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STAFFORD

YOUNG

STAFFORD

YOUNG

STAFFORD

YOUNG

STAFFORD

1.0 SUITING AND INGRESS

As far as we were concerned, the suiting situation is

completely satisfactory. I think the crew should ingress

as 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 suit 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 l5 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.
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STAFFORD

CERNAN

STAFFORD

YOUNG

2.0 STATUS CHECKS 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 one 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, 1, 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 to lift-off. When I went to that

position, we got a MASTER ALARM. I was told later, after

people looked into it, that this is a normal con£iguration.

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

off.

I 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.
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STAFFORD I said, "I don't remember anybody putting that up," and

John said, "I don't either."

YOUNG

STAFFORD

YOUNG

STAFFORD

YOUNG

STAFFORD

YOUNG

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

we launched - -

When I ingressed to the spacecraft, I looked down and that

brace was there. And none of us put the brace up, so it was

never down to the stowed position for launch.

SECS PYRO, COMM verification, emergency detection system 

all those went as previously during the CDDT and previous

checks.

We did no stable-member azimuth check.

The FDA! 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 beautiful.

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. They

should correct that because maybe you might launch with an

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

YOUNG

STAFFORD

YOUNG

STAFFORD

YOUNG

It's without question, recognizable: it's like an open mike.

It's like an open mike. And I don't see why the dickens

they have it. It seems to me like a little effort would fix

it.

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

talk occurs.

I see no reason to live with that.

The rest of the countdown was beautiful. No problem.

The vehicle did sway prior to ignition. The vehicle swayed

and you could see it on the rate needles. With the small

winds that we noted, it was a very noticeable swing, but not

objectionable.



•
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3.0 POWERED FLIGHT

STAFFORD S-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-l engines. This occurred at about

minus 6 seconds. You could feel the rumble and vibration

start to build up at minus 3 seconds.

STAFFORD

3.5 LIFT-OFF

Lift-off was very obvious - with a slight increase in pressure

on your back and a decrease in vibration. Very similar to

Gemini.

YOUNG We really had a sensation of motion.

STAFFORD You knew you'd lifted off.

YOUNG Without question.

STAFFORD

CERNAN

STAFFORD

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

other.

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

else except the Snoopy hats.

Yaw tower maneuver - what I observed on the rate needl~s at the

2-second yaw maneuver - was approximately one half of what we'd
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STAFFORD
(CONT'D)

YOUNG

CERNAN

seen in the simulator. The deflection on the attitude error

needles 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

problem, and you could hear the cabin relief - valve operating

as the cabin pressure decreased.

Cabin pressure decreased at about 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, it was loud and clear.

The simulator is a good simulation.

STAFFORD The mach 1 and max q noise levels were less than in Gemini.

YOUNG That's right: I agree with that.

STAFFORD It did not scream and howl like Gemini did.

CERNAN, After we got out of max q, it was like riding a super bird.

STAFFORD After max q the noise of the F 1 engine was less than we had

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

CERNAN A quiet, smooth bird.
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STAFFORD

YOUNG

STAFFORD

YOUNG \

STAFFORD

The EDS was turned OFF and we went to manual at 2 minutes.

We noticed no pogo oscillations during S-IC boost.

There were no problems turning the EDS switch to OFF. I was

a little worried that we might have problems reaching the

switch under the 3 or 4 g load.

The S-IC inboard cutoff was on schedule, and again there were

no problems. At outboard cutoff, we were expecting a negative

g. We'd been briefed by the Marshall people that we could

expect the outboard shutdown approximately 2 1/2 seconds

earlier. We were expecting it at 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 back; the

instruments, to me, were kind of blurred.

It was loud.

It was the loudest thing I've been on. The noise and sensations

to me sounded exactly like an opened 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
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STAFFORD
(CONT'D)

YOUNG

CERNAN

YOUNG

STAFFORD

CERNAN .

STAFFORD

everything had settled down~ we were burning away on the

8-11 just as smooth as silk. But it was obvious that it was

the 8-11 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-11.

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.

Like a barrel -

Fuel slosh is going up and down in that thing.

It was the darnest thing I've ever been through. As far as 1

can remember it was 4 cycles with a decrease in amplitude per

cycle. We were worried about it's breaking hardware in the

command module/LM and everything else, but once on the S-11,

you could barely hear the engines and everything was very

smooth.

The 8-11 ride was so quiet and so smooth up until we got to

staging, that you hardly knew anything was burning.

As far as any gaseous products at staging - we were going

through the pogo at that time, and I couldn It tell you what
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STAFFORD went on outside. I could barely see the instrument panel
(CONT'D)

because I was being slammed back and forth so n;J.ch. The

tower jet was a very low noise-level thing.

YOUNG

STAFFORD

YOUNG

Just - prior to tower jet, I could see - the only way I can

describe it is - aerodynamic heating smoke coming across the

hatch window and also the right-hand window underneath the

BPC before it was jettisoned.

That reported before, I think, on Apollo 9.

There was no question about it. It was coming between the

window and the BPC and it was aerodynamic heating. I could

see it on both my right window and on the hatch window.

CERNAN I don't think you need the BPC~ but I can't prove it.

STAFFORD 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.

