words,
atout 180 degrees from the Sun and yet avoid the problem of
0ld gimbal lock program alarm when you go to gyro torque,.
Gyro torguing toock about 4 to 6 minutes, At the completion

I

of gyro torguing, the P52's appeared to be Just as good as if

there hedn't been any gyro torquing. FPhenomenal.

STAFFCRD PGA doffing required considersble effort. In fmet, at times
we had two of the crewmen helping the third one trying to get
out of his PGA. We were reslly impressed by the effort that

was required to doff the basic garment.

CERNAN It was quite a bit more effort than wes required in one g to

doff it. On the other hand, donning the PGA's was & piece

of ceke. Echers.
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The problem was in getting the neck ring off over the head

and getting the arms out of the shoulders,
Right.
The legs came off fairly easily.

Optics calibration was extremely difficult because there werc
not any visible stars to fly to in the telescope. So we put
it off as long as we could.

On the way to the Moon, there was never a case where we had
more than one or two stars visible, even 180 degrees from

the Sun. There was no place where we could recognize constel-
lations on the way to the moon, and there were very few places,
where we vere doing P23's or P23-type things, where we could
recognize individual stars except through the optics. It
would be very convenient if there were a routine in the com-
puter which would fly the spacecraft to position a star for
opties calibration if they're required for each P23. It

wonld save you a great deal of fuel, especially when you can't
see the darned stars in the first place.

When you were doing star landmark tracking in the vicinity

of the Earth, you had to do the optics calibration to find a

CO L
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YOUNG star a great deal further awagy from the earth than the pro-

(CONL'D)
cedure recommends. The procedure wants you tc do the cptics
calibdretion ir the vicinity of the body that you're tracking.
You couldrn't deo that. The Earth, the Mocn, and the Sun cause
star shafting across the telesceope, and completely biank your
vision from seeing sany stars with the luna% module on. The
lungr module caused Sun shafting into the optics at various
positions, From the start of TLI through translunar coast,

we were never at any time sable to see ary stars except thrcugh

AUTO optics.
CZRNAK Thanx God for AUZC optices.

YOUNG PSl‘g would nave to be done with the planets: Jupiter, in
the vieinity of the Moon; and Mars, in the vieinity of the
Earth, could be seen. And of course they are sboubt 180 ous
from each other, whicn would maxe them very pocr. We didn't
try to Sun opticns, but we had filters cnboard to use the

Bun. I think they would work okay.

STAFFORD I finally saw the first stars when we were approximately
100,000 miles from the Zarth., At that time, I saw Acrux,

and Alphe and Beta Centauri, but they were very dim., I saw

these out of my side window. As we neared the Moon, I didn't

See any more.
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Photography during this phase of the flight went normal. We
took pictures coming and going. We didn't have any system

anomalies going to the Moon,

The water beiler dried out during the liftoff. We tried to
reservice it in Farth orbit, and it started up again, and it
dried up again. We never used the water boiler until we re-
serviced it for 3 minutes, at which time we brought it up,
and it worked for reentry. So the only ECS problem we had

was the water boiler and that really wasn't a problem st all.

We found that we had to clean the inflow screen twice a day
to keep the insulation which was being scrubbed out of the
cabiﬁ from clogging it up completely. More on that later.
The potabie water chlorination was no problem, except that
the fourth or fifth day, I forgot to do it and on ome occasion
when we serviced it, even though T backed the screw out on
the buffer to retract the buffer full of water, the buffer
thing did not retract, so I didn't get any water back from
it. On another occasion there was considerable leakage
around the chlorine nozzle and I got a considerable émount of
chlorine on my hands, which I dried off and it didn't seenm

to cause any problem.

Communications set up for sleep periods. Most all the way

out, well beyond 100,000 miles, we used the OMNI mode of
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communicetion antennas, using OMNI Bravo and Delta. We were
in the OMNT position and the ground switched it between Bravo
and their capability for Delta. They did an outstanding job
of it. We never lost COMM., We really couldn't hear the
switchover with the squelch enasble on. Occasionally, we heard
a little low buzz when we were running on a ragged edge of

the antenna. Later on, we used the REACQ mode of operation

of the high gain S~band plus OMNI B and that operation worked
very well. 'The REACQ mode worked fine. There were no prob-

lems with the operation of communications or antennas.

6.12 PREFERRED PTC MODE AND TECHNIQUES FOR INITIATION

The preferred passive thermal control mode is really tremen-
dous. With respect to visibility of the Earth all the way
out, once we determined one slight modification to the pro-
cedure in flight, we were able to go for a pericd of 18 hours
without firing one thruster — a good operation for saving

fuel.

The first night, the passive thermal contrcl mode we set up
was 0.1 deg/sec, with 20-degree deadband, pitch, yaw; and
roll, G&N, and four quad control, with a roll disable., The
spacecraft plus X-axis was normal to the ecliptic when we
started, This immediately produced considerable thruster

firings when the vehicle got to the deadband after a short

QA PITTRT
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period of time. The thruster firings continued throughout
the night., They were very disturbing and it kept Tom and me

awvake.

It was not so much the dull thud of the thrusters that kept
me aweke as it was the mssociated dynsmics of the wvehicle.

The vehicle would go through sbout 3 or 4 oscillaticons.

We would enter on our 50:18 display, disable two adjacent
quads (with the auto RCS select switches) and wait 20 minutes
(or as much time as we've got to go from MSFN that our rates
were low enough to be into the PTC mode}. Then we go with
the MANUAL ATTITUDE switches to acceleration command, and
enable all the jets, and initiate the 0.3 deg/sec roll rate
as called out in the G&N procedures., And when the 0.3 roll
rate was initigted, we go MANUAL ATTITUDE and roll to
ACCELERATION COMMAND and we would open the deadbands to plus
or minus 30 degrees, and put the pitech and yaw rates to RATE
COMMAND., When we did this, we had not one single jet firing
during the whole night (a period of 18 hours where we didn't
have any Jet firings). It is recommended that this be the
standard PTC mode for translunar and transesrth coast
operagtions.

There were two periods of cislunar navigation sightings. One

was prior teo the first sleep period and one was after the

_ E;‘;Ikllilﬁiiil'i“ .EL
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first sleep period. It is reccmmended that with the LK
attached, these sightings be planned preflignt, sc thet it
won't teke a lot of attitude fuel and sc that the stars aren't
toa far for the planet tc be observed, because you're rea’ly
limited with the lunsar module on as to how much viewing aresa
you have through which to look with the optics. After dis-
cussing this a couple of days prior to flight, we cnanged
those in real time to allow us to save more fuel. The first
set of sightings was for calibrating the horizon to my eye
(and the horizon I was siting on, according to the data,

was 32 to 3L kilometers). This was a very nazy layer above
the horizon that appeared tc be the highest line above the
horizén where I could see a useful attitude. It wag definitely
well asbove the cloudline. The star horizeon sightings were
no problem and had gone Just as in training. A simulator is
a very useful device for doing star horizon meassurements, I
recommend that a slide which shows the same kind of horizaon
that we saw on an actual spacecraft ce put in the simulator
to improve the horizeon display. During tne seccnd period of
star navigetion sighting after the sleep pericd, the horizon
was much less definite. In face, it appeared to be almost
nonexistent. Those sightings were nc problem. The AJIC
cptics worxed beautifully and in many caseé a ccrplete pass

cf star horizon sightings could be done wita justu the AUTO
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optics alone, and in very case where it was possible this
method was used. It is very difficult to fly this venicle
with the CMC with the MIN-impulse controller. You Just cannct
think "roll, yaw, aﬁd pitch" when the axis is 35 degrees from
your primary control axis. Optics calibration in both sets
was very difficult. It was repeatable in every case where

it was required, but with the IM attached it is very difficult
to fird & star near the body of interest to calibrate., It

is certainly recommended *that if this is seriously going to
be done with the LM gttached that some asutomatic mode be
developed to find the star. The optics in the spacecraft

handle easily during navigetion sightings,

6.17 ADEQUACY OF CSM/MSFN COMM PERFORMANCE AND PROCEDURES

FOR COAST DURING AGA REFLECTTVITY TEST
When the gimbals actuated and ran thrcugh the gimbal drive
test, the wvehicle oscillated and the whole stack shock. It
exclted rescnant fregquency in the whole stack and sheck 1t ap
and down. I think that this should be reflected on the need _es
on the simulator. And alsc use some fuel to correct those

cgcillations.

COMM performance and high-gain reflectivity test — the pro-

cedures and the performance cf the COMM were excellent. The
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high gain reflectivity test was done on the transearth coast.
The results onboard locked like it had recovered from the
reflectivity area on 2 of the 3 tesus and not con the other.
However, the results of those tesis were nct discussed and
the ground hes the data. They were carried out in gvout

20 minutes without any preblems.

Television preparation and cperation is simple and straight

forward.

There was no television preparation. All we did was plug it

in and there it ﬁas. Stowage and restowage of the camera was
a plece of cake and caused nc problems whatscever. High-gain
anteﬂna performance — when we locked up in high, or in Wide?
ar in medium beam width, on the high gain it locked up fine.

As soon as we'd go to high, the signal strength would jump

up a couple of notches, and there was noc problem. It worked

Just as advertised. On 21, I helieve.

Daylight IMU realigr and star check — alil IMJ realigns and
star checks were performed in the daylight on the way to the
Moon., There was nc darkness except for one reriod of time

when we entered the lurar penumbre prior wo LCIL.
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Venting battery and waste — we checked the battery vents
and the only time we actually had to vent the batteries was
aefter boost and insertion. We did it at that time and it
was good. All the waste vents worked perfectly. We had
certainly no freezing or icing up on any of the systems.
Radiators performed excellently and we went the whole dis-
tance without a primery water boiler until prior to reentry

ana we were comfortable,

The command module/luner module DELTA pressure decay was
indicative of a very tight lunar mecdule. I don't remember
what the numbers were. It is recommended that the prcocedure
previcusly discussed be used to reestablish PTC, It is recom-
mended that realigns, where practical, be deone while still

in the PIC mode. They were very easy to perform and suffered
no lass of accuracy by being done in the PTC mode and unless
it's a critical maneuver such as LOI it is unneceséary to go

through the process of killing the PTC operation.

The nigh-gain antenna REACQ check and the PTC mode worked
ckay. We used the REACQ operation in lunar corbit during
sleep periods. We used it in lunar crbit most of the time

and often on the way back. It worked fine.
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CONMPENTIAL 6-13
Fuel cell performance was excellent until the time we lost
one (this gets into the lupar orbit), All through the coast
phase the fuel cell performance was fine. The purging worked
fine. We lifted off without the fuel cell nunmber 1 oxidizer
flow rate gage, but the ground had that information. Depend-
ing on the load and flow rate during the coast period, since
we were powered up, the load was high enough that the caution
and warning and MASTER ALARM would come ON during every purg-

ing in either system, whether oxygen or hydrogen.
Eating periods allowed plenty of time on the way up.

The first eating period was scheduled at 9 hours after we
sepafated. It seemed to be & good time. Our morning eating
period was sort of set because we ate as we got things to-
gether and posted the checklist in order after we got up.

Qur second eating period of the day sometimes dragged out

to be the last one and we ate when we were sufficiently
hungry. That could have been called a noon meal, a midafter-
noon meal, an evening meal, or a night meal, depending on the

day and the circumstances,
We skipped the noon megl on the second day for some reason.

We probably just weren't hungry.

L
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Rest pericds were completely adequate, and we slept about

6 to 8 hours the first night. I guess the second night out

or toward the third we were inactive for nesrly 12 hours at

a time.

The work lcad in coast after the tunnel latches are checked

and the probe is checked is little or nothing.

The big work lcad was on the command module pilot with respect

to meking those sightings.

Sightings and realigns are all you do, Actually I was grate-

ful for something to do. .

During this period of time we alsoc studied our flight plan
for the lunar orbit activities and we restudied the lunar

surface maps and the rendezvous procedures.

It is recommended that these be put into the flight plan as
standard times for crew study for critical phases of the
flight. TFor example, a certain period of time should be
allotted prior to LCI and a certain period of time prior to
entry to refresh your mind a little for those critical events,
Environmental conditions of the spacecraft — it was comfort-

able on the way out.




7.0 LOT THROUGH LUNAR MODULE INGRESS

STAFFORD  The realign was done in the lunar venurbra with ne difficulty.

TOUNG It was done with nc difficulty and for the first time we
could see constellations so the star checks were unnecessary,
but they were done anyway. BSpecial effort was made on the

realign to do a perfect alignment.

STAFFORD Prior tc the initiation of LOI burn, approximately 1 minute
I would estimaté, you suddenly saw the lunar surface at the
near-side terminator starting to come in reflected through
the IM window and then I could see part of it out the hatch .
window. There apveared to be no variable transients with

the initiation of the hurn and the guidance was steady.

YOUNG It was steady, and the thing that was noted about the burn
transient, as on the D mission, was that you get continued
control in roll; it's up against the deadband, but it gives

you a very geod feeling of how the vehicle is performing.

7.1 SPS BURN FOR LOT
YOUNG After the second bank came on, chamber pressure was normal,

about 102 to 103 psi.

STAFFORD  And the chamber pressure increased, didn't it?

Skt
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It appeared to increase slightly during the burn. The burn

residuals were negligible,

Right. We had a zero X burn residusl. These are all re-
corded in the data. At LOI, our monitoring techniques worked
adequately for the modes 1, 2, and 3 and the procedures also

were perfectly adequate.

The 8PS burn card was used throughout the mission to perform
8PS burns and certainly appesred adequate for the operational
performance of the engine, and it seems a shame to have to

fool with it anymore.

The burn put us in the expected LOI orbit parameters per-
fectly. All the monitoring techniques during the burn were

adequate.

7.2 POST~-BURN SYSTEM STATUS
According to the onboard solutions of VERB 82, the chamber

pressure went from 98 with one bank and then increased and

cended up with two banks at 103.

7.3 ORBITAL PARAMETERS

The LOI/1 burn put us in a 169.1 by 59.6-mile orbit.

T.7T ACQUISTITION OF MSFN

Acquisition of MSFN was without difficulty. We had the high

gain attitude to acquire and it came in loud and clear.
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7.8 PTC ATTITUDE

STAFFORD PTC attitude for lunar orbit was fine except we noticed that
the quad that was toward the sun continued to heat up; in
this case, it was quad A, and 1t was high off-scale on tem-
perature after the first pass., We did a different rcll at-
titude for the next one. The PTC gttitude in lunar orbit
was Initiated just like during transearth ceoast; I think in

lunar orbit we never fired a thruster at night.

vOUNG Well, we were using only plus or minus 10 degrees in lunar

orbit, and we still didn't fire a thruster.
STAFFORD  In fact, we didn't fire any thrusters all night long.

YOUNG That bothered us; we thought of firing some on occasion.

CERYAN The only thing that bothered us agout not firing any thrusters
for so long a period of time (which is great at saving fuel)
was not knowing whether or not they were still working. From
a standpoint of PTC, fuel saving, and stability, it was a

great attitude,

7.9 IMU ALIGNMENT
YOUNG IMU realignment was a plece of cake in lunar orbit. It
was dark and there was no problem. The first time during

IMU realignment I noted that, by taking special care of

" CONE ¢
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positioning the stars within the center of the optics, you
could repeatedly get five balls instead of four balls 2, or
four balls 1 for star-angle difference. I don't think it's
of much concern excépt for those critical events, such as

long burns, LOI, TEI, and reentry. I had previously recom-

mended doing that.

T.11 UPDATING AND PREPARATION FOR LOI 2
The update in preparation for LOI 2 is again Just another
external DELTA-V, and it was a short burn compared to LOI 1.

There wasn't any problem,

We noticed on both of these burns that the PUGS failed to
operéte properly. On our first burn during coast, we found
that the PUGS went to a decreaée of about 150, at which time
the decrease switch was activated.' I caught it close to

200 and brought it back to zero. The decrease switch was
then put in a neutral position. Subsegquently, on the follow-

ing burns, the system was able to stabilize out. When the

PUGS is used, it is very easily recognizable when going

through the 50-percent crossover region in oxidizer flow.
The percentage gquantities remaining requested an increase in
oxidizer flow. The switch was put that way at about 150 on

thte increase side, and for the subsequent'burns tnroughout
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CERNAN the mission, the PUGS continued to go toward the MAX increase
(CONT'D)
position and stayed there. We never did get apparent PJGS

operation, or the oxidizer fuel balanced back again.

T7.15 TELEVISION
STAFYFORD  Televisieon in lunar orbit was no problem; in fact, we never

had any problem with televisicn.

7.16 REMOVAL AND STORAGE OF HATCH.FOR IVT TO IM
YOURG Removal of the haﬁch was no problem., The haten was very
easy to remove, but once you got it in the cocxpit with you,
you had a lot of Mylar, a lot of fiberglass insulation in

the cockpit with you,

T.17 DON PGA

CERKAN We did not don the PGA's for this operation.

YOUKG We had to pressurize the lunar module over a DELTA-P of a
couple of psi, for that purpose, we used a shot of REFPRESS 02

to get us back up to speed. Do you remember how much we

used?
CERKNAN We went down to about 500.
YOUNG Yes, because we were interested in a rapid REPRESS and

ingress, and we did s pressure decay check before we went

CUpurmreTHA |
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inte it, although I think that was unnecessary. 1'm sure
that also disturbed the insulation more and was the reason

we got some additional insulation off the hatch.

T.19 VERIFY THE LATCHES

The latches were the game as before.

The latches were identically the same as before. They were

reverified and rechecked,

T.20 INSPECTICN OF TUNNEL MECHANICS
The tunnel was normal. We found s misalignment in roll of
minus 0.1, which is practically on the zero mark, almost out-
side the limits of reading the grossness of the alignment

scale.

T.21 REMOVAL OF THE PRCEE AND DROGUE

The probe and drogue were removed as per checklist. There
were no anomalies associated with handling either the probe
or the drogue during removal. The thing of interest wag that
the big probe is very easy to handle. We had no problem in
removing it. The probe did not appear to collapse completely
as we had seen in other removals. It didn't collapse as much
on the first removal as it might have. In other ﬁords, it

wvas still partially open. We had a little difficulty getting

C L
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it around the hoses, but it was nothing we could do something
about. We stowed the probe in the command meodule by tying it
with a single snap-strap to the footpan of the right-hand
couch. This was a little concern to us, and we did not use
the drogue or probe stowage straps. We might have used them
if we had had to fire the DPS. The drogue was stowed under-
neath the probe irn the same vicinity and was not restrained
in any way. The probe adequately restrained the drogue when

it was underneath the probe.

T.22 IVT TO LM

Tne _MP went into the LM in shirtsleeves. The first thing he
encountered, of course, was the LM hatch. In the tunnel area
was a lot of floating Mylar debris, or insulation debris from
the tunnel hateh., When the LM hatch was opened, the flood-
lights were on as orescribed, although it was very dim light-
ing. The first thing that was seen was a mild snowstorm of
insulation that, during the pressurizatlion of the LM, had
blown through the IM dump valve and into the LM. The hateh
wag ingpected immediately and it was found that there were
many pleces of insulation stuck all over the semi-greasy seal,
pieces in some cases as big as a dime. The dump valve was
Inspected and we found pieces stuck In the seal of the -dumo

valve, Pieces that had to be pulled out and picked ouf.
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Sharp instruments such as a automatic pencil had to be stuck
in to force some of these little pieces of insulation out of
the dump wvalve. The hatch waz cleaned and wiped, and the

dump valve was blown out, physically btlown with air from the

mouth toc try to make sure that it was totally eclear,

T.23 INGRESS ORIENTATION
The hatch was locked In place normally and the ingress was
complete without any ingress disorientation. All you have to
do 1s go into the IM with your eyes cpen, and you realize that
vyou are coming in standing on your head with about a 60-degree
vaw., Just do an 180 in pitch or whatever else you want to do
to get your feet on the fleor, and you're in a new environment
with & new up and down, very much like you've been in the sirmu-
lator and you could care less what is beyond that tunnel and
what the orientation the command module is. You are in a new
orientation all of your own and it's perfectly nomiﬁal, per-
fectly satisfying. The Velcro on the sandals did not restrair
you totally, but certainly helped restrain your feet to the sur-
face of the LM floor when you were moving from one panel to
the other during the switch-orientation verification. But T
want to stress again that, although 1t was different, if you

xeep your eyes open and look arcound and Jjust turn around,
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you're in a new environment with a new up and new down and

you Jjust live in it, and it's very familiar.

T.24 LM ENTRY STATUS
We entered the IM as per checklist and found it to be exactly

in the configuration we left it at lift-off.

T-25 POWER |TRANSFER TO IM
The power transfer to lhe IM was nominal with the proper lights
Just as written in the procedure. You might note that although
sometimes when the man you are talking to is well up into the
command module, you have to lean over into the tunnel and talk
quite loudly, almost yell to him. He can certainly hear you
and yﬁu can hear him. If you have a man in the tunnel, you can
almost talk to him in a normal level of voice and he can tran-
fer information without any difficulty at all. Now the problem
then that was encountered after & little bit of work and switch
verification in the IM was that the insulation was still float-
ing around in zero g. The circulation down in the IM was very
poor. The insulation was irritating; it also became warm. You
could feel yourself tending to breathe this stuff. What we did
was pull a command module IM Pilot hoses (of course, we had the
screen on the exhaust hose all the time) and drop them all the

way down into the LM and they just laid there and floated freely.

=~ TV
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This blew fresh air around in the 1M and from that point on,
although there was still a lot of Mylar floating around {(and
some of it going back into the command module), the comfort
level working in shirtsleeves was adeguate, and the ventila-
tion level working in shirtsleeves was adequate, and the ven-

tilation was adequate.

7.26 TRANSFER OF EQUIPMENT
This equipment was listed in the checklist, or in the flight
plan, which we highly advocate. It was labeled on the trans-
fer bag, such as 16-mm film packs. While the LM Pilot was in
the IM making z switch verification, the commander was gather-
ing the gear together and sending it on down. As he sent it,
it was stowed immediately where it should be without any

difficulty. A piece of cake.

7.28 0PS CHECK
The OPS check was left until the end of that day after all the
commmications procedures and everything was checked out.
One OPS was taken out and handed to the Commander, and he
effectively was halfway through the tunnel and was checking
it out while the IM Pilot was fully in the IM, checking the
other QPS8 out. The checks went normally with the exception

of one item. On the 0PS that was labeled Stafford, the heater

CO HAL
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CERNAN lights failed to light Auring the press to test, indicating
(COET'D) :
that the heater was notEoperating. Neither light operated.
However, the other CPS éhecked out satisfacteory. Pressures
were good and as far aséwe are concerned, we still had two
good OPS's except for tﬁe hesters in the one. They restowed
with very little difficﬁlty. Once I understood that you've
got to push that one ox&gen supply hose out of the way to get
the pins in, I had no t%ouble at all. The rest of the LM
operation that day was éommunications checks. The only re-
straint that I used during the shirtsleeve operation in the

IM was the Velcro on thé sandals, and that is adequate for

shirtsleeve operation dﬁring IM checkout.

7.30 LAN#MARK UPDATES

YOUAG The system used for 1anémark updates, which is the map update,
LO8 150 degrees west, aéd AQS, sunrise and sunset times, is
excellent. It's recomménded that they be used as standard
procedures in future flight plans. The landmark-update format
for defining the times ét which the landmark sappeared at the
zero-degree line, and tﬁe 35-degree-elevation line to start
the pitch rate for IM o% landmark tracking was adeguaie.
Landmark tracking of thé first site, F-1, was done with the
sextant by tracking a s@all crater on the left corner of land-

mark F-1. The locationéof F-1 through the AUTO optics mode

C G —
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was zbout S or 6 degrees awey from where F-1 mctuslly is
located, and this happened on every case. We ran the five
gets of five marks on ¥F-1 and it was always wrong. It is
believed, but I'm not certain, that on the first attempt on
B-1 with the IM AUTO optics acquisitioning, an erronecus land-
mark was tracked. It is highly recommended that, if Zandmark
tracking is to be continued, more thcought be given to select-
ing landmarks, the position of which is known prior to the
mission and the acquisition of which can be easily performed
with the LM attached., Landmark tracking per se conducted with
the telescope or the sextant was easy and was a coordinated ef-
fort with the Commander flying the vehicle and CMP tracking to
1oca£e mark intervals. It was noted by the ground that we
commenced making our marks too early, and after we delayed
them 20 to 30 seconds, the system seemed to work properly.
There is nc way for the crew to tell what is the proper time
to start making marks. The geometry of the situation dces

not lend itself to an onboard determination of what this

proper time should be, in my opinion.

7.34 MSFN/CM/LM RELAY COMM TESTS
The MSFN/CM/IM relay COMM tests were effectively not performed
at the direction of MSFN. We did the IM COMM checks; we proved

out the adequacy of the IM COMM system. We proved out the

CONEIDETIYL
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CERNAN anomalies that were exﬁected; although we had time prior to
(CONT'D) :
the upcoming LOS, we were directed to forget about the MSFN/

IM/CSM relay mode test.

T.35 CONSUMA#LES—ACCOUNTABLES
STAFFORD  With respect to consumgbles, cur philosophy was that we had
to send this telemetry to the ground and let the ground loock
after the consumables.| We would occasionally glance at our
gages, As far as onboard recordings, all we did at night

was record those listed in the flight plan.

7.36 FOOD AND REST
STAFFORD Rest in lunar orbit waé exactly like in PTC, because only oc-

casionally would a thruster fire.

CERNAN We used all three sleeﬁing bags and we were happy we had them,
hecause when you close:up the windows in the command module,

it gets a little bit cool.

STAFFORD Even in lunar orbit.

CERNAN That is correct. Our éonfiguration, almost every sleeping
night of the flight, was one man in a sleeping hag under each
left- and right-hand céuch and one man in a sleeping bag,
keyed to the COMM systém, sort of standing watch in the

couches. The food was adequste, long, tedious, and difficult
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CEENAN to prevare. 1 guess the food will be covered in more detail
(coNT'D)
as part of the later systems. We can talk about it as far as
wet packs and everything else a little bit later. We were

not hungry or undernourisned.

T.37 TUNNEL OPERATIONS

YOQUNG It was originally thought that we would keep the probe and
drogue and the hatch under the couches, but it was noticed
that they toock up so much room that it didn't seem to be a
very nice way tc operate, so we reinstalled them. It was
more difficult to get the drogue in and out of the tunnel
than any other piece of eguipment, although this had been
anticipated and it was no problem. We reinstalled the probe
and unleoaded it, and reinstalled the hatch. The total time

for this reinstallation was somewhat less than 15 minutes.

CONF! WAl
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8.0 LUKAR MODULE CHECKOUT THROUGH SEPARATION

8.1 COMMAND MODULE
8.1.1 CSM Power Transfer

This 18 the next day, that morning.

Let's talk about that next day some, because that gave us some
trouble. We woke up sbout a half hour early on the next day,

so we could get on with the space program.

Right. We wanted toc meke sure we were always running 30 to
hS minutes ahead of everything we did because we anticipated
that we would have gsome minor glitch. We didn't know what it

wonld be, but scmething would happen.

Sure encugh it 4id. The hatch was removed, and placed under-
neath the couch. It was not placed in the bag because we
didn't ligure we would be having it out that leong. It was
stowed underneath the eouch, and there was no chance for it to
move. The probe was removed and retained with a strap an the
lower foctstrut; the drogue was stowed underneath the probe in
place, and we started tc get on with the program. We dida't
eat very much breakfast that day; I think we had some juices

among the three of us.

.
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We were still concerned about all the gas in our stomachs, so
we ate a wet pack and just some minor things; mainly we ate a

wet pack to give us a lot of protein for the job ahead.
Didn't you prepare some of those the night before?

I prepared applesauce and then a couple of Juices for every-
body the night before and we all had a wet pack and what we

prepared, and then pressed on.

Tom put on his suit. You want to talk about it in terms of

the timeline?

I think we need to talk in terms of timeline. I put on my
suit,.had no difficulty getting in. John was helping me. He
helped me with the zippers and it only required 5 minutes at
the most. The people who have a liquid-cooled garment ought
to put it on and get all squared away and sleep in that LCG

the night before.
Right.

We moved the canister change back early to get it out of the
way of donning the suit. You can't don the suit and change

the canister at the same time.

CO LAL
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Because of the BIOMED harness change-out, the unstowing and
unpackaging of the LCG and what have you, I would highly
recommend this all be done at night before you go tc bed. You
can take all the time in the world. It's not uncomfortable to
sleep in. As a matter of fact, it's a little bit warmer than
Just sleeping in plain ordinary undgrwear. And it's a much
better feeling to come back and get ready toc put on your suit
and not have to go through ar underwear change and a BIOMED

harness change and the whole works.

In that regard, there were many items that aren't in the

flight plan or aren't anywhere — insignificant litile things
that took up a lot of time. I wish people wouldn't think that,
when you got something in the flight plan, that's all you're
doing. That's not so. In every case when it says doff or

don PGA's, there's no évident — realization made of the little
idiosynerasies of each system; such as, when you take the suit
of f, you must take all the pencils, pens, tools, and all equip-
ment out of the guit, stow them in your constant wear garment,
that takes time, and we never allowed adequate time for it.

And it's recommended that, where possible, the guys who are
going to have to don their suits the next day completely in-
stall the gear into their suits, if they can do sc the night

before, because it saves them 10 or 15 minutes the next day,

which they're gping to need for other things.
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Thet's right. Getting in the LCG the night before just made
getting in the suit a piece of cake. All T had to do was put
on my UCTA and Jump in the suit and make the water connectors,
urine connectors, and zip it up, and that was it. It took me
as long or longer to get into the LCG the night before as it
did toc get in the whole suit the next day. I'd say I was in
it and zipped up with the help of the CMP in less than 10 min-

utes. Is that right, John?
Yes. Less than that.

Now, one thing. Let's get the suit straight. On that morning,
the IMP (in shirt sleeves) again went back into the LM for a
perioa of about 30 to 45 minutes initiating the LM checkout
prior to separation and then the Commander came in fully suited
(without helmet and gloves, that is) and activated the ECS sys-—
tem to get his cooling. By that time, the LM Pilot was about
through with his checkout and he went back intc the command
module where he got suited up. This was a great help because
we could work in parallel and it kept the ccmmand module less
crowded, so that it was easier for the two men at a time to

put on a suit rather than have three men in there.

We had all the eguipment transferred the night before excepi

the helmets and gloves,

CON
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8.1.3 IMU Reslign

We did an IMU realign. The ground had to remind me it was an
option 1. However, the difference between an option 1 and the
other cne was Insignificant. It was an insignificant change.

It was no preblem on the night side.

8.1.4 Assist IM VHF A and B Chnecks
B simplex worked bemutifully and for some undetermined reason,
the IM would not transmit on VHF 4 at that time. We tried

numercus checks.,

I could hear you Just in the bvackground in sort of a feed-
through mode, but I couldn't hear you very lcoud. It sounded
funny and I knew you were saying something, vut I didn't know

what it was.

It's been suggested that there might have been a corcna buildup
on the LM VHF system. The VHF — I could still read the

command module loud and clear.

It might have been scme sort of antenna-pattern interference.

This is what we were concerned sbout pricr to undocking.

Well, I switched antennas in the command module, and it didn't

fix anything.
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8.1.5 Tunnel Closeocut
The tunnel was closed out as per checklist, The drogue was
installed, the probe was installed, and it was nominal in
every respect. It Just went in beautifully In a very short
period eof time. The probe was preloaded and the estimated
breakout force was asbout 40 pounds, just exactly as it had
been on the last probe we used down here. When the docking
latches were all released at first, the suxiliary release
button had to be used to release latch 1. Latches 3, 4 and
10 were indeed one-shot cock latches and the other latches
caught nominally. A final inspection was made of each latch
individually to insure that they were in fact backed off and
it was reported to the IM crew that they were in fact backed
off. The tunnel hatch was installed and sealed and the
pressure-equilization valve was closed. When I removed my

helmet and gloves, I got an 0, FLOW HIGH warning light; the

2

reason for that was that the inflow valve had been closed

as per checklist. 1 opened the inflow valve, but you know I

was kind of nervous, because it indicated that we had a pres-
ure leak, and when I vented the tunnel, the tunnel would not

vent.

The inflow valve was clogged with this insulation material.
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That was part of 1t, though it was partiaslly caused by the
fact that it was clogged by Mylar insulation that had been
sucked in the second time and the other thing that cgused it
was that, whgn you nave your helmet and gloves off with the
inflow valve closed, you get an 0, FLOW JIGE. That's a stand-

2

ard operating factor.

8.1.6 Maneuvering for Landmark Tracking
We were told not to maneuver to a landmark tracking attitude.
We could not vent the tunnel. We were told pricr to this time
not to do any roll maneuvers, to deaccivate the reoll jets, and
net to do any roll maneuvers ﬁntil we vented the tunnel. At
this time, we were LOS and we could not vent the tunnel. 3o,
nevertheless, the attempt was made to stick with the timeline,
and we attempted toc maneuver to the rell attitude. Unfortu-
nately, it had been cperating in 3CS and neglected to cage
the BMAG's which resulted in oscillations in roll, probably
in excess of 1 deg/sec. I know we were in excess of i1 deg/sec
and this resulted in slippage of the ring, and 1'd estimate

the slippage of the ring to be 60 to 8 degrees,
At this time, we'd say that.

Right.
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The docked IMU alignment ceme off as prescribed, and then,
when we went to the fine align torgquing angles, I noticed
they were probably in excess of what they should be, We had
another one from the ground and they came back again. The
ground informed us that they suspected we had a slippage on
the docking ring. 8o after that, we did no more fine aligns

to the IMUJ,

8.1.10 Maneuvering to Undock
Okay. And we cancelled our landmark tracking, because there
was no way we could get to it without rolling the spacecrafi.
So we just maneuvered in pitch and yaw to the undocking atti-

tude..

We did not reach the total undocking attitude that was pre-

scribed in the flight plan. We didn't, did we?

o, we did not. We never maneuvered to the 180 roll attitude,
which was the attitude prescribed for undocking. The attitude
that we maneuvered to was 014 degrees in pitch and zero. We
had some yaw associated with it because we were in wide dead-
band. This was not the attitude that was recommended because
they said the Sun would bother us too much in that attitude.

We were 180 cut on the attitude and the Sun had absolutely no
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effect., I recommend that that 180 roll be eliminated from
future missions because it's unnecessary. The ground informed
us that there would be ng preoblems undecking at 5 psi differ-
ential, The TV was set up pricr toc urdocking. There was only
cne switen to throw and & lens cap to remove to operate the
TV. The seguence camera was all set up and mounted in the
right-hand rendezvous window. Unfortunately, we didn't check
its run operation prior to separation and the magazine had
Jammed, T was unable to fix it until after separation. The
ATTITUDE CONTROL mode for separation was tight deadband, MIN
rates, and it was certainly adequate. The undocking maneuvers

were rnicminal.

8.1.11 Dap Loads

DAP loads were nominal.

8.1.12 Undocking
Undocking was done 5 minutes ghead of time to square curselives
away with regard to orientation and it was rather difficult

from the standpoint of the lunar module.

8.1.13 Stationkeeping

Stationkeeping was a piece of cake.
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We had worked out a ceoordination with respect to the up/down
maneuvers. I would do thet in the lunar module. This was
very easily done, but the left/right and the fore/aft was done

with the command module.

And I suspect that on a lunar flight where they're fuel criti-
cal, they'd do all those maneuvers with the command medule.

Stationkeeping with the command module was Just as easy.

It appears that we have a tremendous propellant budget on the

command module.

8.1.14 IM Drift Checks

1M drifis checks were nominal.

8.1.15 IM Inspection Photography
IM inspection photegraphy was done with the TV. I did plenty
of 70-mm photography on a catch~can basis. We had to do a
bunch of things simultaneously — stationkeep, write the DOI,
rhasing, and TDI gbort pads, and conduct photographs all at
one time and you really wouldn't be able to do that without
the ATTITUDE HOLD mode in the command module, but it really
performed beautifully. It's difficult to get your head back
in the cockpit to do work when you're trying to keep station

on somebody.
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8.1.16 Separation Photography

YOUNG Separation photography wé got with the television, When I
was up and a little abové you one time, you were able to
ascertain that all four éears were down and locked without
having to yaw around. Ail four gears were down and I really
see nc need to do that BSO-degree yaw except that it gives
you 8 warm feeling. Youimight do a pitch-up, for example,
and‘face all the gears tgward me. A guy would be able to tell
whether they're down and!locked or not, just by the geometry
of it.
The separation méneuver Qas nominael: 2-1/2 ft/sec down. The

VHF was turned on and opérated.

8.1.18 Rendezvous Rédar and Optics Checks
YOURG The radar ranging checkséwere nominal. The AUTC optics was not
tracking very good in thé mini-footbally in fact, it wasn't
tracking at all, but we éould track them in the telescope.
The flashing light on thé 1M was beautiful. It really wiped

us out on the mini-fcotbéli while we were in the dark.

CERNAN That flashing light could not be seen from within the LM, We

- never saw it in daytime Qr nighttime or during AOT alignments.

STAFFORD It was very well designed as far as not being able to see in

the ILM.

CONRMBPRTIAL
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8.1.19 Compare VHF to V85 Range

YOUNG We didn't compare the VHF to V85 range, but I did compare the

VHEF range to the raw range from the lunar module, and I recom-

mend that it be done that way. The V85 range would be subject

tc error through the state vector from the center of the Fartn.

§.1.20 Update Pads
YOUNG I could not copy the update pad from the ground, but I was
able to get it later from the lunsr module. There were some
communications problems at this time. ZEverything that I said
to the ground I could hear repeated again 2 seceonds later. I

ngver did understand that.

CERNAN We could hear that from the LM much of the time also. They

were shooting it right back to you then.

YCUNG Yes., And I recommend that that type of thing be corrected,
because that's darned annoying. You don't know whether scmeone's

trying to get you on the radic or not.

8§.1.21 COAS Calibration
YOUNG COAS calibration was not performed, because there seemed to

be no reason to do it.




8.1.22 COAS Tracking
YOURG COAS tracking was not done, because it didn't seem to be
necessary. It was certainly not & requirement from a navigs-

tional standpoint.

8.1.23 Vorkload, Timeline, and Flight Plans
YOUNG The worklead, the timeli;e, and the flight plan for this
phase of the operation were completely adeguate. I highly
recommend that only one iook, the C8M rendezvous book, be
used and that it be compiete for this period of time. We were

using the flight plan, tﬁe update log, and the C8M rendezvous

bock. And that's entirely too many pleces cof paper for ore

guy to try to feol withJ
[

8.2 LU&AR MODULE
8.2.1 Power Transfer;Activation and Checkout
i
CERNAN A power transfer the se&ond time, just as it was the previous

day, was performed withéut & hiteh, We got the proper lights,
proyer negation of poweﬁ transfer, and activation, and all
the data on the batterygvoltages, which were very high. We
operated off the low taés until we got & lot of Lthe systems
well into their power péases. We had a big locad connected

|

before we got down to QT volts. All these numbers are docu-

mented. The total checkout went well. The anomalies we ran
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into, with the tunnel vent pressurization problem, cost us some
time, so it paid us to be ahead of the checkout. The checkout
was conducted for the first 30 or 45 minutes by the unsuited
LMP. The Commander came in suited and the IMP returned to the
command module to suit up. The whole operation of suiting

up and getting back in probably took less than 15 minutes,

One procedure that was followed in the IM activation checkout
was that when things were done, they were crossed off with a
pencil, because, as expected, we had to skip around some times.
Any particulsr documentation that had to be recorded was
recorded right in that checklist, and that is the only document
we had cut in the IM at that time. The Commander had cne and

IM Pilect had one, and they were identical documents.

