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PRE-INGRESS
What was wrong with the watch?
My watch, when T hit the RESET button, the
minute hand went "chunk', and back 3 or 4 min-
utes.
Incidentally, I don't know if you want to talk
about watcheg, but I had a watch failure - the
little pin. This little pin came cut a couple
of times. I've got it taped now; I finally
taped 1t in flight. It came out launch morning,
and I didn't want to fool around and have them
run all over to get another watch, so I tock
it. It's the little pin that hclds the band
on. It came cut in flight, and I put it back
and taped it.
We told them to put new pins in those. Remem-
ber that? Way back - we picked those up with
new pvins in for flight. Let me cover the essen-
tial things before you get hung up on the
watches.
This is an cld one; it works fine.
On the senscrs, my two sternal sensors were
placed too high, and I should know by now where

they should be placed. I got tatoc marks from
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it. As a result, the fittings of the harness,
the BIOMED harness I had in the past were vio-
lated, end that's why this thing came apart.

To prevent it coming apart in flight, I taped
it in flight, when we were in the constant
wear garment and flight coveralls. Unfortu-
nately, I wasn't thinking that much, but the
stress then was applied to the connector to the
amplifier, and it broke there at the signal
conditicner., That's why that particular lead
broke. The tape part held beautifully. That's
what wiped ocut my sensors. Donn's broke at the
same place; we don't know why it broke there,
but it did breek there.

The only thing I could think of possibly is
that when I exercigsed, I'd git in the middle
seat, and I put that left belt across my stom-
ach to keep me from flying all over the space-
craft, but I'd do it very loosely; I'm not tied
down, Possibly, in the act of running the
exerciser, I might have bumped sgeinst the lap
belt encugh to break it. I don't know whether
that's what happened or not, but I do know

sometimes they'd call up and say they weren't

¢ ST
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getting some of the BIODMED. I looked, and
there was a wire broken off right at the little
fitting where it goes con the signsal conditioner.

SCHIRRA Walt's also failed in flight, as long as we're
on that subject. We don't know why. We rewired
all his to make it theoretically work. Basie-
ally, it ended up the configuration I had except
he used sternal leads instead of axillary leads.

EISELE T don't think he had any mechanical failure,
he just quit putting out = signal.

SCHIRRA We're not sure if his conditioners failed or
what; at any rate, I'd say that all three were
very faulty. I suspect technigue caused mine,
placing the senscrs. I might add in post-
flight T had very little disturbance from the
BIOMED senscrs. Donn had some very great
residuals, and Walt had bleeding residual ef-
fects from the sensors, sc we're not out of
the woods on that aresa yet.

EISELE Well, I couldn't even feel mine. It looked
worse than it was - physically mottled skin
spots where the things had been - but there
are photos of Walt's pesitiona. Let's go back

to the suiting area again and bring up the

L



watch. When I put my watch on - when my watch
was put on is the word, I naturally would test
it. I started T and stop it, then reset it.
The minute hand went minus about 2 or 3 minutes;
and Mr. Slayton wag there and of course saw it
too. We made a fast scurry, and I felt it
didn't affect our suiting time line. It was
still some where I felt because I could put
the watch on the trailer as far as that goes.
We did get an alternate watch which did fine.
SLAYTON Those watches should have been properly
checked, and thet shouldn't have been delivered
to the suitroom; and second, they should have

all been set.

SCHIRRA They should have been synchronized with local
time,
SLAYTON We synchronized them with the e¢lock in the suit

room which sure isn't calibrated about anything,
and the others BYNC in with the other cne.
SCHIRRA It was too late,
SLAYTON In & way, I worry although cther pecple should
be. I have always had oy watch, sync'ed it,
and checked it. Remember, back in the ¢ld

days, we would go back into the contreol center

POy
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and listen to WWV. It should have been done
before you ever walked in the suit room.

That wags a goof. Let's see. Is there anything
else with suiting? I had no other problems with
suiting. Donn, did you have any?

I can't recall sny particular problems.

I would like to say that the COMM stations in
the suit room are not necessarily up to spec.

We had trouble talking to each other; some time
you didn't get side tone with him. I very
rarely had side tone at my console in the suit
room. There we were, always trying to get "do
you hear me?" One of the nice things there is

a plus. I had this football player's chin

strap which was perfect for me for launch and
the first day. It turned out at the last minute
that Marshall Horton gave me a cloth one to put
in my suit pocket as a backup, saying "when you
have a beard," - and I knew nothing about

'"and it turned

beards - "you might want this,’
out I used it to come home with. The plastic
cup did not work with a beard on it. My face

was highly irritable with a beard; you kept

catching the beard in anything, and I could wear
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the cup - I had tc wear the cloth underneath my
chin. I would encourage crews to consider
undernesth the chin strap rether than across
the chin with a beard.