CERNAN

YOUNG

STAFFORD

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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YOUNG

SPEAKER Could you feel that physiologically?

STAFFORD Yes, we could. We then got the GO for staging and again,

when the outboards of the 8-11 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 oscillations. We staged off of the S-II

and we were on the IV-B.

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

STAFFORD

YOUNG'

STAFFORD

Yes, there was noise associated with this. You could hear

things - bluh, bluh, blup - like this. It'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 8-IC stage and the 8-11 stage were completely

smooth, the S-IVB growled, rattled, and rolled during the

whole burn. But you could actually feel little vibrations.

- 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 oscillations, a little fore

and aft, but 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.





3-8

STAFFORD
(CONT'D)

Cernan

in space. Okay, the main thing about the IV-B was the way

that that engine growled and the vibrations from it. We all

thought the thing was going 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 good communications with the ground. The one

thing we noticed was how solid th~ attitude of that Saturn

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

nominal. It was very impressive.

From the right seat, 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.

YOUNG

STAFFORD

YOUNG

STAFFORD

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

the yellow flashes.

At night time

That's right. You could also see the lights on the S-IVB

flashing.

Controls and displays completely satisfactory.



YOUNG

STAFFORD

YOUNG

Yes, they couldn't have been better.

The g forces are so low you can't believe it.

Yes I agree, you could have done it standing up.

3-9
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YOUNG

STAFFORD

YOUNG

STAFFORD

4.0 EARTH ORBIT AND SYSTEMS CHECKOUTS

Systems checkout was completely nominal, and 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 Df the game. Roger. Probe

extension, which we were told would be very slow, was 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 a

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 4 or an upstage, we could have done it

with every confidence of 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 navigation system.
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YOUNG

STAFFORD

YOUNG

STAFFORD

CERNAN

That allows alignment 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 button. Saves you a lot of

time.

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 isolation disc being ruptured.

This procedure was talked over before lift-off. We agreed

upon a procedure, went through it right after insertion, and

it was all completed 18 minutes after insertion.

Turned on the heaters in the .•. 15 minutes.

And pulleq it - turned them off, pulled the heater breakers

to close the isolation valves. COAS installation and hori

zon check - fine - no problem. The horizon check was no

problem.

Unstowage and camera assembly was no problem. The problem

was retention of all this gear that we got out. We really

had pulled out one piece of gear and didn't know what to do

with it. On a tight timeline that could bother you. I didn't

think it was tight timeline.
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YOUNG

CERNAN

STAFFORD

YOUNG

STAFFORD

CERNAN

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 - all you'd hear was definite click when it got

fully extended.

Communications were excellent throughout the whole boost

phase. We never lost contact, we had good S-band check and

good VHF.

SCS attitude reference comparison was excellent. Low drift

rates at that time and the DSKY readings were beautiful.

We were 20 to 30 minutes ahead of everything.

Shoot, it was a piece of cake.

4.14 CONTINUOUS VENTING SYSTEMS AND PLUME

Continuous venting system and plume, no problem.

FOD had to update our state vector 2 to 3 times. Everytime

we updated it, we were in a higher orbit.
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YOUNG

CERNAN

YOUNG

CERNAN

STAFFORD

CERNAN

STAFFORD

4.15 TLI PREPARATIONS

We had agree that we wouldn't wear helmet and gloves for

TLI and then chickened out, there, at the last moment and

put them on.

It was so easy, we were ahead 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 being ahead of it, sitting there and

saying, "Well, why not?"

Translunar 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 out nominally.

4.20 ENGINE ALIGNMENT

Engine alignment - S-IVB again, the ground checks that. We

got the GO for TLI. Crew readiness and comfort - we were

comfortable and we were 30 minutes ahead of schedule - maybe

40 at times. Subjective reaction to weightlessness -,
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STAFFORD
(CONT'D)

YOUNG

STAFFORD

CERNAN

STAFFORD

CERNAN

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-IVB CLOSEOUT

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 ORB rate ball to the lunar torquing rate at 200

nautical miles - the way it should match coming down - and

it worked great. We were all confident that - if it were

required to do a manual TLI, we could have done it - just

no problem. The correlation, there, was great.

STAFFORD

5.2 S-IVB PERFORMANCE AND ECO

The S-IVB lit off exactly to the second on time. It started

its pitchdown 5 degrees. We were all getting very sensitive

to any motion. The thing we noticed right away was the growl

ing of the S-IVB and these oscillations. There were little

lateral and longitudinal oscillations and a growl. Then

between 3 minutes and 3 minutes and 5 seconds, a high-frequency

oscillation noise and vibration were superimposed upon the

growling. All three of us thought the flight was going to be

over right then.
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YOUNG

STAFFORD

YOUNG

CERNAN

STAFFORD

YOUNG

STAFFORD

CERNAN

YOUNG

STAFFORD

It was a zzzzzzzzzzzzzzzzzzzzzzz - like that. Maybe 60 cycles

or somewhere around there. It's hard to say.

And you could feel the vibration in the couches.

Feel it and hear it. So we all figured the flight was over

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

It provoked comments like, "burn, baby, burn." You can't call

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 to eXPect a pogo in the last 15 seconds of S-IVB 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.