One reason that the activation and checkout went so smoothly
was the fact that we had practiced this in real time in the
simulators during integrated. We practiced many times
unsuited, and alsc approximately three times completely
suited. - We gslso practiced suiting up. And we had every-
thing down to the nth degree. As a result, we were just

where we wanted to be. We were again running 30 minutes ahead
of time, until we had to wait for a time-dependent item such
as acquisition of MSFN. The docked alignment and the ECS

test went real good. The VHF test anomaly on VHF simplex A,

CON 1AL
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the transmitter from the

after undocking, it was
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lunar module, was as noted. Later

in good shape.

T didn't say anything abgut the radar trensponder checkout,

but we ought tc talk abolt that.

R.2.2

The PGNCS activation and

PGACS Activation and Self-lest

turn-on went Just bty the bocok. We

saw tne self-test completed and verified, and it was good.

The process of developin
the simulator finally psa
found, time after time a
the simulator, finally a
regl vehicle and the

was really a comforting

s this checklist-over many weeks In
id off. All the ancmalies that we

fter time while golng through it in
11 washed down; when it came down to
real checklist, they matched. It

feeling to see the proper lights come

on at the proper time, ahd not teoo little or toc many lights

come on;, to see the PGHC
come out as prescribed.

the wheole activation.

8.2
The ECS was povwered up w
were turned on, and when
number 1 position, the g

close to about 80 or 90

9 pelf-test and the AGS self-test

It seemed to go that way throughout

3 ECBS

ithout any problems. The glyccl punps
I went to the primary evaporator flow
lycol temperature was up high scale,

degrees, which was no problem. We
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knew it. We did it in the timeline according to the book,

but it was about 30 minutes, at least, before that temperature
slowly came down to where the glycol TEMP light went ocut, and
it came back within the normal green band.

You can hear the glycol pump from the CM.

The glyecol pumps have bearings that were made out of lunar-
surface gravel, I'm sure, because they sounded Just 1like i%,

both the primary and the secondary pumps.

8.2.4L VHF
The VHF problem has been mentioned, We had to be in VHF B
because it was the only COMM mcde we had, until after separa-
tion.-
Right. We had to modify proctedings there instead of using

A simplex, but that was nc problem.

8.2.5 Adequacy of Communications Using the S-Band
§.2.5 OMNI Antennas
We had checked out the S-band OMNI antennas the previous day.
We had decided to use the OMNI down-voice backup mode which
gave us a hot S5-band continucus key microphone, but the

communications were adequate.

8.2.6 Steerable Anternna Test

When the time came to power up the high-gain steerable, our
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COMM became much better, both going and coming. There was no
problenm with signal strepgth and there was no probliem with an
AUTG lockon. I sure do want to say that the procedures we

worked out for having the high-gain pitch and yaw attitudes

correspond te the commanh and service medule attitudes workea
out beasutifully. It wasialways within the realm of the capa-
bility of the LM antenns high gain to acgquire without even
tuning it in manual., There was enough signal strength to
acquire at those attitudes, then go to the AUTO position, and
ock on. Those rumbers fwere worked out and proved to be

very adeqguate.

8.2.7 Secondary S-Band T/R and Power Amplifier Checx

Secondary S-band at T/R |end power amplifier checks were made

and were sdegquate. We 4idn't use them the rest of the flight.

8.2.8 Teldmetry Updates
Telemetry updates came ﬂhrough loud and strong without any
hitches.

8.2.9 Tungel Closeout
The tunnel closecut was 'as practiced, and I verified that
the - -

You installed the drogué.
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I installed the drogue instead of John this time, because
it was very easy to do and - -

And I made sure it was closed out.

And T verified that the capture latches were engaged.

When we preloaded it, he verified that the capture latches

were, in fact, heolding.

8.2.10 Buit Loop

Suit loop checkout went as prescribed.

8.2.11 Ascent Batteries
Ascent batteries were brought on the line. By this time, we
had high voltage taps on the descent batteries, and all six
battériea were well up there. The values are documented, but
they were all within the 35~ and 37-volt category. The ascent
batteries were brought on and the check went nominally through-
cut the normal and backup ascent feed system.
What is that noise you guys made up there when you banged
that thing?
The nolse had to do with the ECS, with the REPRESS valve.
Every time you change a position of the REPRESS valve, it
shudders through the whole spacecraft.
You should see what it does to the Command Module Pilot.

You should have seen my djnamic oscillation.

CON
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We knew about this from

expected it, but it was

You caught me on that se

I know I didn't.

8.2.13 ARS
Because of the insulsatic

the tunnel, we went thro

the debriefing from Apollo 9 and we

still a loud bang.

cond one, though. You didn't tell me.

/PGA Pressure
n problem and the inabilizy to vent

ugh the PGA pressure check and the

lecop integrity check, but we never got to the final reguiator

check. We didn't wvent t
cabin pressure was holdi

So we assumed that the r

The one thing that we ha
discussed the whole oper
our activation and check

then we came back throug

he tunnel until undocking since the
ng, and it had worked good before.

egulators were all good.

d to do was to delay this until we
ation with MSFN. We went anhead in

put. We picked out scome items ahead,

h MSFN contact. In the rmeantime, we

verified our own tunnel-hatch and dump-valve integrity. We
|

were concerned about whekher our hatch or cur dump valve had

any of this insulation i
keeping it pressurized.
We held the

watched it.

gave us a very warm feel

n it and was feeding the tunnel,

We pumped the IM up to 5.4 and

cabin pressure sclid as a rock which

ing. We were finally able to make
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sure that we had the hatch sealed and the dump valve clean of
this insulation end that it was not & leak from cur spacecraft

that was feeding the tunnel.

8.2.14 AGS Activation
The AGS activation went begutifully, and the self-test was
nominal. It gave us assurance that the AGS was in good shape.
We were not able to do an AGS calibration because the command
module was limited with the use of its roll thrusters and
could not hold the attitude, We got the original numbers at
the start of the calibration but were unable, because of
constraints, to finish the calibration. The AGE alignment
was done procedurally, just as planned after the update. We
put P27 into the BGNCS. The AGS update to the PGNCS went
nominally. We got a good alignment. Everytime we alignrned
the AGS to the PGNCS, in switching from the PGNCE to AGS, we
could always see just a little flicker on the 8 bali. It's

not really an attitude change but a flicker.

8.2.15 S=Band Antenna
The S-band antenna has been discussed. When we got anywhere
from 3.2 to 3.4 signal strength on the S-band antenna, we
could tune it in manually up to about L.0 if so desired. As

long as we had about 3.4 to 3.6, if we went to the automatic
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mode, it would start mov

matically to a signal st

8.2.16
The ORDEAL initializatig

and was no problem,

B.2.17 MSFN Acq
The PCM low bit rate and

concerned, apparently hag

8.2.18

The DAP load went accord

8.2.19 DPS Gimbal Dy
The DPS gimbal drive was
that we anticipated with
anticipated that we coul
phasing burns with the g
for the amount of DELTAH

done and everything was

The pitch and yaw gimbaﬂ
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ing around and lock on itseif auto-

rength of aboub L.2,

ORDEAL

n was done according to procedures

nisition PCM-LER
high bit rate, as far as MSFN was

d no problems.

DAP Loads

ing to procedures.

ive and Throttle Tests

critted preflignt due to the problem
the DPFS gimbal. In fact, we even

d make both the DOI burn and the
imbal off due to the low c.g. travel
V applied. The throttle test was

nominal in this casec.

settings were those used at preflignu

(plus 501 and 547, as pér IM-4).

e
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8.2.20 RCS Pressurizetion ard Checkout
CERNAX The RCS pressurization and checkout were nominal except for

the numbers recorded cut of the PCRCS.

STAFTCRD We rnoticed this in the simulators. The numbers out of the

PGNCS were a little different, but the ground gave us a GO.

CFENAL I have all these numbers. It was in the rate-command check of
the Commander's ACA to the LGC -~ the ACA pulse cold fire in
CES. This is where we got the nuniber ancmalies. The ground
was watching this entire test. After a short consulteticn,
they said that the RCS was GO, and all of cur hot fires were

G0. We got good, scelid, firm signals.

STATFORD When we came to the maneuver-controller checkcout through
PGNCE, I could hear the thrusters fire; vut we had to wailt
a long time fto get the indications on the DSKY's. Therefore,

I ormitted it. I could tell that we were getting the signal

trkrough the PGNCS, and T did not vant to waste any fuel.

CERNAN We got four of the six signals. [lhe 4wo we didn't get were

yaw left with minus Y and minus 2.

STAVFCRD We could tell the thrusters were firing, and everything sounded

good.

’
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8.2.21 Rendezvous R
Rendezveous radar and sel

The radar was slewed cut
The rendezvous radar and

The numbers are docunment

8.2.22 DPS Prepsar

The UPE was pressurized

Yecu're talking about you
kot fire, the rates that
in the command module.

appeafed to be ne proble

I just want to make note
FYRO logic batteries on

DP5, we did it under log
circuit breaker open. L
gear, we deployed it in
Then, we clcsed both bre

locxed.,
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adar and Self-test
f-tests came out Just beautifully.

of mode 2,
gelf-tegt went as prescrived.
ed in the checrlist.

rtion and Checkout

ps planned.

r hot fire and cold fire. During itne

the vehicle get up were easily noticed
They were guite evident. There

rm, but they were noticeable,

of the fact that we verified cvoth
the buses. When we pressurilzed the -
ic powcr A with the logic power B
pter, when we deployed the landing

logic power 3 with the A breaker cpen.

skers to verify that it was down and

iyt
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8.2.23 Deployment Landing Cear
The devloyment of the landing gear went according to proce-
dure. In a way, it seemed just like the landing gear of an
aircraft coming down and locking. You could hear the PYRO
fire, and the wvehicle shuddered a littie bit. I heard one
initia. crack; then finally I heard a bang-bang as they

locked down in place; and the flag went gray.

Our ambient pressures teold us that we obviocusly had a good
PYRO. It went from 1570 prepressurization to 1440 post-

pressurization.

When you deployed the landing gear, I could hear a noticeable
"thunk,” and all the rate needles jiggled. It was really

evident thaf the gear was down.

Also, the forward landing gear could. be checked visually
from the LM windows. We had guesticnable items that were
eventually resclved, Every time you resolve an item, it
takes time. We spent a lot of time preflight on this in the
simulator. We felt this was one of the most important parts
cf the entire flight, that is, getting ready for the rendez-
vous. If we ever got behind, it could cost 2 hours or a

whele additional REV to get ready. We got ahead of the

checklist and we stayed ashead so thuat, when we had a problem,
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CERNAN we had enough time to resolve it. One thing that helped us

(CONT'D)
out tremendously was the precheckout of the IM. We d4ijd all
our housekeeping, we had our pencils up, we had our cards
and data up, we had our lights up, we had everything done
that had to be up. When we went in there the next day, we

were ready to go te work, and there was no focling arcund.

We started right out on the checklist.

Just for the record, the Commander wore his special earplugs
in his Sncopy helmet. |The LM piiot took his earplugs with
him but did not wear them. From my point of view, I nad
more than adequate COMM to overshadow any noise that was in

the IM,

STAFFORD The earphones do incregse the dB level. I found that on VHF
in the altitude chamber I had it up at 9. In flight, with

those ear plugs on, my |VHF was down to a setting of 3.

CERNAN I guess it's dealer's choice. It was an operational experi-
ment. We had one man with them and cone man without them, and
each had adeguate COMMJ| The only ancmaly, from the final
switch or circuit-breaker setting prior to undocking, was
that we pulled the cabin fan breakers because they were

noisy. They were not so noisy that we couldn't stand fhem,

@OPDENTIAL
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because we did turn them on leter for a while. They reslly

didn't give us much cooling or circulation.

8.2.24 Undocking
We could not go to our preflight prescribed attitude because
of restrictions on maneuvering causel by the tunnel. Undock-
ing was made at a different than nominal attitude, and then
the command module maneuvered to the prescribed separation

attitude between the preflight worked-out procedures.

We had no problems on stationkeeping. At this time, I

noticed the first indication that the rate needles were off
the zero calibration., 1 would zero the needles, have the
commahd module in my COAS, and also use general attitude
references. Then, I would start drifting off. There were
several cycles of this over a periol of about 1 or 2 minutes
that made me realize that the rate-error needles were out

of calibration. In undocking, veiled transients were noted
even with the pressurized condition, because the tunnel wvented
as soon as we broke. We went right through the prescrihbed

maneuvers.

We did undock with a pretty fair DELTA-V. We had a pow as we

separated and we moved out.

)
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el D

I really btelieve that it didn’'t have anything to do with the

fact that the tunnel was pressurized.

ted, it vented.

the probe.

T was amazed.

simulstor.

As soon as we separa-

Then ylcu were moving on out to the end of

We looked llike we had about 0.L ft/sec.

Tt was Higger than I had enticipated from the

We really backed off frnom each other.

We had to go to a different attitude.

degrees and pitched up

I rolled vight 120

90 degrees to get to where John was.

Where he needed to manguver to was different from wnat we'd

seen before, but there

were no problems.

f.2.25 Visyal Inspections

We made visual inspecti

and T0-mm film.

8.2.,26 Effeq

Earthshine doesn't mear

§.2.27 Adequacy of Illuy
Any Cther Unusual ]

¢Cs8M Visual

It was adeguate.

ons. They're all recorded on l6-mm

The command module locked good to us.

t of Earthshine

1 anything. Earthshine is ncthing.

nination, Time Alloted, and
yisual Phenomena during

[nspection of LM

m—
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Completely adequate, although the roll angle was 180 degrees
out of what had been recommended by FCSD for undocking in

the first place.

8.2.28 Update Pads for DOI, Phasing, and Insertion

Update pads for DOI phasing and insertion came right after
separation. They were copied down without difficulty. The
Command Module Pilot needed these pads passed to him later

from the 1M Pilot,
Those were the DOI phases and PDI ...
PDT abort pads. That's correct, Insertion pad came later.

8.2.29 Formation Flying

Formation flying was a piece of cakaz.
No problem on the stationkeeping or formation flying.

8.2.30 ILunar Landmark Recogaition
From the LM point of view, we were not particularly concerned
with lunar landmark recognition. We were now over planet X
in the process of getting ready to perform our DOI C8M
separation burn and the DOI burn. The AOT was unstowed and

set tc the forward position without any difficulty.

)
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During the pericd of ti

turned on, and we notic

At this point, somebody
We checked the radar an
command module. They w
the power switch., We r
as we did, the gsystems

zero and should have be

immediate radar lockon

Just prior to this peoin
simplex A which we had
pointﬁ And beheld! It
from simpléx A to duple
module side. This was
checked to see whether
also worked from s voic

During the rendezvous r

we also did the VHF ran
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me after separation, the radar was

ed it had no lockon.

on the ground recommended recycling.
i checked the circuit oreakers in the
ere in. They recommended recycling
ecycled the power switch; and as soon
test meter, which had been reading

We got

en reading about 4.6, came on.

from the IM.

t, we had called for a recheck on
not been &ble 1o use up until this
worked. On the LM side, we went

x A, which is duplex B on the command
our VHF-ranging configuraticn. We
it would work, and lo and behold, it
e communication point of view.

adar checkout that was just mentioned,

zing check and compared the two.

During this time the radar COAS boresight was checked and

found to be extremely &

centered, the command m

ccurate. With the radar needles

pdule was exactly centered in the
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middle of the COAS.

This meant there was no bias.

right there. It was the best I've ever seen.

CONE ThAd
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8.1 COMMY

8.1.1 Mcnito
Tre command module was 4
tracked them optically.
in the ortics., There wd
T could not see the IM y
tecause it was pointed 4
wher. the burn was being
comvleted, FT6 was updatf
spacécraft to be in a 63
short pericd of time afy
ranging data showed overn

the wvehicle opening at

70 ft/sec: at 6 miles, 1

r IM DOT

he other way.

performed.

t waz 65 ft/sec.

ND MODULE

Burn

ble to monitor the IM DOI burn. I

T could see the burn being performed

5 & big light when the engine fired.

ntil the engine fired in the darx

Tt was guite clear

As scon as the burn was

ed nominally and it showed the

2 by 9.2-mile orbit. Within a very

er the burn was completed, the VEY

an average period: at 3.8 miles,

13 ft/sec; at L.B2 miles, it was

These opening

velocities were within about 1 ©t/sec of actual velocity,

and it is recommended that this proceczure be used to verify

D0I for the lunar module

9.1.2 AUTO Maneuver to Sextant Tracking

AT maneuver was done to sextant tracking.

Unfortunately,

the AUTO optics positioning was not accurate enough to allow
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the wvehicle to be picked up. At this time, we were coming
into daylight, and I could not see the vehicle. TFortunately,
I saw 1t in the telescope at close range, btut I logt the
vehicle again at 14 miles when T was tracking menually. T
tracked manually through abcout 10C miles, and then I rolled

180 degrees and pitched up 70 degrees to acquire the MSFN.

9.1.4 Optics Track — Ease of Tracking LM from Any Unusual

YOUNG

STAFFORD

Visual Phenomena Obgerved Durirg IM Descent
The cormmand module commenced optics tracking, and the AUTO
optics maneuver did not put the lrnar module in the telescope.
I pesitioned it manually in the telescore and tracked manu-
ally until the cormand module was 14 miles awav. When we
reinitiated tracking prior to the phasing burn, the AUTO
optics did not position the vehicle in the telescope for the
second period of tracking. VHF merks were taken and they
did tring the thing in so that we could track the vehicle in

the optics — and take several optics marks prior teo phasing.

9.2 LUNAR MODULE
We'll work this as an integrated debriefing between the CSM
and lunar module because of the neture of the total maneuvers
and trajectory. The separstion birn was made by the command

module on time. The anomaly with the radsr has already been

[
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discussed in the nreviou

medule made the AQT alig

Right after the separati
the lunar module, the fi
dock alignment that was

ently was excellent, bheg
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After the lunar

15 sections.

darkness,

nment.

or. burn, as we went into darkness in
rst P52 IMU alignment was mazde. The

made with the command module appar-

ause the AUTO covtics put the stars

Antares and Acrux well within the sccpe of the AOT.

Can you remember how far

It was resl close.

state vector, aligned the AGS, and lcaded the AGS.
one anomaly nere which I

could not get the proper

r

this particuiar burn.

It was very close.

from the crosshairs?

We updated the AGE
T notliced
will explain.

The anomaly was: I

numbers loaded into the AGE for

The reason I could not get the

proper numbers loaded inte the AGS for this particular

burn was becguse I failed to put the external DELTA-V

flag in the AGS, which 1
realized this after the
to monitor the DOI burni

LMZ.

s ADDRESS 410 to 5000. I
burn, so the AGS was not available

That was a problem induced by the

During this period of time, the commend module was operating

in the DAP mode, wide dpadband (0.2 deg/sec) to save fuel.

It was operating perfectly satisfactory.

ENTIAL




9-4

CERNAN

STAFFORD

CERNAN

STAFFORD

CERNAN

MM/

9.2.4 PGNCS Performence During DOI
We had been through P30; we then went into PhO. We verified
our spacecraft attitude, beth ORB rate and inertial. We
verified the star, Scorpi Delta, for the burn. We were
satisfied that we were in the prorer attitude for the first
critical IM burn. We were on PGNCS contreol, and PGHNCS did

control the burn.

The ullage and ignition started on time, The engine throttled
up tec what appeared to me to be atout 15 percent on the gage.
It was more than 10 percent, We had 10 percent commanded on
the right side of the gage, and we had over 15 percent., I
checked my throttle, and it was in MIN., Exactly at 15 sec-
onds I throttled up, as the profile called for, to 40 percent.
The engine went right to 40 percent with no chugging as has
been noted previously. We were monitoring the burn and count-

ing down as our procedures called for.
The residuals were minus 0.1, minus 0.3? and minus 0.5,
The X residuals were trimmed to minus 0.1.

That was our final residual {minus 0.1). We did not trim
the DCI. That was the DOI residual.
This was the targeted final burn. There was no trimming of

the residuals., Those are the finsl residuals from the DPS

SR
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ourn. The tank pressure
us that we had no air in

working nominally.

After DCI, a pltchdown w
the command module and W
technigue that John work

I could lecck on with rad

This was procedurally se
The PGNCS with these res

nautical-mile orbit oven

And that's what T had.

That's exactly what you

Fantastic!

So we felt very geod abdut it in spite of the

did not have the AGS mon
the command moduie agres
did the VHF ranging and
proved to us that we hagd

good DOI burn with a god

5 were nominal.

e locked on with radar.

ar. He used VHY ranging.

iduals gave us a 61.2 by

the lunar surface.

had; that's right.

itoring the burn., We
ing with that crbit.
the radar data check,

good information and

d perigee.

R |

the line and the whole system

ans made that placed the Z-axis

Wa

on

Witk the

9.2~

tne numbers

that we had
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It eppears that our procedures were adequate for monitering
the effects of the DOI burn. This had been worked out in

great detail.

The systems status was checked immediately after the burn
Just to make sure that, after our first big burn, everything
was nominal. All systems were still GO. There was no change

during the peried of the burn.

Various attitude maneuvers were mide after the burn at pre-
scribed times. One deviation was: +two additional 180-degree
roll attitudes were not accomplisied, so we could try to get
an early lockon on the landing ralar and also lecok at some

of the sites.

We wanted to get a little bit ahead on cur visual recognition

for our approach path to the sites.

Tt's recommended that on the 11 mission a minimum of attitude
maneuvers be made after the DOT birn. Save that for PDI.

The landing radar was turned Jn eirly, and the landing radar
test was initiated by the computer. It appeared eviaent

from cnbeocard read-outs that we lozked on right away — at
least on a couple of beams. This was far in eXcess of any

altitude that we had anticipated. That's when T was at a
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AP < oo

theta of plus 10 degrees|

approach, we pitched to

As we continued our descernt

the theta = 0 positicn at She pre-

geribed time. I noticed| that it was more difficult tc main-

tain & valiue of near zer
This was further verifie
FDAT. They showed that
zero on the needles. As
fuel in trying tc keep 1
DEKY for theta and then
reguired more attention
then I had anticipated f

I didn't get as many phg

would liked to have take

During this time of atty
P30. We inserted the ph
concerned, we were GO eV
our systems were GO. I
Tt gave us an B8.6-nautiqg
came into contact with M
our GO. Then when we hg
results. We had P30 all

for the phasing burn abd

p than it was in the simulator.

d by the rate error needles on the

B true zerc rate did not indicate

a result of this, I had to expend

t close to zero by lcooking at the
extrapolating from the ball. This
with respect to flying the spacecraft
rom our simulations. As a result,
tos or as many observations as I

n at this time.

tude changes, the LGC was updating
asing ped because, as far as we were
en before we had MSFN contact. All
did check the AGES for AGS perigee.
al-mile perigee. The command module
SFN pricr to us and gave the ground
d contact, we gave them the postburn
loaded and everything ready toc go

ut 25 minutes early. We were start-

ing down our track, 25 minutes prior to phasing because we

Sy

Gl BT
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wanted to focus all of our attention on the recognition,
photography, and landing radar tedts coming across the land-
ing site from 25 minutes to 10 minutes before phasing.
Monitoring the landing site approach path was easy to both
the Cormander and the IMP hecause we studied these and locked
at lots of charts and maps. We had & chance to see this ap-
proach path from the command module for a short period of time
the day before. This aided us tremendously in recognition.
We both thought it was — it was extremeliy easy to recognize
the landmarks, the craters, the rilles, the ridges, and
everything that we were leoxing for in order to find our way
through the hills and marisz up to the landing site. We pro-
ceedéd on our ncminal photographicz mission to photograph

this landing site both with 7O-mm and 16-mm camers. We alsc

did the landing radar test during this same pericd of time.

The orbital velocity at approximately 50 Q00 feet has been
simulated previcusly in a T-38. It matched nearly identicazl
as far as tracking targets with a relative bearing rate was
concerned. From this, it was easy to maneuver the camera

when I had time to take the targets that we had already vpicked
out. It seemed like our trajectcry was exactly on track from
what we had previously determined from our strip monitoring

chart. Pitchover was made a minus 11 minutes and 40 seconds,

CONFI
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to a pitchdown of 30 degrees from the local horizontal, to

monitor the landing site.

Hasselblad camers started to fail.

gequence in between the

we aporoached the landing site.

At this time, the Ccmmander's
It would take leonger to
films.

I think it failed ‘ust as

I locked at the site, which

was easy to recognize by the three clusters up in the far

corner.

compared with the desert in California arcund Blythe.

circles in those fields

smeooth areas.

site was smoother than

I could estimate 25 to 35 percent clear areaz.

the

It

The

lock smoother than those in the

It appeared that the near end of the landing

far end. If the targeting ends

up near the far end, the Iunar module may have some diffi-

culty with respect to fliel reserves and maneuvering to an

adequate place.

seconds because of the

At the sun angles we ha
nize coming up upon it

it vertically. There w
angles when we pasged o
to take photographs as

X-axis in the plus-X 4i
effectively completed o

ments. At that point,

we continued to

This was all accomplished within a few

vrbital velocity that we were at.

i, the landing site was easy tc recog=-
sbliquely and when we were going over
hg no observable washout at our sun
ver the landing site. We continued
piteh now to the
That

rection for the vhasing burmn.

nr landing site mcguisition require-

we went into our T-minute check pricr




5-10 TIAL

CERNAN to the phasing burn. This is very similar to the DOI pro-
{conT'D)
cedures. As we went into the phas:ing burn, right up to the
time of ignition, everything sappeared nominsl and was tasic-
ally & duplicate of the DOI burn. After going through our
4-minute check, we did review the nission rules. 3By that,
I mear we reviewed the DELTA-V we wanted tc get and what we

would do if we didn't get it. We could either stage or com-

plete it with RCS.

YOURG The position of the lunar module was such that the field of
view of the sextant and the landmark line of sight were in
the optics view at the time. ©Sincz2 the IM was 120 miles
away in sunlight, it eppeared as a semidim star and could
not be seen ageinst the background of the lunar landmark
line of sight. It was a red line of sight, and later on it
was seen in this lunar landmark line of sight as a_bright
star. It appeared to be traveling over the lunar surface

even though it was way up above the lunar surface.
CERNAN We came to the burn and had ignition on time.

STAFFORD  The burn started exactly as the DCI burn at 10-percent thrust.
Immediately thereafter, a master caution light, with a red

warning light of the descent propellant guantity, came on.
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T immediately pushed the
checked the gages égain.
already gone to zero.
mentation failure. The
and engine chamber pressg
Immediately thereafter,
tnat the DECA gimbal had
this warning light becay
module. I was standing

turn <he off position in

however, the rates were

9-i1

cantion and warning light out and
An oxidizer pressure rage had

t turned out thet it was an instru-
fuel pressure was holding real good,

ure looked gcod so we continued on.

we had an amber warning light showing
failed, We had been anticipating

ge of previous test runs on the lunar

by to throw off the engine — to

the engine gimbal enable switch;

nearly zero and it appeared good, s0

we continued. The engine throttled up to 100 percent very

rapidly without any chugging at the prescribed time cof igni-

tion plus 26 seconds; and immediately after reaching 100 per-

cent, the master cautior

by the propellent descen

. light came on again — was triggerea

1t quantity light. It was pushed off

again and the burn to —T out to the required DELTA-V was

monitored and the engine shut-down, the following residusls

were noted:

After trimming, we ended up with plus 0.2, minus 0.5, and

mirmug 0.9. This time,

the AGS was programmed correctly in

external DELTA-V, and the AGS counted down very closely with

\

CPomtPripip—
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amger ¥ A,

the PGNCS and gave us good results with residusls of approxi-
mately plus 0.7, minus 0.6, and minus 1.4, We felt that we
had a geod burn with a resultant IGC orbital parameter of

190.8 by 11.8, which is very, very close to nominal.
Did you see our descent burn? Our phasing burn?
No, I couldn't see the phasing burn.

Okay. We did try and take pictures of this burn vertically
from the LM, and whether any of these came out, I don't

know. It was apparent, at least 1o the LMP, that there was
no great noise associated with the descent engine burn, nor

any great acceleration either.

We could feel the acceleration when it throttled up from
10 to 100 percent for MAX thrust, but the level of acceler-

ation was still low.

My feeling in the right side of azceleration was watching my
two computers count downy and when I saw them go from ullage
to lO0=percent thrust to the 100=-percent thrust, I got my feel,
I think, of acceleration and watching this burn go on. I

don't recall any noise level change or increase at all.

o
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Tre hasic nocise level on
a fairly loud engiﬁe noi
through, I thought I cou
my feet, but it was real
smooth engine operation
Immediately after shut-d

cise tracking attitude,

cn tc the command module

Immediately after the LM
cormand module a P20 to

could not see — it was

lunar medule in AUTO opth:

and reinitialized the W4
tinued to make marks all
thing about taking marks
than in the simulator.
YHY marks and the sextan
than they were in the si

were received on the i

NTIAL -
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the IM 15 such that it would take
se; with the suit-air noise going
1d feel maybe a minor vibration in

low in intensity and it was just a
all the way through. |
own, a maneuver was made to the pre-

and the rendezvous radar was locked

did its phasing burn, I 4id in tke

tne tracking attitude; however, we
50 dark then, we could not see the
ics, so we started taking VHF marks
We

matrix after three marks. 0on-—

during the lunar moduie P52, One
was that it was much easier to take
Optics tracking was very smooth. . The
t marks were processcd much Taster

At this time, large updates

mulzator.

st VH* ranging mark, so it was re-

jected and an optics mark taking it was received with a up-

date mark; this was on an order of 20 ft/sec.

511 available.

But that marz was accepted because

The data are i

“he optics
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mark was the same, and from then on all updates were very

small, reasonable, and appeared proper in every respect,

You want to corment about the voice-quality procedures in

the VHF ranging?

The IM was essentially on hot mike. The LM was essentially
on hot mike and I didn't find this oblectiocnable in any
respect, bhecause it kept me in good touch with them and I
krnew exsctly what they were doing and I almost felt like in a
lot of cases that they were sittirg right there with me, and
that enabled me to plan ahead. But there were some cbjec-
tionable operations in that every time we made a transmission,
we apparently heard owrselves tallk; we recommend this prob-

lem be corrected for future missions.

This was more than likely in the fi-band that we heard this
feedback, possibly.

When the IM went to a P20 to acquire and track the command
module, and this was done in almost all cases, the CM

Pilot went to this attitude manually, knowing what attitude
he had to go to because of our preflight planning, and also
he went there with the aid of the AGS needles. The AGS

LOO plus 20 000 was called up and he had the AGS needles to

tell him exactly where the target was while the LMP was

SR
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cleaning up the PGNCS, getting the residuals, and getting

P20 set up for radar acguisition.

It appears that cur first

mark in almest every tracking stage and in the VERE 93

W-matrix initislization

was a five-figure update (a four- to

five-figure update) in doth range and velocity which was absurvc |

to us. We rejected that]

first mark and the second mark came !

right down in within regsonable, expectable errcr levels and we

started accepting those

marks. In the case of the LM, we were

updating the command module state wector for this.tiracking

prior to inserticn. The
very c¢losely throughout
five marks at this point

reder., And, by the way,

VHF ranging and the radar agreed
the whole flight. We took scnme
from the LM and then designated the

every time we designated the radar,

it worked properly and went to the attitude position we pre-

scribed fer jt. We went
aiign on Acrux and Antan
recognized. We did a st
g COAS calibration, call

and calibrated the COAS

The COAS calibration prg
aligned exactly on in yg
pitch, which is consider

alignment.

into a P52 and tc the REFSMMAT

es which are, again, very easily

ar check, we used AUTO cptics, we did
ing up mode 5 in the IM for the B52,

on Antares.

duced a star, Antares, that was
w, and one-third of a degree down Iin |

ed completely satisfactory Tor COAB
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Okaey. We went behind the Moon. We were going to take
T0-mm targets of opportunity up 2t 190 miles; unfertunately,
we had no workable TO-mm camerg. The time period in there
vas relatively light after the P52, We actually even had

& chance to get a drink. We started to track again with the
lunar module, with the command module updating the command
module state vector from the IM at about better than an hour
prior to insertion. At 40 minutes prior to insertion, we
comuenced ouwr checklist, getting ready for the staging
sequence by connecting the ascent batteries and connecting
the descent batteries, two at a t:me; starting to moniter
and pressurize our ascent helium system, and our ascent pro-
pulsion system. Then we took ancolther seriegs of marks at

36 minutes before insertion, updating the command module.

We were going to take another series of marks updating the
command module state vector again, however, this is the
point at which we were apoproaching close to MAX range and

we were unable to get radar lock.

Originally, I got radar lock. The AGC voltage indicated
exactly what we should expect at that range, and then slowly,

it Just faded out.

CONFID
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Now, whether that was an
module or whether it wasg

krow yet.
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attitude problem with the command

a range problem, I guess we don't

How is that called an aftitude problem with the cormand

module?

Because it was locked steady and it was steady, then

it slowly faded out; and

the way that it faded cut was

indicative of what we hdd seen before in the simulator

and also in flight when

attitude change.

I'm sure that's true, be
And, about that time, I

tude, because it was com

That's what did it.

3¢ shead, John, have you

of time?

I think that I went to L
frare 'or what's called

thought of thet before.

at phasing and insertion:

the command module made an

cause I had VHF range to 300 miles.
decided I had better go to the atti-

ing up on the insertion hurn.

got anything to =2dd for that period

he attitude about the right time
out in the flight plan. We'd never

Concerning the VHF communications

when you were doing the phasing

~
CQUMBERITTAL
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burn, I couldn't hear you and when you were doing the inser-

tien burn, I couldn't hear you. lot st all,

I bet that was due to our attitude being face down and the

antenna we had selected.
That could very well be.
This brings us down to staging.

I was in the staging attitude approximately 8 to 10 minutes
before the event was to ceccur on hoth the ORE rate and the
inertial ball. In all these major maneuvers, we used the
checklist, and I put my finger on each switch and looked at
it ts verify the positicn of the switch. The one thing that
we had noticed before was parallax errors caused by head
positions. In the simulator, we had stools measured exactly
to calibrate our eye pesition that would exactly match what
we had seen in the altitude chamber, which, from my position,
was Just lccking straight forward at the crosspointers. T
found that in zero g with the hos=s attached, and the limited
strength of the Velcreo, I was actially floating up on my toes
most of the time, so I had one restraint cable hocked to my
suit. Even with one restraint cable hooked to my suit, but

not in the locked position, just ander tension, I would




STAFFORD
{coNT'D)

CERNAN

STAFFORD

TDENTI Al 9-19

occasionally float up nekrly on my toes, which would put my
head 2 to 3 inches, even as much as 4 inches, above what it
normally was. BSo, T looked down to verify when Gene called
out ATTITUDE HOLD. I haﬁ my hand on the switch and I could
see that the luminescent| bar that runs the length of the
switch for identification was aligned right with ATTITUDE
HOLD. 4And I went through the rest of the switching. That
was just one step in = slequence. As we approached staging,

we were aligned in the rfight attitude; the vehicle was solid

ag a rock in that attitude, and we were in mede control

pulse. ;

We went to guidance control AGS and were all set in middead-
band; then we hit the m&de control switches, which should

I
have given us ATTITUDE HOLD. A part of this - let me say,
from the PGNCS point of !view, we had set the DAP for the

lightweight vehicle. 5S¢ we were all squared away from that

point of view.

Right. We set the DAP up for the light-weight vehicle, The

vehicle was holding. Iiwent to mede control when we called
up P47 to determine avedage g. In this period, I would stand
by to throw the stage s#itch, Gene would pull aft on the

translational controlle# down for 2 ft/sec, and then start
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forward. At that time, I would sage the vehicle. Seven
was cailed up at the staging minus 1 minute and then the
switches were placed in mode control at, I would estimate,
approximately 30 seconds. At this time, the wvehicle siarted

a movement that was & combination of piteh and yaw.

It was 2 movement sort of like an Tmmelmann. It was either
pitch and roll, or sort of a yaw and roll type of maneuver,

tut very much like an Immelmann in an aircraft.

We wanted to go shead and stage the vehicle, so Gene thrusted
aft, and it appeared that, during the thrusting, the dynamics
did not increase any, as far as the nmovement — that the
rates did not build up any more than what we had. Even I
could see it was going off in att: tude, so we wculd have
plenty of authority in there. So I said, "Forward." He
thrusted forward, and I threw the stage switch. It staged,
and I'd say we were off of our prescribed attitude about

20 or 30 degrees. The vehicle wan still in a retreograde atti-
tude, basically, but was about 20 to 30 degrees off. Then
immediately, it started a rapid roll and I could gsee that we
were approaching gimbal lock arnd o made a big pitch maneu-
ver on the stick, and I started working attitude control

switches. It happened very fast, and I could see that some
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of the piteh took effect. We zipped right by gimbal lock.
Wg got the gimbal lock light, but the no-attitude light did
not come on, which indicated that we did not coarse align
the platform as will happen with true gimbal lock. We got
the wvehicle under control after about, I'd estimate, a

360-degree maneuver.

How close did you get to gimbal lock?
Cloze enough to get the ﬁarning light on.
Better than 5 degrees then.

Scmewhere between 15 degrees and 5 degrees. I'm not sure
how far around we went.: I was able to see the horizeon cut
the window and the lunar:surf&ce start moving and I den't
know, on the 8—ball, exactly what attitude we realized. We
could have maneuvered 30 degrees or we couid have maneuvered
B0 degrees. All I know is that it was fairly slow, but

positive. Whether we did a 360-degree maneuver is difficult

for me to say.

I was, by then, locking outside for an attitude, but that

didn't help me too much at that time. I lccked inside at the

8-%all, at beth of them! because when I saw the gimbal Zock

3 ]
warning light, I initiale thought that maybe my 8-ball wculd

CQUERENIIAL
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STAFFORD freeze at the no-attitude, coarse-align position. I would

(CONT'D)
say that we traveled at least 360 degrees.

CERNAN Let me explain the posture we were in at the time that the
Commander yelled that we were in pgimbal lcock. OFf course,
we had had good positive staging, verified through the gages.
So, there was no problem. We had an ascent stage, and =a
programed insertion burn 10 minutes later when he yelled
"Gimbal lock.” I was back in the cockpit with the 8-balis
and I was not aware that it was really not gimbal lock. So,
we actually didn't have gimbal lock. Tom got it stooped,
and then started going over to the prescribed attitude faor
the insertion burn. I immediately started getting the AGS
loaded as the procedures require for this particular burn.
We had & posture where we could have gone to AGS and made
this insertion burn in AGS and then gone ahead and aligned
the PGNCS to the AGS, done a P52, and set the REFSMMAT arnd
drift flags, and we would have beer back in business as we
de a P52 after the insertion burn anyway. So it would have
been & case of having to do the insertion burn on AGS. As
far as the switch positions and settings are concerned, we

had maintained the posture in our checklist that control-

system switch settings (such as PGNCS pulse and attitude con-

trol through VERB's 76 and 77; any AGS, PGNCS guidance con-

trol switching; or any AGS, pulse, attitude hold) were not put
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CERNAN down. Any of these switbhings cannot be put down in the
(CCNT'D)
flight procedurasl book, because they are used, and switched
back and forth, so many times. They were notbput down in
this case. The only thihg that was put down was that we
definitely did do this pﬁrticular maneuver in AGS control.
As far as the position of mode control switches or attitude
control switches, we foliowad the posture of never putting

any of those down anywhere in the checkiist; and that's the

posture T would continue to follow in the future.