T wore 8 cloth one across the chin, and it
bothered me some, too. But I just put up with
it because it was all I had.

Once you get a beard, I would suggest under the
chin strap beceuse it really bugs you. I asked
that bearded guy that ran that coffin box for
us. He said it took him months to get cver it.
The tender skin that a beard has underneath it.

The bristles, the whiskers pull.
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1.0 COUJTDOWK

1.2 Prime Ingress and Status Check

l.2.1 BSECS Pyro

SCEIRRA

1.2.2 Bult Connections

SCHIRRA

DISELZ

SCHIRRA

S5CHIRRA

1.2.3 Comm Verification

S=CE5 pyro is per OCP; nc probler,

Suit connections, we had nc problems with that.
low, we configure — and knowing the backup crew
knows what the other crews don't, the would-be
lock locks unloc% te optimize egress. They
realiy can slow you down.

dowever, I found that I was lashed down in
there; I don't xnow whether you guys knew it

or not, but my lock locks got pushed down
anyway .

One of themr does when we want toc egress.

So if we bump it. I just always Just assune
they are locked and check it before I start to
disconnect.

It'g nice if you can pop cut that easily.

COMM Verification, no problems with that. One
tecknique we use during preflight is to use the
hF loop. We can always talk to each cther on

HF loop. We never lose communications with

SO
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anyvody if we take the other lecops (meaning VHF,
UHF, or S-band), and turn those to RECEIVER
OKLY; then you can transmit guietly across the
cockpit. There are times when you should talk;
we judge the elevator together, slide wire, and
this kind of stuff. You need a private locp, a
perfect example of it is when we were bougnt
off from the elevator.

The center guy can't get at nis switches to
change tnem like thzt. What I do is just keep
my mouth shut and listen 4o wihat they are
saying. I Would go ahead and say it, ana it
goes out over the loop, but nobody else hears
the rest of the conversation.

He could say yes, and theylwould say what the
heck was that avout.

That's right.

You don't viclate the security of leaving com-
munications since you are receiving all the
time. They say — CDR checks switch to so and
s0; you just go click, Roger, and it doesn't
put a power transit on the spacecraft. By

flipping back to transmit/receive, the transit
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1.2.4 PGA Circuit Check

1.2.5 Cabin Closeout

ETSELE

SCHIERA

comes to your transmitter, so there's no prob-
lem with that. I think it's a very good tech-

nigue to maintain crew discipiine in the cockpit

and when you need to talk with each other. PGA
circuit check, something the rest of the crews
ngy not know: we had the backupr and the CMP dc
some checks whieh saves zll your energy. It
saves a lct of work, and it's very haré to do,
rarticularly go get the reguiators from BOTH

to CFF. That's almost impossibie to do when

you are pressurized. John Young did an out-

standing Job on that. Cabin closecui, there
were 1o discrerancies. EDS checks were a
surprise to the commana piiot. If he will go
through that during plugs out and CDDT and that
stuff, it woulid help.

Lid we do them in the chamber?

Ko. Jo, it's with the booster. What's the
other ckeck? The CDG is integrzated with the
count down now. There's cone check -

The FRY -

The FRT, that's it. The FRT, you'll see it.

e
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1.2.6 EDS
SCHIRRA We'd advise all command pilots to get an EDB
priefing from the booster honcho to see the
light sequence and how they do it because you
play the abort light. For example, it's A
then B; you've heard all that ir the locp, but

there are two bulbs in all of the lights.



1.2.7T The RCS Check

SCHIRRA

SO n

You could see each light work. Certain functions
are alien to us, and it's the surprise that I'm
getting at. So if he does FRT, he will see it.
I believe all command pilots should go over that

OneE.

I had a waiver on that, and I said "he prepared
for a no audible” because I didn't know. It was
audible on all of them if you're very, very
guiet. You can hear them on the ground, and in
flight; you can hear them all the time because
your helmet is off. Most of the time, it's off,
so that was quite surprising. We didn't real}y

know what we would hear.

1.2.8 G & C Verification

I'1) take the part T had. The FDAI worked fine.
GDC align we did at T minus 45 seconds, and if
you check your needles on NULL early crnough,

you just hit GDC ALIGN any time you want it.
It's going to come in because the IMU is going
to stay where it was. Gimbal Drive and Trim
were fine. 1T guess the surprise was more on the

pad than it was in the flight when the G&N

ORI,
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SCHIRRA

EISELE

SCHIRRA
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flicked the gimbals around at plus or minus

2 degrees. You could feel it on the ground,

but I didn't feel it in flight as much.