YOUNG Yes.
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STAFFORD

CERNAN

STAFFORD

CERNAN

STAFFORD

We'd never seen it before and never heard about it. It really

scared the hell out of us - not from a safety point of view 

we thought the flight was going 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 foot per second. It was just fantastic. The S-IVB maneuver

to separation attitude was on time right to the degree. It

was as solid as a rock. Preseparation configuration was

satisfactory; MCC GO for PYRO ARM was good. Again, T&D

attitude was good. Okay.

5.• 7 TRANSLATION AND DOCKING PHOTOGRAPHY

We took 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

circuit technique. We had the time, so I pulled the proper

breaker and we had closed-circuit television. Just- to make

sure we were going to get something on our monitor and that

we could point it. When we got the ground, we pusheq the

breaker 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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STAFFORD
(CONT'D)

CERNAN

YOUNG

CERNAN

YOUNG

Gene; there was no interference. We didn't even know he had

the system on as far as we were concerned.

Tank pressure looked 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 to 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 out of that separation.

It's a good solid klonk.

We applied 0.6 ft/sec velocity to about 40 seconds and nulled

the velocity to zero, essentially. We then started our pitch-

around at about a degree and a half per second. When we got

around, we were about 150 feet away from the S-IVB (which is

not a bad place to be). But that's about 100 feet further

away than we should have been. I don~t have any explanation

for this. It took us a little more gas to get back t~ere.
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YOUNG
(CONT'D)

STAFFORD

YOUNG

STAFFORD

YOUNG

Better to be safe than sorry. We were still moving away from

the vehicle when we turned around. It took three different

positive translations of 0.2 to 0.3 ft/sec to start closing

on the vehicle.

We used the exact same procedure we used in the simulator.

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 cause any problem. If

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

I thought that the total transposition and docking was done

with a very minimum 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

~uarter per second to turnaround.

We were doing 0.2 ft/sec and we docked in CMC AUTO. It was

easy. There were no vehicle oscillations. Alignment, as far

as I was concerned, was absolutely perfect -- a piece of

cake.
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STAFFORD

YOUNG

STAFFORD

6.0 TRANSLUNAR COAST

We worked out a new REFSMMAT and an attitude for translunar

coast, and this was completely satisfactory. The first night,

when we set up the deadband, we noticed near the end, that

when the vehicle would reach the deadband, the thruster would

fire. We're trying to sleep. The·noise of the thruster was

not annoying, but the total dynamic response of the vehicle

was. You could feel about three or four cycles and it felt

like a very loose vehicle - like a large airplane - something

like a B-47 or a C-133, the way that the structural dynamics

work~d.

After that, the next night, we changed a procedure, that is

damped the rates to zero before we set up the mode, instead

of setting up the mode and then damping the rates. After

that the longest period of time we went without firing any

thruster was 18 hours.

It's recommended that this PTC setup and. operation be con

sidered a nominal PTC G&N mode, and that it be 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
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YOUNG Even without thruster firing, on several 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, but

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. It was a low freQuency vibration. Now, we

never felt that on the command module coming back. It was

when we had the LM on there. Also, with the LM onboard, when

you fire one pulse (again the Apollo 9 crew briefed us on

this) the whole stack seems to be a very loose structural

model.

YOUNG It'd set up this freQuency and it'd shake the whole works.

Nothing you could see on the rate needles, but you could feel

it.

STAFFORD We timed it, and it would go through about 4 cycles. It

would damp to zero in 3-1/2 to 4 cycles.

co
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Communications all the way out were excellent. We went S-band

OMNI most all the time, especially during the PTC sleep modes.

The ground switched the OMNI antennas. They did an excellent

job. We didn't have to worry about loss of COMM. We were

in SQUELCH ENABLE. We had no noise problems. When we used

the high gain antenna, the REACQ mode, it worked very fine

all through the translunar coast.

We did the IMU realign for REFSMMAT early in the translunar

coast period. It is recommended that the ground provide

roll, pitch, and yaw angles in which to perform the IMU realign.

This will give the crew a chance to see stars. In other words,

about 180 degrees from the Sun and yet avoid the problem of

old gimbal lock program alarm when you go to gyro torque.

Gyro torquing took about 4 to 6 minutes. At the completion

of gyro torquing, the P52's appeared to be just as good as if

there hadn't been any gyro torquing. ~henomenal.

PGA doffing required considerable effort. In fact, at times

we had two of the crewmen helping the third one trying to get

out of his PGA. We were really impressed by the effort that

was required to doff the basic garment.

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

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

of cake. ers.
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Yes.

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 were

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 were 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

optics c~.ibration if they're required for each P23. It

would 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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star a great deal further away from the earth than the pro-

cedure recommends. The procedure wants you to do the optics

calibration in the vicinity of the body that you're tracking.

You couldn't do that. The Earth, the Moon, and the Sun cause

star shafting across the telescope, and completely blank your

vision from seeing any stars with the lunar module on. The

lunar module caused Sun shafting into the optics at various

positions. From the start of TLI through translunar coast,

we were never at any time able to see any stars except through

AUTO optics.

Thank God for AUTO optics.