STAFFORD Again, during this mane@ver, 1 know that I changed the switch,
brought it under controi, and finalily went to DIRZICT to stop
the meneuver. I remembér I went to DIRECT to get it under
contrel, But then I h&d the whole vehicle stopved. I could
see that I was in gimbai lock., Right away, I pulsed right
arcund to cur burn posiﬁion for the insertion burn and re-
checked what was on theéiﬂertial ball; I checked what we had

on the ORB rate ball and could see that we were in good shape.

CERNAN We could recognize visuélly that we were face down in retro-
grade; the AGS was loadéd through our T-minute check; we
verified that the PGNCS was in good shape; and that our TMU

and LGC were in good shépe.
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Also, when we called up PL2, manewvered in AUTO attitude to
the exact attitude that we had on the pad for MSFN. So we
were very confident that the PGNCS was in good shape. Again,
the total time, from the time of the actusl staging seguence
tc the time we had her under centrol, I'd estimate, was less
tharn 1 minute; and the time we were back in a good attitude
for the burn was, I would estimate, 2 to 3 minutes. Again,

you can look at the time history on the telemetry.

And we were right down on cur T-minute checklist. We went
through our L4-minute checklist for ascent engine burn. We
reviewed the DELTA-V mission rule:s for the ascent burn, as to
what we had to do if we didn't get it. We wverified cur atti-

tudes and made the ascent engine turn, which was very rapid.

We anticipated that there would be some oscillaticons after
reviewing the data from the IM-3 escent burn to depletion,

50 both restraint cables were hooled up and the restraint
cables lcocked. At burn initiation, the vehicle went to
dynamics that would be characterized by a Dutch roll in an
airecraft. We had yawing and pitching rates, I would estimate,
up to 5 deg/sec, and the vehicle basically snaked along. The
shutdown produced & total vector that was of an excellent

nature.

Sl



CERNAXN

YOUNG

s
LR 5-25

It looks to me like theéfinal regidusls were zero zero and
minus 1.3, and the AGS gave us plus 0.50 and plus 0.9, which
put us in a resultant oﬁbit of 46,7 by 11.0 miles, which was

vretty close to nominalé

Okay, can I say somethiﬁg here? During this time, the com-
mand module was maneuvefing to the backup insertion burn
attitude, There's no piace in the command module checklist
for insertion of the csﬁ backup insertion pad update in the
plan as given by FOD, fhis is an oversight. I recommend

it be corrected on latef flights. Alsc, it was agreed prior
to flight that the back@p insertion burn would be done at
precisely 3 minutes aftér the IM insertion burn. In fact, the
time passed up by the gfound to do the burn was something
different than 3 minuteé after the insertion burn, which
caused some confusion ié that I theught I'd copied their num-
ber wrong and went and éoaded the IM insertion time. They
called me later and told me it wag incorrect and then I had
toc reioad the time aftef T was already in P30. The setup to
maneuver to the attitudé and the operation through P30 and
PLO were nominal in eveéy respect. At this time, when the
lunar meodule was havingéits problems with the pitch-around,

I was out of voice comminications with them. T couid not

SO —
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hear what they were gaying. The ground wag telling me they
were monitoring it and for me to stand by and then they re-
ported to the lunar module that they were approaching gimbal
lock. If the command module had had to make this burn, be-
cause the lurar medule was in gimbal leck and the GDC had had
some kind of problem or because the AGS had had a problem, it
would have been very unfortunaste in that we didn't have voice
communications and we weren't getting this update scon enougl.
So, after that, we went to the volce relay mode where thre
lunar module relayed the voice camunications through the
ground and it ceame back up through the ground S-band. Tt's
recommended that in every case whare the command module loses
voice communications with the lunar module that this relay
mode be established immediately by some communications proce-
dure. I think it's essentiasl tha:, if the command module is
going to have to dc one of these one—-man burns, he be allowed
to set it up as quickly as possible, so he can go through his
checklist as many times as he carn to get everything right,
because those are the burns that e can't afford to make any
mistakes on. It's recommended that the relay mode be estab-

lished in every case where communicaticons are lost on VAF.

Following the ingertion burn, we went directly into our third
P52. This is the first time we did it with an ascent stage

orly. The authority from PGNCS pulse was far greater than

~SOMERENTAL
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you would desire with a semilight-weight stage. It never
allowed you actually to:stop the lunar module movement or the
start of movement in thé AOQT. It allowed you to slow it down,
but not really stop it Because of the magnitude of the PGNCS
pulse thrust. However, it was performed and we got a good
star-angle difference; we got a good torquing angle. We made
an alignment check and 1t put the star right smack in the
center of the reticle. We took three sets of stars instead

of five sets because, as experienced in the simulator at minus
30 minutes before C8I, *e've always had to make a backup
range-rate calculation for the backup CSI charts. The time
between the beginning of the aligmment darkness and the be-
ginning of the alignmenf and the 30-minute mark (which required
radar track and lockon}itook you half that 30-minute mark; so
we cut our aligmment off at three sets each. It gave us a
good alignment. We wen£ immediately from there into manual
radar acquisition in P2b and then into P32. We went there
adequately early to get that minus 30-minute range rate for

the CSI chart.

The lockon was made after insertion. The lockon was made

manually.

That's right. We started taking marks right on from there

through CSI and did our! normal procedural recycles. We got

o |
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our recycle data for CS8I, for CDH., and we saw the values come

in very close to the point. When at CSI, we had the ground,
the ground and the IM agreed eiactly to 0.1 ft/sec; and the
command module, if you subtr&c£ 1 ft/sec, was only 0.6 ft/sec
off. B¢ the charts were a little bit high, but were well
within the region of agreement |[with the final solution error
of about 4 ft/sec high, which wouldn't have hurt us if we had
burned it. ZEverything in P32 worled fine, except the anomaly
when we took the first mark after locking on P52, and got
four-digit and five-digit updaﬁes which were rejected. After
that, the marks came down and fhe arrows came right on in. I
had no radar bias or radar drift problems and never had a
side lobe blockout in any of tﬁe radar data acguisition in
P30 routines. We tock backup ﬁarks at 20 and 10 as prescribed;
and procedurally, it just caeme right down the track. We made

the CSI burn of 45,3 ft/sec.
Okay, talk about the plane chaﬁge.

We were computing a plane change :or the CSI burn. The LM
computes it out of VERB 90 to ﬁe compared with the command
module and in any event throws.its own out-—of-plane out; but
it computes the plane change just for drill and takes the
command module out of plane. n this case, the IM produced

its own Y dot of plus 4.1 ft/sec, which we thought was pretty

———rETTS N AL
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kigh. The command module interpolated that the IM would have
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to burn minus 6.4 ft/sec, so there was a 10-ft/sec difference;
one was on one side, an& orie on the cther. We felt both those

numbers were large.

We were tracking up theébellyband end so we decided at this
point to ignore our outéofnplane burn and so forth for CSI
and take and take anothér lookx at it again at & normal plane-

change time between CSIéand CDH.

I'm not sure this is noﬁ really a significant factor, because
I'm not sure that afteréLM insertion ¢ff the surface that you

can afford to ignore a ﬁlane change,

You may have something.é

Yes. You don't get a géod alignment on the surface.
You want the good align@ent.

But you should know wha% it is.

We went on to make the ?SI burrn, We did an AUTO maneuver,

We 4id the CSI burn in %he plus X-axis with RCS; we did it
with ascent feed which %orked normally, except you 4id not

get the true indicationgof where the valve was set from the
flags until you took th% finger off the spring-lcaded switches

and let them go back toétheir neutral position. When, for
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instance, the main solencid valves were open during the ascent
feed and you Wént to cleose them, you didn't get the gray until
you let them spring back to the neutral position. This was
true of almost all the ascent feed switches and the crossfeed
switer (which was never used, but was checked out) and slso
the main solenocid valve switches. We ended up with excellent
residuals of zero, minus 0.k, and zeroc, and we were in a

L8.2 by 41.6-mile orbit, which I believe at this point agreed

very closely with the command module.
We had it in a LUB.2 by a L1,0-mile orbit.

So that taXes care of tﬁe RCS burn, CEI, and orbltal parameters.
That.brings us up to the plene change. Our whole lunar-orbit
phase had slipped 10 minutes because of our late arrival at

the Moon. Because of our updated CSI time and cur new CDE

time as computed out of P33, we hed to pull a mumber out for
the plane change. Our nominal number was going to be halfway

between CS1 and CTH.
104:02.

Yes, 104:02 was nominal and, of course, that was updated by
at least 10 minutes because of our late arrival al the MMoon.
The time we recormended to the cormand module was 10h:15:00,

so we based our plane change upen that particular time. iere

laddinkinbrdobin
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again, we did not interrupt our updata tracking in the LM,

but we 4id call up a VERB 90 in preparstion for the burn. In
the IM, we got minut 3.1, in contrast to the plus 4.1 Y dot
computed for CSI. The command module came out with plus 1.1
for the IM burn; because we were relying on the command module
update for out of plane, this was within our 2 ft/sec., We
decided that there would be no plane change. Now, this was

without doing any plane change at CSI.

I think that's significant to see how the command module really

came in there.

I think so, too. I think the command module solution was
getting better all the time. We were tracking optically all
the way during thet time. And that's the time when it really
got bad, optics tracking with a lunar landmark line of sight
being down there, because we were 140 miles away and against
the background of that surface. We were just about in the
middle of the day there while we were doing that tracking,
while locking at the IM. It's a star against the bright

background of the lunar landmark surface.

Normally, when we do the plane change, we terminate P32 and go
into P30, external DELTA-V for the plane change. Of course,
ve'lre taking marks this whole time, until we go into POO for

the plane change itself in the Phl. Well, in this case, we

fnfbuiubiaiinietit



CERNAN did not do a P30. We did not do a P4l and stayed in P32 this
(CONT'D)
whole time. Normally, after we do the plane change and go
back into P32, it regquires & VERB 93 or a W-matrix initiali-
zation after the first four marks in P32. I talked about this
in the simulator; the case where vou don't do a plane change

and you stay in P32, You still want to reinitialize the

W-matrix, which was done.
YOURG The same for the command module.
STAFFORD It was a P33, CDH.

CERNAY We did reinitialize W-matrix after the plane-change times,
only- it was at 15 marks on the DSKY, in a continucus 233
track. Here agaln, as soon a5 we initialized, we had been
tracking and getting small numbers, small errors, and NOUN Lg
numbers. As socn as we initialized, T got a big five-number
update at the first mark after VEZRB 93, this iz something we
had seen before, so we rejected this one. The next mark was
right down within tolerances, and it Just tracked and updated

beautifully from there on toc CDH.

YOUHAG Can I say something about this? The command module updates 1in
every casge, after the initial large update, one initial large
update, although we had been led to believe that we would, in

fact, have large updates on every start of tracking, but they

oMbl |
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Just weren't there. They were low, they were reasonatle, and
in most case, after two or three marks, they got below the

threshhold of R and B » 2002,
max max

Our recycles and ocur finael CCMP for CDH showed us to be In a
14.9 DELTA-H, which was about as nominal as you can get. We
showed very smell numbers. We showed plus 0.1 ft/sec, zero,
and 3 ft/sec cut of the IGC. The CSM came up with pius 0.50
and plus 2.9, which made us feel very werm that the computers
were tracking and updating side by side. We powered to our
finel COMP ir P33 for CDE, we called ur ancother VERB 90 to
check what our ocut-of-plane was going to be, and the LM came
up with minus 5.2 ft/sec. The command module came up now
with a burn for the IM of plus 4.2 ft/sec. So we decided
here, agalin, since we were tracking on the bellyband from
both vehicles, that we'd just go ahead and ignore it. We
ignored it three straight times, and it bounced from cne side

to the other, so we ignored it agalin and we burned zero cui-

of-plane at CTH.

That's the right thing to do but, boy, it's Jjust a questicn

of operaticnal Judgment.

I tell you — You sure d4idn't know 1t at the time that we

were doing the right thing.
-,

NalaiNT==4=SE
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STAFFORD  Well, I think this may be in the noise, down in the operational
noise level of the systems and how we're operating. I think
if you'd had a big one, & real big one, it would be obvious

to both systems.

YOUNG I've head by hearsay it's a fact that the R2 models can't

hack out of plane.

STAFFORD Chris told us that last night, but we determined the altitude
does indeed get out of plane. They've just determined that;

we didn't know that.

YOUNG Man, I tell you, that thing really bites you cn an insertion

burn.

STAFFORD  But it didn't hurt ug, and we Jjust kind of used our engineer-
ing Jjudgment up there by nct making those burns which would

have wasted fuel.
9.2.36 Targeting PGNCS and AGS

CERNAN The AGS was targeted in external DELTA-V, and delta residuals
showed that it verformed very adequately; it agreed very
closely with the PGNCS, and I'm convinced that we could have
done the external DELTA-V RCS maneuvers on the AGS if we had

had te. We used the AGS control system, as we had planned
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in the simulsator - a great deal of the time in pulse mode.

We used the AGS knowledge of the target position for helping
us manually pitch up or down to the target or find the target
after & P52. For future tracking in 220, this - “the needles,
the AGC steering needles worked well, and the AGS acguisition
needles worked extremely well. We monitored them against the
radar and the PGNCS needles, and they all three agreed very
closely. So I'm convinced that the AGS, as a control system
and as a computer from the standpoint of holding a state vec-

tor in pretty good shape performed very well.
9.2.37 Updating AGS with Rendezvous Radar Data

That brought us through - we did not update the AGH with
rendezvous radar data for either CSI or PGICS because it was
not capable of accepting it. That brings us up starting Into

P3L for TPI. John, do you want to say sometning?

Can I say something about the CDH backup burn? From the
standpoint of what the command module would have been done,

if we had done it at plus-X tracking it would have been done
at a 90-degree attitude maneuver; so we elected ro% teo do thas
- lust hold the attitude, and we'd have made the burn - If
we'd had to make it — across axis, btut that would have allowed

ug to get bvack to tracking the lunar module immediately aflter
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the burn, which of course would be necessary to get a good

TPT sclution.

I might add that where the tracking gets heavy and the com-
munications gets heavy between the command module and the
lunar module, where you have tc pass back information, such
as: postburn information, did you make the burn, what time
you are going to make the burn, and what are your KOUN 81 num-
bers going to be. In fact, I think we conducted about

Q0 percent of all the rendezvous we did in an integrated
fashion, when we found out initially we had problems with
understanding each other's signs. We had problems knowing
what the other fellow was going to need in terms of times to
update his computer. There was (as far as we're concerned)

I believe, noc confusion at all. When the numbers were needed,
they were passed. If they were needed a little earlier, they
were asked for. As scon as we started tracking for TPI, for
instance, we got our first TPI - our best TPI number. It was
rassed to the command module and he used it and started zero-
ing in on his TPTI solution. As we got a better number cn our
updates, we passed it. We kept each other abreast of what
our computers were doing in our recycles, as far as coming up
with what the burn times and what the burn numbers should be.

A1l along, it appeared that they were both zercing in on the
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seme number, which is & good solid operstional warm feeling.
And I think this type of communication is needed, but it does
not come naturally. It comes with a lot of integrated type

of simulation.

The whole secret here is the integrated simulation of training
you're going through, one after another. You can have the
procedures outlined in front of you, but until you get in

there and integrate it, it Just doesn't work.

The procedures will not jell until they're run through inte-
grated. No matter how much you lock at them and talk them
through, until you see the timeline, particularly with regard
to hﬁw long it takes the computers to cycle, you can't get g
feel for how much time you're going to need to perform each

step.

While we were in P34 and P20 updating for the TPI burn, because
of a2 lot of preflight discussions, we did not update the AGS
with radar because there was not adequate time to get the
numbers that people required to do this. We did undate the

AGS state vector from the PGNCS from 25 minutes. Then we went
through an AGS external DELTA-V TPI search routine with the
AGS, which is sort of & manual type of routine: =a punck in

the numbers and getting out asnswers, while the PGNCS was sort

TN e
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of on its own, dolng its own tracking and updating. The AGS
came out with the benefit of the latest PGNCS state vector,
the AGS came out with almest the exact solution we burned.
It came out with the good angle when we recycled the PGNCS
for the first time to find out what its solution was. The
AGS and the PGNCS agreed for the total DELTA-V within 0.2 ft/
sec, and agreed within 10 seconds of the time tco inltiate TPI.
What I'm saying is, it doesn't say that the AGS is a totally
redundant system capable of producing this, because we did
steal a PGNCS stale vector, but it does say that its computa-
ticn routine certainly is adeguate if given the proper state
vector information. We went on, and with our normal procedures
of séying that the PGNCS was GO at 15 minutes, then we decided
to disband the AGS, TPI, search return information, and pro-
gram the AGS for externzl DELTA-V. At 12 minutes, we went
inte the final count for TPT, compared our number with the
CoM numbers; and, here sgain, they agreed. The IM had for a
HOUN 81 for DELTA~V, plus 21.7, the CSM said to burn plus

X
21.8. TFor DELTA-VY, the IM said to burn minus 5.7 and the
C3V said to burn minus 4.5. In DELTA—VZ, the IM saia tc burn
minus 9.6 and the CSM said to burn minus 10.4, so you can see
the scluticns agreed and the time agreed, I think, wlithin

something like less than 20 seconds. So, we feel cur IM

solution was good. However, because of the differences we'd
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CERNAN seen in out-of-plane solutions Iln the past during CSI and a
(CONT'D)
plane change and what have you, we made a decision to bias
our out-of-plane slightly by making it smaller. So, what we

burned was our plus X and our minus 7, but instead of our

minus 5.7 out-of-plane, we reduced that to the command module's

minus 4.5. -
YOUNG It's the dock 5000 foot ocut of plane
CERNAN Yes, we used the interconnects, we had a result in out of

plane. I guess we ought to analyze in which direction it was
and whether this would have affected it or not. We used the
interconnects and they worked nominally and we got good resid-
uals. We completed a TPI burn without any other incident.

CDH was burned under AGS ATTITUDE HOLD.control, Tt was -
planned that way. It was done that way without any problems,
and in our own mind, it convinced us that there was nothing
wrong with the AGS ATTITUDE HOLD control because of the exper-

ience we had back there at staging.

YOUNG The whole track and moving to the mirror image burns and the
ones that weren't mirror image burns was done in tight dead-
band, and 0.5 deg/sec rate that was initialized prior to in-
sertion. After CSM, sure enough the sun was setting, and I

couldn't make any optics marks until the sun completely set.

(G ppp—
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Optics marks were much easier to meke, and I made four or
five quick opties marks and was able tco get an immediaste good
sclution. Qur TPI times agreed. When I finally got their
elevation mark and recycled, it agreed very closely. Now, in
order that the IM could get the backup range mark that he
needs 5 minutes prior tc TPI, the maneuver to the backup burn
attitude was not initiated until that mark was made at 5 min-
utes prior to TPI. This puts you in kind of & bind, particu-
larly if you had to do a big attitude maneuver change, which
you might have to do in event of a rescue type case where you
have large ellipticity. ©Still, all in al11l, it was feasible

and we were at the burn attitude with about 2 minutes to go.

Because of the problems thet the command module has in waiting
for the last S5-minute mark before TPI, it is also a2 problem

in the IM; it reduces our capability. We have to maintaiﬁ
radar track and do some extra special timing because we're

in a LGC recycle and we don't really see the new TPT time
urtil right in the middle of these two marks. T'm not =o

sure that we shouldn't optimize the backup charts - optimize
the backup charts sc they fit in operationally when everything
is going nominal. If you have to slip times.around, and,

as a result, accept a little error on the end of the backup

charts, slip them arcund such that if your primary guidance

WaININ Y]
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(CONT'D)
with the best possible answers. Sometimes, you've got four
hands going, you're trying to run two computers and run back-
up charts, and then something has to suffer snd something has
tc be compromised. I think it would be desirable, certainly,
if you're intending on using the command module to back you

up, to take that mark a little sooner for that last one.

There's & time there when you might not make it.

9.2.41 Midcourse Corrections

STAFFORD  During this time, after the alignment and P52, during the
Z-axis track, the spacecraft maneuvered from one deadband
limit to another in a far more rapid fashion than had been
cbgerved in the simulator. In the simulator, it would be
indicsted by one or two thrusters firing, at the most. Then
over & pericd of time of maybe 3 to L minutes, anocther one
would fire. In flight, it was Just 20 seconds between thruster
activity and they continually went back and forth through the
deadbaﬁd.
After we noted what the radar updates were, 1 put the space-
craft control te PGNCS and pulse. I let it drift in a wider
deadband manually =snd could see that there was a considerable

saving in fuel. I monitored NOUN 49 and ascertained that
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the radar updates did not vary anj.in megnitude. The data
is on the downlink; but, if the redar angle bias is not of
eny significant nsture, this may te the cheapest way to
approach tne tracxking phase of rendezveous. However, it does
reguire tnat one person fly the vehicle all the time. The
similater should slsoc be updated to show the high torgue
inertial ratios. On a lunar-landing mission, the problem

will be magnified because of the lighter venicle.

P35 and P20 worked like & gem. OQur updates, which we looked
at a number of times, were zerc In range and zerc in veloeity.
Qur midcourse corrections came out very small. The first
time they were minus 0.8 minus 0.4, and plus 0.8. We were

plotting right up the pike; range rate was nominal.

We were debating whether to maske the first midcourse or not,
but we did decide to go ahead and do it since we wanted to

evaluate the system from a performance standpoint.

For the second one, we got plus 0.8, cut-of-plane was plus
1.4, and minus 0.8. The first midcourse gave us minus Q.4
The second midcourse gave us plus 1.4, and then, when we were
coming into the final breking we saw scme resultant out-of-
plane. But I don't think there's anything else to say about

the midcourse, except that backup sclutions were made. They

CO
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CERNAN agreed fairly closely with the PGNCS. The CSM agreed, and
(CONT 'D)
we burned them. The CSM agreed almost number for number in
most cases with the LGC. We plotted right up the pike; we
were plotting the proper ranges and the proper range rates,

and the elevation angle was within a pencilwidth right up

the nominal track up to braking.

9.2.45 Braking
STAFFORD As we gpproached 1 nautical mile, we had approximately
32 ft/sec. Our breking gate calls for 30 ft/sec at 1 nautical
mile. I could not see braking just for 2 ft/sec at that
time, particularly since our angular rates were zero, We
continued on in. The range rate was reduced according to
ocur braking gates at 3000 feet. The minor cut-—of-plane

error was corrected at approximately 8000 feet.

YOUNG The command module was maneuvered to X-gxis track, and it
arrived there with the lunar module at about 3-1/2 miles in
the center of the COAS, between the width of the lines. It
was absolutely incredible. It was about 2-1/2 degrees high,
and it continued to drift up a little, just like it's sup-

posed to. It was beautiful all the way.
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The total radar performsnce was fantastic, The calibration
curves we obtained from the contractor for the AGC strength
versus range match exsetly, 1ike the small card I had in front
of us, which gave us & total correlation of the regime we
were operating in and the indication thet it would not be
locked on a side lobe. The inertial eangle needles followed
prescribed rominel approach. At about 27 minutes Alfa dot
went to zero. We did have cone small out-of-plane when thrust-
ing was made, and the inertial and the vertical needle went

to zero and from there we continued in.

4t 1/2 mile, the range rate was reduced toc 19 ft/sec, At

1/4 mile, we reduced further on down, and ©inally we arrived
at BOO feet with U to 9 ft/sec. During this time, we con-
tinually made comparisons between the VHF ranging and the
radar ranging on the lunar module. It was apparent thati

ithey were in close agreement in every case. In the final
part, we were able to call ranges in the commend mcdule down
to 300 feet, 180 feet, and get precise comparisons with

the lunar medule. It appeared that the equipment was worsing

mest satisfactorily.

CONFI AL
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9.2.46 Photography
CERNAI We got 16-mm strip photos of the CSM, from the roint where
it first became an object to the peoint at which we pitched

down after braking and stztionkeeping.

9.2.47 Stationkeeping and Docking

STAFFORD We reached a relative position of zero R-dot at approximately
25 feet, At that time, we decided since we were out in day-
light to go right shead to the docking phase and not waste
any time. I used pulse, pitched over 90 degrees, had the
command and service module In the overhead window, then rolled
to an attitude that I approximated from there on, the command
module directed the lunar module exactly what attitudes to
go to. Then I went to AGS ATTITUDE HOLD with a tight dead-
band, and noted the rate error needles were off of zero de-
flection. We were closing within 10 feet when we had
acguigition end MSFN. T directed MSFN to stand by, that we

were 10 feet closing.

YOUNG I was trying to save a little gas, so I was trying to maneuver
in pitch, roll, and yaw to line up, just holding station out
there, and trying to direct Tom to the lineup on the cross-
bar. It worked pretty good. I got in about 2 or 3 feet of

having the crossbar all lined up. Unfortunately, every

Raeilv g
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meneuver 1'd make after thet Just seemed to meke things

worse. 5o, I finelly geve up and went con in to dock.

Docking was the same as before. It appeared to be no prob-
lem, although it was evident that the lunar module was a
little more sporty ss far as holding attitude. But, it
seemed to hold gttitude very well, and it was no problem
to line the crossbar and go on in and dock. I used AGS

ATTITUDE HOLD minimum deadbsnd.

Right at contact, I gave the word and Tom thrusted forward;

we got a capture.

John hit the drogue right in the dead center. There was

never a merk on that whole drogue.

Capture from the LM was very evident. Retraction was not,

but when those latches went, it was extremely evident.

It really was loud. It was a lot louder than the one that

we did from the command module.
Meybe it's because we had a pressurized LM this time.
It was a lot louder the second time.

Of course, we had our helmets off.
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No, I had my helmet on.

We had them on, babe. You had a big hatch there, but you
were punching holes in our drogue and we were not about to

leave our helmets off.

OQur procedure — as soon as capture occurred there were a
couple of minor thrustings until we killed both sattitude con-

trol systems.
We were just partying.

Then John damped the maneuver. A loud ripple bang was heard

as the latches latched,.
A sigh of relief was given by all.

The LM rendezvous bock was extremely adequate. I'm very happy
with the way it was. For any off-nominal performance, we
appreciate we would have had to go to another couple of charts
for the abort type of rendezvous. With a nominal rendezvous

from our point of view, it was good.

Well, there's always ways you can improve things. I can see

some things in here we could change.
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I think that the total bocks correlated closely together,

and‘the data flow correliated.

That's the important thing. It's the integration of the twc
procedures. That's the thing that just wipes you out when

yoeu first start on it,

Bay, T mean to teil you. We end up putting in numbers bacs-

wards, and that blows the whole thing.

If you do something to the LM rendezvous book and you don't
coordinate it with the command module rendezvous bock, chances

are 1%'s not golng to work.
It's not going to work the first time.

9.2.49 Single Crewmember LM Rendezvous Capability

I don't know why you'd want it unless you leave someocne on
the surface. I think the capability certainly is there. If
yecu assume that you're going to ignore all backup charts and

ell AGS work,

The PGHCS is perfectly feasible. I think I could have made

that whole thing on PGNCS and never used the checklist.
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When I say ignore AGS, ignore the AGS computer. You'wve still
got the capebility with a one-man rendezvous using all the
AGS attitude control systems. As far as the compubations and
everything, you would be flying and using the radar in PGNCS
for your solution. The usgefulness of the CSM rendezvous
radar beaccn light to the LM is practically zeroc because we

never could see it.
We never could see it.

We knew it was on. When we separated, we saw it very bright

and shiny. We never saw it except within 10 miles or less.
No, it was less than L.

Less than 10 miles?

You need it with the radar.

Ch, I'm sorry. I'm talking sbout the flashing light.
Flashing light.

Flashing light. We could never see it,

Never see it,.

Babe, we never saw it.

P e
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STAFFORD We never saw 1it.

CERNAL Until you came up close, then we saw it.
SVAFFORD Yes,

YOURG It was working.

STAFFORL  Yes, one thing I forget to mention. I first saw, from tae
LM, the command module in reflected sunlight at about 70 to
80 miles, and just as & faint, orsnge-yellow dot. It's

exactly like we've seen the Agena targets arcund the earth.

YOUNG wrnile I was tracking optically in the sunlight, I was track-
irg-the lunar medule in excess of 200 miles, maybe 300 miles.

We ought to lock gt the data.
CRRINAR Yes,
STAFFORD T never saw you until just about until you broke 1t.
YOUNG I could track your light at 300 miles. That's fantastic.

STAVFCRD Jirect control's geood. The pulse mode on the ascent stage —
you can never null the rates to zero Like you can on the
descent stage. I doubt if we ever used rate command more

than a couple of seconds, Just to look at it.
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The only way that you can tell the difference between the
luner module and & star in sunlight, when you got it in AUTO
OPTICS, is watching for motion of stars behind it, If the
starg behind it move, you know you got the right thing. If
everything moves, you know that it is & star, and you better
not teke s mark on it. That's the only wey you can tell, be-

cause it looks like a Btar.

$.2,54 Cross Coupling Rotational Factors Observed
On.The FDAI
When you put in the pitch maneuver, there was very little
crogs coupling. Your cross coupling was on the transiation
maneuvers. When you made the translation maneuver, you hed
cross coupling. As far as pitch snd yaw and roll, practically

no cross coupling was in there at all.

Equipment preparation for transfer went very well, The stowage
for the APS burn depletion went very well. I think we found
out that we were better off moving one guy to the tunnel and
putting the other guy down on the floor of the LM. This gave
him more room to work. It wasn't so much the body velume; it
was dragging the hoses around with the suits that got you ail

tied up and tangled and twisted around.

W
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The ground told me to go to LM PRESS to vent it and to see

if we could blow this Mylar out there. I got all carried
awsy with the rendezvous, and Just flat forgot to do it. 8o,
when we docked, I hadn't done thet. I went teo LM PRESS and
immediately repressurized the tunnel. Just like that, boy.
So I opened the hatch, pulled the hatch down inside, flipped
the drogue out, toock the probe cut, and then took the drogue
out., The probe was hot as the dickens, and it increased the
cebin temperature about 15 degrees. It really warmed things
up in there. And then there was sort of a funny burned smell

associated with that whole business, too.

The nose of the probe at braking was so bright it could have

been an extremely high candle power light on the nose of that

spacecraft.
It blinded me from seeing the rest of the probe.
Yes, it was like a little SBun.

Boy, I'1l tell you, that baeby was nothing but hot.

Equipment preparation for transfer went good. The APS burn
and depleticn was a piece of cske. All there was was copying

down some words and loading into the P30,

CO |AL
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9.2.5T Tunnel Cperations
Tunnel operstions — I think that was great operating through

the tunnel. Plenty big enough to go through with and without
sults. No hose problems because we transferred without hoses.
S-~band tests were done the day before, sc we didn't do any
that day.

LM stowage for Jettiscn went as planned, with the addition
that we lcaded some very lightweight but large-volume waste
gear from the commend mcdule on tne empty LM pilct's side of
the cockpit. This caused no problems at all. We transferred
the filg and the cameras and whet haeve you back to the com-
mand module and went through the LM closecut procedures =zs
preséribed. We verified, just before going back, with M3FK
that all switches were in order. Then we came back, closed
out the LM, and left the tunnel wvent vealve because we went

back to check it in AUTC. Sco that was 1t.

We closed the tunnel, wiped down the seal of the tunnel, put
gll our gear in the command module hatchh bag, and shoved it

in there. It took awey about T or & pounds, I guess. We
wiped down both the sesl on the spacecraft and the seal around
the natch, and they were both pretty clean. I expected to

get some stuff in there, but we didn't have aryway Lo verlify
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that we nad a good pressurizgtion segl. So, we used a REPREGS
systen and then we brought the cabin back up to ambout 5.7.
We measured the LM DELTA-P there for a while. The CSM/LM

DELTA-P looked pretty darn good.

CO TIAL
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10.0 LUNAR MCDULE JETTISON THROUGH TEI

We reloaded the DAP wiith the IM ascent stage only and
maneuvered to tue urdecking attitude, Al this time, we
cotld not vent the lurar module tunnel, sc we bullt up

the cabin pvressure to zbout 5.7 or 5.9 and made sure that
tlhe cabin was secaled. When we were given the GT from MSFN,
we turned on the IM tunnel EEP switel ard jettisoned the

M.

You might say that cur cormmard and service mozule attitude
was constrained by tre attitude which we nad teen 1In to

set the ¥ S-bané anternna in the manuzl slew position, so
that it would rescquire coming around the front side of the

moon for the APS burn to depletion.

All of that was done prior to IM closeout. 5o, as scon as
the ground had high-gain lockup with the TM, they gave us the
go for IM jettison. We armed the PYRO and fired the separa-

tion.

We alsc had the EMS on DELTA-V and JORMAL. At the time of
™ jettisor, we could physically fecl a little negative

acceleration.
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Right.

It registered minus 0.2 foot per second that the separation

imparted to the command module.
It was really a Jolt.

It was a lot bigger jolt than you have with a CSM/SM SEP.

We backed off, and it backed off from us. In zbout 3 to
i seconds, the sunlight came out from right behind the IM

and blanked it out of ocur view,

There was a large cloud at separation. The cloud exploded
g2l over the whole sky. Then, the sun was there and that

was the last we saw of it.

We had our helmets and our gloves on during that separaticn;
we wWere completely suited and closed up in the suit loop

during the separation.

The 16-millimeter cemera was running at 12 frames per second
Zuring that separation, sc there is possibly documentation cof
about 10 seconds while the LM was being blown off with the

ring until the sun blinded the window.

I don't know how much of it will show.




YOUTAG Then, we Locx our suits of 7 and stowed them a little hetter
this time which was a very slow process because we were
really bushed. T had it that day; I ate suvper and turned

in. And, man, did we sleep.

CERITAY The ground told us, afier sepseratior, that the TM cabir
(apparently dpon separation) vented to a vacuum in something
like 5 secends. We don't know what haprened; but cur impres-
gion is that wher we blew the ring, the hatch or the IM dump
valve blew oven., fome irsulation from the tunnel area or
something possibly had got stuck in the wvalve and hald allowed

it tc wvent.

YOUNG I think it was probably scme structural failure in There,
because to vernt the forward haten through that valve takes
vyou quite a while. But, this thing was ir pure vacuum in

Just a couple of seccnds.

CERNAN Yeg, 1t was 5 seconds. 3o, it was possibly something big
Lthat caused it Lo go down. Irom the standvpoint of cur
configuring of the M for the APS burn to denletion and from
the standpoint of the S-band anterns cormands getzirg
coentinruous locxorn, performed in excellent Tashion, until we
were completely lhrough. In otker words, what we had heen
able te set up in lunar croit for the ADPS burn denletion was

L

T
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YOUNG

done successfully and adequately so that MSFN could monitor
and get the complete set of information from the burn to
depletion. How, we go into the next day, John, with the
landmark tracking, the vertical strip photography, and photog-

raphy, and the entire works.

Ckay. I'd like %o say something.about that entire day. That
entire day, I had time to eat a couple of glasses of juice

in the morning, nc lunch, and a couple of pieces of food at
night. That is all the time there was for eating. There
wasn't any time during the rendezvous, and that is just the
way it was. But I wasn't particularly huzngry because we wvere
so bloated,

Cne of the major problems that we encountered in the command
module during the entire day, as far as operations were
concerned, was moving around in the pressure suit with those
hoses on. It wag a continual struggle from the left seat to
the lower eguipment bay and also over to the right seat to
verform periodic systems checks. % seemed like I was always
fighting the hoses. Finally, I got used to it and found that
it would be much easier if you tfust toock things slow and easy.
You'd get things done a lot faster than if you got all excited

about tangling up in your hoses. You had to continually pay
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attention to avoid being wrapped up in your hoses and getting
2ll tangled up. It was our Intention to lower the right

X=X strut. In the simulator, we found that we could not
cperate in the spacecraft with the hoses on the right X-X
strut attached because, with the spaéecraft prepared for the
contingency EVA, it took much too long to get in and out of
the couch and go back and forth. But, in zero gravity, it
was simple matter to slide in and out of the left couch and
slowly push your way down to the lower egquipment bay without
disconnecting the X=X strut. I'd recommend that as little

of the spacecraft be taken apart as possible. The preparation
for the contingency EVA was accomplished In an estimated

10 minutes. It's a very simple matter to unstow and to un-
install and stow the center couch and to make the associated
changes, such as installing suit hose in it and making such
changes to the hatch. It's all listed in our checklist. It
would have taken us an additional 10 minutes or so to do the
rest of the changes which consisted of completely venting the

hateh and removing the pit pin to do the contingency EVA.

We might mention something here about LM restraint and M
hoses that we failed to mention in the past. We'll atart with

the IM Pilot's side and the Commander's side because they're

A,
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pretty much the same, but maybe there were some differences.
In the unsuited condition, no restraints are really necessary.
The Velero on the flecor and on the sandals were enough to
maintain the position you wanted to maintain., In a suited
condition, about 90 percent of the time, the IM pilot used
the outbeard restraint only to restrain himself, This tended
to pull him to the right and possibly a little bit forward,
but in the unlocked position on this restraint for just zero-
g operations (not landing operations), it was comfortable.

It was adequate, and it certainly was a good restraint system,
During the insertion of the APS burn, the commander recom-
mended that we hook up ¢n both sides, and we did. Because

of the wallowing, we were glad we 4did.

The commander found that it felt uncomfortable to have the
restraint harness attached continually, so we did approximate-
ly what the Apollo 9 crew did in that we had a single restraint
harness attached, usually to the inboard side of the suit;

But the torque from the hoses produced a couple that would

tend to float me up even with that arrangement. I was usually

up on my toes, most of the time.

The hoses gave the IM pilot no problems when he was operating
in the right-hand station with the ocutboard restraints. How-

ever, during the stowage for the APS burn to depletion, when

CONFI "4




CEENAN it required moving arcund srd free floating, the hoses con-
(CoRT'D}
tiraally torqued end put the IM pilot in positions that were
not where he wanted to go. S0, ke was fighting the hoses as
well as trying %o restow the spacecralt. But, during the

rnormal staetion cperations on the righﬁ—hand side, they really

weren't much of a bother.

YOUNG I really think that this is an irportant v»olint. We should
come ur with a hose that allows the crewnman freedom of motion
without <orguing him. Some kind of a hose is needed that
is flexible enough to allow you to move about without giving
you unwarranted, undesired torgues. [ don't know how we're
going to do that, but T thirk it's something we ought to look

into.

CERAAN From the stardpoint of making a lunar landing from thke re-
straint harness, I think that with both the inboard ard the
outboard restraints hooked up, there's adequate freedom of
movement and certainly probebly adeguzte strength for the

lunar landing.
STAFFORD Right, there's no provlem there.
CERWAY Okay. We slept like briecks that night, dida'l wve?

STAFFORD We gure did.
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I was exlausted, dekydrated, and everything else. Okay, the
next day was a terrible day, but a lot easier than the ren-

dezvous day.

We made an update, and we thought the method of determining
our position with respect to the longitude cf the lunar orbit
with the 150 West mark was real goed. Also, the lead-in for
tle times to go to differernt f stops was very good. We,

changed the © stops exactly as prescribed from the MEFN update.

We made cne pass cn strip photography as cutlined.

Landing-site strip photography was made with the 16-millimeter
and the 7C-millimeter cameras from all three windows as best

as we could. Trke Command Meodule Pilot actually switched seats
and flew the spacecraft from both the center and the left seat
in order Lo makXe 81} windows available for target of oportunity
photogranky. On the first three landmark tracking wpasses,

Gene was shocting targets of opportunity from the left and
center hatckez., On the fourth tracking revolution, he got in

the left seat.

He shet Irom right and center to start with.

Fe shot from right and center for three revolutions, and

the left and center for the last revolution. On each night

CONE
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night adaptation and third star ckecks. In every case,

there was very little platform drift. That platform worked

besutifulily.