Well, I did, but I also noticed that when you
are in tight deadband, it drives you into the
deadbend and the jets fire.

Yes.

A computer swinging that gimbal - swings it from
zero plus 2 and then to minus 2 - mekes these
big arcs; it mekes the spacecraft move and then
you can get Jet firing. 7You get a double con-
firmetion.

Yes,

In fact, the gimbals are being driven that way.
GDC Drive, no comment., I set the EMS RAT on
the launch pad and left it there until I needed
EMS roll ON. It stayed at 12 o'clock the whole
mission until I was in position to use it. How-
ever, it worked during re-entry as it should
have. The only part of the re-entry phase that
the EMS worked properly, I might add. EDS power,
no problem there. DELTA-V SET, we did have a
problem, and I didn't talk about it prior to

launch. The téchnique is to have the MODE switeh
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in STANDBY. You then rotate the selector knob
from OFF to DELTA-V SET, which is a counter-
clockwise motion, through DELTA-V, and as you
conme through DELTA~V, you stop when it reads
0.0. You then go to DELTA-V SET; it should
8till be 0.0. You then add whatever velocity
you want to set in there. For example, in our
case, it was 3000 feet per second. The first
time I came across to DELTA-V SET, it was not
0.0. Tt was 90 000.0. 8o 1 locked at Donn,
and he loocked at me, and I flicked it back to
OFF again; it came up again 0.0, and I went
"shuuuu." We had "Go Fever."

EISELE But that was the first time we had ever seen or
even heard of it.

SCHIRRA It happened during the re-entry test, which
really shook me. At any rate, we got an anomaly
where it flames in at 90 000, We have never
seen it before; we saw it with some freguency
during the flight, both in NORMAL mode and in
ENTRY mode. T don't think it affects the DELTA-V
at all; it's Jjust an anomaly that is in that
system. The EMS is going to require some care-

ful serutiny. ... I should go out to North

C o
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American and sit down with those people and
explain it +o them. That might be worthwhile.

I do feel the piece of gear is very important
to the lunar flight, and I felt sick that I
didn't have it myself. I was worried about the
computer for re-entry. It performed flawlessly,
Just beautifully on every burn, betier than the
G&C,

1.2.9 Launch Preparation

SCHIRRA No problems with LCC Confirm Ready. We had 2
problem here, and it was resolved at the last
minute, but it should have been resolved long
before. The cabin should be 95 percent; how-
ever, the Cape was thinking 98. One thing about
the cabin gas analyzer, I think was that it
rlayed the game as fine as we wanted it to. We
stowed it before close-cut, and that was a geood
deal, It tock us 5 days to get our cabin up to

over 90 percent, so nc sense in waiting for that.

EISELE We never 4did get to a 100.

SCHIRRA | Oh, one thing, we didn't log that, did we?
EISELE Yes, it's all in there.

SCHIRRA I know the numbers we did. Did we log that or

did we leave the damn thing on?

S
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1.2.10 Bystems Frep

SCHIERA

1.2.32]1 Crew Comfort

ZISELE

SCHIRRA

EISELE

SCHIRRA

WS r

Ch, Walt says he thirnks he left it orn a whcle
day (laughter}, and it still worked.

That is an extremely gcod batiery.

I weculd suggest that you take the suit sample
“rom the commander's sult, =zt suit close-out,
with GSE, and then scrub off on that. That
makes 1t a lot cleaner and it's ecxtra weight
and gear that 1s axicmatic. We ran humidity
surveys and gas analyzer surveys, HAD surveys,

ard I hope they are over witz.

No protlem.

Yes, but I had warned you that you were going
to get warm; and during boost, we got warm, Just
after we got intc orbit. We were just a 1lttle
warr; we did get warm a Little bit.

But in preflight, it was quite cool in the suit
lcor.

It was so cold that that was what crobably
triggered my cold off. It may very well be.

It wasn't shivering cold, but I guess we were

a littie reluctant to tell them to change the

QR Rng
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CUNNINGHAM

~ SLAYTON

SCHIRRA

T

flow because it was fairly late, and remember
those cats in 190th floor? One hundred ninety
feet level, that's where they had to come to

do that. We got cold fairly lete in the count.
Yeg, it wasn't bad.

It wasn't at the press conference because there
were a lot of people hugging us about - you
caught cold during the dove hunt, you know.

I remember when I was with you I didn’t have
cne. T am sure the questicn will come up again.
It really got gquite cold. I guess the discom-

fort was considersable.

1.2.12 Crew Station Controls and Displays

SCHIRRA

Ho problems.