P51's would have to be done with the planets: Jupiter, in

the vicinity of the Moon; and Mars, in the vicinity of the

Earth, could be seen. And of course they are about 180 out

from each other. which would make them very poor. We didn't

try to Sun options, but we had filters onboard to use the

Sun. I think they would work okay.

I finally saw the first stars when we were approximately

100,000 miles from the Earth. At that time, I saw Acrux,

and Alpha 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 boiler dried out during the liftoff. We tried to

reservice it in Earth 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 at 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

cabin from clogging it up completely. More on that later.

The potable water chlorination was, no problem, except that

the fourth or fifth day, I forgot to do it and on one occasion

when we serviced it, even though I 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 amount of

chlorine on my hands, which I dried off and it didn't seem

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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communication antennas, using OMNI Bravo and Delta. We were

in the OMNI 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 s~uelch enable 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

STAFFORD

YOUNG

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 period of 18 hours

without firing one thruster -- a good operation for saving

fuel.

The first night, the passive thermal control mode we set up

was 0.1 deg/sec, with 20-degree deadband, pitch, yaw, and

roll, G&N, and four ~uad 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
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period of time. The thruster firings continued throughout

the night. They were very disturbing and it kept Tom and me

awake.

It was not so much the dull thud of the thrusters that kept

me awake as it was the associated dynamics of the vehicle.

The vehicle would go through about 3 or 4 oscillations.

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 initiated, we go MANUAL ATTITUDE and roll to

ACCELERATION COMMAND and we would open the deadbands to plus

or minus 30 degrees, and put the pitch 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 transearth coast

operations.

There were two periods of cislunar navigation sightings. One

was prior to the first sleep period and one was after the
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first sleep period. It is recommended that with the LM

attached, these sightings be planned preflight, so that it

won't take a lot of attitude fuel and so that the stars aren't

too far for the planet to be observed, because you're really

limited with the lunar module on as to how much viewing area

you have through which to look with the optics. After dis-

cussing this a couple of days prior to flight, we changed

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 34 kilometers). This was a very hazy layer above

the horizon that appeared to be the highest line above the

horizon where I could see a useful attitude. It was definitely

well above the cloudline. The star horizon sightings were

no problem and had gone just as in training. A simulator is

a very useful device for doing star horizon measurements. I

recommend that a slide which shows the same kind of horizon

that we saw on an actual spacecraft be put in the simulator

to improve the horizon display. During the second period of

star navigation sighting after the sleep period, the horizon

was much less definite. In face, it appeared to be almost

nonexistent. Those sightings were no problem. The AUTO

optics worked beautifully and in many cases a complete pass

of star horizon sightings could be done with just 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 vehicle

with the CMC with the MIN-impulse controller. You just cannot

think "roll, yaw, and 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 LM attached it is very difficult

to find a star near the body of interest to calibrate. It

is certainly recommended that if this is seriously going to

be done with the LM attached that some automatic mode be

developed to find the star. The optics in the spacecraft

handle easily during navigation sightings.

YOUNG

CERNAN

6.17 ADEQUACY· OF CSM/MSFN COMM PERFORMANCE AND PROCEDURES

FOR COAST DURING AGA REFLECTIVITY TEST

When the gimbals actuated and ran through the gimbal drive

test, the vehicle oscillated and the whole stack shook. It

excited resonant frequency in the whole stack and shook it up

and down. I think that this should be reflected on the needles

on the simulator. And also use some fuel to correct those

oscillations.

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

cedures and the performance of the COMM were excellent. The
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high gain reflectivity test was done on the transearth coast.

The results onboard looked like it had recovered from the

reflectivity area on 2 of the 3 tests and not on the other.

However, the results of those tests were not discussed and

the ground has the data. They were carried out in about

20 minutes without any problems.

Television preparation and operation is simple and straight

forward.

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

in and there it was. Stowage and restowage of the camera was

a piece of cake and caused no problems whatsoever. High-gain

antenna performance --when we locked up in high, or in wide,

or 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 no problem. It worked

just as advertised. On 21, 1 believe.

Daylight IMU realign and star check -- all IMU realigns and

star checks were performed in the daylight on the way to the

Moon. There was no darkness except for one period of time

when we entered the lunar penumbra prior to L01.
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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

after 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 primary water boiler until prior to reentry

and we were comfortable.

The command module/lunar module DELTA pressure decay was

indicative of a very tight lunar module. I don't remember

what the numbers were. It is recommended that the procedure

previOUSly discussed be used to reestablish PTC. It is recom

mended that realigns, where practical, be done while still

in the PTC mode. They were very easy to perform and suffered

no loss of accuracy by being done in the PTC mode and unless

it's a critical maneuver such as LOI it is unnecessary to go

through the process of killing the PTC operation.

The high-gain antenna REACQ check and the PTC mode worked

okay. We used the REACQ operation in lunar orbit during

sleep periods. We used it in lunar orbit most of the time

and often on the way back. It worked fine.

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

residuals were negligible.

Right. We had a zero X burn residual. 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 SPS burn card was used throughout the mission to perform

SPS burns and certainly appeared 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

.ended up with two banks at 103.

7.3 ORBITAL PARAMETERS

The LOI/l burn put us in a 169.1 by 59. 6-mile orbit.