10.11 TANTMARK TRACKILG
STAFFORD We all realized that probably one of the mest impertant things
to supvort the luner landing mission was to really Wirg down
the Junar potential with resnect to the mathematical model
and to make these landmark trackings as =zccurate as possible.
Tor tris, the C¥P rad spent a lot of time in the simulator.
Also, between the CMP ard CDE, we had worked cut real close
coordination Sechniques. I would visually pick up a target
through the left rendezvous window and ftken lead in on the
exact times waen the CMP would pick it up. Once the first
e

mark was made, I would time him in increments of 5 seconds,

so he could evenly space nils marks.

YOUNG The ground came up and told us we were marking 20, 25, and
30 seconds too soon, so we delayed our time of marking. It's
ry copinion that you cannol Jjudge by looking at the geometry
when you shouid start marzing from your attitude. This is
particularly true if you cniy have cne man in there, urless

you just do it on +time. There's no way a guy can judge
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accurately when he should commence marking from.the geometry
of the situation. This is particularly so when he can't see
the horizon before he starts, which was true in every case.
If we are going to continue to do landmark itracking, the
following changes are reccmmended. ﬁuring the marking, when
the flashing 51 takes marks, it is recommended that the shaft
and trunnion angles be displayed in register 1 and register 2.
It is also recommended that, when you are in AUTO opticé and
between the 90-degree and the 50-degree test, the trunnion
angle be extended so that the optics move out and trunnion

to the right position so it doesn't waste that time when it
passes the 50-degree test of that 5 or € seconds that it
takes to run the trunnion all the way cut. Other than that,
I think the landmark tracking worked adeguately, but it was
very frustrating. Particularly, when we were coming up

late on the marks, and we missed several marks because of the
delay invoelved in the trunnion running out to the 50-~degree
line when we were oriented at a somewhat different position.
We Jjust had to wait on the AUTO optics to get out to its

full travel.

The total effort of tracking feour landmarks over four con-
secutive revolutions and doing the IMU realign and star check

was tremendous work load on the CMP. But we got sll the

data, and the results appeared to be excellent.

SR, | -
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Let me say scmething about the ability to mark. Sometimes,
due to the location of subsolar point, the surface was jJjust
too bright to mark on through the sextant, so we had to use
8 telescope. This is true of Fl and sometimes of CP2, when
we Tirst started. The way that those marks were made should
be recorded. + is believed that the first éata point on

CPl1 was not the same place that was tracked on the following
passes. The last 3 passes on CPL were all on the same -land-
mark, znd they were done with a sextant. CP2 points were

all done on the same point. The first two were done with the
sextant; the third one was done with the sextant and the
telescope, There were cnly four marxs taken on the third one
because we lost the target due to a sun washout. The fourth
was done with the telescope, but they all are on the same
mark. Fl was probably marked on the wrong place for the
first mark, but it is not known for sure., The first marxings
were done wiih the sextart. The second, third, and fourtih
marks were all done on the same place on F1 and were done
with a telescope. The major inaceuracies invelved in AUTC
optics tracking was noted on F1 vhere it is estimated that
AUTQ optice had to slew aboul 5 degrees to find the actual

Fl target. In every case, the original location of the land-
mark was placed in the sextant. Site 130 was all done with

the sextant, and T think they are all preiiy evenly spaced.
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was & small crater on the far side -— inside 130 about an
estimated three-guarters of the way to the bottom of 130.

The laocatior of each cne of *those landmarks will have to
peint out precisely from the photograﬁhs that we toox on

the sight. On CP2, we were tracking a crater which is an
estimated 130 to 140 feet across. On 130, the sextant
tracking, we kent the marks right In the middle of the crater.
"t was an estimated 1U0 feet across, assuming that 90 feet
(when you are directly overhead) would fil1l the circle inside
the optics reticle., Tracking was very easy. The real problem
was tracking through the sextant near the subsolar peint when
the surface was just so bright that you couldn't define any-
thing. Another problem was the times when that reddish cplor
of the landmark line cf sight interfered with the real line

of sight. When that happered, it would elcbber our visicn.

STAFFORD One thing that had gone into this total effort on landmark
tracking was a lot of preflight planning. We would let Gene
continue tc photograph tke moon; and as we went to the termi-
nator, I would pitch fix to a predetermined inertial angle
50 Jokn could do thre allignment and star check. Then, I would
call VEEBR 83, enter, and match this inertial angle with the

orbital rate that we needed. 1'd phase right intoc the CEB
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rate. We did a tremendous amount of maneuvering on that; but
by going ahead on the planning and by being very precise with
the maneuvers, we were able to do this entire tracking with

very little fuel.

I would like to emphasize that this was a team effort — the
whole day was a complete team effort. Tom was directing me
and pointing out where the landmarks were. I can't over-
emphasize how valuable the strip maps were to lead us into
these landmarks. It worked out really well, much better than
we had hoped for, particularly In view of the fact that we
were not watching the horizon. We were just going with the
pitch angles given by the ground, and they worked out very
well. It was o team efflort that started way back in the Data

Priority Meetings, and it certalnly worked out well.

10.17 TELEVISION
I think we actually cancelled a couple of television trans-
missions because we wanted to concentrate more on the land-
mark tracking. Basically, television was used throughout the

mission on a noninterference basis.

T think that gets us through the four KEV's of landmark track-
ing. 'Then, we had a 3-~1/2 hour rest period. Did we sleep

during that period, Tom?

C et AL
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We slept solid for about 3-1/2 heours.

10.21 SEXTANT STAR CHECKS
The sextant star checks for the TEI attitude was as follows.
T'd like to emphasize that it became obvious about this time
that special care must be taken with markings. It was evident
that when you put the gtar in the center of the telescope and
marked 1t in the center of the telescope {as opposed to -saying
it was off Jjust a little bit, where you would get a star-
angle difference of plus 1 or plus 2) that you would get
zeros. I think that probably gave us the best platform
alignments too. For those critical burns, we made sure that

we had zeros for star-angle differences.

I think that was evident in the fact that we didn't really
require a mideourse alignment all the way home, until at
the last. Then, that was only for a tuneup to reduce the

g=-load.

The climb out after TEI had been partially simulated before
(at least a preview of what would occur there), due to some
of the fidelity in the simulator at the Cape. It was from
this that we anticipated some excellent film shots and also

some TV shots. We went to a high-gain attitude angle which

CO THA LS
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would give us good high-gain contact with MSFN and which
would also give us & view of the lunar surface and the whole

Moon as we meoved away.

When we left the Moon, we must have had better than 100 feet
per second In the RCS to get us back in the corridor, should
any unforeseen events have occurred. It was a comforting

feeling to have that reserve.

We left the Moon with wha*t we had estimated to be nearly 60

percent of our fuel in the RCS.

10.22 PREPARATION FOR TEI
Again we rebriefed on TEI, we Lhad a little skull session
before every major event. We went to the TEI attitude about
30 minutes beforenand, so we could corntinually get more data

onn the Moon.

We did oblique photography on landing site 3, ané we were
shooting black and white film. As we came into landing =it

3 (avout b4 or 5 minutes later), the black and white megazine
ran out of film, We changed to color film. I don't remember
which color It was, but we continued shooting the obligue
photography over the landing site. At that time, the sun

angle was pretty low, but the pictures showed up very well.
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We did photographs of opportunity which reelly weren't photo-
graphs cof ovportunity, because by this time, we'd almest
photograpned every photograph of opportunity that we could.
Then, we tracked landing sites B-] and landing site 150, and
it is not known for sure whether 150 was actually tracxed.
But there's another three-crater grouping which is north of

g ridge, north of the landing site. I'm not sure which of
those three-crater groupings was trackxed because the sun
angle was very low, and the shadowy features made that crater
very difficult to recognize. I'm sure glad that we had the
OJT for landmark itracking; and I highly recommend that the
G-guys (if they're going to have to track the landing site)
be given the 0JT. Furthermore, I highly recommend that we
make every effort to pick clearly evident craters, petterns,
and groupings, so that they can easily acquire these things.
B-1 was a very difficult crater to acguire. If we'd picked
landing site 133 instead of 130, we would probably have micssed
hal? of our shots of landing site 2. The three crater group-
irg of site 150 on landing site 3 is a good grouping, but it
takes some study to make sure thet you got the right three-
crater grouping. I just didn't spend enough time on landing
site 3. I'm convinced of that. I should have known ahead of
time, Hut the low sun angle also made it difficult to recog-

rize which three craters I should have tracked.

NG DT
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10.23 SPS/TEI BURN AND ECO
STAFFORD The TEI burn went exactly as planned. The ignition was on
time. We had some rates to start with, but within approximately
30 seconds the rate damped down. For the last few minutes of
the burn, the pitch and yaw rates were absolutely zerc, but
roll would continually go back and forth in the deadband.

Then we climbed out, which was recorded on television.

YOUNG I think the simulatcr should be corrected to show how this
vehicle operates in 8PS, the way it continually rolls back
and forth across the deadband. It geoes from one deadband to

the other.

STAFFORD  The residuals were absclutely fantastic. We had 0.3 feet per
second X, which we reduced to 0.2, as by the predefined mis-
sion rules. The Vg Y was 1.6 feet per second, and Vg 7 was

minus 0.2 feet per second.

YOUNG DELTA—VC was 19.9 which speaks very well of the EMS. Ve

could have confidently done an MS burn.

STAFFORD At the end of the TEI burn, we had fuel remaining of

9.2-percent oxidizer and 6.T-percent fuel.

CERNAN Throughout that whole burn, the PUG's was on the full increase
side of the meter. The increase switch was put to FULL

INCREASE after the second bank A valves were put in, so that
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we would not get any start transient in case there might have
been one with the flow valve movement. So, after we got a

good solid secondary set of ball valves open, we went te FULL
IHCRZASE, and it never did any:thirng. The unbalance continued —

the percentages continued to get Murther away.

T+ was predetermined that probably one of the best beginning
evaluations we would have would be the television system.

HMost people didn't realize that we were sending down seguecnced
signals. This is probably the highest resolution ergineerinrg
device ever develoved, 60 frames per second, 650 lines per
frame. 12 we go back and reconstruct the tapes, we can preb-
ably get a better lead in as far as the obliques to the site
and even the sequence camera. The true color will be evaluated
in tkis, and the red, tlue, and greer color will be used on the

Goldstone data as jt was coming down in sequence.
The Moon 1s brown. I den't cazre what anybedy says.

The more I thirk about i1t, the move I think that's right., =

don't think we need <o say anymore atcut it.



11.0 TRAKSEARTH COAST

YOURG We set up passive thermal control, but this time we were

rolling to the left instead of to the right on the first pass.
For some reason, it's rot known right now, maybe some wrong
entries were made ir the DAP, But we started with a bad angle.
Some thruster firings and roll cccurred and it coupled in yaw.
We immediately went up against that 30-degree deadband after
less than an hour and a half, sc we stopped the wnole thing
and reinitialized it. The next three or four times that we
set uv passive thermal control, 1% worked just as preflight,

It was normal and we varied our piteh from plus 30 to plus 270.

Let me say something about star visibility. Even with the

sun coming through the hatch window, it was very easy ito rec-
ogrize large groups of constellations. When the spacecraft
was oriented toward the north ecliptic, the stars that were
visible were in the vicinity of the Sun. You cculd not de-
tect such constellaticns as the Great Sguare, Pegasus, Perseus,
Gemini, or the firs+ part of the Big Dipper. However, Regulus,
Leo, the Big Dipper, Arcturus, Jupiter, in the vicinity of

the Moon, within about 15 or 20 degrees of the Mocn, were
washed out of the optics. Then, later, in the viecinity of

the Farth the stars bDecame apparent.
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The thing that got to you on the stars was the banding across
the telescope of the optics. As scon as you appreoached the
Moon this banding would start and completely wipe out your
visibility for stars in the telescope, as far as being able
to recognize constellations by themsélves. However, in the
vicinity of the Moon you could see Alphecca and Rasalhague.
As soon as you got away from the Moon, Rasalhague was very
visible, as well as Nunkl, Scorpic and Dabih. Then in fhe
vicinity of the Earth, within an estimsted 30 or 40 degrees,
all the stars were wiped out back *hrough itne Sun again., 5o
there was a large number of places wnere you couldn't szee
any stars. lowever, had we gone into gimbal lcock it would
have been relatively easy to put the Sun in the hatch window

and crient the platform with a P51.

Ore thing we should bring out is we developed & new star
chart for this missior, with Lhe basic corientation being the
piane of the ecliptic, which lies fairly close to the lunar
equator. It worked real weli for lunar orbit cperations and
a-s50 transearth. Whether you required north-set stars or
southern-set stars you could look at the basic chart and tell
exactly how, al any given time, to roll to where the stars

would ke and where the Earth, Moon, and Sun would be.
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One thing that impressed me about the stars was that, for
example, in the Sputhern Cross, there are many bright

stars; and many of the stars in the wvicinity appear to be
much brighter that the regular navigetion stars. BSo you
couldn't really always count on the brightness of the star
to tell you whether you were going to picx & nevigation star
or not. Atria, for example, was a very dim star compared to
a lot of seemingly brighter siars in that area, slthough once
you got the hang of it, it was easy to pick it out. We used
Atria on many realigrments. Menkent, of course, veing right
in the middle of Centaurus, is Just one of a group of very
bright stars, and pretty difficult to plck out, but very
easy with AUTO optics, of course. In AUTO coptics, there's
never any doubt about which star you have. Midcourse lunar
landmarks, based upcon the lunar landmarks sighting map with
the two key craters of Messier A and Messier B with the big
rays sticking out of them, stood cut like a sore thumb. It
was very easy tc do star lunsr landmark for navigation pur-
poses, and 1 really recommend that star and star lunar land-
mark and star Earth landmark be considered as one of primary
reeds of NC-COMM navigation. There are areas that we noticed
that were open all the time arcund the Earth, for example,
that Saudi Arabia, Baja California, and parts of Africa near

Dakar, the north coast of Africa, and certain other landmarks
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were avallable. It was an easy task, in AUTO opties, to put
the landmark right in the middle - to put the star right in
the center of the landmark and make the mark. There was no
difficulty from our distance to see the small eraters,
Taruntius P, Taruntius H, Messier B,ISueha K, no difficulty
to picx them out because they were keyed in the Messier

craters, big-ray craters in the center of the Moon.

It was very easy %o navigate. The star horizcon measurements,
that we made with the star near the terminator, were in each
case very easy to do., There was nc difficulty noted and, in
fact, it was nct difficult to do it completely in AUTC optics.
The greatest difficulty witn star horizon measurement was in
finding the star in the wvieinity of the Earth to do the optics
calibraticn. In several cases, stars that we calibrated were
50 to 60 degrees away from the Earth, which is probably not
very accurate from the standpoint of getting accurate land-
mark line of sight, star line of sight bias, and trunnion bias
checks. 1If this is considered important, then we should de-
velop an AUTC optics and capability of flying a spacecraft

to the landmark line of sight with a star in the optics so
that the crew doesn't have 1o spend a lot of time and a ot

of fuel hunting around for a star that they can't find in

the vicinity of the Earth. Because, within 30 to 40 degrees

ittty
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of the Farth, your eyes are wiped ou?l with the “elescope.

We were told at preflight that the requirement to get the
star in the vicinity of the body tc be tracked was thermal.
It was evident that thne coptics bias calibration was changing,
almost with every set of star sights.' Not significantly,

but some. BSo we certalrly recommend that 1f you're geing to
track stars.in vicinities of bright bedies thal there ve an

AUTO cptics methed cf getting to those staers, because ydu

certainly can't see them in the telescope.

Ancther item that we thought was sigrificant, and this nas
been mentioned cn previous technical debriefings, is the faet
that you should have 5/C control authority tc have freedom
of the optics down the X-axis of the spacecraft with respect

to the navigstor.

It is certairly irpossible te think in terms of flying witn-
out many, many hours of practice. I'm fthinking in terms of
which way you move the control stick to maxe the spacecraft
go the way you want to, What you end up deing is making zn
impulse and sceirg which way that moves the whole system, and
if that wasn't the right way, then you sre going to make two
more pulses in the otner direction, to correct cne. This

was even true of Esrth norizon measurcment.

(ot
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CERNAN You can't figure out which way you're pulling, yaw, or roll,
or what you got. You want to talk about the P37's and our

backing up the ground in midcourse calculation.

YOUNG We took ocur star-horizon measurements, after we completed
the fourtn set, and ran them through P37. We took the latest
state-vector updates and ran through P37's. In each case,
we were close encugh for goverrment work with the grounq
vector, which indicates 4o me that we have an onboard capa-
bility of dolng this navigation back to the ground. I don’t
think we would have goiten into any trouble by flying the
last midecourse with those last four sighting sequences. I
f'elt reasonably confidert that if we pregssed on, we would
have provably been in the ocean in some relative proximity
tc the pole. Our last midcourse correction was 0.7 feet per

second ard the ground's at that time was about 1.6.

STAFFORD So basically, we were within 0.9 feet per second of M3FN,
using the basic M3FN vector updated by John's tracking.
Using P37 and the onbeard veclor gave us a solution of 0.9

feet per second.

CERNAN As a matter of fact, when you integrated down to the hest
time to burn and the minirum fuel, the comparison with M3FN's

time and nminimum fuel was very close.

<ombaCDl by
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Of major interest was one midecourse correcticn that we made,
which was done with the waste-dump system, and apparently

corrected the flight path angle a tenth of a degree,
Why did we do that?

I don't know, but it was about 0.001 feet per second, as I
recall. And that was cur capavility. Midecourse correcticn
nuriter 6 was canceied. Midcourse correction number T was
pverformed with 1.6 feet per second, performed con time and

+the burn to zero residusls.

11.39 FINAL ENTRY PREPARATIONS
We had the ground give us an angle which we could orient to
gee stars at nighttime. We did a8 reaiign to the reentry
REFSMMAT. When we woke up the morning of reentry, they gave
us an angle which would aveid the gimbal lock, and which
would sllow us & good remlign. Using AUTO optics, the stars
were almest exactly within the center of the optics., We dig
two realign checks. We did one realign check after that,
and got 9 balls for reentry at an hour and 35 minutes prior

to entry. We're almost at entry now.

Ko command rmodule RC5 vreheat was reguired. We monitored

the command medule RC5 temperature thrcoughkout the mission,

SR
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and it stayed well above the value that would be required

to heat the coils.

Entry stowage was performed throughout the transeasrth coast.
The major stowage thali we did was the suits. The command
module pilot's suit was stowed in the sleeping bag on the
right side with the lithium hydroxide canister butt up
against A6 and lashed down. “he IMP and commander's su;ts
were slowed under the center couch and lashed down as per
the North American drawing for reentry stowage. The
spacecraft stowage was a very zimple thing to perform. It
was not performed precisely as per checxlist. Food boxes
L-2 and L-3 were unfortunately still full of foecd, sc there
couldn't be any stowage performed in those boxes. The suit
helmets were stowed in the right suit, and left suit and the
center sult, up at the head of the spacccraft +7, and the

cther nelmet was stowed in B? with waste material in 1It.

Which reminds me, the helmets were stowed on a suit, but

they were on the hateh side of the spacecraft,

T"he ccuches could have stroked full length, it is estimated,

without hitting anything cn the flocr.
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And during our 6 to T g reentry, apparently ocur stowage was

pretty gocd, tecause we had nothing coming out of the rafters,

nething rattled around, everything was pretty solid.

One taing that 4id come down was the water gun. I was just

geing to comment on the complete stowage.

Agairn, we used the same technique on the irangesrth coast as
we did on iransiunar., The day before reentry, we revieﬁed
the whole reentry checklist., We reviewed the complete se-
gquence that we would go Shrough on reentry for about 3 hours,
And I think this paid off very well. There were nc surprises.
We were well ahezd on every item, and we were aniicipating
when the computer would change its displays, even during the

aercdynamic phase.

The entry checklist was gone through pricr to reentry, and
items which were not applicable, due to the facli that it was
supercircular entry, or because cf arnomalies such as the
primary water boiler, were crossed of# and changed as per
MSFN updates. Several changes were made to the reentry

cnecklist in real time.

The spacecraft entered the shadow of the Earth within several
seconds of when MSFN anticipated., Sunset, which was at

19:19:5L, occun{fd withir a couple of seconds.

;,II“
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11.43 CM/SM SEPARATION
The CS8M-EM sep was performed as prescribed. There were no
anomalies. The command module was then flown in plus around

to the entry attitude,

Well, why don't we go through that whole check sequence?

The primary purpose of all thege alignment checks and horizon
checks was to verify that you had the platform aligned prop-
erly. We did a 5-balls alignment on the platform. Then we
maneuvered to the separation attitude, at which time sunset

had occurred.

11.45 0.05g EMS AND CORRIDOR CHECK
The 8 crew had tracked the horizen all the way around, to de-
termine any grogs horizon checks. Well, in our case, the
horizon was dark. It is recommended, because things are
happening so fast, that only one check be made, and prefer-
ably that check be made with the horizon on the window at
the attitude it will be at sunset. That's an optimum time
to do it. You can see the horizon very clearly there. It
will give you cne gross final check and if that platform
drifts sc much that you can't 4o an entry after that, you
got a serious problem. I see no reason continually to track

the horizon, which is dark anyway. Long before 0.05 g's,
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things are going to be white hot and you're not going to see
anything anyhow. BSo I recommend that those continual horizon-
tracking checks be eliminated as a point of no useful func-

tion. |

The time from before sunset to entry interface, when we make
the check, is approximately 320 minutes. If the platform
drifts badly in that time, it will also be obviocus on the

GDC correlation.

I'm not sure it would have been obvious with ocurs. We con-

tinually realigned the GDC to the IMIJ during the last portion

of the tracking. The last one was a quick maneuver to the

entry attitude, and a final alignment with the GDC to the IMJ }
at the entry attitude. And if the S5CS has to be used in a

backup mode, it is recommended that the final GDC align be

made at the last possible time to insure that you have a

reasonable chance of doing a sultable roll entry.

During the EM3 tests, we determined that the scroll scribed |
initially making a mark. As 1t went to the final pattern, it

did not. j

It did net scribe properly and the ground recommended run-

ning it the other way for a half inch and then running it back
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to 37 K. This we did, and it worked ahd would have worked
properly. We maneuvered to the separation attitude. When
we geparated I had left the switches in ENTRY and NORMAL and
that triggered the 0.05 g switch, so the EMS started count-
ing. The znswer of course, given by the ground, which I
should have knowzn, was to run it down two patterns and start

all over again, wnich we d4id.

We continually kept ahead of the entry checklist, and it
paid off. When I made that mistake, by not heing in the
right positicn orn that switch, that allowed us toc correct
for it without being behind the gun. 1% is certainly recom-
mended that crews make every attempt'to stay a little shead
cf their checklist, except in those areas where you have to
wait for a time seguence. You don't want to separate the

spacecraft too early, cbviously.

Just prior to separation, at 2 hours, we reserviced the
primary EVAP for 3 minutes and activated it at an hour and
15 minutes before entry interface. It came on the line
normally. At 50 minutes we brought the secondary EVAP on
and it worked normally. There was a definite torguing seen,
apparently from the evaporators. It brought the cabin tem-

perature down to sbout 58 degrees, but it was not sbnormally

CO TIAL
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12.0 INTRY

The EMS functioned perfectly. The CMC functioned perfectly.
The spececraft was flown in pulse and turned over to the CMC,
with the switches in mex rate and nigh deesdband, =t asbout

0.1 g. The spacecraft performed normally in CMC all the way

to the parachutes.

The entry was charecterized by a 6.8 estimated g pulse,.which
was of somewhat longer durstion than expected, although it
was perfectly nominal. The spacecraft was subcircular, as
per the time given in the update. The steering appeared to
be purely nominal. It locked like we got down as low as
2~1/2 to 3 g's on the g-meter before we passed subcircular.
But *the spacecraft was doing the things that it should have
been deing. In nc case was there any violation of any monitor-
ing eriteria causing a takeover. At 5.4 g's, the thing com-
manded a 90-degree roll, at 5 g's it was going for 180-degree
roll, and the spacecraft performance in no case was sluggish
in any respect. The machine was performing crisply. The RCS
was really driving that machine, and one ring seemed to be
perfectly adeguate, There was no doubt that the machine was

going to go subcircular and perform adequately the whole time

it was doing the entry. It was a thing of beauty.

GeaRiGiRbhi
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When the downrange decreased tc less taan 10 milés, we went

tc bank angle to teke out crossrange and modulate the 1ift.
During this time, even though we were pulling g's, I was
calling cut crossrange and downrange and monitering what

the angles snould be, even up to 5 and 6 g's. Tt was no
problem calling out what the computer was doing. TIn the final
display I hit verb to freeze it and it showed our total miss

distance as approximately 0.9 nautical mile.

We were talking tc the ground all the wey after blackout whick
was abecut 3 minutes and 29 seconds. We started calling the
ground. I was tranasmitting in the blind, as best I could,
what was going on. Our second g-pulse, estimated about L g's,
was really something., To me it's & mystery how that CMC flies
that spacecraft ag well as it dces. You couldn't fly the Zb
in that manner and hope to end ur in the sarme place that the

CMC does. 3ut it deoes 1t.

In the time sequence cof events, drogue deploy was exactly on
time. The drogues came out as a pink to an orange in sunlight.
If we'd had a2 maifuncticn in the drogues, we could nave seen

taese.

1 was in blackness and the firebell, and then it was dark

and then, when the drogues came out, they were in sunlight.

oINS~ /NP



CERYAY The drogues and the main, although it was dim sunlight, were
very easily visible. I could watch every movement. I could
see them deploy, and I could see the nilot's chute come.

This time of desy for reéntry was ‘ugst slmost perfect because
there is nothing you couldn't see in.terms of drogues and
mein deployment. The visual impressiorn of the reentry itselfl,
unlike the rmlticolored Gemini's - filrebell was sort of a
waite or gold hot firevall. It locked like a long, thin
gtream, the apex of whicn was & glowing ball which impressed
me as being something like the Sun. Through all this gold-

vhite fireball you could see cut intc the distarce something

like the Sun, like loogking at the Sun through a haze of clouds.
YCURG I wasn't looking at the light.

CERNMAN And then, coming around the windows and, sorvc of as an envelcpe
arcund this gold fireball, wes a brilliant bright purple sheet.
It was as though this whole orange or this gold, gold-white
fireball was wrapped ir purple and it stayed the same colors
although the shades of purple varied from dim tco light through
the shock waves. It just-basically stayed the same color all

the way down.

YCOUNG Oxey. Let me tell you another mistake I made. At SO K, I
armed the pyros and forgot to go to boost entry until 24 K.

Of course, that's about the time the cabln pressured 6 so it
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dida't make a hill of beans but we caught it; and, man, the
air really came in in a hurry. The ELS logic was turned on
at 30 £. No problem with that. One thing about the boost
entry. At first I reached over and grabbed them and couldn't
pull them back to the detent. I had forgotten that you got
to push, you got to push forward on that thing to bring it
down. It was caught in that detenl; and, man, I thought I
was going to break the handle off. But anyway, when I final—
ly knew what I was doing wrong, I pushed outboard. I recom-
mended that we brief all the crews to remember to push cut-

board on that taing to charge the setting of that valve.

Tre best estimate of 90 000 feet based upon time from reentry
reference time showed that the steam pressure started to peg
about 15 seconds later but the steam pressure, once it started
ue slowly and methodically, went right up to the full increase
position ... It went slower than in the simulator. The
gimulator just pops up, but this one started up and I'd say
frem boiling at about 0.1 to the time waen it was full must
have been 1C seconds. It just slowly started up but it was

a definite movement. It was nct an coscillatory movement. It
Just decided this was *the time to go te full increase and it
closed the wvalve about the same speed which you would close

it manuelly. And I would say that in cur case it would have

heen a pretty fair estimate. We would have preobably hit the

8
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CERNAN drogues meybe a thousand feet late, but based upon that
(CONT'D)
reference time, it would have been a pretiy fair estimate for

drogues and mains.

YOUNG Based on the fireball and how it was dying down, I'd estimate -
just based on what we did in Gemini at sbout 130 K. T think
I called out what I thought was iSO K based on the fireball
gt 120 K. 1 don't know if the ground heard me or not. .When
it stops burning you're starting to go through about 120.

CERNAN T was checking this time against actual drogue times and the
gteam pressure would have put us a number of seconds behind
but not too far behind to give us a problem. Visually the
impression of the drogues were thet they were really oscillating
up there and I felt that spacecraft was being banged around

on the drogues.
STAFFORD But it still wasn't as much as on the Gemini drogues.

CERNAN They don't stabilize -~ The mains came out - all three of them

came out together.

YOUNG Well, that might have been the period when we went through
transonic. That's probably what caused all that shaking. It

sure was a little rough there for a second or two.

CERNAN The mains - when the mains came out, before they dereefed,

they were just a small little puckered up bundle of parachute
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Ty
and then they all dereefed simultanecusly, and ﬁhey all took
their own guadrant, and we all got & full chute out of all
three cf them. I locked particularly because I could see some
sparks starting - not a greet number but a few of them - up
towards the chutes. Vigually, from ﬁhere we were with the
amount of sunlight we had, I couldn't see a thing in the

chutes that indicated that there was a hole anywhere,

I could see two chutes through the hatch window ard all the

chutes looked completely intact.

Ozay. When we got on the mains there was a short delay while
we were regrouping everything and the things dereefed and then
we closed the cabin pressure relief valves and started the

CM/RCS purge; and, man, it really gets rid of all that gas.
The basic purge produced -
Tme biggest racket I've heard in a long time.

Iong yellow flames were visible but when it finally purged

the lines - a lot of fire was seen.

The dump was pretty ncisy and it died down toward the end

like it went Bur-r-r-r-r-r.

CONFI AL
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CERKAN But that purge must have put sbout a 5 foot, in length, and
fanning out to about maybe 3 or 4 feet in diameter spray of
gases and helium and fire snd everything else cut those

thrusters.

YOUNG Yes. 1 saw a big bunch of yellow smoke going out through
my side. Man, I know what that was. That was nitrogen

tetroxide and it was heading north.

CERNAN At the completion -
YOUNG And & lot of it too.
CERNAN At the completicn of the purge and the closing of the valves,

we still had a fire on the right-hand side. A fire out of
the thrusters over there that was big enough or hot enough
to show flames leaping up past the right-hand window and
there were definite flsmes and I'd say this lasted for at

least 60 seconds before it went out.

STAFFORD Gene says, 'Tom we got a fire out here." I said, "what are

they going to do about it?"

YOUNG It went out when we hit the water.

CERNAN It went out long before we hit the water. It burned itself

out probably after sbout a minute, or a minute and a half.
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But it was pretty impressive because the flames were leaping

by the right-hand window.
We had a fire on Gemini 10 too,
We hed a Tire on 9 that lasted all the way to the water.

We could tell that we were right on top of the recovery force
because I could look out the side windows from approximately
L500 feet down smnd we had a helicopter flying wing with us

out of each window.

We didn't see the sircrafi carrier but it was guite clear
that we were coming down near the water becauge you could

see the water out of the side window.

You could see the water coming. It was a good reference for

your altitude check.

You could see the horizon, see the Sun coming up, see the

choppers, and hear them.

We could hear those choppers from the inside.

CO AL
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13.0 LANDING AND RECCVERY

CERNAN T theought the svlashdown was pretty mild., We apparerntiy hit

straight flat.
YCOUNG We hit flat.

C=RIVAT Tke chutes were jettisoned arnd they came rignt down on fop of
the spacecralt. And the carrier was 1mmediately visitie out

of the side wlndow.

13.1 YOUCHDOWI - IMPAC
YQUNRG We vpracticed getting rid cof the parachutes in a hurry many
times. When we hit, the pyros were armed. We nit flat, i
was a very soft landing. We didn't have muck sea atate.
There weren't many waves, and the varachutes came down prac-
tiecally on top of the spacecraft. 7T think the parachutes

were Jettisoned before they hit the water,

13.2 S5ZQUaKCE AND PROCEDURES FOR MATIN CHUTE RiL:AGH
STAFTORD As soon as we touched dcown, we were spring-loaced wo gc. Gene
would clogse the breakers and call. Then I would pull the

switech., It was a very nild splash comparcd to what my Gemini

'
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exXxperience had been. Right away the parachutes were there,

and shroud lines fell over on top of the spacecraft.

There was ne tendency for the spacecraft to go one way or the
other. Tom immediately got out of the couch and went down to
the LEB and that even made it more stable. Finally, all three

of us got up and got out of the couch.

13.3 POSTLANDING CHECKLIST
The postlanding checklist was satisfactory. We went through

the powerdown checklist.

Yes, including those important switches on panel 250 that
power down the whole vehicle. We opened every circuit breaker

we could get cur hands on and shut off every switch.

13,4 TEMPERATURE AND HUMIDITY

The temperature was mild. There was no excess heat.

13.5 COMMUNLICATIONS
Communications were excellent wlth the recovery helicopters
and also with the Princeton. The gwimmers plugged in the
line and it was overdriving a little bit. We could read the

swimmers very well and everything went beautifully.

CO Al
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TILATION

We didn't use the postlanding ventilation system.

1t was cool.

vt

The hatch was open within a matter of 10 or 15 minutes. I
was open 8s soon as the collar was on. PSwimmers were In the

water right after the spacecraft splashed down.

We were out irn the raft and the pickup was made 1, 2, 3, right

in sequence,
It's all documented on TV anyway.

13.10 SEASICKNESS
There was no problem with respect to seasickness, lightheaded-
ness, or dizziness. The recovery operstiorn went smoothly ard

we were picked up.

I dumped fhe dye marker in the water. I saw 1t go right over
the side, It{ didn't deploy, but at least it made it possitle

for the swimmers to piug in.

13.13 COUCE POSITION

The couches were left in a 180-degree position.

CQ



13-

YOUNG

STAFFORD

YOUNG

Al

13.1% INITIAL SITTING dR”STﬁNDING
There was no lightheadedness, dizziness, blurring, or dimming

of vision.
Ho, I felt fine. I felt as good as when I left the Cape.

13,19 EGRESS
We crawled out of the vehicle into the liferafts with no prob-
lems. We had our lifevests on, but did not deploy them. The
crew was picked up in a basket., No one got dunked this time.

The operation was phencmenally professional,
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14,0 COMMAND MODULE SYSTEMS OPERATION
1L4.1 CUTDAKCE AND NAVIGATION

14%,1.,1 IS8 Modes

The guidance and navigation system furctioned perfectly.
It dispiayed attitude errors lovely.
It was just beautiful.

We didn't use the S-IVB takeover mode. Thrust vector con-

trol mode weas besutiful. The temperature control was ncminsal.

1L.1.2 Optical Subsystems
We've already discussed optical systems operations. Let me
say something about seeing stars with the ZM on. T think
you could see stars with the LM on if you pointed the whole
stack, plus X axis, to the sunshine. We inadvertently aid
that for a TV pass. I was locking through the optics and
T could make out constellations. I forget which constellations
they were, but I could make them out. I recommena that, as
oppesed to golirg to a planet option. If you want a auick
realignment just poirt the whole stack at the Sun, which
would be an easy thing to do, a2nd align the platform. As

soon as you got night-adapted maybe you would have toe piteh
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down a little plus X. The sextant mechanical drive worked
beautifully. The sextant and scanning telescope were fine,
“ne light transmissicn of the telescope was pretty low. This
has zlready been noted. Once you're night-adapted all the
stars that you could see at any time ﬁere there. In fact,
you were locking at too many of them in a lot of cases. I
had scme difficulty in picking out the right stars. 1In the
daytime you couldn't see any stars, but you cculd sce thé
planets and the Earth/Moon/Sun combination. The sextant is
sc much smeother than the simulstor, it's not even worth
conaidering. Stability was beautiful. Zero optics mode

worked great.

14.1.3 Computer Subsystem
Recommendations have already been made to modify the land-
mark tracking preograms and the P23 programs. One to allow
vou to do AUTO optics calibraticn of the star and the other
cne, to display 1691 while you are in the landmark tracking
ovticn. This will drive the optics and trunnion ocut to the
S0-degree mark prior to making the 50-degree angle track mark
and save you 10 or 15 seconds. The R2 model takes a long
time to run. VERB 83 takes & long time to run. It was
roticed that the processing of optics and VHF marks was

much faster than it was in the simulator. In the simulator

CONFIDWA
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you could only take two optics marks a minute; in the space-
craft you could take 3 to U optics marks a minute. We had =
number of program alarms, due primerily to taking marks when
flashing 5} wasn't called for in P23. We had alarms some-
times in P52, and also program alarms-associated with

VERB 41 NOUN 91. Those are all the program alarms that I
remember. In every case that we had a program alarm the
reason for that program alarm was obvious. Sometimes the
AUTO opties did not track when the optics power switch was
off. That was because I forgot to zero the optics, set the
zero flag, and all those things. We had a 113 program alarm
which indicated an inadvertent mark button. I don't remember
doing that, but maybe we did. All the rest of the program
alarms were well understood and were no cause for concern.
They were just to remind you to do the right thing. The
people at the Cape teold me that the computer self-check

does not really self-check the computers. T recommend it be

deleted from the checklist.

I second that. When the computers function nominally, you've
seen its reactions, you've seen its computatlions and inte-
grations, and you've faith in it. You don't want to mess

with the self-test,

We didn't have any gimbal lock. T guess this is the first
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YOUNG flight we didn't have gimbal lock.
(CoNT'D)

STAFFORI  First flight! We came close on one vehicle.
YOUNG In short, the G&Y computer and ISS worked beautifully.

2h.1.4 G&Y Controls and Displays

YOUNG The ertry monitor system worked great. You couldn't set it
on zerc and go to the EVMS - the DEILTA-V counter. You cculd
rot set that on zero ana go without getting a Jump. Some-
times you could but every other time it would ump to
16 or 2% feet. Tt didn't seem to make any difference. The
LY¥LTA-V check worked on every case as long as we were in
DELTA-V &and normal. When we set it up DELTA-V and STANDBY,
it 3idr't werk. The hand controllers are okay. We didn't

turn off the G&N power swiltch.

14.1.5 Procedural Data

YOUNG The DSKY operation and verb-noun formats were okay.
14.2 STABTLTZATIOK AND CONTROL SYSTEMS

14.2.1 Control
YOUNG Recommendations have been made sbout medifying the CMS to
reflect the actual control dynamics of the command module
during SFS burns. The rest of the contreol dynamics appear

to be just like the CMS., All rates and operations were nominal.
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MIN impulse is just like downtown.

14.2.2 Thrust Vector Control
Thrust vector control and DELTA-V are okay. Orbit and de-

orbit thrusting are nominal.

14,3 SERVICE PROPULSTON SYSTEM

Thrust vector alignment is no sweat. Tt was noted that
during the engine thrust wvector alignment the CMC would
put the GPI's at a different place than indicated on the
gage. We allowed for that by trimming them to the same
position, with the thumb wheels on the GPI's, that the CMC
would have put them. We felt we had a pretty good hack on
the trim if we had to do & takeover. Tt was on the order

of 0.2 degree.

This didn't ocecur during burns but during the gimbal drive

test. Were you aware of it during burns?
Yes, I was watching it.
You could see the rates going up on it?

Of course, T had the rates on 5 and 1 for S5PB burns so 1 was
watching it all. The thrust-on button we didn’'t use, but we
were ready to. The PC indicator worked just like downtown.

The PC indicator indicated 5 when it was reading zero. It



YOUNG started out indicating a low value for chamber pressure but
(Cowr'n)
as the mission went on, it came up. It indicated 102 and

103 psi for the LOI and TEI burns which is where it counted.