1.2.13 Distinction of Bounds Countdown to Lift OfF

SCHIRRA

Man, oh man, was that & Mother. I am going to
use the word "Mother'" and quote me on it, but
when it lights off, there is no way you know
when you have lift-off. It's Just a thundering
herd down there. If I had a hold-kill on that
thing, it probably would have tzken 190 seconds
to make my mind up that I had one. When I
heard ignition, it developed a real violent,

shaking sound; it's very unreal. At 1ift-off,

A EN T
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I could barely see the darn clock. Countdown

to lift-off,

1.2.14% Vehicle Sway Prior to Ignition

SCHIRRA

EISELE

SCHIRRA

EISELE

SCHIRRA

CUNNINGHAM

Are you talking about the last 3 minutes when
things are geoing autcmatic?

You can tell things are happening. I don't

know exactly what's happening. You don't know
what the sequence is, but you can tell, feel,
and hear, at very low levels some fluids running
around; and you can hear the engines thumping
and feel the whole stack shake a little, and
you know something is going on down there. You
can't tell exactly what it is. It's very evi-
dent that the vehicle sways.

Tt sure was vibrating up a storm. Low freguency
massive amplitudes is the way i1t felt. That's
overstated, but there was no doubt in your mind
that you were being shook. I thought the world
was coming to an end.

We could see the vehicle sways; at least, T
could., I could look out and watch the white
room structure go back-and-forth.

No, you're talking about lifting.

No, this is prior to ignition.

GSasneremld
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SLAYTON

CUNNINGHAM

SLAYTON

SCHIRRA

SLAYTON

CUNNINGHAM

WS N ETh ..

Well, there was moticn.

You could see it. I moved a foot or two either
side.

What do you think that Saturn V is going to
sound like?

Oh, golly.

That was pretty good wind.

All T've got to say is that those poor cats

are going to have to be hanging on for at least
the first 10 seconds. I heard "clear tower,"
though. T heard that come up.

You heard that?

I thought, "thank God, I passed that one."



2.1 B-1IB Ignition

SCHIRRA

2.2 Lift-0Off

SLAYTON

SCHIRRA

EISELE

SCHIRRA

EISELE

SCHIRRA

EISELE

CUNNINGHAM
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2,0 POWERED FLIGHT

Okay. I think we described the ignition. The

lift-off - all those words should be used:
vibrations, sensations, isclations and instru-
mentation. The time I had lift-off, and when
I had it, I couldn't hear.

You didn't hear Stu calling?

Wo. At least, I don't recall hearing him,

I think I remember hearing Stu say lift-off.
The light came on, and then somebody sald so.
Well, T said 1lift-off.

Well, maybe you did. I heard somebody say lift-
off,

Well, whatever, it's hard for you to tell if
you heard Stu or me say it.

Yegs, maybe I don't recall hearing Stu. It
seems like I said it first. Stu gaid he wasn't
going to szy it until he was positive, and
that's fine with me. Then the clock started.

At lift-off, the wvery heavy vibrations stopped.
Yes, you could feel the change in the vibrations

at lift-off.

GSMEDETTTE,
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CUNNINGHAM

SCHIRRA

L/V Lights

CUNNINGHAM

SCHIRRA

* SESMEDEreTTE

When you left the hcld downs, then the vibra-
tions simmered down & little bit, considerably
so. That might have been my detection at 1ift-
off.

Well, that's kind of what I felt, too, because
vhen I got to thinking about it afterwards, T
knew when we lifted off. And now did I know?

I couldn't feel any acceleration or moticn,

and I think it was just the change in the vibra-
tien spectrum that you could feel from this kind
of heavy carrying on; then all cf a sudden, it
dropped off. It didn't go tc rncthing; you could
stil]l feel scmething, but it was & pronounced
change.

It was a change.

At that time, the 1lift-off light came on, and
the clock started. So I kind of figured that's
what lift-off cue was for me.

It wasn't enough to cue me, because I didn't
have the whole feel. T knew I didn't because
theose cther things kept adding up. Then things

started unwinding very fast. I knew that was

GALELEMF



M3
=

Roll Program

2.5 Pitch Program

2.6 Roll Complete

2.7 Raete Change

EISELE

SCHIRRA

Wl 21

the whole cue:

roll program, nominal pitch program, roll com-
plete. The rate change, T don't know what that
is. Is that the rate change that everybody has
in their checklist that I don't have?

That's the one you don't recognize.

I didn't recognize the 3 degrees per second

versus 5 degrees.