7.7 ACQUISITION OF MSFN

Acquisition of MSFN was without difficulty. We had the high

gain attitude to acquire and it came in loud and clear.
CO . - J...
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1.8 PTC ATTITUDE

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 it was high off-scale on tem-

perature after the first pass. We did a different roll at-

titude for the next one. The PTC attitude in lunar orbit

was initiated just like during trahsearth coast; I think in

lunar orbit we never fired a thruster at night.

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

orbit, and we still didn't fire a thruster.

In fact, we didn't fire any thrusters all night long.

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

The only thing that bothered us about 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.

1.9 IMU ALIGNMENT

IMU realignment was a piece 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

CONF
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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 except for those critical events, such as

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

mended doing that.

7.11 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 LOll.

There wasn't any problem.

We noticed on both of these burns that the PUGS failed to

operate properly. On our first burn during coast, we found

that the PUGS went to a decrease 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. Subsequently, 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 quantities remaining requested an increase in

oxidizer flow. The switch was put that way at about 150 on

the increase side, and for the subsequent burns throughout

CON
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the mission, the PUGS continued to go toward the MAX increase

position and stayed there. We never did get apparent PUGS

operation, or the oxidizer fuel balanced back again.

7.15 TELEVISION

Television in lunar orbit was no problem; in fact, we never

had any problem with television.

7.16 REMOVAL AND STORAGE OF HATCH FOR IVT TO 1M

Removal of the hatch was no problem. The hatch was very

easy to remove, but once you got it in the cockpit with you,

you had a lot of Mylar, a lot of fiberglass insulation in

the cockpit with you.

7.17 DON PGA

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

We had to pressurize the lunar module over a DELTA-P of a

couple of psi, for that purpose, we used a shot of REPRESS 02

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

used?

We went down to about 500.

Yes, because we were interested in a rapid REPRESS and

ingress, and we did a pressure decay check before we w.ent
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into it, although I think that was unnecessary. I'm sure

that also disturbed the insulation more and was the reason

we got some additional insulation off the hatch.

7.19 VERIFY THE LATCHES

The latches were the same as before.

The latches were identically the same as before. They were

reverified and rechecked.

7.20 INSPECTION OF TUNNEL MECHANICS

The tunnel was normal. We found a misalignment in roll of

minus 0.1, which is pract~cally on the zero mark, almost out-

side the limits of reading the grossness of the alignment

scale.

7.21 REMOVAL OF THE PROBE 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 was 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 words, it

was still partially open. We had a little difficulty getting

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 module 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 in the same vicinity and was not restrained

in any way. The probe adequately restrained the drogue when

it was underneath the probe.

7.22 IVT TO 1M

The LMP went into the 1M in shirtsleeves. The first thing he

enco~tered, of course, was the LM hatch. In the tunnel area

was a lot of floating Mylar debris, or insulation debris from

the tunnel hatch. When the 1M hatch was opened, the flood-

lights were on as prescribed, although it was very dim light-

ing. The first thing that was seen was a mild snowstorm of

insulation that, during the pressurization of the 1M, had

blown through the 1M dump valve and into the LM. The hatch

was inspected immediately and it was found that there were

many pieces of insulation stuck allover 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 dump

valve. Pieces that had to be pulled out and picked out.
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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 valve. The hatch was cleaned and wiped, and the

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

mouth to try to make sure that it was totally clear.

7.23 INGRESS ORIENTATION

The hatch was locked in place normally and the ingress was

complete without any ingress disorientation. All you have to

do is go into the 1M with your eyes open, and you realize that

you are coming in standing on your head with about a 60-degree

yaw. Just do an 180 in pitch or whatever else you want to do

to get your feet on the floor, and you're in a new environment

with a new up and down, very much like you've been in the simu-

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 nominal, per-

fectly satisfying. The Velcro on the sandals did not restrain

you totally, but certainly helped restrain your feet to the sur-

face of the 1M floor when you were moving from one panel to

the other during the switch-orientation verification. But I

want to stress again that, although it was different, if you

keep your eyes open and look around and just turn around,
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7.24 LM NTRY STATUS

CERNAN We entered the 1M as p r checklist and found it to be exactly

in the configuration w left it at lift-off.

7.25 POWER TRANSFER TO 1M

CERNAN The power transfer to he 1M 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 ha e to lean over into the tunnel and talk

quite loudly, almost y 11 to him. He can certainly hear you

and you can hear him. If you have a man in the tunnel, you can

almost talk to him in normal level of voice and he can tran-

fer information withou any difficulty at all. Now the problem

then that was encounte ed after a little bit of work and switch

verification in the 1M was that the insulation was still float-

ing around in zero g. The circulation down in the LM was very

poor. The insulation as irritating; it also became warm. You

could feel yourself te ding to breathe this stuff. What we did

was pull a command mod le 1M Pilot hoses (of course, we had the

screen on the exhaust

way down into

time) and drop them all the

laid there and floated freely.
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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 adequate, and the ventila-

tion level working in shirtsleeves was adequate, and the ven-

tilation was adequate.

1.26 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 1M Pilot was in

the 1M making a switch verification, the commander was gather-

ing ~he 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.