CERJAN Let me go through the whole story on the PUGS., When we
lifted off, the PUGS was reading 50 on the decrease side
which is still in the green band. ©OCur first burns were
short., We didn't do anything tc the PUGS because you walt
for about 15 seconds until the things stabilize and settle
down. For LOI, cur first big burn, the PUGS cxidizer-
increase/decrease indicator went from 50 decrease to about
150 deecrease., At that time T went to the decrease pesiticon
on the switch. The decrease indicator then slowed down to
about 200, then started reversing itself. When it got to
zevc, the PUGS oxidizer valve was neutralized, put in a
normal position. The burn continued and the increase/decrease
indicator thern started to go to the irnerecasec side. It
started to go to the increase side and wher it got to about
100 the switch was thrown to increase, but the increase or
the unbalance continued. At the completion of the burn, it
wus somewhere between 300 and 400 - this is documented on
tape. Just befcre the completion of the LOI burn, I went
tec the normal position on the oxidizer flow control vaive.

This made the unbalance to go even further off %o somewhere

e, |
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CERNAN close to 400 on the increasze side. On subgequent burns, it

{CONT'D)
was recommended that we go ahead and put the switch to the
increase position again knowing full well that the oxidizer
flow valve was not handling the unbalance properly. We went
to the increase position after we got.the second bank of ball
valves in, so we would not start with a transient. After the
second bank of ball valves were put in, the switch went %o the
increase position. During the TEI burn, the unbalance cﬁn—
tinued beyond L00 1o off scale high and remained thnere
throughout the burn. We ended up with about 9 percent of
oxidizer and about 6 percent of fuel when we shut dewn the
TEI burn. It was apparent to me that ihe PUGS was not

functioning properly after the very first burn. The numbers

have been documented and are available,
14.4 REACTION COWTROL SYSTEM

1L.4.1 SM/RCS
YCUNG We primarily operated the reaction corntrel system in AUTC
and pulse mode. Sometimes we went to acceleration command
when we had the whole stack together. Tt was easy to ceon-

trol roll and pulse.

STAFFCRD We used the acceleration command mode to decrease the fuel

usage to achieve certain rates over a series of pulses because

C MRt
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the lfp is better. It lcoked like cur total fuel usage

worked out great, just like we planned.

With the helmets and gloves on, you could not hear the Jets.
It didn't appear to me that you could hear continuous thrust-
ing, but you could always hear the initial clunk when either
the solenoids engaged or there's a hot explosion when these
things fire. That was a valuable clue as to whether or

not you got any output but af the burner. I think we ought
to modify the CMS sc it doesn't give this continuous sh-h-h

and give it that one clunk and let it go at that.

14.4.2 Command Module RCS
You could hear those fire continuously, and the pressure
switch worked. You could hear the 1little clunk ag it fired.
You could hear the gurgle as the propellants went down to the
various places. The C8M SEP switch works. It makes a big
roise. Ycu hear a pretty good sharp crack as a cue that
tnings are gelng on back there. You could hear those thrusters
firing. They're not as loud as we have them turned up in the

command module right now.

You can hear the transfer between service module and command

rodule also.

T couldn't hear the SFS fire either. I never heard that thing.
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CERNAN There's no doubt in your mind.
STAFFORD The acceleration is instantaneous.

TOUNG It's not as bad as that Agena was. Man, that Agena really
whomped you all of a sudden. Maybe that's because we're

gitting backwards.
14.5 ELECTRICAL POWER SYSTEM

14.5.1 Fuel Cells

CERNAN We never had any abnormal talkbacks on the pH indicators.
We did have a fuel cell snomaly cn fuel cell 1, on the third
day in lunar orbit, sometime after probably 108 to 112 hours.
The circuit breaker on the fuel cell number 1 pump package
popped. We did not_catch it because there were no anomalies
on our gages at that time. All the temperatures were still
within limits, It was caught by the ground. We went down
there to reset this breaker. We tried resetting it. As soon
as we did, it popped out and gave us a main bus undervolt

1ight and an AC bus 1 light.
YOUNG I felt that breaker and it was warm.

CERNAN The breaker was warm. We immediately made the decision not
to reset it. This meant that we lost the pump cooling package

capability on fuel cell 1 - not necessarily the whole fuel cell.
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CERNAN We ran it until the skin temperature got up to the mid-

(CONT'D)
nominal range of operation, and decided that continued oper-
ation would Just increase it, We tocok it off the line, and
from then on we operated somewhere between 26 and 27-1/2 volts
depending upon the load on the spacecfaft. There was only
one time when some cryo tank heaters cycled that we got a
undervolt light on the main buses. After that period of
time, we were very careful as to what we had powered up and
what we did not have powered up. We turned things like
potable water heater, optics power, and a number of other
things that were not necessary off. We turned these things
of f just to keep our main bus voltage above 27. For the most
part it stayed at 27 - 27-1/2 volts on two fuel cells. We had
the capability of fuel cell i if we needed it, after it cooled
down or with a continuous purge. A continuous hydrogen purge
was limited by the duration of the missicn, and by the amount
of hydrogen. The further on we got into the mission, the better
off we were for using that fuel cell. We did bring that par-
ticular fuel cell on for a couple of major events. One of
them was the TET burn. At that time the skin temperature
had cooled down below the nominal. We brought the fuel cell
on an hour and a half before the burn. By burn time, it had
picked up 33 percent of the load and performed nominally. We

had it on the line for a total of about 4 hours. We lifted
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off with the O2 flow indicator on that same fuel cell failed.
We knew it had failed off scale low. We had no indication

of oxygen flow on that fuel cell. From that point on, we
cperated with two cells. We had another fuel cell anomaly

on fuel cell 2. This anomaly occurrea sbout 20 to 12 hcours
before TFT at the same time that we had fuel cell number 1 off
the line, and the fuel cell number 1 light on. The condenser
exhaust temperature on fuel cell @ slowly started osciliating
between the upper and lower limits of the caution and warning
temperature parameters. It oscillated at about 2 cycles per
minute, and about every 10th cyecle it gmot low enough where it
triggered the caution and warning master alarm at the lower
limit. The first time we were alerted to this, was just as
we went behind the Moon at about 10 cor 12 heurs bvefore TRI.
Fuel cell number 2 and a master alarm light came on to keep
the fuel cell number 1 light company. We monitored snd
watched it pretty closely. The fuel cell cutput was holding
up, the voltage was holding up, but the temperature on the
condenser exhaust was cycling. When we were in sunlight for
about 10 minutes and doing landmark tracking, the cycle zlowed
down znd eventually damped ocut at the nominal temperature.
When we were in the darkxness for about 10 minutes, the cycle
slowly started up, and it peaked cut at preobably around the

early third of darkness. This continued on through derkness

T
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triggering a master alarm occasionally. This continued
through and inte TEI. After TEI, when we went into the PIC
mode of operaticn on the coast back to Earth, the condenser
exhaust temperature remained stabilized at the nominal temper-
ature and we never saw this condition.again. The thing that
bothered us was that we had one fuel cell off the line because
of tne condenser exhaust pump problem in the pump package,

and now we were possibly having a similar problem. We dgidn't
know that this same cycle occurred on cne of the fuel cells

on Apollo 8 when they were in lunar orbit and we should have.
Apparently there's sgsome thermal conditicng in the lunar orbit
day/night cycle that certain fuel cells are sensitive to. We
came home on two fuel cells. We brought fuel cell number 1
up cnce, maybe twice. It really wasn't needed, and we didn't
have to power down. The transearth coast was nominal and

the fuel cell voltage remained between 27 znd 28 volts all

the way home.

“he only items that we powered down was to turn off the

optics power switch, the GDC, and the potable water heater.
And a radar transponger.

Configuaration of fuel cells, fuel cell number 2 orn main bus A;

#2el cell number 3 on mair bus B; arnd those buses were not

CO
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interconnected. When we brought up fuel cell number 1, we
interconnected it between both main buses, and this configur-

ation worked very fine.

I guess this is a pet peeve of mine, but this is kind of
dangerous, the IMU power switch down there in the LEB being

right next to the optics power switch.
Should have & guard over it,

Should have a guard over it to prevent iradvertent switching.
That whele LEB area is real dark. What you end up doing is
you turn up all the lights in there, and you lock at that
switch very carefully before you turn it off. You can take
the guard off the S-IVB IMU CMC switch and put it down there

wnere it belongs.
Put it down there.
You're right,

If you ever had to do a S-IVB or a Saturn V takeover, and
you have to raise the cotton-picking guard to get the switch
to do it, you just bought yourself the 2 seconds that pre-

vents you from making or not making it.

Just prior to flight, it's a S-minute }ob that the 5-IVB

MU switch guw removed.

(R



14-14

YOUNG

STAFFORD

YCUNG

CERNAN

-
*
We end up flying with the thing rajised, the guard raised.

Well, we flew with it raised in case we had to throw the
switch. Particularly in the MAX security when you'd switch
cover to the peolynominal, or if you had a guidance diversion
where you had to be on it real fast, the lighting, as John
described, down in the lower eguipment bay does make you
think and lock very close before you ever throw any switch
there, because the optics switch is next to the IMU power

switch.

You ought to power down your optics Just to keep them from
being heated and running all the time. But you sure don't

want to turn off the IMU inadvertently.

We had nominal batteries. Battery C held just about 37 volts
without a charge the whole mission; it was never used until
reentry. We continually charged alternately battery A and
battery B. They accepted the charge very well over L-, 6—,
and 8-hour periods. However, we never really saw 39-1/2 volts
which is a criterion to terminate the charge. We got down

as low as maybe a half an amp, more like sbout 3/L4 amp, and
we charged the batteries really on a basis of time or whether
we were going in a sleep periocd. On a recommendation of the

ground, we terminated the periocdic charges. All the DC
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monitor groups - AC monitor groups, all worked very well.

Tt was very evident, jJust like the simulator, you can tell
exactly when the gimbal moters are coming on, and a positive
indjication through the H2 and 02 flow indications on the fuel
cells and through the ammeter positioﬁ on the monitor group.
You can see those gimbals not only come on, but you can see
them ﬁove.

The inverters work beautifully. We never had to go to Lhe
third inverter. Main bus ties worked beautifully; you can,
of course, monitor through your DC voltmeter whether you
really had the battery buses tied to the main buses. That
was done everytime we turned the main bus ties on, and we
got & verification of that before we started the gimbal
motors.

Non-essential bus switch, no problems, not even used. G&N
power switch was just left alone. Cryogenics system worked

resl fine. Tt appeared to me that the 0, heaters, AUTOQ

2

heaters, kept the 0, tank pressures down around the bottom of

2
the nominally green area. We very seldom saw medium to high
pressures in the 02 tanks. They were always on the bottom
side. We never got any caution and warning lights on those
two particular tanks. We did get a cryo cautlion warning

light about 2 or 3 times on low hydrogen pressure either in

tank 1 or tank 2. The heater cycles were effectively set up
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prior to sleep pericds, on ground recommendations as to
whether they be AUTO, OFF, or ON.

Towards the end of the mission, on the seventh day, one of
our hydrogen AUTO heaters stuck in the ON position. Because
of thc continued temperature incre&se; we Just played that
from the CFF Lo the ON pesition without any trouble. It was
on the seventh day of the flight. The ©an switches worked
real firne. The cryo's were circulated prior vo sleep pefiods
and pricr to burns. We were in this two-fuel-cell condition
around the Moon. We certainly wanted to conserve our power
and our low-voltage capability. Instead of using the heaters
for cryo pressures, we used the fans which we were told re-
quired a lot less power to operate. It was evident on our
voltmeter that when we cycled the fan instead of the heater,
instead of getting a half volt drop we barely could even see
the fan come on. I think possibly the fuel cell ancmalies
are of different nature, although they resulted in roughly
the same condition. The second fuel cell, if it had actually
failed in a pump vackage areé, would have resulted in the

same ccndition as we had had on the first one.

24,6 ENVIRONMENTAL CONTROL SYSTEM
Ite envirommental coatrol system worked rormally throughout

the mission. We used the REPRESS package. It's not a
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rapid REPRESS package, for things such ss IM REPRESS.

The major discrepancy we had in the environmental control
system was the clogging of the LM tunnel-vent system. We
couldn't vent the IM tunnel vent.

The regulator wvalves worked okay. Emergency cabin regulator
worked ckay. The cabin atmosphere, in general, was noted to
be very comfortable. Humidity collecting in sufficient amounts
to probably cause problems were noted during two SFS bufns,
TET and LOI. After we got rid of the lunar medule, we had
water condense or the hatch., And it was noted that up near
the hatch seal ring that water turned to ice. It was

20 degrees cooler in the tunnel or the return trip, at least
20 degrees cooler, It was recommended that part of the
presleep and postsleep checklist inelude wiping down the
tunnel hatch during transfer of clothes, and that prior to
any burns the tunnel hatch be wiped down, and prior to
reentry that the tunnel hatch be wiped down to prevent
accurmwlation of water on the center seat crewman,

There were numerous floating particles. The inflow valve had
to be repeatedly cleaned due to the fiberglass irnsulation
floating around.the cockpit. The inflow valve and alsoc the
little screens that we put over the exhaust hoses. The in-
take hoses on the environmental control system hoses had to

be cleaned. .
AN
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Oders. The odor scrubbing of the cabin was satisfactory.

Satisfactory.

Tt was noticed in the firat part of the mission that towards

the erd of the canister operation, I éeemed to notice a more

cb ectionable codor. Then we changed our canister and it

cleared right un. I didn't notice it during the last part of
“he mission.

Inducement to cough. There was some coughing invelved because

cf the fiberglass. t was irritating to the skin and some

eye irritation, particularly to the ILMP and the CDR.

Cabin circulation was adequate. The hoses where unsulted placed
around the spacecraft and - and on the transearth coast - they
were taped together, pointing in copposite directions. The exhaust
hose was pointing one direction and the - the intake hose was
poirting in ancther direction. It provided adequate circulation,
ard kept the cabin well scrubbed,

Czbir fans were not used. They served no useful purpose on

wnls mission.

Weter supply tarnk. The water potablé tank service was full

o< bubbly water. The potable tank irlet wvalve was open, the
water was still bubbly. The chlorine injecticn was nominal

in every resrecit.
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Except the first direction. We questioned putting chlorine
in the tank and not having the valve open. We were directed,
on the sdvice of the medical group, to injJect ancther ampule

of chlorine.

By putting in another ampule of chlorine, and we were told to
keep the potable tank inlet valve closed, and as a result we
ended up with a line full of chlorine, which made it very
objectionable to drink and caused a great deal of discomfort
to the crewmen.

Food preparation - a complete fiasco.

Towards the end of the seventh day the water gun apparently
put out drinking water at an extremely reduced pressurc for
a period of a couple of hours. Then, after more water was

taken out of the system, the pressure came back up to normal.
No explanaticon for that.

There were no kinks in the hoses or anything. It was all
investigated. The valve was on. It just was reduced
pressure water, and then after more water was taken out, it

returned to normal.

Food preparation was normal.
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The whole water glycol system performed as it was built to
perform. The pressures were nominal, the temperatures were
nominal. The radiators were nominal, everything performed

Just as expected.

The same can be said of the suit cirecuit. There were several
cases where O2 FLOW HIGH lights occurred due to several reasons.
The main one was I was either in a suit with the inflow valve
clcsed or the fiberglass insulation had clogged up the

inflow valve, which regulted in 02 FLOW HIGH. 3But, both the
reasons for these O2 FLOW HIGH lights were very apparent,

the decision was made to press on and ignore them. In every
casc, where we found out what the problem was, things re-
turned to normsl.

We had an O2 FLOW HIGH light when we first started the mission.
Remember that? TFor a long verieod of time. I think it was

due to the fact that we were recharging the REPRESS package

in the ECS package. It seems like it just sort of went

awsey. When we closed the vent valve at § hours we never did
sce it after that, much.

The gaging systen was nominal, The waste management system,
the fecal disposal system, the roll-cn cuffs, the fecal
disposal system is o complete mess. But what can you say

sbout it? Tt operates just thne way we thought it would operate.

T don't know how you can make it operate any betier.
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CERNAN It's a poor system but there's nothing in front of us.

14,7 TELECOMMUNICATIONS
CERNAN Telecommunications was nominal., Individual sudioc center
contrels operated properly. The VHF was poor compared to
the S-band. We really operated on S-band effectively for

the whole migsion.
YOUNG Explain the anomaly about the VHF.

CZRHAY It might have been the antenna pattern, it might have been
corona, it's hard to say what it was when we were opefating
with the IM on VEF. But other than that, the VHF performed
nominally. Apparently the recovery beacon was nearé — was
tracked. Operation of the S-band high gain antenna - the
antenna operated very well, including in the REACQ mode which
we used quite a bit going to and from and in the lunar orbit.
Beam width switch, actually you could acguire very readily in
the medium beam width position. You get AUTO block, and then
to peak up the signal strength a tad, you could go to narrow
band. 3But actually you could operate on medium beam width
most of the time if you really had to. We Jusi weni to
narrow, peaked up the signal in the AUTC track, and held it,
Could not hear or feel the CDE band zntenna bang arcund. We

used the CMC DSKY to obtain antenna-pointing sngles much of

oiN
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the time, and they worked out perfectly. We got the rest of
the angles from the ground when we nmaneuvered to a particular
position to get TV TRIACQ, or burn attitude, or what-have-you.
S-band TV apparently worked well. The DSE tape apparently
did not fail and worked throughout the flight. No comments
on the ranging, oscillator, power amplifier, etc. Everything
we needed worked as prescribed. Tape recorder, power switches,
everything worked right. The voice-recorder indicator worked
right to the best of our knowledge, because we saw it gray a
good period of the time, especially on the back side of the
Moon. Tape recorder switching for the most part was done by
the ground. OMNI/HIGH GAIN switching was done for the most

part via the ground. The PTT switches worked.

When you guys were in the IM, T played with the VHF squelch
all the way off. No squelch, and we had ranges out to about
300 miles except when you were pointed the other way. I'm

sure that was an antenna pattern problem.

That probably an antenna pattern problem from the LM, because

I really didn't do much with the VHF antenna switching.
Yes.

The VOX circuitry was used very limitedly. When it was used,

during some of the TV commentaries, it worked.
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Yes.
COMM worked as prescribed.

The S-band COMM is the greatest thing going. It scunds like
you're sitting right there on the ground with somebody, when

you're around the Moon.

The only problem at lunar distances that we ran into is due
to the time delay between the CAP COMM and the spacecraft,

you tend to cut each other out and interrupt each other.

We ought to adhere to the discipline that you end every

transmission with over.

We ran the entire mission, once we found out things were all
right, with the S-band squeleh ENABLE. 7You still know when
you lose COMM, you hear the crackling in your earphones. It's
guite evident when you go around the hill - around the Moon -
it's gone., T see no reason for ever having that switch in
cther than ENABLE position. Tt keeps all the noise out of
your earphones, and it doesn't degrade COMM in any manner

that we can see.

14.8 MECHANICAL
The tunnel, the drogue, the probe, the lighting operated

nominally with the exception as previcusly noted. Three,

Al
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YOUNG four and 10 were one-shot cock latches. Latch number one
{CONT'D) ,
had to use auxiliary override to cock it. The probe and

drogue operated as per checklist,
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15.0C LUNAR MODULE SYSTEMS OPERATIONS

15.1 GUIDANCE AND NAVIGATION

15.1.1 PGNCS
The IMU ~ was powered up -~ was aligned in the docked con-
figuration., It performed as expected. We saw very little
drift between it and the AGS for 30 - L0 - 60 minutes after

AGS update.
There were no anomalies there at all on the PGHNCS.

We saw differences in time delays on VERB &2's and VERBR 83's
particularly. At some times VERB 83 would take forever to

come up, like 3 minutes and maybe even 4 minutes.

Sometimes it would come up in 35 seconds - the minimum time.

Other times it was in excess of L4 minutes.

At times it was too long and we needed the computer back more
than we needed the VERB 83 information. We'd put in a
VERB 96, stop integration, and proceed on with the use of the

computer , which worked perfectly fine.
This was also noted in the command module.

That's right.

SOV | A |
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The same thing in the commsand module, it appeared that

VERB 83 required longer than VERB 82. VERB 82 had some

delays, but VERB 83 was definitely longer than VERB 82,

Okay, in the optical subsystem there were anomalies, and we
got good aligmments out of it. There are a few small things
that need be mentioned. The AOT was within the reticle area
of the AOT, and there were 3 or 4 hairs in there. There were
no cracks of any sort. They looked like hairs that were
within the field of view. They were not close enough to the
center to make any difference or bother any of the aligmnments.
The center of the AOT, particularly in a plus Y direction was
an area that transmitted - probably about 30 or 40 percent

of the light that the rest of the AOT transmitted. This madé
it very difficult to align and merk on stars close to the
center of the reticle. The star brightness would dim very
slowly. There were certain positions within a radius of

5 or 6 star dismeters around the center of the crosshairs

in which the star would actually disappear entirely. This
vas a little bit aggravating, because this was a problem we
had in the simulator, which was not supposediy a prcblem in
the spacecraft. On the minus Y and the hottom side of the
reticle, this was not so pronounced. However, it was

throughout the directicnal area, right around the center of
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the crosshairs. The dimmer control worked electrically

okay, but mechanically, you couwld dim it from no reticle at
all to a very, very dim conditicn, and then the rheostat or
the thumbwheel would rotate forward as if it were out., There
was an over-center spring which would cause it to go to a very
bright position; and then, it went from very bright to ex-
tremely bright. BSo you almost had to accept it in a very

dim position to mark on stars or physically hold it with your
hand in that mechanical dynamic area where it wouldn't want
to stay. The latter was very difficult when you needed that
particular hand and those fingers actually to do the marking.
The field of view was adequate. I mentioned the light trans-—
mittance in that central area. Other than that, it was very
good. There were other problems, The interface with the
computer was excellent. The aligmnments came out very well,
based on our third star check. We put the star right smack
in the center of the reticle within a limit of the DAP
deadband we had in. I guess that brings us to rendezvous

radar,

The rendezvous radar test that we performed was nominal -

Just as preseribed. The radar worked exactly as prescribed,
and as in the simulator. We could track the side lobe

patterns, and we never had difficulty locking onto a side
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lobe. We locked on out to MAX range, and had it for a pericd
of time. And over to the command module maneuver to an
attitude for a backup burn, and due tc the transponder pattern,
ve slowly lost lock. However, the total correlation between
voltage of AGC versus range was as the preflight data
predicted, and very helpful. Under landing rader, the landing
radar self-test went exactly e&s prescribhed. The landing radar
was turned on earlier than prescribed in the flight plan.

The attitude approach ;as for a locel horizental of plus 10
degrees, and as soon as we went to the attitude, we had an
indication right away that the landing radar had locked on to

the _surface .

The LGC self-test was dane preseparation. It passed with
flying colors. Everything was nominal, Just as the check-
list predicted., The LGC worked well in every program, every
prethrust and thrust program we used. The alignment programs
worked well. We had no unexplainable master alarms that I
can recall, The control of the vehicle was as prescribed.
All of our ground updates required that we go into updata
link. Then go intc P00, which we did every time. We kept

all the flagwords set, and had no problem with updaeta link

through the S-band. We had no restarts, and I can say that

the computer worked exactly as we had hoped it would,
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The FDAI worked as prescribed. The only display which was
not G&N was a rate gyro display, and the calibration of the
FDAI, not being completely zeroced, a part of it comes under
the rate gyros, which were not associated with the G&N.

It has been discussed before that the G&N and all the dis-

plays were good.

Procedural data. We found out that the DSKY works very well
with the Commander's right hand, and the LMP's left hand.
And that's the way we used it, we passed 1t back and forth
to each other. There were no problems in its coordination.

And, T guess that this takes us to the AGS.

15.1.2 AGS
AGS aligmments were made frequently throughout the flight
predictedly the way they were called for in the IM rendezvous
flight plan seguence. Updating in the AGS ocecurred just as
we had planned it, and there was only one time where the AGS
was attempted to be initialized with the high bit rate switch
in HIGH, and, lo and behold, it didn't initialize. Other-
wise the state vector was initialized properly. There was
only one ancmaly in the update alignment sequence, and that
wag prior to undocking when the AGS were aligned to the
PGNCS. VERB 83 was checked against range, range rate, and

thete. Theta was found to be in disagreeement with the
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PGNCS and the AGS by as much as 30 degreee. The sequence of
update and aligmnment was made three separate times prior to
undecking, and the 30-degree bias between the two in theta
was seen every time. After we separated, the AGS was locked
at egain, and I don't really recall whether this was before
or after the next updete, after separation. From then on,
VZRB 83 theta, range, and range rate, and the AGS range, \
range rate, and thete all sgreed very, very closely. For

the AGS calibration the initial numbers were recorded, but
due te the roll thruster limitations of the command module,
and because of the pressurized tunnel, we were nct able to
hold the proper angles in minimum deadband required to do

the AGS calibrations. So no accelercmeter or gyro cali-
bration was completed.

There were no radar updates to put into the LM for CSI and
CDH; because of the radar filter problem, there were no radar
inputs put into the AGS for TPI because of the time element
involved. This was all preplanned. There was no deviation
from the preflight checklist or preflight rendezvous pro-—
cedures. However, the AGS computaetions at TPI based upon the
state vector obtained from the LGC was within 0.2 of a foot
per second agreement in total velocity required. It was
within 10 to 20 seconds agreement on the fime for execution
at TPI based upon the same theta of 26.6 degrees. From the

b A
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stendpoint of the AGS, time held the whole time. It never
varied. Address 40T, which freezes the reference frame,
which in Earth orbit on LM 3 continued to be recycled to the
10 thousand - through small accelerations - was monitored
pricr to every burn. It stayed at zero as expected in lunar
orbit. The keyboard and the dispiays worked better than the
simulator as far as being able to push buttons easily and
get your readout. DPowerup was nominal, and as far as 1 am
concerned, the AGS monitored every burn. I really believe
that every big engine burn cculd have been done on the AGS
with residuals being small enough to complete a very nominal

rendezvous.

The AGS as a control system performed per specification.

When the descent stage was attached for certain attitude
maneuvers I would use AGS and pulse, However, once staging
occurred, I only used PGNCS and pulse, AGS and pulse had %too
much authority for the lightweight vehicle. The AGS attitude-
hold mede performed satisfactorily for both the staged and
unstaged vehicle., We did use AGS for the computer function

for radar acquisition and that worked out very well.

Yes, address LOO plus 20 000 for target acquisition, and 40O
plus 10 000 for burn attitudes, agreed very closely with the

PGHCS. They were used particularly for manual target

GarT
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aequisition while the PGNCS was being reprogramed, not

reprogramed, but recalled for P20.

The staging anomaly in which the perallax in the viewing of

the switch position hes been previously described {when I
switched to the mode). But in pulse, I'd switched to the

mode control position and the vehicle started dynamics after
staging was initisted; then, with the light vehicle, it started
off at that time. I rechecked & series of switch positions
real fast, and then it went to DIRECT to damp the rates

and start to maneuver around to the insertion attitude. The
AGS ATTITUDE HOLD mode was used for the CDH burn to accomplish
a detailed test objective and is a very tight control mode and

verforms satisfactorily.

15.2 PROPULSICN SYSTEM

15.2.1 Descent
The descent engine burn was mede in a satisfactory manner,
For the first DOI burn the ullage came on as initiated by the
PGNCS, the engine throttle lit up; however, the thrust chamber
pressure appeared tb be more than 10 percent, I'd estimate
approximately 15 percent. Then I throttled up rapidly to
40 percent for the profiie of DOI, and the?e was nc rough

combustion or chugging in the engine at all. The shutdown
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STAFFORD  occurred right on time and the residuals were noted in the
(CONT'D)
flight plan data. During the DOI burn, guidance was abso-

lutely nominal with no deviations at all.
CERNAN The engine could not be seen nor could it be heard.
STAFFORD . We could feel the scceleration.
CERNAN The feel of acceleration and watching the computer.

STAFFORD  During the phasing burn, the ullage wag started again by
the computer; the engine ignited to exactly 10 percent and
continued on. A few seconds after ignition, the descent
propellant quantity light came on followed by the master
caution light simultaneously. This was immediately pushed
out, and the burn was guided very straight. This was
followed by the DECA gimbal light coming on. I rechecked
it rapidly, and the attitude error needles and the rates were
zero for all purposes. There were no attitude error de-
viations, 80 the engine gimbal enable switch was not placed

off as had been previously briefed as a procedure.

CERNAN The descent quantity light apparently went out then and it

came on again.

STAFFORD After the computer throttled the engine up to 100 percent
7%
after 26 seconds of thrust, the descent propellant g quantity

(o |
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light came on again with an accompaﬂf%d master caution light
which was pushed. At thet time, the engine shut down, and

the residuals were very nominal,

15.2.2 Ascent
Under the ascent engine. The ascent engine insertion burn
was nmade with the PGNCS. The uilage was started by the com-
puter. Right ignition, the engine instantaneously came to
thrust, and the acceleration was obvious. During the burn,
you could hear thrusters firing, and the engine had both yaw
and pitch. The vehicle had yaw and pitch oscillations that
we had expected from reviewing the data from the 1M 3 ascent
burn to depleticn. Again, it was a different type of opera-
tion than we experienced before in any of our burns. How-
ever, we anticipated that this would occur. We had the
restraint harness locked, and the type of oscillation was
similar to a dutech roll in an aircraft. I estimate that we
would occasionally reach up to 5 deg/sec in pitch and yaw

rate.

It was a definite discernible wallow,
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It was a wallow, and we could see the attitude error needles
varying. At shutdown, the guidance was perfect and the

residuals were nominal.

Did the simulator do it like that?

Ho.

No?

At least what we had seen on the simulator was just a straight
variation, but there was no attitude error needle variation
like we experienced in the burn. Again, thiz should be pro-
gramed in the simulator; so when the crew mekes an ascent
engine burn, they can expect 4o see the attitude error needles

vary as the vehicle goes to the pitch and yaw maneuvers,

We had no caution or warning lights associated with this burn
at all. Both computers counted down, and the burn was really

a very nominal burn,

Instrumentation. Other than the descent quantity light,
gaging, displays, cautions, and warnings were all nominal

=== nothing new or unexpected from the ones already mentioned.
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15.3 REACTION CONTROL SYSTEM
The reaction control system performed nominally in all
respects. Worth mentioning is the fact that the 100-pound
thrusters on the thin hollow shell of the IM are not only
noticeable but are extremely noisy and clangy. If you put
a wash tub on your head and someone banged it with a rubber
mallet, that's the way the thrusters sounded. If you locked
out the window, you could see the thrusters fire with a long
orange plume. Concerning ccntrol motor response, the PGNCS,
with a light vehicle ascent stage only, is about three or
four times the authority you need for such things as Z-axis
tracking, P20, and P52 rendezvous. One pulse would send you i
in one direction, and another pulse would reverse the direc-
tion, and no stop in between. 1'd say about three or four
times the authority that you really needed.
A1l the other phases of the other pheses of the system,
including the translation control and all the subsystems
asscciated with it — the pressurization, the gaging, the
probe warning, and everything else — went as per activation

checkout operaticns.
During part of the cold fire PGNCS checkcut, we did not get

the DSKY numbers we expected to see with the rotational hand
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CERLKAN controller. These numoers were seen in real time Ty the
(CONT'D)
ground. We were given a GO0 on a pasis of the nurbers that

were read out, although they were not the numvers we had

Scen continually in the simulator.

15.L  BLECTRICAL POWER SYSTEM

CXEYAN I can't spesk tco highly for the electrical power system.
The batteries were up to full charge when we got in. 4.1 the
ascent /descent checkouts perforrned well., We started out with
the buses somewhere arcund 30 or 31 velits. We goil down to
abcut 27 volts on the low taps, switched tc hign taps, and
stayed well into the 29- to 30-volt regicn the whole flight.
The ascent batteries were brought on as per checklist So warm
it up. They tock the lcad at staging without any problem &%
8ll. The monitor systems for the ascent/descent pyros,
ammeter/voltmeter all worked well., All the status f_ags
worked. We had not one electrical or ZPS subsystem malfunc-
tion or ancmaly in the LM that I can recall. Explcosive
devices, all the pressurizaticns, devloyments of landing gear,
staging, and every wvital function thaet was called for worked.
We checked out each systen Individually by deploying the
lending gear on cone system and oressurizing the DPS on anolher.

Apparently, we got a clean separation of the ascent and descent
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We had a good landing gear lock as seen again through photog=-
raphy and by verification by the Command Module Pilot. We
had a good power system.

The lighting in the 1M was much better than I expected it to
be because, for the first time, we had within the LM natural
light which we never have in a simulator. In the simulator,
we're in darkness all the time in effect, and the lighting

is generally not very good; but a lot of our operaticn,

60 percent of the operation around the moon in the IM, is done
in daylight and the lighting is excellent. At night time, we
had adequate lighting. I had really no complaints at all
about the lighting — the integral lighting or the flood-
lighting — for nighttime operation. T saw absolutely no
reflection, daytime or nightime, in the window that bothered
me at any time. There was some reflection in the éamera
during the taking of pictures, but very little. I was very
rmuch amazed that we did not get a great desl of reflecticen,
but there was none at all noticeable,

EZxterior light - we never really used our docking light. Our
docking target was extremely visible to the Command Module

Pilot.
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How about the one on the CSM. Did you see that?

15-15

It was bright.

I didn't have it turned on. I forgot to turn it on. T had

it all hocked up and Torgot to turn it on.

Once we turned the flashing light on the IM, we never turned
it off because, after the first P52, I found that there ﬁas
ne interference and no flashing light could be seen in the
AQT. ¥or the benefit of the Command Module Pilot tracking,
we left it on through all ocur PS2's.

Ko problem with slignments. At night time, we could not even
see 1t flash through the window. We didn't know whether it

was on except by verification from the Command Module Filot.
It was visible in excess of 300 miles; that great.
15.5 ENVIRONMENTAL CONTROL SYSTEM

15.1.1 Oxygen and Cabin Pressure
Oxygen supplies, transducers, and regulators all were operating
normally. We were in and out of helmets and glovés. Most of
the time we were in helmets and gloves for the major burns,
for docking and undocking, and for staging. The cabin held

the seal very well. We could not discern any leak rate. We

.,

eERTAL
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did a normal switchover at stagiég for the ascent oxygen and

water systems. ZEverying worked Just as expected.

15.5.2 Cabin Atmosphere
Cabin atmosphere was sdequate, cther than the fact that during
the whole day a great deal of the insulation was blowing in
there from the command module hatch from the previous day.
This seemed to settle out pretty much. After our first

descent engine burn, we didn't see toc much of it.

I was coughing and wheezing a 1ittle bit when I first got in
there, and I'd take some weter and wash it down. But no
problem after that. I think it all did settle down pretty

much after that first descent burn.

Okay. The cabin atmosphere circulation was adequate. We had
the cabin fan on for a pericd of about 30 minute. We both
agreed that 1t didn't do anything for our comfort as far as
cooling was concerned, The noise level, although not extremely
high or extremely objectionable, was there without producing
any significant circulation or cooling; so we turned the fan
back off and operated probably 90 percent of the IM mission

with both cabin fans off.
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CERNAN The LM was comfortably acceptable. We didn't really do a
(CONT'D)
great deal of moving around. We certalnly were not cogl or
cﬁld. Everything was set on a MAX cool condition configura-
tion. It was adequate and I guess we weren't really hot and
weren't really ccld., We weren't even really cool, but it
was acceptable. The humidity apparently was very much under
control. We had noticed no carbon dioxide in the atmosphere
that we could detect. The indicator was well below the caution
area for carbon dioxide level. However, the ground says that

they had detected an increase in carbon dioxide in the cabin,

s0 we brought the canister back for analysis.
YOUNG I understand it was up to 6-1/2 or so.

CERNAN We never saw that in the cabin.

STAFFORD  But they requested we bring the canister back. The canister

was brought back and is being analyzed.
YOUNG I guess it's that Mylar insulation.
STAFFORD Probably reduced the flow of air.

CERNAN Noise of the cabin fans was the majority of the neoise in the

IM. Also, a great deal of noise comes externally from the

e
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valve, 1t's a horrendous bang that can be heard all the way
up in the command module, We anticipated this and tried to
warn each other when we were going to move this valve. This
was very infrequent. The noise level without cabin fans in
the IM is produced wholly and solely by the glycol pumps.
We ran only one primary pump at a time. The pump winds up
and screams ags if the bearings are going to go out any minute.
It's not an extremely high-pitch scream; it is a very loud
solid-veclume scream, like that of a wheel that needs a great
deal of oil. That's the one noise producer in the IM. The
Commander wore the fitted earplugs with the Sncopy helmet,
and fhis significantly reduced the volume requirements on his
audio panel. The IM pilot did not wear the ear pieces with
his SBnocpy nelmet. Had adequate COMM and was in a nominal
6 to 7 position on most volume controls. He had the capability
of golng higher. The volume was certainly adequate to hear
everything that was going on. When you sleep on the right-
kand side of the command module, the pump noise get lost in
the environment. When you're sleeping on the left—hénd side,
il's right therc. We had no caution and warnings on the
panels.

YOUNG Tom is probably deaf in that frequency range.
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15.5.2 Cabin Atmospheres

Un the cabin atmosphere systems, there are no furtaer probloms.
“nce we got rid of most of the insulation from the natch, there

wag little or nc 1rritation.

15.5.3 Water Supply
When we went into the IM on the first ovening before the
rendezvous, the IM water hed definite volumes cof gas in it.
This gas was found to sustsin itself tkroughout the wholie
rendezvous day., There were less bubbles when we “oft the M
than wher we arrived. The gas was still in the water. The

water tasted fine, but it was gassy. There i rothing Turther

o8

on the water because everything else worked great. We didn't

use any of the wastie management systems.

15.5.4 Water Glyccl

When we first activated tne water glyccl, we did sco without
activating the primery EVAP flow 1. Thils was done acccraing
to the checklist as planned. The water glycol tempoerziurs at
the point in the checxlist where we activated the VAP flow
was up around 80 or 90 degrees. The glycol temperature light
was CH. Taere was no oroblem. The cnly thing 7'm commernting
on 1z thal it took abtout 10 or 15 mirutes for the lerperatuare

to stabilize at its peak, even after it went Iatc EVAF flow,
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It takes ancther 20 or 3C minﬁte£9%5 get down bpelow a cauticn
and warning range where the glycol temperature went out. It
is not zn immediate process when you start pumping water
through that water boiler. It's s slow, thermal, inertis
vrocess npefore you get down within the normal range of the
glycol temperature. I guess 1 mentioned the pumps and thneir
noise. Both primary pumps and secondary pumps were all checked
ou%. Pressures were nominal. The whole system was checked
cut as per activatien checkout list and flight plan., The AJTC
transfer circuit worked during the checkout., It was not used
during the flight. Here's another system that performed Just

as we had hoped it would.

The glycol pump in the commard module was noisy. Tom could
sleep by it, but it kept me awake. I don't knew if that's a

thing to gripe about, but it really bugged me.
T think thig is a real problem in an individual’s sleev habivus.
When I went over to the other side, 1 didn't have any trouble,

From the IMP's point of view {(he slept on both sides), I've
got ©o agree with John. I could sleep a lot better on the
right-hand side. When I slept on the left-hand gide, I feli

thet the pump was running right hehind that bulknead.
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15.5.5 Buit Circuit
CERNAN Suit circuit, circulation, and flow was what we cxpected 1t

tc be. We had a low flow rate. We have already commented

cn the temperature and comfort. The noise level certainly
increased when you put your helmet on. You had a lot of air
flowing through the helmet. At one time, thne LM Pilet tried
to get a little bit more cooling on his face. After C pgt my
helmet on, I went to the EV position on my suit diverter
valve. Although it was cocler, the noise level was so high
that I felt that it was rnot worth trying to cperate it in

that condition.
STATFORD I tried that one time, too, and I had a higk noise level.
CERNAN The rest of the informetion is in 5.0.