1.28 OPS CHECK

The OPS check was left until the end of that day after all the

communications 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 LM Pilot was fully in the LM, checking the

other OPS out. The checks went normally with the exception

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

co
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lights failed to light

that the

However, the other OPS

7-11

the press to test, indicating

Neither light operated.

out satisfactory. Pressures

were good and as far as we are concerned, we still had two

good OPS's except for t e heaters in the one. They restowed

with very little

got to push that one 0

the pins in, I had

ty. Once I understood that you've

hose out of the way to get

ouble at all. The rest of the 1M

operation that day was ommunications checks. The only re-

straint that I used dur ng the shirtsleeve operation in the

1M was the Velcro on th sandals, and that is adequate for

shirtsleeve operation d ring 1M checkout.

YOUNG

7.30 LA

The system used for ark updates, which is the map update,

LOS 150 degrees west, a d AOS, sunrise and sunset times, is

excellent. It's recomm nded that they be used as standard

procedures in future fl ght plans. The landmark-update format

for defining the times t which the landmark appeared at the

zero-degree line, and t e 35-degree-elevation line to start

the pitch rate for 1M 0 landmark tracking was adequate.

Landmark tracking of th first site, F-l, was done with the

sextant by tracking a s all crater on the left corner of land-

mark F-I. The location of F-I through the AUTO optics mode

c
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was about 5 or 6 degrees away from where F-l actually is

located, and this happened on every case. We ran the five

sets of five marks on F-l and it was always wrong. It is

believed, bl1t I'm not certain, that on the first attempt on

B-1 with the 1M AUTO optics acquisitioning, an erroneous land-

mark was tracked. It is highly recommended that, if landmark

tracking is to be continued, more thought 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 1M 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 CMF tracking to

locate 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 no way for the crew to tell what is the proper time

to start making marks. The geometry of the situation does

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/LM relay COMM tests were effectively not performed

at the direction of MSFN. We did the LM COMM checks; we proved

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

co L
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LM/CSM relay mode test

7.35 CONSUMA LES-ACCOUNTABLES

STAFFORD With respect to consum bles, our philosophy was that we had

to send this telemetry to the ground and let the ground look

after the consumables. We would occasionally glance at our

gages. As far as onbo rd recordings, all we did at night

was record those liste in the flight plan.

STAFFORD Rest in lunar

D AND REST

exactly like in PTC, because only oc-

casionally would a thr ster fire.

CERNAN We used all three slee ing bags and we were happy we had them,

because when you close up the windows in the command module,

it gets a little bit col.

STAFFORD Even in lunar orbit.

s one man in a sleeping bag under each

That is correct. Our onfiguration, almost every sleeping

night of the flight,

CERNAN

left- and right-hand c uch and one man in a sleeping bag,

keyed to the COMM syst m, sort of standing watch in the

couches. The food was adequate, long, tedious, and d~fficult

c
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to prepare. I guess the food will be covered in more detail

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 undernourished.

7.37 TUNNEL OPERATIONS

It was originally thought that we would keep the probe and

drogue and the hatch under the couches, but it was noticed

that they took up so much room that it didn't seem to be a

very nice way to operate, so we reinstalled them. It was

more difficult to get the drogue in and out of the tunnel

than any other piece of equipment, although this had been

anticipated and it was no problem. We reinstalled the probe

and unloaded it, and reinstalled the hatch. The total time

for this reinstallation was somewhat less than 15 minutes.

L
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8.0 LUNAR MODULE C ECKOUT THROUGH SEPARATION

we were always running 30 to

we did because we anticipated

glitch. We didn't know what it

happen.

MODULE

day some, because that gave us some

a half hour early on the next day,

8.1 CO'!'l1'j.l-U'.v

This is the next day,

so we could get on wit the space program.

Let's talk about that

trouble. We woke up a

Right. We

45 minutes ahead of ev

that we would

would be, but

e hatch was removed, and placed under

not placed in the bag because we

it out that long. It was

and there was no chance for it to

and retained with a strap on the

stowed underneath the probe in

place, and we started to get on with the program. We didn't

eat very much breakfast that day; I think we had some juices

among the three of us.

Sure enough it did.

neath the couch. It

didn't figure we

stowed

move. The probe

lower footstrut; the

YOUNG

CERNAN

STAFFORD

YOUNG

NTIAl
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STAFFORD
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YOUNG

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



CERNAN Because of the

unpackaging of the

recommend this all

8-3

change-out, the unstowing and

what have you, I would highly

at night before you go to bed. You

YOUNG

can take all the time on 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 underwear. And it's a much

better feeling to come back and get ready to put on your suit

and not have to go thr ugh an underwear change and a BlaMED

harness change and the whole works.

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

flight plan or aren't -- insignificant little things

that ~ook up a lot of 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 vident -- realization made of the little

idiosyncrasies of each system; such as, when you take the suit

off, you must take all the pencils, pens, tools, and all equip

ment out of the suit, stow them in your constant wear garment;

that takes time, and w never allowed adequate time for it.