STALFEFORD The water accumulators worked as prescribed. Tke sult loop
d4id not feel moist at all. We will cormment again on gur
aralysis that we weren't warm, but we were just at the lower
edge cf the comfort level. This has been remedicd on I &

and subsequent spacecraft.

CERNAXN The suit flow valve did not repositicn at any time other tharn
when we did it ourselves manually to connect or disconnect from

the koses. The cabin gas return wvalve worked.

CRRliareTX |
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15.6 TELECOMMUNICATIONS

15.6.1 Monitoring
We solved the anomaly which we already talked about on VHF-
VEF A simplex and eventually VHF A duplex ranging mode, We
solved that anomaly with the CSM after undocking. VHF com-
munications were basically pretty good. There were times when
we lost contact, but I think that was probably because of
antenna switching problems. I believe the volume level and

the level of clarity were fairly gocd.

The VHF sounded loud and clear in the command mecdule from the
[M except during two periods of time. One time was Just prior
<o phésing for about 10 or 15 minutes while yéu were down low
in the phasing attitude. I think it was an antenna problem.
Tre other time was prior to the insertion burn when the command
module was pointed in the opposite direction from the lunar
module. I think that was an antenna problem alsc. There was
no way to get around it. The one objectionable thing about

wne CUOMM was the repeating of your own voice transmission.

Tnat was probably on S-band because of some relay setup.

From the IM point of view — on the VHF -— we operated in VHF

runging after the DOI burn throughout the completion of the
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rendezvous. There were times when VIEF ranging was iost becauso
of attitudes and burn constrairnts. This VHF rangirg on IM L
puts the two LM Pilots in a hot mixe mode of operations whica
wzs apparently not cbjecticnable to the Command Module Filot.
It alsc turned cut that whern we went to reacquire VIF rang-

ing — as long as we did not say ﬁny words — we were in a
hot mike operation. The Command Module Pilot weas listening
to the packground noise of the IM, but It did nct interfere
with VHF lockon. We had gocd VHF lockon every time we
attempted to go to that mode, Every time we dia reacquire
VEF lockon, the TM could hear a low-freguency buzuz for a
period of about % or 10 seconds. This puzz occurred at the
beginning o the lockon, during lockon, or at the ernd of 1.
We could hear this buzz and knew the lockon procedure was

going on. We d4idn't talk during that time.

We had twe or three cases where the thing was reading half
range. It was cbvicus, because we couldn’'t have closed o
hzlf range. We had a couple of cases where it didn't locken
at long ranges. When it was reading zero, we lest communica-
tions with each other. Those are the cobvious cases. Readlngs
at close ranges were like 0.07, C,06, then it would jump C.O07,

0.06, 0.0%, back to 0.06, 0.07, C.05. Tt was scort of shaky

N’hﬁ\_.,
vy,
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when you got close in, but out far that thing was riveted in

there just like EMS,

We correlated the VHF ranging with the raw rendezvous data to
the computer. The correlation was there, and it was usually

within 60 to 120 feet.

15.6.2 8S-Band High-Gain Antenna
Clarity of voice transmission coming and going on the S-band
high-gain was excellent. On the OMNI, it was good, toc. When
operating in an OMNI mode, we couldn't get the circuit
margins that were required., We had to go to the down-voice
backup BIOMED switch which gave us hot S-band COMM to the
ground. Since we had been switching between high-gain, we
wanted to maeintain high-gain any time we could acquire it and
the CMNI antennas. We had tc go to OMNI every time we made
any attitude excursion that might lose high-gain track to save
the antenna from banging into its stops. We went to OMNI
during P52's and during attitudes which were burn attitudes
that would not allow us to maintain S-band track. We fre-
quently went from the hot mike condition to the push-to-talk
position., We did this so frequently thet much of the time we

weren't sure which one we were in. All we were sure of is
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that we had COMM. That OMNI mode worked, voice-wise, probably

too well.

Many times when we thought we had our intercommunications
turned OFF, we would be in a hot mike situation, and it wasn't
obvious to the crew. You can't ascertain this. TLet me bring
this out. We weren't briefed on this mode of operation until
the week before flight. We had not practiced like this at all

in the simulator. By then, all of cur simulation was over.

We didn't know until the last week prior to flight that this
downvoice backup mede would give us a hot mike B~-band. We did
not know that the VHF ranging mode would give us a hot mike in
VHF. Those two things were known facts long before that last

week before the flight.

It wasn't amplified as such in the ACH. It wasn't simulated
that way in the simulator or with the integrated simulations
with the command module and mission control. We had one run
just with John, but the simulator wasn't set up in the opera-

tional mode like the spacecraft.

1 was probably the greatest preflight skeptic of the S-band
high-gain antenna. During postflight, T will eat crow and be

the greatest praiser of it. The 53-band antenma locked on when
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you got it anywhere within reasonable angles, and it locked
on very readily. The signal strength came up slow, but posi-
tive. You could manually tune it from low signal strength
levels to high signal strength levels. It would take AUTO
track anywhere above 34 to 36. You could go from slew to
AUTO track, and it would AUTO track itself right into a MAX
signal strength of about 4.2 on the meter. This operation
was really fine. One anomaly we saw in the altitude chamber
is that when the S-band antenna moves, it sounds like the
bearings are grinding. It Just grinds and grinds and grinds.
T was a little bit surprised because subseguent tests In the
altitude runs on IM 4 didn't have this noise. They said there

would be no noise. However, there was & lot of noise.

You could hear it during the initial activation and checkout
in the command module. You could hear it grinding away.

The vibration would shake the total stack.

That's right. It set up the maximum resonance frequency with

the total stack.

Prior to any anticipated high-gain loss — to be sure that the
S-band antenna would not track in the stops {which meant prior

to LOS, prior to P52's, and prior to any specisl attitudes) —
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we took the S-band antenna and slew it to a pitch of 90 degrees
and a yaw of zero degrees. This was basically a neutral posi-
tion. Then we went tc the OMNI condition for the remainder

of COMM during that period of the flight. There was a time

or two when we forgot to do this. When that happened, it did
bang into the stops. When it banged into the stops, it blew
the B-band antenna circuit breaker, and you immediately lost
any S-band movement with the high gain. You lost the meter

and the capability to slew it. This happened two, maybe three
times. The circuit breaker was reset. We immediately regained
slew control, and the antenna worked nominally the rest of the
time. Hitting the stops apparently did not hurt it. It did
pop the circuit breaker everytime it hit the gimbal stop.

The final item on the S-band is that on the right before
rendezvous we did our S-band DTO's and got excellent results,
In most cases, thesze results are obvicusly more readily attain-
able on a basis of what MSFN was able to determine about their
™ capabilities as well as voice. We checked out VOX, PTT,

and ICS PTT during these DTO's. They all worked. The anomalies
of the COMM system were such that in some areas where signal
strength was expected to be higher it was not as good as was
expected. In some areas where they expected to get little or

no signal strength {such as the FM modes), the signal strength

MR AL
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gnd the voice were excellent. I believe there are some modes
we could have operated in on thils flight — some OMNI antennsa
modes — that would have eliminated the hot 5-band mike to
the ground; but that's water over the dam at this point.
Another item in COMM is on the night the DTO's were being
checked out, we initially did not get voice transmission from
the spacecraft to the ground. That was because the down-volice
backup switch is a three-position switch. In this spacecraft,
it happened to be a very stiff switch. When the IM Pilot
thought it was in the down-voice backup, it's physical posi-

tion was off for the first segment of the DTO test procedures.
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16.0 MISCELLANEOUS SYSTEMS, FLIGHT EQUIPMENT, AND GFE

16.1 CABIN LIGHTING SYSTEMS AWD CONTROLS
IM cabin lighting was a lot better than either one of us ex-
pected, mainly because when you are operating in daytime you've
got more than adequate light. When we were operating in‘the
night nighttime, the integral and the flood lights were more
than adequate — far betier than we've ever seen in the simu-
lator. The one thing that impressed us both, which was
thought to be a pretty big problem in the IM both in daytime
and nighttime operations, was reflections off the window
against the white suit. I don't think I ever recall in real
time seeing reflections — certainly none that bothered me.
Of course, a lot of my work was inside the cabin. The only
time we saw any reflection is what 1s recorded on the
16-mm camera. Other than that, lighting and controls were in

good shape.

16.3 EVENT TIMERS AND CONTROLS
The LM event timers worked very well., We never had one bit
of problem with them. On two different occasions, the CM

digital event timer was set accurately and changed time. In

Ay
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one case, it incremented several minutes, unknown to the
crew, and in the other case, it incremented in terms of

10 seconds. The event timer in the command module is dif-
ficult to set up. It has four switches. It is not reliable.
It should be able to count down to a time and then start
counting up like the digital event timer in Gemini. In other
words, count down to zero and then start counting up in terms
of minuteg. It will not do this.- As far as I am concerned,
the digital event timer in the command module is a tremendous
step backward. We had a much better digital event timer in

Gemini.

Tt is visible to only two crewmen which sometimes is a tre-
mendous detriment., The third crewman should alsc have a

handle on what that time countdown clock says.

That's right, and the digital event timer in the lower equip—

nent bay is used frugally. It's pratically worthless,

The digital event timer on the lunar module worked satisfac-~
torily. I always set the event timer up to the same switch

motions as to the one in the command module.

The major deficiency with the digital event timer iz you

can't trust it. When you're counting down to a burn, you
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can't be strapped to something that is going to Junp minutes
and seconds on you particularly when you are rot realizing

it. You Jjust can't trust it.

16.L CRZIW COMPARTMENT CONFIGURATION
We've already made recommendations concerning the things that
ought toc be fixed such as the proper restraint of items in
zero gravity, extensive use of bungees, and increasing tﬁe

Velero allowed for retention of equipment.

Because our work on this misgsion required continuai operation
and very 1little lax timre, we did not have extra loose gear
tast we 4didn't know what to do with. We didn't really have
to iive in the LM; we nad to cperate in it which might be
gifferent from follow-on missions. As s result, semporary
stowage was 105 really a problem. We used the clips on the
sunsnade and on the 28KY and DEDA vanels for checklists.

“hey appear toe be adequate for all cof our data, and there
were no other real true comparitment conilguration preblems.
There were a lot of unsiowed areas in LM-L +that arec certainly
goling to be filled up for LM-5. But the way we had i1t stoweq,
moving the IBA arcund zrd restowing it for the ascent burn

and depleticn all worked out satisfactory.

N
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16.5 MIRRORS

The mirror in the IM was really not planned to be used unless
it had to be., As a result, we didn't unstow it., Mirrors in
the command module are of marginal use. You don't really
need them to look over your shoulder like you did in Gemini,
however they are certainly geood for other little hqusehold

items 1like shaving.

There's one use for the mirror in the command module and
that's when you have one man flying the command module by
himself. If he can position a mirror properly while he is
in the lower equipment bay, it merely takes a glance to see
whether he has any spacecraft rates. T think that it is
pretty important to be able to do that. Alsoc he can set up
the pitchdown rate for the landmark tracking when he is by
himself, just by locking at the mirror. He doesn't have to
g0 back and glance at the display. However, I recommend that
when one man is operating by himself, he take the time to
fleoat back up there in zero gravity rather than depend on a

backwards display.

16.6 CLOTHING
The best thing we can say about the PGA is take it off after

launch and only wear it when you have to.
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STAFFORD  The constant-wear garments appear satisfactory.

YOUNG We only had two changes of constant-wear garments, but that's
enough, But the thing that is wrong with the constant-wear
garment is if you have to make a head run while you are in a
pressure suit, or don't have time to take your constant-wear
garment off to go to the bathroom, the slit in the back is
8till not big enough. It wasn't big enough on Gemini 3, it's
not big enough on Apollo 10, and probably won't be big enough

on subseguent nmissions.
CERNAT I just had to rip mine.

YOUNG I ripped mine. Those of us who left the constant-wear garment

on ended up ripping the back ocut of them,

CERNAN The LCG was put on in the cormand medule the night belore we
planned on going into the LM to save time. It is a fairly
gslow Job to change underwear, and the BIOMED transducers and
leads, to effectively get a new set cf undergarments on.
Zspecially when it is the LCG that has been packed in a vac-
uum pacKage.

The LCG was warm, I slept in it the night before we went
into the LM for the rendezvous and it was comfortable. As

a matter of fact, it was a little warmer than the constant
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wegr garments. This made it comfortable because the command
module is a little cool at times with the suﬁ shades up. I
wore it under my suit which was fitted for the LCG., It was

a little tighter but comfortable.

I had no problems except the one that I have been trying to
get fixed for 6 months. The tubes in the LCG go down to about
two or three inches above the wrist. From there on down
we've got about another 1-1/2 inches of loose nylon and loose
lining material which dces nothing but get caught Dpetween the
suit and the gloves when you try to put the glove on. I
asked that this be taken care of on my LCG before flight.

It went down to the last week and finally there was paper
work okayed to seam it up.

The garment should be cut cff down below the tubes, hemmed
properly and neatly — not folded under so that you've got
loose material that's geing to get caught in your gloves
when you want to put your gloves on rapidly. We put our
gloves on and took them off maybe 10 or 12 times in the LM.
About half of those times I had liquid-cocled garment-lining

material stuck in the mechanism.
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YOUNG The flight coveralls were terribly frayed before the mission
was over. The booties were especially frayed. There were

long strands coming out of the afms.
CERNAN The LM pilot had his two toes sticking out of one booty.
STAFFORD Right.

YOUNG We need more pockets on the flight coveralls. Why don't we

go back to regular flight suits?
STAFFORD We need zippers instead of the Velcro.
YOUNG That's right-the Velecro won't hold anything in there.

CERNAN The pockets are big, flexible, and loose and when you put
something in the pocket and put that Velero flap over it, it

eventually starts floating out.

YOUNG That's right. As soon as you bump into anything and snag
that pocket, ocut it comes. I must have lost tool E 25 times

out of my Velcro pocket.

CERNAN We need pockets that were similar to the type you have on a
regular flight suit - slash pocket with a zipper and a little

arm pocket with a zipper so that you could put personal things
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in them. You could put chewing gum or your ear molds when
you weren't using them, or cother small little things that

you need like every pilet dces. You wouldn't lose these
things. You wouldn't have to dig down in the bottom of your
temporary stowage bag to find them. They always end up coming
floating out in front of someone's face anyway. The utility
of the present flight coveralls, pocket-wise, is far below

average. All three of us feel very strongly about that,.
Yes, I think it's a useless garment.

The two-piece is alright, but the pockets need to be more
operational. We need Just an average everyday flight suit

with slash pockets and zippers.

Yes, I think so, too. And I think a single-piece flight
coverall garment would certainly be adequate. The only
reason for having two'pieces is for the biomedical gear, and
you don't really need that. All you've got to do is cut s
hole in the thing. I think all three of us used both kinds
of COMM adapters. We found that the smaller GFE COMM adapter

was more satisfactory.

Far more satisfactory.

TIAL,
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YOUNG It was less bulky. However, it's guite apparent that nobody's
paid a darn bit of attention about how long to make these
things. They certainly were not optimum, There was plenty
of wire, vut still, when you got all this thing put together,
there was & lot of excess wire length down inside that gear.
Instead of being a nice package, thch it certainly coulad
easily be, 1t was toc long. I don't know who designed these
things, but there was absolutely no attention paid to now
long the cord ocught te be that hooks the thing together.
Instead of fittirng flat across your chest, it wound itselfl

all over your chest.

CERNAXN There's a gross difference, though, on the size of those
things.

YOG That's right.

CERNAN The government-furnished adapter is really pretty good when

you compare 1t in size.

CERNAN Beta cloth. Most of the Beta cloth fraying we saw was in the
flight coveralls. We had so many things being collected by
the screens on the hoses, insulation debris from the hatch
and what have you, that it was difficult to tell whether we

were getting pure Beta cloth or not. We did have a great

G|
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deal of fraying from those flight coveralls, and that could
very easily be mixed up with Beta cloth fraying from some of
the other material. I think Tom Stafford wore the Snoopy
helmet the whole time, John Young wore the Snoopy helmet about
90 percent of the time, and Gene Cernan wore the tnoopy helmet
about 50 percent of the timé. Cernan didn't have anything
against the Sncopy helmet. It was comfortable, it fit well,
and I could hear well. After a period of time in flight, I
felt like I wanted to take it off my head — let it feel a
little freer. 1 wore the lightweight headset around the

neck. When I wore it around my neck and adjusted it properly,
the ;ight weight headset was very comfortable. I didn't
really have any problems with it. The COMM didn't really
appear to© be a problem, although much of the time. when you
move around before you talk, you have to reposition the mike.
I could fly that mission again with either omne. Of course,

I put the Snoopy helmet on for all the critieal work and
certainly for reentry. But for the transearth coast, I wore
the light-weight headset. It's just a dealer's choice in my

case.

I liked the Snoopy helmet real well and wore it the full time,

CO TIAY,
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T thought the Snoopy helmets were great — gnce I finally got
one fitted. This tock the better part of two flights to get
done, and it wasn't accomplished until about 3 weeks before

we flew.

The urine collection device needs some improvment, but there

was no constraint on the lunar landing mission.

Boy, I'd sure like to design a relief tube. If they'd let
us design one and try it, I bet we can use it Just like a
relief tube, We ought to be allewed to try it. I don't
think it's necessary for the urine collection device that

we've got to have a bladder.

We need a better throttling valve. I always went directly

overboard, but the vacuum could grab aheld of you.

I went directly overboard, but I always built up a little

head of steam first. I never used the bladder.

The procedure that we came up with was to put a small head
of urine into the valve, turn the valve on {having evacuated
the dump line}, fill up the dump line, then open the dump
valve, I never used the bag on the urine system, so I think

it could be deleted,

CML
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That last procedure was modified Just a little bit iIn many
cagses. I Just built up a little head and copened the whole
valve immediately. It went right overboard. There were only
one or two crucial moments where I thought I wasn't going to

Zet back out of that cuff.

Even though it might appear to be a dangerous way to operate,
it certainly didn't seem to present any provlem. 1 don't
think any device as big as that is required. I think we can
use a properly designed small simple device like a relief
tube.

Instead of allowing the contractor to design a monstrosity,
we should come up with a small device and carry it along as
an experiment. Try 1t out. I certainly hope that we can get
away from the annoyance of this — the dribbles and the dis-
comfort involved in urination. It takes tco infernally long
te urinate. For example, in the middle of the rendezvous,

to have to stop for 15 minutes to urinate is just ridiculous.

The urine collection device in the LM was obvicusly through

the UCTA in the suit. It was not used by either pilot.

Do you want to say something about the stowage aress?

CONEROET| Al
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I thought the stowage areas for the command module compart-
ments were completely adequate. We need more retention items
out on the main display console and in the lower equipment

bay.

In my opinion, the CM stowage areas themselves are adequate,
but the method of stowing is questicnable. We use these snap
straps to tie everything down with. If you have numerous
articles tied under a strap, as we had on our flight, you
open one strap and four items flow out. All this could be
prevented i1f, instead of using straps, we use bungees with
positive tension under them. Then all you do is raise up the
bungee and pick out the item you want. The rest c¢f it stays
restrained, It's a darned nuisance when you have five or

ten items fleating out in the spacecraft. The use of bhungee
cords in various places would greatly aid the crew in keeping
things in the vicinity of where they intend to operate with
them. There's no sense in having equipment fleoating all over
the spacecraft. The optics eye pieces floated loose. 1T
think those things ought to be mechanically bonded to the
equipment. ‘There's no reason why the optics eyepiece should
float out when you bump it with your elbow. That's the kind

of change that they could do for Apolle 11. It wouldn't

s e TR
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interfer with the spacecraft operation, because those boxes

gre out of there three guarters of the time anywey.
That's right.
It would absolutely have no effect on Apollo 11.

We feel strong about this. They certainly ought to be imple-

mented on Apolleo 11.

Whatever kind of material those inserts are made out of, the
govermmert has allowed itself to be s0ld a bill of goods.
We've got entirely toc many inserts for the amount of equip-~
ment that we're carrying. We never did any such thing in

the Gemini program. Why we're not smart enough to come up
with some mechanical insert device that'll allow you to retain
things in there without having a lot of wasted space, I don't
know. I think that we could carry 2 to 3 times thé equipment

that we've got in there, if we had a proper insert designed,.

For example, film. We could have carried extra film packs -

several times over what we carried. The insert takes up most

of the box.

The insert, is hard to get out of the box. Once you get it

out of the box, it's difficult to get the film, or whatever
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else you're trying to get, out of it. It's been designed %o
Just push out, but it's not quite that easy. You ocught to
be able to go in there and pick out a pack.

One of the best ways to stow film is in a little bandolier
type bag like we carried the LM film in. We carried some
command module film that way. You just slip the bag out of
this compartment, pull yecur film pack ocut or pull the whole

bag out, Velecro it around the wall and use it.

It's clear to me that the inserts are designed to protect the
egquipment against the T8 g crash or some kind of launch abort
situation. I think that's absurd. I don't care what happens
to the equipment. All you want to do is keep it from coming

cut of the box.
Yes, absolutely.

You want to talk about any of the stowage on the LM? What

about the purse fitting?

The purse is a wonderful device, but the fitting kept floating
up out of its detent. Even though I'm sure it would fit
adequately in one g, there should bhe another check made for
the tolerances, The purse was probably one of the handiest

temporary sterage devices T've ever seen. We used this 4o

“
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transfer a lot of gear back and forth from the command

module 4o the ILM.

The ISBA over the PL3S was also a very handy stowage item,
especially for the IM pilot. He could reach over there with
one arm. [ stowed a lot of my film over there that I wanted
quick access to. We could put any number of things in those
pockets with it only partially zipped up, and they'd hold.

We had & little Velcro on the feed port cover and the helmets
for temporary stowage retention. This was not for retention
during loads such as burns, but was for temporary stowage
retention. It worked well. We were able to keep our helmets
in one place. We s£owed cne on the engine heimet cover., The
other one, mine, I stowed on a piece of Velero on a bulkhead
by the ECS.

All these thousands of little brown straps that we've got in
the IM — that we strap together to hold things down and tc |
hold things together — I'm not sure where the usefulness is
ever going to be. I've never really felt that they had a
great purpose. Some of them can be used to stow the helmet.
I opened a compartment one time, and all these little brown
straps started working their way out like a bunch of worms

from cuter space. The minute I saw them c'oming, 1 started

NTIAL -
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pushing them back in. As I pushed one end in, there'd be a
couple more come out the other end. I finally had té use both
hands, push them both in, slap the Veleco cover on them, and
put a big skull and crossbones on the door. I teold Tom Staf-
ford never to open that compartment at any risk. ©Sc, I guess
they're available if you want to use them, but they scare me

a little bit.
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16.7 BIOMED HARNESS |

I felt the AC DC connector and it was a little warmer than
body temperature — not much — and did not cause any dis-
comfort. It's possible that the biomedicel harness, being
up asgeinst the stomach, may have contributed to this feeling
of fullness in the stomach area that we all experienced
throughout the mission. I'm not certain about this, but it
might have been a contributing factor.
There was some itching produced by the sensors — particularly
the upper one on the chest. T was tempted to scratch that
thing more often than not. I questicn the need to wear both
sets of leads to get data. Maybe one set of leads would be
adequate. I recommend thet we eliminate as much of that

biocmedical equipment as we can.

The BIOMED sensors started bothering me about the third day —
the two sensors on the top. I lived with them throughout the
IM rendezvous They were still bothering me, but they didn't
gquite get to the point where I was ready to rip them off.

They were itching, and pulling the skin quite a bit. T came
very clese to pulling those sensors off. A lot of the time

wve were forced 1o operate without BIOMED con continuously
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anyway. S0 it's a good question as to whether or not we
really need it all the time. I don't mind the sensors on if
the people feel they have to have the data, but if two would

do it I see no reason to have four.

16.8 PRESSURE GARMETS AND CONNECTING EQUIPMENT
During the rendezvous day cooling was adequate, but movement
around the command module was a continual fight against 'the
hoses. I finally adapted and learned not to fight it, We
need & more flexible hose with possibly a universal type
Joint on it to allow movement. During critical operations,
for example, when preparing for a burn, if you were running
behind youf timeline and were in a hurry to get from the
lower equipmenf bay to the seat, you'd end up wasting more
time than you gained due to the hoses torquing ybu around
when you got in the seat. You'd have to reposition the hoses.
It was g continual and frustrating fight against the hoses,

which contributed to most of the exercise during the day.

16.9 CREW COUCHES
I thought the crew couches were really good. I had no com-

plaints at all about the way they fold up.

The shoulder harnesses were tied back around the couch arm
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rests. The center crew couch was unstowed and restowed in s

matter of minutes — I'd estimate less than 5 minutes. There

was no problem associated with stowing the crew couch. The

cne thing that made couch stowage & little difficult was the
hatch bag hung down underneath the right hand couch., The bag
prevented the couch from being pulled up as tight to get it
out of the way s0 you could have sccess to the stowage boxes
underneath the left couch. I recommend we eliminate the
hatch bag. The couch was no problem in zero g compared to

2ll the trouble that it gives you in one g.

16.10 RESTRAINTS

The restraining harness in the lunar module was adequate. We
had it tied down and locked for the ascent engine burn. I
had one strap locked for the descent engine burn. It was
adequate. For just normel standing position, T found that it
was uncomfertable to have it locked full time with one strap.
The hoses torqued me up so that I was continually standing on
my toes. It was not an uncomfortable position, but it 4id
make me have a head position that would give you parallax
with respect to certain switches. It presented a different
view from what was seen in the simulator, where we had one

g pulling down on us. Your eye position was maybe 3 or L
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inches different., If the Velcro had higher shear strength,

I would have had no problem at all. I'd have been held dowm.

In the command module we used the lap belt during transposi-
tion and docking and during those periods when we were involv-
ed in making burns to prevent doing anything inadvertent and
to keep our position relative to the controller pretty much
the same. The lap belt worked satisfactority whether you
were down in the couch looking at you instrumentation or up
further locking out during the docking. Did you use the hand

holds?

I put my feet in them a lot of times to do exercises.
The MDC was used as temporary stowage. We wedged flight
blans and check lists. We used clips to clip food bags to 1t.

Really inadequate — a second cholice — but it was all we had.

I think if it could be replaced by a bungee strap, it'd be a

lot better device for that purpose.

T did use that one particular strap under the MDC when we

strapped in a launch to pull myself down into the seat.

In the command module all the restraint sandals do is pull

cORMDENAL
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the Velcro off the bulkhead down in the LEB when you've got

your feet down there. We pulled a number of petches off.
We pulled two patches of Velero off the lower gquipment bay.

The IM pilcot was the only one actuaelly operating in the IM
unsuited. The restraint sandel Velecro really served to help
you move around and restrain yourself when you were in the
flight coveralls. In the suit, you've got that big boot.
You tend to bend your ankle or move — thus putting forces
on that you don't realize. The whole boot Just rips the
Velcro off the floor. You don't even really know you were
held to the floor with the Velcro. I think it dees little
or né gocd with the suit. Although they are not a good re-
straining system they keep you from fleoating and moving all
around the IM. They keep your feet fairly flush on the floor
which T found to be a tremendous asset in the unsulted IM

checkout period.

As far as I'm concerned, the Velcro on the floor and on the
sandals ig nice, but it is certainly not necessary. The G&N
handhold provide you all the stability that you need to take
sightings and marks. 1 certainly think they are useful.

They help you orient yourself with respect to your MARK button
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and with respect to your hand contrcller. For initial orien-
tation dewn in the LEB, the small amount of Velcro that we
have on the sandals and on the floor is probably useful. It
gives you some sense of orientation. But as the mission pro-
gressed, I was meking star sightings with my feet off the
flocor half the time and just holding onto the nand holds.

It was no problem to stabilize yourself with your eye againgt

the telescope and your hands on the G&Y¥ handholds.
I thought the gleep restraints were satisfactory.

T didn't use the sleep restraints but one tire. The rest of
the time I floated arcung in that bag. I think the sgleeping
bags were excellent and kevt you warm. The CM would start to
cool down at night and 2 sleeping bags were a good way to g0-

I'm glad the Apollo 9 crew told us to carry three.

When I sleep in zeroc g T have to restrain my head. I either
have to sleep with my arms wrapred arcund it, or when I slept
in a sleeping bag, I had to be inside that sleeping bag from
toe to head. I'd put my head down in the sleeping bag, which
was comfortable sleeping, except then the sleepling bag was loo
ghort. 8o I ended up sleeping a lot of times like a baby in
the womb. I had to bend my legs so I could get positive re-

tention of my head.

CO nbbininhiiies, |



16-24

YOUNG

CERNAN

STAFFORD

YOUNG

CERNAN

YOUNG

CERNAN

YOUNG

Rt

b

I wendered what you were doing.

I had to keep my head up in the corner, because if I let my

head out of that sleeping bag, and it floated arocund zero g,
I couldn't sleep. BSo I had to restrain my head. 5o for s

person with this problem, the sleeping bag is a little short.
I didn't experience any problem: I slept like a rock,
When I went to sleep there was nothing.

I had that same problem in Gemini. T had to wedge my head up
into the corner. If T could keep my head from moving, I'd

sleep like a log.

I was floating all over the spacecraft, but it's the only way

to sleep. That's really fun.
You might mention cur preparation for EVA,

Okay ., we allowed about 15 minutes in the flight plan teo pre-
vare for contingency EVA, which was certainly adequate. Couch
stowage was the major item in contingency EVA prep but present-
ed no problem whatsoever. I did not flatten cut or tie the

bag to the floor and do the other items that we would have to

do to get ready for a contingency EVA, such as completely

RN ]
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(CONT'D)
would have taken less than 5 minutes to prepare for it. The
training we went through was certainly adequate to get us
ready for this type of situation. 1In my opinicn, by doirg
the operaticon in one g many times, you are adequately preparod

to do it in zerc g as far as the interna] preparation of the

command/service module is concerned.
STAFTORD The same is true with respect tc the lunar module.

SLAYTON But you're saying you don't see gny reguirement to tralin in

zero g alrplanes,

YOURG Not for preparation of the command and service medule, inter-
nal to vehicle, because there 1s encugh restraint inkerert
in the vehicle. The dimensions are sc¢ restrained that you

might as well be in one g to do it.

CERNAN As far as the actual transfer is concerned, we don't have any
more data now thar we had before we flew; but we felt very
strongly, based cn our other EVA experience (wﬁich all three
of us have been involved in), that for transfer with that
type of handrail for the contingercy situation, the airplane
would not be beneficial because of its short pericd of zero g.

Furthermore, & transfer or a handrail like that is certainly

C i
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CERNAN easy enough to do the first time; and I don't believe any
(CONT'D)
water training is really necessary. One of the questions
that came up before flight about the water training was the
problem of vehicle misalignment. That misalignment and dis-
orientation of the vehicle both internally and externally,
doesn't make any difference when you go through the tunnel.

Externally, it's not going to mske any difference because you

are just going to walk up a handrail tco the hateh.

YOUNG After 3 days of zerc g, you acclimatize yourself to the situa-
tion. It becomes guite apparent that rapid movements cause
more problems. Every time we threw something in a hurry and
hurriedly reached out to grab it, it went all over the space-~

craft like a rifle shot, and the same applied to the human

body.

CERNAN Time is s0 costly and there are so many things that you have
to train for and plan for that you cannot afford to spend too
much time on the things that are not going to happen. You've
got to be familiar with your capabilities and with the proce~
dures you are going to have to go through, but you cénnot
afford to spend the time on something that is not going to

happen, because you don't have that kind of time.
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I thought that we were adequately trained to take care of

any EVA situation.

16.11 FLIGHT DATA FILE
I think our flight data files were certainly adequate for
the command/service module. We did not carry any duplicated
material with the exception of three sectiors. T think thsat
the reguirement for each crewmenmber %o carry a complete.
checklist is nonexistent. We had enough equipment on hand
to tell us exactly what tc de in every case with the excep-
tion of A0S procedure that we frequently used, which was
the new PTC mode that was figured cut in real time. I would
like to say about the flight data file that it someiimes re-
quired two and three different pieces of equipment to op-
crate. For example, 1f you are going to do landmark tracking
on rendezvous day, you're going to have tc have your flight
plan, your rendezvous precedures, and your lunar landmark
tracking maps to lead you to the landmarx., Therc 1s no way
to adequately retain three different pieces of data at one
time. T recommend that we prepare some simple method of
attaching this type of data so that it's not only accessible
but aliso readable and right where you need it sc that you
don't have to use your hands. 1In Gemini we used clips, and

it can also be done with bungees.
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In our estimation, we carried the minimum amount of flight
data that would de the job., It paid off, because we didn't
have three copies of everything which meant that when you
took some notes, recorded some data, or tock some special
procedure that you wanted te put in the LMP or the CMP check-
list, you knew exactly which book it was in. The checklists
were very seldom in the pocket; they were always being used,
were stowed in R12, or were stowed temporarily behind some

of the handhelds.

You are talking about a one-man operation in the command
module and we're talking about extended periods of time in
the future — up to days, in fact. This one man will have

to be ready to operate with no less than five different pleces
of flight data -— the iunar landmark tracking map, the flight
plan, which could be part of his rendezvous plan, the update
log, and his flight plan into which he could put his updates
(and he should do that} to eliminate an extra piece of equip-
ment. He is also going to have to have his CMP checklist

for those GNC procedures that he can't memorize and the LMP
checklist for situations where he is going to have to pull

the ECE redundant component checks and nominal system checks,
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a8 well ag off-nominal situations., 1 recommend that he carry
the CMP, and LMP checklists in his pocket and then have some

method of attaching those others %o the spacecraft.

The part of our flight data file we didn't mention, which is
probably as important and certainly as useful as any, was

the sets of flight data cards that we used throughout the
flight for almost every phase — burns, entry, launch, TLI,
TEIL, the wheole werks. We had numerous cards, and it appeared
to be inconvenient; but we got a stowage situation straight-
ened out so that, for example, at TEL we were down to five
cards — a DAP card, on 3PS burn card, two entry cards and

an earth-landing card — to de the rest of the mission. - That
certainly 4idn't prove to be any problem., We started out
with about 20 or 30 cards, and they certainly appeared to be
cumbersome. They were small and they had each phase for a
single-man operation; you can't afford to be thumbing through
a checklist. In other words, it would be very difficult for
one man, who is going to have a service propulsion system
burn, to thumb through the checklist and read through a com-
plete procedure. We certainly proved, by the use of the SPS
burn card for every burn, that it wasn't necessary to have

that big, sticky procedure,
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The way it was seguenced, the CMP would have the launch
checklist in his suit pocket. The CDR had all the TLI cards
in his pocket;‘and as soon as the individual event was com—
pleted, they were put in stowage and never looked at the rest
of the mission. The evasive maneuvers from SPS midcourse,
LOTI 1, IOI 2, and TEI were all made with the 3PS card. That

was on the center of the panel.

While operating around the Moon, we put a card over the engine
firing light. The card listed film settings which continued
to vary during the flight. Let me say something else about
the flight data file. We had a lot of decals around the

spacecraft, which would be very useful for one-man operation.

In other words, instead of a checklist book, there were de—

cals on the bulkhesad.

We had decals for the cabin depress and the cabin repress
procedures, the hatch operning and the hatch closing pro-
cedures, and the suit integrity check procedures. We also
had lunar module and command mcdule pressurization proce-
dures and the circuit breaker decals indicating what circuit
breakers were on panels 250, 226 and 255. We had a complete

abbreviated stowage list decal underneath the G&N system.
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These proved useful during the flight and were referred to

on several occasions when there was some doubt. It locks as
though they would be very useful if we had to do a continuous
EVA. The LM/CM pressurization decal, of course, was referred
to on several occasions. I recommend the decgls for all
future vehicles; they can save the crewmembers a lot of de-

velopment work.

16.12 INFLIGHT TOOL SET

The only tool used in the inflight tocl set was tool E.

16.13 DATA COLLECTION

Most of the data collection was collected in the flight plan
or in the particular checklist that we were working with.
The whole command module cperation, P52 information, land-
mark tracking information, and updates were copied in the
flight plan. The results of our SPS burn were also put in
the flight plan so that they were available to pass to the
ground, It was a convenient place to store the information.
In the IM, we did the same sort of thing only in the rende-
zvous book. We recorded data chronologially in the book we

were working through so it would be recorded for posterity.
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16.14 THERMAL CONTROL OF SPACECRAFT
The translunar and transfer PTC mode, 0.3 deg/sec set up
from initlally zero rates with a 30-degree deadband, worked
adeguately, and it is recommended that it be used for all
future flights. The second of the thermal control modes in
lunar orbit, which invelved & different attitude than what
we went to initially, eppeared to be adequate for thermal
contrel of the vehicle in lunar orbit., It is recommended
that these two PTC modes be used on future flights.
We found cut that if you put the window covers on, the
spacecraft tended to cool down repidly as compared to when
we had the sun coming through the window during the PTC mode.
When-we felt cool we would turn the hatch windows toward the
sun, and it produced immediate heat., It was evident that
there were places in the cabin that were warmer or cooler
than what the ftemperature meter indicated. It tended to be
warmer up around the hatch area where the windows were and
tended to be cooler in the tunnel where the ice was. How-

ever, this didn't seem to affect our operation.

CON L
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16.15 CAMERA EQUIPMERT
STAFFORD Throughout the entire flight, we continued to have jams on
the Hasselblad camera backs. This would entail teking the
camera back, turning from the white to the red to the white
indicators again, and losirng the target you were shooting
at the time because of the velocify that you had {either
rotation or orbital velocity) and also because of losing

that much film.

CERNAN We'll start - we'll continue cn with the 7J-mm Eassclhlad,
then into the 16-mm. We krew from training of the prcblem
when you out a fresh 7O mm back orn & camera, You may have tc
crark the first two, three, or four frames around manualily
and then show that white indication showing ir the window.
Then it will snap and suppcsedly will snap throughout the
entire roll of fiim. We encountered that in training, ard
we were aware of it. I don't think we shculd have to put up
with that in flight. I think those backs should be tried
and snapped through any number of frames that is required so
that this does not happen. Wherever it did happen, it
heppened on about %0 percent of the T0-rm “rames. Whern you're
in the process of taking pictures, sometimes the time is very

important, ard you throw a new back cn there and don't want

COMMUTRTTAL



16-34

CERNAN
(CONT'D)

L

to try manuslly to crank it around so that you can get the
pilecture started, this is especially true at times when you're
in helmet and gloves and you cannot crank it around. That's
item number 1. Item number 2 is something we didn't see
with our training packs. In the case of two or three packs,
you could eventually start snapping pictures and you would
take 6, 8, 10, or maybe 20 pictures and the back would jam
again., You would have to crank around three or four frames
manually. Then you would take another half dozen pictures,
and it would Jam agaein. Then you'd manually crank arcund a
couple of frames, and it would jJjam agein. We saw this on

two or three packs. I believe that we eventually snapped or
took.all cf our TO-mm film thet we had. The problem is that
you can never tell when these little inconveniences are
going to occur and in our case, dog-gone-it, they occcurred

at the most critical times — times when ybu were down around
10 miles or 9 miles from the lunar surface and you needed
thoge pictures or times when you were looking at targets of
opportunity and they were only out the window for a minute

or a few seconds.

The TO-mm camera in the IM was used primarily by the Commander.
In addition to these other problems that we just mentioned,

all of a sudden, approaching the landing site or véry shortly

Al
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(CONT'D)
operate at all. At that time, we didn't have a chance to
tear it apart. Subsequently, in the command module on the
way home during the coast phase, the camera was effectively
torn apart, the backs were taken off again, the lens was
taken off, and some troubleshooting was done. It was found
that the only way we could get the camera to snap was Lo
crank the gear around manually. That was very obvious in
the base of the camera — one full crank, snap it, and then
it was obvious that the crank or the gear did not recrank
itself to pick up another picture. That camera was considered
lost throughout the rest of the fiight. The other T0-mm
camera did work well except for the problems we mentioned
with the backs. The lenses interchange pretty readlily. Do

we have any other dope Lo pass on about the T0-mm camera?