And it's recommended where possible, the guys who are

going to have to don suits the next day completely in-

stall the gear into th if they can do so the night

before, because or 15 minutes the next day,

which they're
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That's right. Getting in the LCG the night before just made

getting in the suit a piece of cake. All I 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 to get in the whole suit the next day. I'd say I was in

it and zipped up with the help of the CMF 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 1MP (in shirt sleeves) again went back into the 1M for a

period of about 30 to 45 minutes initiating the 1M 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 1M Pilot was about

through with his checkout and he went back into the command

module where he got suited up. This was a great help because

we could work in parallel and it kept the command 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 equipment transferred the night before except

the helmets and gloves.
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8.1.3 MU Realign

CERNAN We did an IMU realign. The ground had to remind me it was an

option 1. However, th difference between an option 1 and the

other one was insignif·cant. It was an insignificant change.

It was no problem on t e night side.

8.1.4 Assist 1M VHF A and B Checks

STAFFORD B simplex worked beaut'fully and for some undetermined reason,

the 1M would not trans it on VHF A at that time. We tried

numerous checks.

YOUNG I could hear you just 'n the background in sort of a feed-

through mode, but I co ldn't hear you very loud. It sounded

funny and I knew you w re saying something, but I didn't know

what it was.

STAFFORD It's been suggested th t there might have been a corona buildup

on the 1M VHF system. The VHF -- I could still read the

command module loud an clear.

in the command module, and it didn'tWell, I switched

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

This is what we were c cerned about prior to undocking.

YOUNG

CERNAN

fix anything.
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STAFFORD

8.1.5 Tunnel Closeout

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 yery short

period of time. The probe was preloaded and the estimated

breakout force was about 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 auxiliary 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 1M 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 O2 FLOW HIGH warning light; the

reason for that was that the inflow valve had been closed

as per checklist. I 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.



YOUNG That was part of

fact that it was

sucked in

was that,

inflow valve closed, yo

8-7

ugh it was partially caused by the

insulation that had been

other thing that caused it

helmet and gloves off with the

an 02 FLOW HIGH. That's a stand-

ard operating factor.

8.1.6 Maneuvering for Landmark Tracking

YOUNG We were told not to man uver to a landmark tracking attitude.

could not vent the tunnel. So,

to deactivate the roll jets, and

made to stick with the timeline,

We could not vent the t nel. We were told prior to this time

not to do any roll mane

not to do any roll mane vers until we vented the tunnel. At

nevertheless, the attem

this time, we were LOS

and we attempted to man uver to the roll attitude. Unfortu-

nately, it had been ope ating in SCS and neglected to cage

the BMAG's which result d in oscillations in roll, probably

in excess of 1 deg/sec. I know we were in excess of 1 deg/sec

and this resulted in sl"ppage of the ring, and I'd estimate

the slippage of the rin to be 60 to 8 degrees.

CERNAN . At this time, we'd say hat.

YOUNG Right.

-~."""

C
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co~,
The docked IMU alignment came off as prescribed, and then,

when we went to the fine align torquing 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. So after that, we did no more fine aligns

to the lMU.

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 spacecraft.

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?

No, 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 out on the attitude and the Sun had absolutely no
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YOUNG

CERNAN

the transmitter from the lunar module, was as noted. Later

after undocking, it was n good shape.

I didn't say anything ab ut the radar transponder checkout,

but we ought to talk abo t that.

8.2.2 PGNCS Ac ivation and Self-Test

The PGNCS activation and turn-on went just by the book. We

saw the self-test comple ed and verified, and it was good.

The process of developin this checklist· over many weeks in

the simulator finally pa'd off. All the anomalies that we

found, time after time a ter time while going through it in

the simulator, finally a 1 washed down; when it came down to

the real vehicle and the real checklist, they matched. It

was really. a comforting eeling to see the proper lights come

on at the proper time, d not too little or too many lights

come on; to see the PGNC self-test and the AGS self-test

come out as prescribed. It seemed to go that way throughout

the whole activation.

8.2.3 ECS

The ECS was powered up ithout any problems. The glycol pumps

were turned on, and whe I went to the primary evaporator flow

number 1 position, the lycol temperature was up high scale,

close to about 80 or 90 degrees, which was no problem.. We
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YOUNG

CERNAN

CERNAN

STAFFORD

CERNAN

CERNAN

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 out, and

it came back within the normal green band.

You can hear the glycol pump from the CM.

The glycol pumps have bearings that were made out of lunar-

surface gravel, I'm sure, because they sounded just like it,

both the primary and the secondary pumps.

8.2.4 VHF

The VHF problem has been mentioned. We had to be in VHF B

because it was the only COMM mode we had, until after separa-

tion.'

Right. We had to modify proceedings there instead of using

A simplex, but that was no problem.

8.2.5 Adequacy of Communications Using the S-Band

8.2.5 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 S-band continuous key microphone, but the

communications were adequate.

8.2.6 Steerable Antenna Test

When the time came to power up the high-gain steerable, our

co
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COMM became much better, both going and coming. There "as no

problem with signal stre gth and there was no problem with an

AUTO lockon. I sure do ant to say that the procedures we

out beautifully. always within the realm of the capa-

correspond to the and service module attitudes worked

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

bility of the 1M high gain to acquire without even

tuning it in manual. T

acquire at those attitu

was enough signal strength to

then go to the AUTO position, and

lock on. Those numbers were worked out and proved to be

very adequate.

8.2;7 Secondary S-Ban T/R and Power Amplifier Check

amplifier checks were madeSecondaryS-band at T/R

•and were adequate. We idn't use them the rest of the flight.

CERNAN

8.2.8 Tel metry Updates

CERNAN Telemetry updates came hrough loud and strong without any

hitches.

8.2.9 Tun el Closeout

STAFFORD The tunnel closeout was as practiced, and I verified that

the

YOUND You installed the drogu .
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YOUNG

STAFFORD
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YOUNG

CERNAN

YOUNG

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 I verified that the capture latches were engaged.

When we preloaded it, he verified that the capture latches

were, in fact, holding.

8.2.10 Suit 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

batteries 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

out the normal and backup ascent feed system.

What is that noise you guys made up there when you banged

that thing?

The noise 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 dynamic oscillation.

CON



We knew about this from he debriefing from Apollo 9 and we

expected it, but it was still a loud bang.

STAFFORD
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YOUNG You caught me on that second one, though. You didn't tell me.

CERNAN I know I didn't.

MSFN contact. In the meantime, we

g, and it had worked good before.

gulators were all good.

cabin pressure was

So we assumed that

The one thing that we ha to do was to delay this until we

discussed the whole oper tion with MSFN. We went ahead in

our activation and check ut. We picked out some items ahead,

8.2.13 AR /PGA Pressure

Because of the insulatio problem and the inability to vent

the tunnel, we went thro gh the PGA pressure check and the

loop integrity check, b we never got to the final regulator

check. We didn't vent t e tunnel until undocking since the

then we came

STAFFORD

CERNAN

verified our own tunnel- atch and dump-valve integrity. We

were concerned about whe her our hatch or our dump valve had

any of this insulation i it and was feeding the tunnel,

keeping it pressurized. We pumped the 1M up to 5.4 and

watched it. We held the cabin pressure solid as a rock which

gave us a very warm feel'ng. We were finally able to make

IAL
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sure that we had the hatch sealed and the dump valve clean of

this insulation and that it was not a leak from our spacecraft

that was feeding the tunnel.

8.2.14 AGS Activation

The AGS activation went beautifully, 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 AGS alignment

was ~one procedurally, just as planned after the update. We

put P27 into the PGNCS. The AGS update to the PGNCS went

nominally. We got a good alignment. Everytime we aligned

the AGS to the PGNCS, in switching from the PGNCS to AGS, we

could always see just a little flicker on the 8 ball. 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 4.0 if so desired. As

long as we had about 3.4 to 3.6, if we went to the automatic

co
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we had enough time to

out tremendously was

our housekeeping, we

and data up, we had 0

8-25

One thing that helped us

e precheckout of the 1M. We did all

our pencils up, we had our cards

lights up, we had everything done

that had to be up. Wh n we went in there the next day, we

were ready to go to wo k, and there was no fooling around.

We started right out 0 the checklist.

Just for the record, t e Commander wore his special earplugs

in his Snoopy helmet. The 1M pilot took his earplugs with

him but did not wear t em. From my point of view, I had

more than adequate CO

the 1M.

to overshadow any noise that was in

STAFFORD

CERNAN

The earphones do incre se the dB level. I found that on VHF

in the altitude chambe I had it up at 9. In flight, with

those ear plugs on, my VHF was down to a sett~ng of 3.

I guess it's dealer's hoice. It was an operational experi-

ment. We had one man ith them and one man without them, and

each had adequate COMM The only anomaly, from the final

switch or circuit-brea er setting prior to undocking, was

that we pulled the cab n fan breakers because they were

noisy. They were not 0 noisy that we couldn't stand them,

ENTIAl
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STAFFORD

CERNAN

because we did turn them on later fo::- a while. They really

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 causei 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. I would zero the needles, have the

command module in my COAS, and also use general attitude

references. Then, I would start drifting off. There were

several cycles of this over a perioc. of about I or 2 minutes

that made me realize that the rate-E~rror needles were out

of calibration. In undocking, veiled transients were noted

even with the pressurized condition" because the tunnel vented

as soon as we broke. We went right through the prescribed

maneuvers.

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

separated and we moved out.



















us that we had no air in the line and the whole system was

CERNAN
(CONT'D)

burn. The

9-5

were nominal. This indicated to

working nominally.

locked on with radar. With the

s made that placed the Z-axis on

technique that John wor d out, he had our range rate before

After DOl, a pitchdown

the command module and

STAFFORD

I could lock on with ra He used VHF ranging.

CERNAN This was procedurally seen in the simulators all the time.

The PGNCS with those re iduals gave us a 61.2 by 9.2-

nautical-mile orbit ove the lunar surface.

YOUNG And that's what I had.

CERNAN That's exactly what you had; that's right.

YOUNG Fantastic I

CERNAN So we felt very good

did not have the AGS

ut it in spite of the fact that we

itoring the burn. We felt good about

the command module agre ing with that orbit. Then, when we

good information and that we had a

d perigee.good DOl burn with a

proved to us that we

did the VHF ranging and the radar data check, the numbers




























































































































































































































































































































































































































































































































