YOUNG I tell you it was really frustrating when you would see a
target of opportunity like that hill on the mountain of
erater 310 (which is surely one of the most beautiful pieces
of geology on the back side of the Moon) and not be gble to

get a picture of it. That was pretty bad.

CERNAN The 16-mm camersa in the LM worked fine. The new lens we

took, which has the rabbit ears and the detents for the

CORPEERITIAL
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CERNAN F-stop settings, was excellent. We'll talk sbout the other

(CONT'D)
lenses in the command module in & minute, but the detents
for the F-stops were very good. However, the one problen
that was encountered {and again it seems that these problems
are encountered in critical times) was that a number of times
when we went to put a new 16-mm film pack in the camera, it
was not immediately compatible with the camera. That is, the
electrical pin that has to be made when you slap that magazine
in the camera was not always in alignment with the pack.
Sometimes the peck had to be Just shifted in shear on the
camera, Sometimes the knurled nut that tightens down the
head had to be loosened because, when you made it too tight,
the électrical connection was broken and you had to find
some place where the electrical connection would continually
made so that you could continually run the camera. Again in
eritical time periods, you didn't have the time to. trouble
shoot; so the first thing you 4id was to put it in, to make
sure it was in properly, and to fasten it down. If it didn't
work — maybe if you Just took it out and tried it again
quickly — you took that pack, put it back in your pbcket,
grabbed for another one, and shoved it in; and the chances
were that it would work. In our case, it did. This was

occurring on the LM during the low-pass side, for example.
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However, in the command module {after we got back after the
IM rendezvous day where we used the command module movie
camers quite a bit), we then saw this same problem ocour
with the command module camere where certain packs were not
necessarily compatitble with the camera. Eventuzlly, the
command module camera failed to operate entirely. It just
stopped at about the 6th day, I believe. Luckily, we had
brought the IM 16-rm camersa back and interchanged 16-rm
cameras. There was one anomaly that was mentioned to the
ground. Apparently, it was okay because the 16-mm film
shows the masking problem 4o be ckay; bubl I've been led to
believe that every time you put a differeni lens on a camera,
the camera has to be masked properly for light leak so that
that lens will fit properly to the particular camera. Ve
had to come back with the configuratiocon of using the LM
16-mm camera with the command module lenses because we would
not fit the right-angle mirror on the IM 18-mm lerns. We
firally got a configuration we had to go to, and fortunately
for us, it aid work. The one big problem with the i6-mm
camera is that the magezines are not just a one-shot affair.

When you put them in the camera, the gear interchanges —

engages. You can see that, but it is the electrical contact

that does not engage. All the film packs are nct readily
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accessible, or readily compatible, with the particular camera,

Again, this seems to happen when you want to use it most.

Okay. On several occasions, the new TO-mm lenses with the
detents were certainly helpful; but I believe they also have
a tab which it is possible to hit with your elbow. I really
recommend that we make those detents a little more positive.
In other words, make them require a somewhat higher friction to
engage. On a couple of occasions, I picked up a TO-mm camera,
and it was cobviocus that we had inadvertently changed the
F-stop or the distance. We had gone from infinity to some
other place because the detent was not positive and, un-
known to us, we had accidentally hit that tab. I recommended
that we increase the friction to get the 7O0-mm camera in and
out of the detents ... quite easy to do with that tab on
there, and I surely recommend it because that could cost a
couple of films and certainly make you miss targeté cf oppor-
tunity. I'm certain that's going to be & factor when a crew-
member starts operating on the lunar surface with this
equipment pressurized. He should have that thing set up, and
it should be very difficult for him to change those stops

once he's got them set, or else he'll do it in that pressure

suit without even knowing it.
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I also recommend that the 16~mm lens that we used in the IM
which had the detents be made compatible with the ring-sngle
mirrors so they can be used in the command module, because
the lenses that were used in the ccmmand module had to be
taped continually so that, every time you changed hands or
moved the camers around for another person to use, you
wouldn't change the F-stop setting. This happens continually
unless you tepe that lens. There are no detentg at all on
the command module lenses. I recommend we go to the LM type

lenses for the command module. Thati's good stuff,
Are we beating a dead horse?

We were, but let me say one thing. I think =211 the 16-mm
packs, after they are loaded, should be put in & camera that
is going to be used. t should be ensured that the packs
are electrically compatibie with the normal installation
methods and do not have to be forced, sheared, tightened,

and loosened to make that camera run.
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17.0 VISUAL SIGHTIKNGS

17.1 COUNTDOWN
I could see ncothing of any unusual significance. We antici-
pated the suniight in the left rendezvous windeow for the CDE
and had the bcoest protective cover window taped over it._ Even
with it taped over, it was a little bright tnere with the sun
hitting on that aluminized Mylar tape. The sur rever inter-

ferred with instrument sightings.

Towards the end of 8-1C boost, aercdynamic heating apparently
produced smoke that could be seen betweern Lthe boost protective

cover and the hatech window.

At 1lift-off, I noticed a little increase in light, which 1

think was probably beczause of the engines lighting off.

17.2 POWERZID FLIGAU

I was watching the instruments going tnrough the structural

pogo's. I didn't look outside during this pericd.
Tnere was a oig flash at 8-1C ECO.

There was. You could see 1t.

S
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You could also see some debris.

Ckay, 1 was locking straight ahead at the instruments, so I
didn't see anything. Ckay, &t S-II ECO, I thought I saw &

flash. .

But again, I was locking at the instruments mere than anything.
At S-IVB ECC again, I was locking straight ahead at the instru-

ments and the DSKY.
I didn't see anything then,

17.3 EARTH ORBIT
I didn't see manmade objects during Earth orbit., Geological
landmarks - we always recognized Africa and the Atlas Mountains

as all three of us have been there before.

17.4 TRANSLUNAR AND TRANSEARTH FLIGHT
During translunar and transesrth flight the only thing we saw
near us was the S-IVB, We could see up to 4000 miles at certain

times.

Yes. When we separated from the S5-IVE, there was a lot of

debris. In fact you could see it in the sextant

This should show on the TV, the sequence film, and the still

photos.
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Wnen we turned around there was still a lot of debris.

17.5 LUNAR CREIT
Lunar landmarxs - we ought to prebably comment about the solar
corona. 1 guess the solar corona could be seen € to 10 minutes

before sunrise.
I hacxed it cne time at 12 minutes.

Twelve mirutes before sunrise it got te be a very dull para-
tolie glow. It was very concentrated in a very smail area
of the horizeon, unlike sunrises and sunscts on the earth which

spread across the horlizon.
Right. And it had about the same texture as the Milky Way.
Yes.

A very light Milky Way that increased to a heavy Milky Way and
then Just straight shafting.
It was a purc nearly white lignt, ang you coculd sec shafts

going ocut ol it, but it had abour the texiure of a Milky Way.

That's right, and then it sliowly got brighter. Then it got
morc pronounced righl on the horizon where the white band
would appear, but agair in a very small area maybe abcout 12,

15, or 20 degrees of the horlizon.
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I got & chance to time it when we were doing the landmark
tracking. I timed it with my watch. I could see 1t for a
period of at least 12 minutes prior to sunrise and alsc at
sunset. We'd go to a different attitude where John could do

the P52 to realign the platform. I tracked it down for about

that long.

You could watch it get brighter, but you could not prediet
exactly when sunrise or sunset was going to occcur. When it
happened, it was instentaneocus. When you watched sunrise,
you saw the solar corona get slowly brighter. You were posi-
tive that you were not close to sunrise. All of a sudden

"pbam' - the Sun was there and you were blinded.
Within one seceond.

You couldn't watch sunset because you couldn't look at the
Sun. Sunset would occur just '"bang”. Then you had the solar

corcna and you could watch it slowly disappear.

17.6 ENTRY
On entry - I watched through the hatch window as John went
around to the entry attitude - I could see the earth airglow.
As we were coming in, it was just before sunrise. We had a

blue airglow out there.
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Beautiful - yes.
It's a beautiful airglow with some pinks up above it.

Yes, and that's why we recommended we only do the horizon
check one time that day, nct at that point in the mission,

and not track the horizon on around.

Ionization is recorded on the film. It wecame white hot when

we first hit the atmosphere, Jjust like we'd gone into daylight.

It was so hot cut there you cculdn't see anything. It was

white.

It was whiﬁe hot. As you locked out intc the apex of this
icnization layer you could see a brilliancy which could almost
be mistaken for the Sun following you rignt down. Then, once
you really started getting deeper into the icnization level,
this whole wnite was surrounded on peripnery by a big, bright,
golid purplish glow that came cut over the side windows and

stretched out Tehind the spacecraflt.

The drcocgue cautes came out in early morning sunlight. They

were orange in color.

They were very easily seen at this time of day.
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STAFFORD  The mein chutes came out, and they were red and white.

YOUNG Ouring landing and recovery, the only thing that I saw that
surprised me was the amount of gas going ocut of those thrus-

tors. We dumped a lot of oxidizer right into the chutes.

STAFFORE  Main chute was recovered. The apex cover was recovered.
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18.0 PREMISSION PLANNING

18.1 MISSION PLAN
The mission plan was bagicelly conceived during March and
April of 1967. We had not basically deviated from the tra—
jectory or test objectives thet were known then. What was
added later was lendmark tracking. But the intricste details
in the data priority meetings did not really finalize gll

the individual items until about February tc March, 1969,

We were having data pricrity meetings until a month before

we flew.

We were trying to get everything locked in concrete as early
as possible, but becsause of previous missions and the prior-
ity alloecated, we couldn't get it done untii this time. Alsoc,
we wanted to coordinate every detail we had with the Apollc 11

migsion.

And COMM DTO's changed up urtil launch. I wish we were akble

to freeze those & 1ittle betier.
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18.2 FLIGHT PLAN
We had a good hack on the flight plan once we made the deci-
sion to go on the 18th. Several of us worked out a prelimi-

nary attitude profile on the lunar orbit phase within a week

after the management decision was made on the 18th,

It was a working flight plan and most of cur information weas

kept in the flight plan. It reelly worked well for us,

The flight plen waes the basic thing we'd use and we had the

cards to supplement it.

18.2 SPACECRAFT CHANGES
There were not many spacecraft changes made because of previ-
cus flights that effected our operation directly. The main
thing that perturbed us was the fact that there were certain
modes of operation that we'd never used in simulations. How
the IM COMM systems woculd work was not brought to our atten-

tion until four days before flight.

Up to about a week before flight, there was never really any-
thing set in concrete as to what people reslly wanted to
learn, and how people reslly wented to conduct the DTO's.
The people who originated them apparently didn't know enough

about the IM/CSM COMM system to know how they operated, or

CONE
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how to write the DTO's. The various Directors ir the Center
never had gotten together. T1 was finally 2e®t up to the
flight crew to say, '"Listen, how do vou want us to do it?"
It was firally then left up to the flight crew, and by that
I include certainly the support crew and the backup crew
that were working with us. This went right up until about

a week before the flight. One more recommendation from the
people who supposediy originated these things, wourld have,
gs far as we were ccrcerned, left them totzlly out of the
flight plan. There was no organization and no thought be-
hird these 2TO's. The flight crew hqd tc get together, gath-
er the information, put it together, and tkhen finally get
down even to the nitty gritty situstions of how the switches
are set up, and when in the flight plan it's golng o be

done .

Yes, we don't reccmmend that method of operatior a couple

of weeks tefore flight.

It shouldn't be the flight crew that has to get these items

squared away.

18.3 GSPACECRAFT CHANGES
There weren't any spacecraft changeg, but the things that

made the crew rnervous were the spacecraft modifications and

o IS =N
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repairs that were conducted due toc eguipment failure. T

guess we're always going to have these. But T think in fu-

ture spacecraft they ought to lock at msking vehicles more

able to conduct complete tests after hypergelies are loaded
and to changing equipment out without having to pull panels
which invalidate large series of other tests that have been

run, and which can't be rerun after panels are pulled,

18.4% MISSION RULES
I thought that the mission flight director did an cutstanding
Jobt with respect to simplifying the mission rules and getting
it down. Again, there were chénges all the way through, but
by and large, I don't think any of us had any complaints
gbout the mission rules.. We got on them early, and they weré

squared away, and any changes were cocrdinated rapidly.

I think one of the basic design philesophies that came out of
this flight was to keep the IM active wherever possible.

That was a very sensible mission rule. Even with guidance
feilures in the lunar module, you still had a control system

operative.

It appears to me that not only do we tend sometimes to lack

in coordination between particular directorates, but that




CUPBENTIAL 1o

within the directorates themselves, people don't understand
todey that we've got two vehicles. You cannct do something
to the procedures, the flight plan or the techniques of fly-
ing one vehicle without affecting the other. This is one of
the big problems we ran into. Effectivity of IM procedurel
changes to the command module are gross. These cbviously
were never investigated until we ran into them ourselves,
either on paper or in the simulator. The one thing we've got
to look forward to in all of our future missions is that
there are two vehicles, and these two vehicles have to operate
in & coordinated fashion. It's not simple to make changes,

especially late changes.

YOUNG Let me ask & question in that regard. Did we check VHF A and

B the dgy before?

CERNAN No, we didn't do any VHF check the day before. T think VHF

checks ought to be done on the first day.

SO e
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19.0 MIBSION CONTROL

STAFFORD I thought the GO/NO-GO's were sent up in & timely manner.

YCUNG Good thing they sent them to us because we were going.
We were using negative reporting, If we didn't hear a

NO-GO we were going.

STAFFORD Migsion ControZ did an cutstanding job., The only thing I
have any complaints about was the gool up concerning
chlorinatior of the water during the first night. It was
chlorinated before we launched, and it came down that
the doctors insisted that we put another lecad of chlorine

cn it.

YCOUNG We told them the position of our potable water intake valve.
They said leave it ciosed. I aidn't have the schematic out
to back me up, 50 I took their word for it. I wish I

hadn't.

CERNATR That should have been thought out premission.

STAFFORD Yes, The ones we launched with were probably right.

YOUNG Yes, that's right. I didn't think we were going to chlorinate
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%,
the water. After we closed that valve, I figured we'd

drink that water, then open the valve and then start the
chlorination process, There's nc way to circulate it once
you get the valve closed. Fuel cell water pushes that stuff
in there. I knew that. I Just wasn't thinking, that's =sll.

I should have really quizzed them on it.

Well, we didn't want to get in a flap with them to start

with on that firgst night.
That's right.

We questioned them on it twice, and I ended up drinking alil

the clorine. I do have & cast iron stomach.
I've got an crange bag full of it that I left in the LM,
I drank it. It didn't hurt me - Just browned me off.

It burned a little bit when you urinated, but other than that

it was alright.

I drank a good deal of it because I drank that second batch
of Julce right after they told us not to drink the water.
We'd already finished drinking two carloads of it, It tasted

terriblie.
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We were all of the opinion that when you mix chlorine and

hydrogen in water you get a dilute form of hydrochloric acid,
I think that's been shown not to be the case.

I think Mission Centrol should certainly be commended, In
simulations we'd worked out with them attitudes and request
for attitudes and high-gain lock to go to a platform align
where no gimbal lock would be involved. There whole or-
ganization should be commended for the way that they handled

that and the way it worked out.

The one thing that kind of made me a little nervous was that it
seems like for each REFSMMAT change, along with it should go

an attitude for the crew to look at stars as well as an at-
titude which will allow you to avoid gimbal lock when you're
torquing the platform through those very large angles. We
were quite nervous there a couple of times. It looked like
the way the platform was torquing, it was going to drive

it into gimbal lock. Tom was standing by to take over.

I went to the ACCEL command in all three axes to take over and

avoid gimbal lock.

Maybe these fears were unfounded, but we certainly didn't know

it at the time., I think that problem needs some study.

-
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The message is that you always have to anticipate ahead of

tine.

19.3 CONSUMABLES
We were kept well informed with respect to the consumables.,
We had no questions. One time before DLI, when our oxidizer
fuel pressure went tc zero, we questioned Mission Control.
Through their telemetry sources, they came back and said that
the oxidizer pressure was GO for the DPS burn.. It was sat-
isfactory. Then during the second DPS burn, we had the master
warning light along with the DPS guantity come on ftwice. We
were not concerned about it, We just pushed it out. The
thrust chamber pressure was satisfactory, and we pressed on

o the burn.

19,5 FLIGHT PLAN CHANGES
I think that this was fairly well coordinated and not patched
up to any excess. Everybody did a good job on the flight
plan preflight. The real-time changes were really insignifi-

cant — just minor things that fitted in good.

19.5 REAL-TIME CHANGES
The only real-time changes we had of any significance were

the changes te the entry checklist procedures because of the

AL
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STAFFORD fuel cell problem and the weter boiler. They invelved no
(CONI'D)
problem whatscever.
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20.0 TRAINING

20.1 CMS
We made an enalysis when we were the backup crew on Apollo T
that the real key to opergtion on the lunar missions is an
integrated simulation between the command module and the
Junar module, The eariier that a crew achieves this, tﬂe
more satisfactory it would be. A few runs could be made
independently using a point target with the vectors from a
point source, It's a completely different world when you're
working real time with two-vehicle voice communications in
the transfer of data between all three sources: the command
module, the lunar module, and the Mission Control Center.
We pushed to have the simulators in Houston integrated, and
we did achieve four to five runs before we went to the Cape,
It sure pointed out some problem areas. We got on them right
away and got them sclved. We alsc achieved several integrated
runs with MCC and the CMS in Houston. We were never able to
achieve an IM/CMS run while we were on the Houston simulators,
however, part of thig is because of the late arrival of

trajectories in the total configuration.

C QDI
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Running rendezwvous closed loop with cone simulator and not
tying into any other simulator (integrated) becsme, after a
period of time, to be almost negative training. You don't
ever really get & feel for what the guy in the other space-
craft is doing and what his problems are or what his time
line is like until ycu start operating integrated. We made
a point that, after we once had the integrated capability
down at the Cape, we would never do any rendezvous in the LM
that was not integrated with the C8M. We felt that we knew
the rendezvous and the techniques well enough that at this
point it was worthwhile only when we could run integrated. I
think almest all of our IM time, including the activation and

checkout phase, which was another high coordination require-

" ment area, was integrated, except when we ran Independent

malfunction procedure or other small items., There were a lot
of single operations where the IM was not involved: We ran
the command meodule by itself a lot for entries launch aborts,
TEI's, TLI burns and what have you. But from the IM point of
view, we did very, very little nonintegrated work cnce we
obtained this capebility at the Cape. This is something we

highly recommend.
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The basic thing is that both the Houston simulators and the
Cape simulators have the same capability with respect to
integration and with *“he Mission Contrcl Center. The star
MeEP's worked as soon as we got the proper trajectory ephemeris.
Darly in January we nad determired “he exact stars we would
use in the mission. Taat was Acrux and Antares for cur align-
ment, and this was actually done in flight. We knew the gstar
vatterns. The Houston and the Cape simulators were out5£and-
ing with respect to the star filelds. Trivs arc not required

at all to the planetariums.

Tne cne thing we couidn't simulate in the commana module sim-
ulator, whichk we anticipated might give us a litlle problem,
was landmark tracking. Actuzsliy, in flight, it »roved to be
very difficult to determine, for examplc, when you should
stop and start marking accurately to determine the geometry.
I Just thinkx taat's inkerent irn the probklem. I certainly
don't begrudge not veing avle to have had that capsbility in
the sirulater. Tf we could cver get it, it would be ugseful,
particularly when you're *talzing about one man tracking the
landing site with the lunar module zttached. The visual sim-
ulation for docking and undocking, I consider acceptable in

8ll respects. I don't 4alnk it is necessary to maxe the ftrip
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up to Langley to operate that piece of machinery (RDS}. When
the wvisual simulations on CM8 3 were properly calibrated and
the vilsual system was set up accurately, it was just like the

real thing,

20.2 LMS

On the lunar module simulator, as we neared the end of train-
;ng, the visual model of the command medule was outstanding.
Only a minimum number of runs need be made in the TDS because
of the limited control modes in tane TDS. You do not have all
the control mode capabilities because of the slop and lag.
The LMS at the Cape was just in beautiful shape. A few runs
need - to be made on the TDS to get yourself acclimated to the
actual look at the vehicle., Again, I think that T spent a
total of 5 or 6 hours, and this is definitely adequate for
any lunar mission. The rest of the time, your best visual
indications for total dynamics (pitch, yew, and roll) are on
the IMS. The vehicle dynamics for docking are hetter in the

IMS than they are on the TDS.
Are they right?

They are. It's a little more sporty in the pulse mode when

you go to attitude hold.

cO AL



DENTIAL 20-5

20.5% DCPB

GTAXFORD The DCP3 is a wonderful device, We worked out the backup
guidance technigues for boogt and entry and zlsc the guidance
tecaniques Tor backup of the TLI burn in casc of a platform
failure on the Saturn IVB., I recommend that all the crews
have about the same amount of training that I got on the
DCPS., I think I had about 25 hours con the DIOPS. Going_
through boost phase was lixe I've been there so many times

nefore, tnat there wasn't muenh to it.

CURG Rooster steering is an integrated operation of the CMP ané

CDR and they must work together doing that kind of operation.

STATFORD in the DCPE, Jokn and I went together, and Just like any other
critical thing, we always made a point of working togetaer
as a team.
On the LMPS, again, if the TM3 is available, toe LMPS should
have a low priority. For initial training, 1f there is no

other simulator available, the ZMPE is fine.

o0.6 LVPg

CERINAN The LMPS primarily was used by the IMP very rucn the way thke

&

DCPS was primarily used by the Commander and CMP. There were

apout 12 to 15 hours prior to IM3S availability that the TMPS

:&; STELD G
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was used to get the rendezvous technigue down, to get the
backup chart techniques down, and to get familiar with the
software and the programs that would be involved in our par-
ticular flight. I thought it was wvery valuable, and I
stressed that effort be made to get it up and operating, and
I'm glad I 4id. Once the IMS became available, with this
background you were gble to readily utilize the IMS's cap-
ability and more complete facilities than you would if you
had to start from scratch on the LMS.. So I thought LMPS was
good 1n bringing you up to speed criginally. I don't think

it's good for continuous training once the LMS is available.

20.7 CMPS

In the CMPS, John?

We didn't have a CMP3. T sure wish we had had it for basic
procedures when we first started, but we didn't have the math

flow either.

20.8 CENTRIFUGE
Tre last time I was on a centrifuge was pricr to Gemini 3,

and I don't think my training suffered a bit.

No, I thought the centrifuge was wvaluable from the standpoint

of flying the EMS closed loop and flying the g meter closed

CO |AL.
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YOUNG locp. We were worried about the fallure of the PGNCS, and on
{CONT'D)
the wheel I had every confidence that I could have flown that
whole reentry with just the g meter. Alsoc, T aad consideradvle
confidence after I get on there that 1f all three of those

pieces aof eguipment quit — with Jjust a roll angle, we could

nave nmade it back somewhere without any problen.

STAFFORD  Again, I don't think any long period cf time or effort should

be spent on 1it.

YOUNG No, 1 think one run per crew is &l3 you need, and you probably
ought to have 1t jus%t to remind yourself of what those things

feel lize.

STAFFORD  Are you saying that for one crew menmber?
¥YOUKG Yes, 1 don't think you ought to stick all three guys in there.

STAXFORD I had no problem with talking ard seeing exactly waat was

going on and analyzing at 7 g's.

20.9 TD3

STAFFORD I think tne 723 is a recguirement for a few minor runs.

20.10 RDS8
YOUNG As I said vefore, T thinx the RDS is useful in pointing oubt

the proper dynamics, However, when the CM3 is kept in the

h
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right configuration and the boys get the models and the dy-
namics of the simulastor working properly, the CMS is certainly

adeguate training for docking.

20.11 NR EVALUATOR AND GAEC FMES
When the vrogram was first cranked up and due to the non-
availability of a high fidelity CMS and IMS, the North Ameri-
can Evaluator and the Grurman FMES were available to start
the basiec proecedures in the coordination between the Mission
Control Center and the crew, However, since the progrem
has matured, I see no further reguirement for the North Ameri-

can Evaluator or the Grumman FMES,
We, as a crew, never did fly the FMES,

No. We flew the North American Evaluator early as backup to

Apollo 7 when the CMS was not working.

I flew it for landmark tracking because I thought you couldn't
get it anywhere else, and it was helpful to me as a confidence
builder that I could repeatedly track the same landmark every
time. But there again, the simulation doesn't have the fidel-

ity to show you proper geclogy to landmark tracking, so I

don't feel it's a requirement.

CO AL
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20.13 SPACECEAFT FIR® TRAINING
STARFORD I thirk If you experienced fire training one time, that is
adequate. We had it as a backup crew for Apcilo T, and that

was all we needed.

20.14% PLANETARTUM
STAFFORD I think with the high fidelity that we nave on both the CM3
and the IM3, no further planetarium training Is required witz
respect to the flighicrew themselves. TFor early indoctrina-
tion, for newly assigned astronzuts, there is certainly a
reguirement to get the basic star patterns. Ince you are
assigned to a prime or a backup crew or even to a support

crew, the planetarium is not required.
CERNAN We've Deen loocking at stars for 5 years. 'That is what helps.

20.15 MIT

STATFORD I think it's a reguirement to have & concentrated MIT brief-
ing at Houston early in the garme and nct waste your time
going to MIT. Tuis kind of falls in the sznme catepory as
the North American Zwvaluator. Wien the Apollo system was
Just starting to mature and not much information and docu-
mentation were zvallable, it was a requirement to go there.
I could see ne further requirement to go to MIT unless there

was a certain type of usc on the simuiator.

m
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The MIT guys wanted me to come up there to check thelr hori-
zon, The definiticn - I think we can get by putting the same
type of slide in the CMS. In fact, I recommend that we fix
the CM5 so we can put the landmark line of sight slide in
there that defines a horizon and you can practice with that
cne. That's what you probably should be practicing with.
When you are close in, if you want to practice gtar horizon
sighting, give the guy a picture of what the world really
locks like from an MIT slide and let him use that. It cer-

tainly wouldn't be any problem to implement it.

20.16 SYSTEMS BRIEFINGS
All the briefings on the launch wehicle consists of cone day
and this is completely sdeguate. I thought what we had on
this spacecraft was adequate — 1 approximately 5 days on the
command module and 5 to 6 days on the lunar module. Early in
the program, the one thing the flightcrew has to watch for is
to meke sure you don't get bogged down in minor detalls of the
subsystem which you have no capability to analyze in real
time or the function is not available with respect to the

controls and displays.

One comment about the spacecraft briefings is that the final

systems briefings are wvery short, to the point, and pertain
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only to your spacecraft. Irn our case, 106 in M L, they were
good. Taey brought us up to date on the peculiarities of our
spacecraft. The only probvlem is they brought out things,
items, particularly in the case of LM I pertairning to COMM
that had been kncocwn for months and that we nad never known
about. It was not until the final systeoms briefings 2 week
tefore the flight that we began to discover that there were
some idigsyncracics about the COMM which affected our opera-
tion which we nad not teen usirng in the simulator, nor whichk

we had incorporased in our procedures.

During the final command module systems briefings, there were
two questions that were asgzed about the command module. One
question was how do the readings cff the rendezvous radar
transponder ccmpare with the flight readings which shouid
have been identical. It tock ug more than a week after that
to get these data straightened out. I got answers from two
different scurces whicn éisagreed on which pesitions were
wired up and what the readings should have been. The cther
guestion wes that we were getting some information during the
briefing that led s to believe that our spacecraft gages
were not resding what the telemetry parameters were reading.

In fact, there were some wide variations. We asked to sce a

COTT R
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list of how the spacecraft gage readings compared with what
the telemetry was reading. We never got that dope — never.
That's the kind of thing a test pilot should have in the

back of his mind. 1 am not saying he needs to dwell on it,
but with the problems we had on rendezvous transponders, it

would have been nice to know what our readings really were.

20.17 EVA, WITH ZERO-G AND ONE-G WALKTHROUGHS
The most valuable thing that we got out of the training was
the one-g walkthroughs. This was inveluable, with respect
to the probe, and the drogue, the tunnel work, and the con-
tingency EVA training. T think we had just the right amount

of it.

20.18 MOCKUPS AND STOWAGE TRAINING EQUIPMENT
These improved greatly in the last 3 months prior to our mis-
sion. The mockups we had available here in Houston were out-

standing.

It was only on our last training session on the probe that we
had an actual flight-type probe, The rest of the time, we
had been using one which had some little change in it every
time we saw it. DBased on the D data and on the things that

people like Jake Smith, who knew the probe inside and out,

TIAL
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told us, I certainly thought we were adequately trained in
the mockup with the probe, the drogue, and the hatch opera-

tion.

20.19 PHOTOGRAPHY AND CAMERA TRAINING EQUIPMENT
We talked about photography and cameras, but the training
equipment was readily accessible and available to us, and we
hed no problems there. I'm glad it was, because we learned

some of the intricacies of camers failures from it.

20.20 SEXTANT TRATINING EQUIPMENT
I think the simulator is adequate for sextant training., How-
ever, it can't be emphasized too much that the simulator
doesn't produce accurately the smoothness and the ease with
which you can track objects in space. Actually, that can be
a help, because if you can do it in the simulator and get

accurate numbers, you certainly can do it in the spacecraft,

20.21 GENERAL SUPPORT
General support procedures continued to be a problem. We
tried to get everything ironed and locked inj but again, be-
cause of the factor of 2-month launch centers, the total sys-
tem does not have encugh people or something was basiecally

wrong in the correlation of the data from previous flights.

COMNRBEATLIAL
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We got data priority meetings out of the way and squared
away early. Again, there was always a tendency to heve
data priocrity meetings late in the game; but these were

turned off, and I don't think we missed anything from it.

We had great numbers of changes made In our transposition
and docking procedures and our probe, hatch, and tunnel opera-
tions based on the D data. These vere done pretty late, a
month or less prior to flight; and I wish we had had a chance
to turn arcund that information & little faster. However,
because of the closeness of the centers, we Jjust couldn't do
it. Also, it wasn't apparent to us Just what information
that we ocught to use out of D until we really got the final

checklist, which was about a month pricr to the flight.

20.22 PLANNING QF TRAINING AND TRAINING PROGRAM

I felt that the training orogram was an outstanding aresn.
The total planning of the training program and the coordina-
tion with the crew training coordinator was carried out to
the nth degree, We had everything planned well in advance.

We knew exactly where to go, and what to do.

I'd like to mention twe I1tems along that line, Number one,

it was good because we always had a feel for what the days

¥
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CERNAN ghead had In store for us in terms of training. ©Of course,

{cowz'D)
sometimes these had to be changed, but we had at least a feel
for what we were looking forward to and what we were going to
have to be. umber 2, when we had an exercise thet included
a lot of other people, suits, simulators, or support peovle,
the crew did not have to follow up to make sure these people
were there and resdily availsble. They always seemed to be
vell informed and well prepared of tae time, the place, 'and
the requirement for gear that they had to supply us at that
time. I thought shat was excellent, because I'd seen in the
past where crews could be ready, Dut nothing else and no one
was ready. People got caught by surprise because they didn't

know a certain exercise was going to ve conducted at that

time. We didn't have any of that.

STAFFORD tnought that the coordination of the training was done to

the nth degree. It couldn't have been better.
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21.0 EUMAN FACTORS

STATFORD  Preveniive medical procedures were adequate. Premedical care
wes fine. We very seldom saw The doctors and, when we did, we
got the adequate number of vitamin pilis to take care of colds.
To meet this type of launch center and have adequate trairning,
you really milked every last minute cut there. A1 present
under our schedule, there is not adeguste time for exercise,
rest, and sleep until about the last 3 weeks. The medical
briefing was prepared down to where it was short and informa-

tive and should not extend past the period of time we had.

YOUNG I think to add the medical debriefing to the last week or soc,
with all those problems we had, was pretty traumatic. We got
called in at the last moment for a briefing on the best way
to prevent getting motion sickrness while you are in orbit.
There is a lot of psychologicael business associated with
motion sickness. That kind of & briefing in wnich, in my
opinion, they mesnt well was full of erroneous information
presented to the flightcrew. If we had followed that kind of
exercise pattern, I think we would have been in worse shape
than we were. 1 think that kind of thing that late in the
game , unless it's well thought cut and has some cormmon sense

assoeciated with it, shouldn't be given to the flightcrew.
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Thet was a terrible thing; they gave us all that stuff on top
of the other problems that we were having at that time with

the spacecraft.

There's been a gregt effort made to increase the paletability
of the focd, and the only thing that really perturbed us was

the fact that there was gas in the water.

I'm not sure that the gas in the water was the whole story.
I felt full the entire flight, and I really don't know if we
were drinking that much gas in the water. In some cases,
before I would eat I wouldn't feel like I wag hungry. We

didn't eat a lot of food.

I think that because of the reduced activity, even though
we did a lot of light symmetrics on beoard, the total BTU out-

put in zZero g is reduced from one g.

Item 2A says compare the hunger sensations in flight versus
2 weeks preflight. When you are hungry, it dcesn't meke any
difference whether it's in flight, postflight or preflight.
When you are hungry, you have desire to eat and you produce
the hunger by burning up calories; burning up BIU's. When
you are not hungry, you don't particularly went to eat. As

a result, T think all three of us ate a greatly reduced

Al
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portion of food every day. It was obvious by the amount of
food we brought back, but as far as I'm concerned, this in no
way affects the medical capability or the operaticnai capa-
bility. It's the fact that you haven't done any work tc move
around, haven't done work to sleep, haven't done any work to
punch any buttens, haven't welked anywhere; you have done

very little exercise. Only enocugh to make your muscles feel a
little bit relsxed. You eat when you're hungry, and when ycu

are not hungry, you don't eat. It's just that simple.

With respect to the gas, I know that of every bag of Juice
that I prepared, I could make =2 guantitative eveZustlion that

approximately 20 to 25 percent of the total volume had bubbles.
Thet's right, and if it was a not meal, it was 50 percent.
Which was probably steam.

Yes.

We tried te filter this through our teeth.
It didn't work. You can't get rid of the bubbles.

You can't get rid of them.
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Did this give you a problem rehydrating the stuff? I assume

it would. You wouldn't get enough water in there.
Well, we kept pumping the bag until it was full.
T see. You did get it all rehydrated.

We got it rehydrated, and the taste wasn't too bad except for

certain items.

You actually end up with a bag of air and water; and what you
would do is take your pencil, punch it in the end of it, let

the air out, and then put some more air and water in it.

OCne of those things ebout eating and making meals taste good
is associated with the crew compartment temporary stowage
capability. You couldn't really take a whole meal and pre-
pare all three or four or five article. Oncg you prepared
them, you had no place to put them. 8o what you do is pre-
pare some orange juice, and you drink it. Then you would roll
up your garbage and put it sway. Then you would take out the
applesauce. Or you would take ocut the beef stew and heat 1t.
You never had a chance to eat and drink at the same time like

you do at & meal. This is a little different way of ealing

and a lot less desirable.
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I think one thing, getting back into this, is the area Velcro.
Cften it was convenient for the Commander to prepare all threse
meals. But in the time I hed three or four of the hags com-
pletely filled, I'd have them on the teble by the lower egquip-
ment bay that had all the Velcro patches. 3ut the shear
strength was so low in the Velcro.that one minor bump would

kneck food bags that we couldn't held down all over the place,

I think & good place to put a bunch of bungee cords is dowm
there on top of that table. Just throw them over and slip

the food packs right under them.

Concerning packaging meals, I said when you are hungry you
want to eat. When you are partially hungry, you want to picx
out the good things out of the meal that sound good to you at
thet time to eat. When they are pacxaged, you have no idea,
expect to go into another book, another checklist te find out
what is in meal C, day 5. That's another article that you'wve
got to teke out, put something else down, pick it up, and
Zoox at it. What you want to do, if you're going to package
food as meals, is put what is in thev meal somevhere resdily
readable on that package. You want to know what's in there.
We were cutting meeals apert to £find things we would like, be-

cause we didn't know what was in them.

m
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When meals are packaged, they are packaged in such an inte-~
gral fashion that you can't get one article out. They're
wrapped around each other in bags and packs, so that when you
break open & meal, the whole works has to come out. You can't
Just pull one orange Juice out or one bacon cube or package
of bacon cubes. You've got to uncrap the whole thing because
they are interwound within each other when they are packed.
You immedistely have 5 or 6 articles, including the wet wipe
and the gum, which can be thrown out of the spacecraft. Get-
ting rid of them was recommended & long time ago. You have
all these articles now and you can't pull one article out of

that package.
Okey, anything else on food?

Would you have preferred that food items not be packaged in

meal units?
I think we had a pretty good balance of what we needed.

I think they could be packaged in meal units if you knew what

was in the mesl unit.

If you don't packege them ms mesl units, someway in which they

are all crushed together. We had Juices all packaged together,
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one cut that we would like to drink.
CERNAY And the Juices. If you have 5 juices, they werc wrapped all

together. OGo to get one out, you had to teke five cut. Ycu

couldn't Just take one of them out.
YOURG You had five juice packages pulled cut, end there you werc.

CEREAN But, I think we ought to stick tec the meal packaging. You
cught to label what's ir there znd try to pacxage them so thal
they are not interdependent on each cther to get cut. The
vortions sre more than adequate. We had ernough food to stay

out there 30 days.
YOUNG At the rate we were eating, we did.

CERNAN I think we all liked the new foods (the spoon-bowl, paczaged
items) with a special emphasis on the turkey and gravy. The
ham was good. But the beef is so dry it might Jjust as well

be packaged as bite-sized beef and bite-sized potatces.

STAFFORD Here's the discrepancy. We had some sample wet packs of bee?
that we tried in Houston before we went and it was gocd. DBut
the heef we got there was not like & complete roast beeci siice

that wag nice and juicy. They were hyard, dry pleces of beef,

S
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The turkey we had in flight was like the turkey in preflight.

That ham was the same. The beef was considerably less.

I wish we had had more turkey. We were matching for the

turkey. It was really gocd.
And also the beef and ham.
The turkey was absolutely delicious.

I thought we all liked the intermediate moisture fruits. We

all snacked on them.
We ate peaches and apricots. They were delicious.
I don't recommend the rye bread.

The sandwich spread and bread was not the big hit we thought
it was going to be. We tried it early in the mission, and

then tried it again on the way home. It was all right.
Gus didn't like it either.
We didn't particularly like it, I guess.

Ne, I didn't. The rye bread had a peculiar smell tco it once

we got it out of its wrapping.
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Scme of the reconstituted foods that were in the spoon-bowl
package configuration were good. And they were readily acces-
sible to eat with a spoon. I thnink we all had a number of
those throughout the flight. They were actuslly preity gocd,
end they were easy tc eat because the consigstency of the focd

was such that it would stick to the spoon.

€l.2.9 Devimtions from Programed Mernu and
Scheduled Eating Periods
Whern we were hurgry we ate. Wnen we were not, we didn't.
This was alsc very closely essoclated with the activitles of
the day. TIt's rot like sittirg down and having everything
in front of you and eating and drinxirg. TIt's a lcng, com-

plicated process to sit down and have s meal.

Yes, during rendezvous day, we had a little time for break-
fast end plerty of time for supper. However, we all missed
lunch and didrn't have time to do anything but drirk water

during that pericd. There just wasn't any time in the plan

to eat lunch.

We were going over the top of the big feootball. T nad it on
sutomatic Z-axis track to get data with resrect tc the pro-

gram number deta points and P20. Gene was doing the work con
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the right side using the AGS. I Jjust whipped out two fast-
backs asnd prepared them. On a regular g mission, you've got
te eat before you get off the surface because you don't have

time from insertion on through the rest of the phese in a

rendezvous .

Food preparation is not that difficult a task. Tt's such a
tedicus Job that you really have to make up your mind you're
hungry enough to want to eat before you want to go through

the process of preparing the food.

You could very easily speed quite a bit of time trying to get
the nozzle of the drinking gun into the top of the package.
Boy, that thing was tight in a lot of cases, and even though
you cut it, you'd have to stick scissors cr something down

in there to get into it.

On the question of the drinking gun — I think what we have

derived as a continuous flow water gun is far superior to the
individual sguirt from au counter gun. This should be con-

tinued.

I think we used the drinking gun for almost all of our cold
water reconstitution. Almost the only time we used the food

service center was for hot water.
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21.3 WORK-REST/SLEEP

Regarding difficulty in going to sleep, the CDR had no diffi-

culty geoing to sleep at any time.

I didn't either, except that the one night I tried to sleep
next to the glycecl pump. I immediately shifted my position

and went to sleep somewhere else.

The IMP aidn't have any particular difficulty. I guess arxicty
during one or itwo nights priocr tc reentry made sleep a little
bit more difficunlt. But I think we've certainly got an ade-
quate sleep station -— both ebove or in the couches — zand we
all slept real well. The only disturbance during sleep that

I found — and it was only on one night Ttecause the ground
handled it very weil every other time — was the S-band anternnz
switching over on the OMNI's the last night before reentry.
They were apparently catching a switch just after the crackling
buzz started — even with the souelch enable on — and that

was pretty disturkting. But on previous nights that sound was
not heard, so they had been switching antennas just a little

bit esrlier than the sound would ocecur.

No programed exercise was planned on this mission. The CLR

did isometrics each day on the way out. Once you got in the
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lunar orbit, the activity there was enough exercise itself.

We used the inflight exerciser on the way. We found that if
you really put cut very much effort that you became sweaty

and heated up considersbly because of the lack of cocoling at
the 5 pei atmosphere. However, the exerciser onbeoard is
completely edeguate.

Regarding inflight cral hygiene, there was no mouth discomfort,
Brushing was nc problem. The dental floss was good. I didn't

use any toothpaste. I Just used water and e toothbrush.

The LMP used the toothpeste and e 1little water. No problem.
I Just swallowed the toothpaste. It left your mouth with a

pretty good feeling end a pretty good taste,

Regarding sunglasses or other eye protective devices — I used
the sunglasses every day and found that they're really re-
guired, as your eyes became fatigued from the brightness of

the Sun. The (MP had a speciel device to use with respect to

the sextant.

The sunglasses are adequate for handling the brightness inside
the spacecraft. However, they sure don't help you if you're
locking anywhere near the proximity of the Sun externally be-
cause it's so bright that I'm not sure there's anything that

will help you.

CO 1AL
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YOUNG It was really difficult for the CMP to adapt to sunlight whkile
spending so much time trying to be night adapted for the track-
ing process. So 1t was a problem. I think you Just want to

avoid the sunlight if ycu're going to ke a CMP.
GTAFFORD Unusual or unexpected visual phenomena or problems experienced.
CERNAN I didn't see any.

STAFFCORD The medical kit in the command medule and the lunar mecduie are

certainly adequate.

CERAAN We tcook Lometil, which is & diarrheg preventive for gas cn the
stomach hopefully to get rid of some of the bubbles, and not

for digrrhea control.

STAFFORD To reduce the bubbles.

CERNAN Meybe this isn't the right thing tc take for gasz on the stom-
ach. Maybe there's something like Tums Tor the tummy that
would be better than Lometil for gas on the stomach, becausc
of the effects of Lomotil on your boweis. I don't krow. T

Just present that question.

STAFFORD Dkay. The next jtem is housekeeping. There are items of

housekeeping of the restraints, bungees, and varicus positive

retention devices that we'wve already outlined.

(: B, . |/\
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STAFFCRD I think every mission objective we had was concluding com-
(CONT'D)
ments met. They added some in flight, and those were gll met.

YOUNG No, we missed one. We didn't do the landmark tracking be-

cause we couldn't vent the tunnel — with the IM merk.

STAFFORD  We did it in the docked configuration con the first day. In
the resl time we couldn't do it becmuse we couldn't vent the
tunnel, and we couldn't make the maneuver. We got a landmark
tracking configurstion with the docked LM on the first day of

LOI.
YOUNG And that's going to be a toughie, too.

STAFFORD And the other cnes — DTQ's were added real time in flight.
The cnes we accepted were done.
Medicel requirements:; I think that the physicels have been
reduced down to where they're getting somewhat realistic with
regpect to the total number of flight items drawn and the
length and duration of the physicels. Once it's determined
what the total physical workload is for a lunar surface EVA,
the bicycle and pump your heart rate up to 180 doesn’£ seem

very sound toc me.

CERNAN What John's driving at is, you've been locking at & heart rate

of 40 or S0 for B solid days and you jump off on a ship. All
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of & sudden, you pump yourself up tc 180, and it doesn't feel

very good. It doesn't even sound very good.

As soon as the lurar misgion 1s completed, this activity

should be terminated.

I question the wisdom of dolng that. TIt's bead enough wher
we're feeling good down on the ground to run up to 180 for

15 minutes on a bicycle.
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22.0 CONCLUDING COMMENTS

This portion of the crew debriefing covers the irmediate
action items to e initiated for the Apollo 1 mission. The
order of preference will be command medule action items,

lunar module action items, and miscellaneous.

22.1 COMMAND MODULE
OUne of the basic problems we had during the commznd module
active rendezvous was the fact that there is no way to
retain data necessary to conduct g rendezvous. The following
data are required in one-man rendezvous proecedures: the
flight plan, the rendezvous procedures hoox, and the update
boock. There is no positive retention of any flight-type data
in the command meocdule. It is recommended thzt we come up
Wwith a system of conveniently located bungee cords to stran
this eguipment down in the lower eguipment bay convenient to
the optics and telescope, underneath the main digplay conscle
and next to the left couch. If these significant and neces-
sary items float away from you during zerc-gravity ovperations,

you're going to be wasting a lot of time getting them back.

With respect to the main disvlay for three-man operation, we

found curselves continuwally losing time in trying to locatce
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items that we had previcusly put on the Velero. The Velero
thet meets the present flammability criterion does not have
enough tensile strength; and even small items of low inertia
or mass, like cards, would continuelly float off the Velecro.
We were finding curselves taking more time to do an indi-
vidual line item than was reguired because of the ingbility
of the Velcro to restrain items.

Permaclips like we had in Gemini or, particularly, bungees
would be best. A series of these all over the maln display
console, where you can easily secure 1ltems, we consider as

nearly a must for efficient crew operation.

Another area that a bungee could be very effective is on

the X«X struts in the lower eguipment bay and by the hatch.

Once you let go of a food packsge, a camera, or an eyeplece,
it may be gone forever. COnce something gets lest in the
command module, it takes three men about 15 to 30 minutes to
find it. We found this an agonizing problem. It was a
living-condition problem, and it's a problem that these
permanent-type clips and bungees would sclve. It woﬁld make

commend module living a lot more adequate.

CON AL °
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The basic problem is that once you.get something out, some-
thing else comes with it; and there is nc place to put it,
to stow it, or te hang it. It Jjust sort of wanders around,
and it's very inconvenient. There shcould be some place next
to stowage boxes where you can stow a plece of eguipment,
once you take it out of its box, and hang it there until you

need to use it.

A good pvlace for this iz on the inside of the doors in the

E gareag.
Right.

You could have a little clip on the inside of +he door or a

bungee on the inside of the door.

I think the three of us could identify stragetic places to
put something like 20 bungees throughout the spacecraft.
It's ridiculous to have to take food bags and stow them in
the inlet duct of the postlanding vent system. UThat's where
we had to stow the food bags. We crumpled them up ard
stuffed them in there.

The only suitable place to keep the flight plan where two

or three of us could see it at the same time, cther tkan

in our hands, was in the razil over the caution and warning

CQINCEM e
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system. That's bad. We tried to keep the caution and warn-
ing system uncovered, It's impossible at times. We do need

& place to keep these things,

The Velero, at least in my opinion, is inadequate. Let's

net talk gbout gquality; let's talk about quantity for a
minute. On the camerss, we have only one small patch, maybe
a half inch or an inch square. Thus, when you're trying to
do something, you have to lock over your shoulder and def-
initely see where you're placing this article. You're trying
to place it on a patch that happens to be one ineh square or
less. What we need is sheath of Velcro, particularly over
the back of the right-hand and possibly the left-hand couches.
This is & great stowage place for cameras and other equipment.
The other Velecro problems are the focd bags and the gloves.

If you want to hang them up somewhere temporsrily, it's not
compatible with the Velcro on the spacecraft. It does not

hold securely encugh to maintain things from floating around.

Additional Velero is required behind your head. Freqguently
we knocked off the cameras without knowing it by moving our
heads and causing the Velero attachment to fall and shear.
Then when you locked for the camera, 1t would be somewhere

where you couldn't find it.

CO NTIAL
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The way it is now, with a patch meeting a patch, it's a
Velero alignment problem. You've got to align the plece of
Velcro on the objeet you're trying to stow on another pilece
cf Velerc. What you really want to deo is Jjust pe zble to

reach over your head and slap it back there.

I'm not sc sure something like & metal spring that you Just

pick up and slap the item under wouldn't te better.
A bungee type thing?

That might be true. I don't know, although this is a ricc

Velecro area here if you Velcro it totally.

I don't think, because of flammability, we can have a total
mat. At least, we need an Increased arez. Alsc one of the
great items that we saw ss a deficiency was the retention

strength of the Velecro. It's unsatisfactory.

The optics eyepleces fell off on two different oceasions.
Both of the sextant eyepieces unscrewed in zero gravity and
floated off. We had to spend about 10 minutes looking for
it pricr tc a very crucial P52 requirement prior to a burn.
The telescope eyeplece was bumped locse and fell off halfway

through the mission, and we spent some time looking for that.

&
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YCUNG Those items should be mechanically retained on the equipment
(CONT'D)
because of their crucial nature.
The radar transponder switch was placed in the heater posi-
tion approximately 20 minutes to test the radar prior to
going to operate. It was run through its test. It was not
roved after that time. Apparently during separaticn, it
self-gyrotorqued to an intermediate position. Recyeling the
switch caused it to work. I would suspect this is because
that switeh is probably moved very infrequently during test-

ing so that it never really gets any cycles on it tc amcunt

to anything.

CERNAN I have two items to cover on system. Number one is the PUGS.
Cn the first burn, the PUGS epparently started out working.
The details of the increase/decrease is on tape, but basi-
cally it went to decrease some 200 pounds. The switch was
put to DECREASE, As it was approaching zero, it wés put to
zero; however, the oxidizer went to INCREASE. BSubsequentily
on the following burn, it went full INCREASE and stayed there.
The switch had been put there. We ended up with an oxidizer
unbalance of full INCREASE. I'm not sure what this did to
our resultant gquantity. We had something like S-percent

oxidizer and 6-percent fuel, which could be eritical if we




CERNAN
{CONT'D)

IR o

Gl IRy
needed the rest of that propellant. The result of the FUGE
cperations is going tc have tc come out of the ground test
data. As far as I'm concerned, the PUGS did not work. It

was used as briefed upon landing for 15 seconds before ever
putting it on the line, watching the transient. I saw it go
through the tank changeover in the 57-percent region, and

it did exactly what I expected. It plotted 4 minus, 4 plus,

4 minus, and percent banged arcund a little bit. It se£tled
down after 50 percent and continued to go to the full increase,
and we hkad an unbalance. As far as I'm concerned, it didn’t
operate properly.

We apparently lost the hydrogen pump package in fuel cell
nurber 1 which caused us to lose our condenser exhauster. The
circuit bresker popped on fuel cell number 1. When we reset
it, it popped again and gave us a main bus underveolt light arna
an AC volt light, an AC bus Iight, & megir bus light, and anr

AC bus light. The fuel cell wag still usable for short peri-
ods of time until it heated up or with centinuous hydregen
purges. The other snomgly which has to bo resolved Is con-
cerning fuel cell 2. After we were in lunar orbit a couple

of days, about 12 hours before TEL, we saw the condenser
exhaust temperature go beyond the caution ané warning

limits =— full high to full low at about 2 cycles to 3 cycles



2e-8

CERFAN
(CONT'D)

STAFFORD

CERNAN

coO AL -

per minute. Now, sbout once every 10 times that it hit the
bottom side, the caution and warning and the fuel cell num-
ber 2 lights would come on. The question that has to be
resolved is why did we see these oscillations? Why did this
oscillaticn damp on the sunliess side of the moon? Why did
it increase after gbout 15 minutes in the darkness? Why was
the same oscillation observed on Apollo 87 We saw it on one
fuel cell, so it apparently has scmething to do with the
thermal environment arcund the moon. We didn't see it on our
third fuel cell. It was perfectly normel. This is a very
unnerving situation, especially when you have one fuel cell
out to start with. I think this has to be resolwved. This
star£ed abcut 10 or 15 minutes after we got into the night

side.
After LOS.

When we got into the day side, it had about the same thermal
time lag. In about 10 minutes or 15 minutes, it damped out
and then would start sgain. This cycling action continued on
the condenser exhaust temperature until we 4id TET. IWhen we
went into passive thermal control on the way home, we never
saw the oscillation again; but the thing that bothers me, it

apparently was not unigue to spacecraft 106. I had word that

CON AL’
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CERNWAK it was seen on spacecraft 103, so 1t could be the lurar
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thermal environment that does it. We have to find out why.

YOUNG I don't know if this needs to be corrected; but cur GDC, in
my opinicn, as far as being used for a guidance system is
concerned, was completely invalid. If we had tumbled the
platform, we could not have used the GDC to get a quick
platform alignment unless we had tumbled the platform within
about 15 minutes of our GDC slignment. We had a lot of drift

in yaw and some drift in rcll. Pitch was pretty gocd, but as
a guidance system, I don't think it was worth a tinker's

hoot.

STAFFORD Let me amplify that. We checked it in the spacecraft during
preflight testing on the pad the day of launch, ard it Tooked
good. We could ascertain in flight that the performance of
the system degraded. Again, when we were trying to fly as
accurately as you could toc correlate the total effort reguired
on the landmark tracking, the pitch waz falirly accurane, but
the yaw and roll were unecceptable for short-time phase
drift. I'd estimate that the drift rates in zero g, as far

as we couwld analyze it. It would go up 4o at least 25 hours.

YOUNG It was completely unacceptable for any rendezvous situation

and barely marginable for any large SPS burns,

ORI TR —
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The TEI burn would have been nearly impossible. If we'd

have had to meke the TEI burn, we would not have accepted

the fast return home, because of the insccuracy. We would
have taken the slow return home, and there ﬁe'd had to use the
midcourses to start with. That would have been our decision
on board, because of the GDC — if we'd lost the basic

uplink data.

If that's the guidance system, mske mine vanilla.

With the ihsulation removed froﬁ the hatch as we had it,

we recommend that wiping down the hatch be included as part
of the daily inspection routine becsuse it's going to be
covered with water, especially when the CSM is operating
alone in the PTC mode, I don't think this was a problem,

but I think the lcoose water should be kept - -
There are no electrical connections up in the hatch.

Only the tunnel vent lights are up in the hatch and they
are shielded. T think that water should be wiped, especially

pricr to 5PS burns and during reentry.

It rained during reentry, prior to reentry, prior to sleep,
and after wake up. You're going to get a large accumulation

of water on the hatch when you're asleep.

CO AL*
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Here are two other real quick pseudo-anomslies. On the last
day before reentry we had a hydrogen CRYD tank heater fail

in the AUTO position. This is no problem. We had to do

some manual cycling. The other anomaly was that the primary
evaporator failed. It dried out during the launch phase,.

We tried tc reservice it in orbit, and it dried out ageain.

We never used the primary evaporator from that time on until
reentry. We did not need it, or try tc use 1t in lunar orbit.
From a temperature point of view the radiators handled the
Job superbly. We serviced it for 3 instead of 2 minutes

prior to reentry, and brought it on the lire. It worked

lixe a charm all the way through reentry.
I'm glad it 4id, too.

One of the unresclved problems is why we couldn't get
VHF. When we first turned it on, we couldén't get VHF A and
B to check out. This may be a C8M problem; it could be a

IM problem. When we finally got it on, it worked great.

After separation, we had VHF B simplex. The problem appeared
to be in the VEF A transmit mode. The commend module was
unable to resd the IM. The VHF A trernsmit mode 1s obviously

used in VIF A simplex and in VEF A duplex, the ranging mode

with whieh we are most concerned, with. But as soon asg we

y.
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modes worked perfectly.

YOUNG When the DELTA-V counter on the EMS was placed to DELTA-V
and normally at zero, it would Jump to 10.8 plus or minus or
some odd number. It is recommended that it be fixed so that
it doesn't do this. It mekes it impossible to use from zero.
The EMS DELTA-V counter is a very vital piece of equipment
for applying and monitoring burns of small velocity to the
reaxr.
The AOT was really sort of dirty. On the AOT within the
star line-of-sight region, there were 3 or 4 hairs that were
clearly visible anywhere from a quarter of the way out from
the center, to all the way out to the end. One thing that
disturbed me greatly was that within about 10 percent of the
crosshair center, the light trensmission was severely reduced.
Tt was reduced as much as 60 or TO percent in the plus Y axis.
Around the other 3 axes, it was down sbout 50 percent. I didn't
understand why, but when you went through a certain area on a
plus Y axis you'd literally lose the whole star. I was led to
believe that this was a simulator problem not the real world.

But you didn't lose it instantaneously; it Just faded out as if
there were a haze area or a possibly dirty ares near the

crosshairs.

- C TIAE
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The rhecstat-dimmer switch on the AQT went from no light to a
very, very dim light, most of the time it was not adeguate

to really mark a star. The prcblem did not eppear to be an
electrical provlem: it was & ohysical problem. The rheostat
control knob would fall forward physicaliy when you came up
from the dim position toward the bright position. Wnen you
kit the point about half way between, the knob would just'roll
forward on its own. So, it was a mechanicai problem. Ir spite
of this, actually the alignments went very well. The accuracy
of the alignmgnts, the star check, and other saspects were wvery,

very good.
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22.2 LUNAR MODULE

STAFFORD An item that has been highlighted before from the Apollo 9
mission with respect to fuel cost and crew attention was
relative to zeroing of the rete needles. We were told pre-
flight that the LM-lW error needles are the most accurate that
had been calibrated, and they were zero. I determined first,
on station keeping with the command module, that when I looked
at the error needles to go to zero, I was continually drifting
off. The test was very easy in the simulator. However, in
real flight, I was continuing to drift off when I had VERB 83
called. During this time I could see that when I had zero
rates indicated on the rate error needles, I actually had
rates, At the time we were too busy to calibrate them. Just
before docking, when I finally went tc the AGS attitude hold
and deadband MIN, where we had no movement, we determined
that a zero, true-vehicle rate indicated 2.2 degrees to
2.5 degrees per second right deflection in yaw, 0.3 degree
per second down in pitch, and 0.2 degree to 0.3 degree per
second in roll. When we tried to fly the attitudes tp ZEero,
we continually had a rate going which immediately would build
up into a £otal displacement. This would require that you

continue to monitor the vehicle attitude and use fuel to fly

back.

CONEJ |AL
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STAFFORD I pointed out before, the five degrees per second, and 25 de-

(CONT'D)

grees per second scale is unacceptable. Basically required
is what we have in the command module: 1 degree per second
and 5 degrees per second. But even with the 5 degrees per
second these needles were not zeroed. This caused me to use
mere fuel than I'd been used to using in the simulator, and
it required far more attention be given to the vehicle.

The other item that I noticed that was different which reéuired
a cost in fuel was the response of the ascent stage. Agaln,
we had a fuel loading of 50 percent fuel on the ascent stage,
but the Z-axis track - we'vre using the 7 axis track with the
primary guidance and navigation system, required far more
fuel usage than we've ever seen in the simulator. In the sim-
ulator, we would see an occasional thruster fire. During
actual flight, when we had Z-axis track engaged during ren-
dezvous, we would have thrusters firing every five to 10 sec~
onds in a series of 3 or 4, and it would go from one deadband
to another. I found that I could beat the Z-axis track with
respect to fuel. We had no radar bias by occasionally

making one pulse. HNow it was one pulse in PGHCS. You can
never kill the rate. It's always an overshoot. You can go
within certain limits, say plus and minus 5 degrees, and if
the radar angle bias is low, total fuel usage can be reduced

during tracking and rendezvous.

Coviwbinkidadhsieike
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This was very cbvious when using a PGNCS mode of operaticn
with AOT alignments. You could never literally slow down a
star in the fashion you would like to slow it down for the
alignments. You can stil]l make the alignments - no problem -
but it's not like controlling with a heavy descent stage.
During the phasing burn, we had the descent quantity light

come cn twice with the MASTER ALARM.

This was during the phasing burn, and needless to say, we had
Just made our pass at 50 000 feet and had started into dark-
ness, DBut we pressed right on.

Also associated with the phasing burn, after the burn was
initiated (and we'll have to look at the tapes for the exact
time) we had another MASTER ALARM with the DCA gimbal warning.

light coming on.

The AGS performed very well in all respects with the exception
of one unexplained anomaly. Prior to undocking the 304 address,
the angle theta did not agree with the PGNCS. It was incre-
mented by socme 20 degrees to 30 degrees. As soon as we undocked
and did ancther alignment, this angle bias, or angle difference,
disappeared and ended up as zero. From then on, alignments

and updates were excellent: no problems at all. However,

after the alignment and the update, 3 separate times prior

to undocking, we still had this angle difference.

| .
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Concerning VERB 83, to determine R-dot and theta, I would
say approximetely 50 to 60 percent of the time the solution
would be displaeyed in 30 seconds to 35 secconds. At other

times, it would go as high as L minutes.

At many of those times, we needed the computer badly, so we
went through a VERB 96, used the computer, and worried sbout
getting back to VERB 83 when we needed it. The other LGC -
radar unexpected anomaly was the first update we recelved in
P20, in almost every case. It was seen many times after
VERB 93 initialization, after gbout L marks and was way high
like a 5 digit number on a range and range-rate correction.
In every case we hit a VERB 32 to reject it, and then the
next update came right on in. So it was the first update

after the initialization.

I'm certainly glad that we were watching real time and saw

the data from the ascent burn to depletion on LM-3, because

we had rates up to 5 degrees per second on the ascent stage.
It eppeared to us that the vehicle was going through plus or
minus 5 degrees per second oscillation, However, the guidance
shutoff was fantastic, But we anticipated this. We had both
of the retention straps to our suits tight and locked. You
need them. The descent was so stable and everything that we

didn't have everything down for that.
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The only descriptive word I can think of is wallow, because

it seemed like it wallowed; but at the end of the burn.

It's like a pretty healthy dutch roll in an aircraft or scme-

thing like --

The reaction control system worked fine, oiher than the PGNCS
control and the light ascent stage and the PGNCS pulse. It
ought to be noted that every time one of those ascent reaction
control engines fires, it's like the whole inside wall of the
spacecraft 1s blowing out on you. It's like you're inside of
a big garbage can and somecne's beating over your head with

a mallet.

If you want to make the simulator reaslistic, they should sim-
ulate cccagsionslly a little pop, pop. More like a KA-BOOM,

BOOM when they're fired.
A clanging, a clanging - -

I noticed it more during the ascent stage. You can see the

structure vibrate - -

The LM was nolsy like we expected. We kept cne cabin fan on
for a while. It didn't really tend to improve the cooling,
so we turned it back off for noise control. Tom, would you

say that you were not hot, but you were not cool?

CQUIEIRRM |
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STAFFORD I was not hot, but I was not cool like in the command module.

CERNAN

Again, like we squawked in the altitude chamber, the cooling
capacity of the 1M is not as great as the command medule., =
was not uncomfortable, but I cculd tell thet I wasn't irn real
praise of high activity. Again, the presert sysitem was very
marginal. It's being improved on IM 5 with the liquid-cooled
garment facility.

On the cabin fan again, we could see no ncticeable increasc

in cocling because of it, The amount of noise that the device

maekes 1is fantastic, so we only had it on for a short period,

Your major continuocus noige is the glycol pump. It winds up.
It has Dbearings that are noisy. It's =z ncisy, noisy pump.

The other noise level — and you can hear it continually while
it's opersating, not only while you position 1t — 1s the 5-vand
antenna. You can hear that thing track cortinually. It sounds
like somecne is rubbing across the side of the spacecraft with
a washboard. It's just that continuous grinding and grinding
and grinding back and forth,.

When we first got in the LM, the water had bubtbles in it, It
had air in it the first night. The next morring, it had more
bubbles in it. We hadn't consumed a great deal of water, but
when we left the LM, I would say that it still had some bupbles

in it but not many.
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STAFFORD We probably drank mest of the major bubbles out of it. There
is no reascn why this mess of water can't be completely de-

gergted and free of bubbles.

YOUNG You know, George told me they didn't deaerste the water that

they serviced us in the command module.

CERNAN I believe thet the S-band high-gein antenna -— the lock-on
and capability of operating it — was 100 percent better thean
expected. I won't go into the deteils on it. It did work
adequately. The_COMM was good., It was easy to lock c¢n, it
was easy to position, and it tracked well. The CMNI's appar-
ently did not work as well, and ss & backup mode, we used the
OMNI backup configuration which gave us a hot S-band mike to .
the ground, The normal voice mode of operation checked cut
the night before and worked adequately, but it was a preference

of the ground to go to the voice backup mode of operation,

22.3 MISCELLANEQUS
STAFFORD One thing, again for informastion to pass on to the Apollo 11
crew, the S-band antenna reslly growls. In fact, John could
hear it growl up in the command medule. When we were checking

it out, it was sheking both wvehicles.

YOUKG It's really an eye opener. You don't have to go back over it

again.

CONF|ppsefAl
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22.3 MIBCELLANEQUS
STAFFORD  One thing, again for infermation to pass on to the Apollo 11
crew, the 5-band antenna really growls. In fact, John could
hear it growl up in the command module. When we were checking

1t out, it was shaking both wvehicles.

YOUNG It's really an eye opener. You don't have to go back over it

again.

STANFORD We found during training that continually the iasselbZad cam-
era would not actuate when we pushed the trigger. We checxed
with the people in the Support Division, they szid you would
have to use a little roll knob and advance the film one time.
Well, for resl important targets, you can't take time to do
this. On all the magazines — black and white color, every
one — we had to stop and occasionally turn one cr twe film

glides through to get it to work.

CERNAN This was not only on the first picture off of that reel; it
was sometimes in the middle of the reel. All of a sudden, 1t
would stop; and you'd have to advance it manually to get the
red dot out and the white dot back in to start taking pictures
again. When you have a glove on, as in some instances, you

can't do it.
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They may be trying to put too much film in the magazine. We
don't know, but it is certainly unsatisfactory. We had the

Hasselblad fail — which is under analysis.

The sequence camera film packs are not necessarily compatible
directly with every camera. They work, but they should be
able to put that magazine in the camersa =znd have electricel
contact made immediately {as soon as you lock the magazine
in) and have the camera run. In many of our packs, the maga-
zine had to be manipulated, split around, forced in, or any
number of things to make that electrical contset so that the
camera would run. In a real-time operational situation, when
you need the piectures, this is unacceptsble. We also had,

on the way home, a failure of the CSM l6-mm camera; and I
don't know yet what it was or.why. It just failed to run,
period. In the IM, we had an 18-mm lens that had detents for
the f stops, which was fine. You could set it, and it would
stay in a detent. In the command module, we had lenses that
had no detents. They had very little friction, and contin-
vally &s has happened in the past, some of these f stops slid
around; and you'd have to check it every time prior to using
the camera. As a result, what we ended up doing, which is
ridiculous, is having to tape the camers every time we wanted

to set an f stop so it wouldn't slide away from us.
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That's really bad.

T think we are in an area that needs considerable attention.
We need to ensure that we have a review cycle so that all tae
onboard data are finalized, if possible, 3 to L weeks prior to
flight. To come down te the last week and still be changing
data and data cards is unacceptable. All the approach nplates
inte the landing sites, the onboard data, and the readezvous
procedures should be in the final flight books so we can re-
view them 3 to U4 weeks before flignt. The present system,
where they come up only 1 week to 5 days befcre the flight, !s

unacceptable.,

Unacceptable, unnecessary, irrespeonsible, and riciculous.
This is true of the contractors, people .such as MIT, and ir
house such as E and D, ASPO. Fortunately, they get reviewed
by FOD because we're working with those people on SIMS, etc.
It appears to me that everyone gives themselves z deadline of

about 3 days before the flight. Thils 1Is unacceptacle.

I think one thing that contributes to this is the present
2 months launch center. This will be alleviated; but Tor the

il crew, this is an item of great concern.

The other thing about onboard data is the problem that there

is no central p%;::bwithin the center to filter the informatvion.



pp—pl

CZRNAN We get one reccommendetion from Grumman, and the next day we

(CONT'D)
turn right around and get another reccommendation on the same
switch setting or the same chronclogical position in the pro-
cedures to make this switch setting. We get one recommenda-
tion from the contractor on one daey, end a dey later we gét
a 180-degree reversal from NASA MSC, or NASA KSC, or one of
the other contrectors as tc the position of the switch.
You've got to have agreement before it comes to the crew.
We'll accept a recommendation that is correct. It shouldn't
be up to us to filter out which is the best way to do it.

If we're going to have to do that, we don't need the recom-

mendation in the first place.

In regard to physiclogical or psychological feeling in flying
the command medule, T think the three of us all felt that

when you are strapped into the command module, it's very much
like being strapped into Gemini. If you have scme force upon
your legs, your back, or your shoulders you really lose the
perspective of zerc g. After being up there for almost 8 days,
when we were strapped in, we almost really felt that we were

no longer in zero g.

STAFFORD I felt like I was back in one g when I pulled those straps

down tight.
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This was the condition we had in Gemini. On Gemini, maybe we
didn't really have this true free-fleoating zero-g concept.
Now, when you do have this free-fleating zero-g concept, it

is a little bit different. I think everycne is different in
the way they adapt to it. After the excitement of launch and
TLI and everything was over after the realization Lhat you're
settling down to live in this enviromment, 1 felt gocd. I
didn't feel like I was ready to go out and do handstand; and
all these other things in the command module. By Lhe end of
that first day, I was moving arcund the command module; and

I felt more comfortable. The second day, I felt a little
more comfortable; and by the end of the second day, I felt
great. The third day, the ﬁignt we vwent into the IM, I coulc
have flown standing on my head or sideways; 1t would not have
made any difference. What I am saying is, in contrast tc
Stafford and Young, it took me a iittle bit longer to adapt
to this real zero-g floating-around environment — na trouble,
no dizziness, no trouble taking the suit off or anything else.
I had just a comfortable feeling of being able to say that I
can do anything I want to in terms of meneuverability with the
body in zero g in the command medule. Tt tock me about two
days.

We were briefed with a recommendation that if you do get an

uneasy feeling, you try some head movements to see if you can

C GRS i
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increase your adaptation rate - head movements as described
by part of the D-crew and by the medics, As far as I am con-
cerned, these head movements do nothing but aggravate your
feeling of insecurity of not being 100 percent at that peoint,
If you are ever going to get sick and get nausea, all I've

got to gay is start doing head movements and you'll push your-
gself in thet direction. To prove a point, I did this after
the 4Yth, 5th, and Tth days when I had already been in the IM.
T had been upside down, I'd been in every attitude, and I felt
that there was nothing in the world that I couldn't do up
there. T started doing those head movements, and I swear

that if I had continued those head movements for over three

or four minutes, I probably would have got myself sick. I
strongly recommend that over the two or three dasy trip to

the moon you let yourself adspt to it normally.

I think there is a tremendous variance among individusls. My
adaptation, I consider, was instantaneous., I think everybaody
nas noticed that his head feels a little stuffy, which is a
natural reaction when blocd distribution changes from one g
to zero g. In my case, I had a sensation that T was flying
upside down for about 8 to 10 hours, however it didn't matter
to me. I was all over the spacecraft. T have had a strong

stomach and it never bothered me., I think John was the same

way. There is a tremendous variance in individuals.

s
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I agree with what Gene says. I reaslly believe that making
head movements when you feel bad already igs exsctly like when
you are out on an acrobatic flight and you get yourself feel-
ing bad. What you do is you stop the scrobatics, go back

and land, and drink a cup of coffee. You don't continue do-
ing acrobatics when you are already feeling bad. It's absurd,

patently absurd,

I just didn't feel that great the first two days, but I was
going uphill rapidly. Tom told me, "Gene, don't move." 3o

I stayed where I was, and then I staried progressing arcund
the spacecraft slowly, getting myself adapted in the normal,
everyday fashion. The point we brought up earlier, and that
we'll make again, is that in Gemini we were continually
strapped in and continually had pressure against our body.

The sensation of 2ero g that we now have in the command module
was a l1little bit different. When you can totally uastrap and
fiocat around, free to move throughout the vehicle, it's truly
a different state of zero g. It might affect any cre just a
little bit differently. These head movements Lhat have been
recormended — 1 am absclutely and forceably recormending
against them. Let the two or three day trip to the moon allow
you to adapt normally like any human being might be required

to adapt. One may need no adaptation: somecne elisc may need

3
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two or three days. And I am not ashamed of it, because there
isn't anything I couldn't have done at the end of that second

day.

I thought the PAO requirements were handled very well, with
the flighterew directors working through this routine as
previously agreed. We had no problems. I think that all
the photo coverage that is reguired from all the centers
should be coordinated and an effort be made to avoid flaps

between centers again.

Let me say somefhing about PAO, because I guess I'm right

in the middle of %his real-time conversation. The LM COMM
situétion is such that much of the time we will be operating
in a S-band hot-mike configuration. Possibly, we'll be on
VOX when an occasion arises where you say something and
you've forgotten you're on alr to ground or you don't know
you're on air to ground. This last flight was probebly an
extremely good example where things went outside the control
center about as quickly as they came in. All the real-time
comments went out, and there are flaps about them gding on

right now.
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23.0 ONBOARD CREW COMMENTS

The PRECAL seguence was completely satisfactory. The total
flightcrew OCP for wakeup times and physicals progressed in
a nomingl manner. Ingress to the spacecraft was made on
time. Througheout the rest of the count the crew was approxi-
mately 20 minutes shead of the nominal count along with the
STC. Part of this could be attributed to the fact that *e
did not have a suit integrity check. The suit temperatures
from the ventilators and also the suit temperature in the
spacecraft was satisfactory. There was no noticeable coolant
or excessive coolant ag had been noticed by previous crevs.
Discussion was held at minus.approximately 30 minutes con-
cerning the RCS ring B oxidizer. The RCS oxidizer burst dise
had ruptured. It was decided, after we inserted intoc orbit,
that we would go through a procedure which would close the
RCS propellant valve, turn on the RCS ring B heaters for

15 minutes. This should theoretically vent the oxidizer from
the isclation valve out to the engines.

The countdown proceeded as prescribed. TIgnition was called
at minus 6 seconds. A definite feeling of the turbines com-
ing up to speed and thrust chamber pressures were as previ-
ously briefed. FEngine lights went out at approximately

T minus 2 seconds. At T zero positive acceleration - a
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slight positive scceleration wes felt and the lift-off light
went on. At 2 seconds, the yaw maneuver was initiated.

The magnitude of the yaw maneuver was approximately one half
of what had been observed on the CMS and the DCPE. Tower
clear was called at 12 seconds followed by immediate roll
and pitch prograem initiate. The complete first-stage ride
was very smooth and the aero-dynamic noise compared to
Gemini was less. At steging, a longitudinal pogo that per-
sisted for approximately Y cycles was felt. It was impossi-
ble tc ascertain the magnitude of it. We'd estimate that it
went to a negetive one-half g, and then back positive and
continued on in that fashion for & definite 3 to 4 cycles.
When it stopped, the J-2 ignitions on the 5-IT had been
completed, and they were all up to thrust. The S-IT pro-
pulsion was noted by very smooth burning and very little
vibration. Practically no noise at all was sensed. At

7 plus 40, the inkoard engine was shut down as programed.
The profile continued out to staging where another pogo was
felt immediately upon the shutdown of the S-II stage. The
magnitude of the longitudinal pogo was not as much bﬁt per-
sisted for approximately 3 cycles. Igniticn on the S-IVB
oceurred as programed, and it was noted by the crew that
the noise and vibration on the S-IVB were rougher than ex-

perienced on any of the other stages. The roughness in the

Ll
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somewiat sinuscidal manner was ncted all the wey to ZECCT.

At BFECO, the postirsertion checklist was cempleted. At a
GET of 18 mirutes, tae cormand module KCS propellant B ring
heaters were turned cn to vent the ring o the oxidizer
downstream from the propellant isclaticn valve, The [iighz
continued as programcd with the étate vector undates over
the states and the TLT wad. TLI was initiated cn tirme, and
the seguences for the S5-3I BEP lights coming on and off were
exactly ir secuence to the seccnd. fAgain, the croew noted the
seeming roughness of the J-2 engine on the S-IVE. At aporox-
irately 2 minutes from the starl of 1L7, =z high-frequency
piteh and witralion could be heard and alsc feit. These

were superimposed upon the regular somewhat sinuscdial viora-
tion of the J-2 engine. It did nct bulld in megnitude, and

the S-IVE contirued its thrust profile as planned. &t TLT

-

Fal

cutoff, it was noted thal tke *MS monitor read minus 0.6 of
a foot per seceond. The toisl crew timeline [rom insertion
through TLL was rot rusked, and the vrew was 5 to 10 minutes
ahead of zll the pregramed setivities. Urarspositiocn and
docking were performed ard geared to take only a small armcunt
of fael. 'The turn-around was completed approximately B0 fect
from the 85-iVB. "he closure rate was made straight in, and

then the totel prefile follewed according to procedures.

mmediately upcn the SEP from the 5-TV3 a check was made on
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the propellant valves in the RCS and we found that all of

them were still open. A positive indication of docking was
félt by the crew members at the same time that the ring A
and B indicators went from gray to barberpole. Contact was
made between 0.1 and 0.2 of a foot per second. When the
rate had damped and the attitude aligned, the primary re-
tract Dottle was fired, and the probe pulled the two vehicles
together. This required approximately 3 to b seconds. The
making of the docking latches appeared to have less noise
than we had previously experienced in the altitude chamber.
There were no anomalies associated with this. All the cau-
tion end warning lights appeared to be nominal. All total
operations were nominal. The withdrawal of the lunar module
from the S-IVB continued on schedule, When the S—IVB/LM

SEP switch was actuated, a pesitive ascceleration was felt,
and a straightout movement could be noticed as the IM moved
out from the S-IVB. Both the EMS and the DSKY read 0.2 of a
foot per second. From a visual observation, it appeared that
the copening with respect to the S-IVB was approximately a
half a foot per second. This is what you would expeét from
this opening velocity only on the sensing vehicle. The
3-second RCS maneuver was used on the AFT-firing thrusters -—
on the forward-firing thrusters. Iater another 1 second and

a half, second firing was made with the forward-firing

NN
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thrusters toc ensure separation. After a maneuver to the
programed pitch attitude, the S-IVB could be seen out of the
right rendezvous window and right window. The LM and com-
mand module separated. The distance slowly opened out to
500 or TOO feet. The CM/LM moved slightly upward from the
5=~IVE. It maintained this peosition until the separation
maneuver was made. The separation maneuver was performed on

time, and the residuals are noted as in the flight plan.
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