2.8 Effect at Mach 1 Transient

SLAYTON
2.9 Max @

SCHIRRA

EISELE

CUNNTNGHAM

EISELE

CUNNINGHAM

Mach I -~ T was reglly worried about this,

Mr. Slayton. 1 was worried about the fact that
we could talk to each other with the COMM car-
riers on, I mean that the DE attenuation was
very low, and yet this wasn't as noisy as the
Atlas, Sgena, or Titan. 1 was quite surprised.

Was that Mach 17

Well, the noise was at max Q and Mach 1.

I know it was, and I expected far worse.

I figured we wouldn't be able to hear each other
or anything. I heard 1-Bravo!

That's right.

I don't hear that in the simulator most of the

time.
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EISELE It was a rumble and kind of muffled.
SCHIRRA The most noise we had was the cabin venting which
everybody is geing to hear. You learn to hear

that in the altitude chamber.

EISELE Incidentally, that's a very welcome sound.
CCHIRRA Schumm!
EISELE After about 50 seconds or so when you're expect-

ing rumble, rumble.

SCHIRRA You figure you're going to dump and even have
the lock off, and that's the point. On boost,
I had the position for the two cabin vent valves
in LOCK OFF so I could flick it inteo DUMP. Then
I knew I was safe; I've got a closed loop sult
gircuit. If I dumped the cabin inadvertently,
that's fine. Then I took the lock off, and I
put the lock on when I got in orbit so I can't
come into dump again without being at a low alti-
tude or dumping because I want to. I think
that's a good technique, for that reason in par-
ticular.

2.10 EDS Manual

CUNNINGHAM The EDS MANUAL. I got out of sequence as I was
going tb turn it off instead of turn it on for

the RCS pr0pellants.

€~
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EISELE wWally banged riy hand away =nd I said "cops.
That was a very good hand.

SCHIRRA Yes, I remember, - think necthing dangercus there.

EISELZE Tnat's why I formed a kabit in that regard on
those both time shared checkers. We both checked
each other, znd we did it cn a simulator; cne
or the other weuld start to do something, start
the wrong way or forget fo do it when you shculd,
and we've alwsys Just xind of cverlavped each
cther thzt way, so I'm glad you did.

SCHIRRA He watches me like a hawk when I play control
modes, which is fine, and it helps. I think T

" gng I've

prefer that technique to "some where,'
heard Dave Scott and Milby were where they will
crcss aver each other. T think that's very bad
form, but this is the way two aviatcrs or pilots
work. You learn to work *ogether in a pilot/
co~-piict relationship, and I think Donn and T've
spend enc;gh time on these zystemns together
where we could overlap, and that was geod.

BEIZELE Yes.

2,11 G0/NO-G3 for Staging

CUNNINGHAM GO/NO-GC for steging is no strain; inboard cut

2.12 Inbeoard Cut-0ff cff right on time. Az called out, ocutbeard cut

s AL
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2,13 Outboard Cut-Off off. Sep, boy, was that a thrill! Every time

2.14 B5-IB/S-IVE Sep we hit an event like this where there is a pyro

or something, it's & crash.
EISELE Hark to the cannon's roar. That's what it

gounds like,

CUNNTHNGHAM Conditions for explosions, including this land-
ing ...

EISELE It always builds up on us.

CUNNINGHAM It sounds like asking what gun is it tedsy. Is

it the S inch, or 38's that make a crack like
that? It's more than a rifle, by far. It is
really a loud noise, but it's a sharp sound.
You'd think the whole hack end blew off, which
it did, of course, after fire.

2.15 B5-IVE Engine Tegnition

SCHIRRA However, the ignition was as soft as a pcowder
puff. I didn't even know it happened, except

the light went off. The light was on, then went

out.
EISELE Well, you could feel the g's conming.
SCHIRRA Yegs, but there was no big deal. That was why

we were reelly shocked when we got that first

SPS light off. Pow!

S iimidinied
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CUNNINGHAWV

SCHIRRA

5-IVE Flume

CUNNINGEAM

SCHIRRA

SCHIRRA

SLAYTON

SCHIRRA

DI &

That J2 comes up preity smocth; it must have a
very long thrust rise because we didn't feel any
sharp change.

I hove that the flight guality nctes a lot of
g, in that, it sure felt like we got kicked.
The SP3, that's where we need a goft light. I
didn't see any S-IV3 plume. T was playing EDS
in rates and that zcrt of stuff arnd starting
gimbal motors. T did seec the big fire, and
Donn could probably describe it betiter than T.
I saw 1t even where I was in the cockpit. We
launched cocknit bright I7RE, and I saw lots of
fire come by uz from the retro rockets from the
Tirst stage.

You could see those very good.

I'm sure he had 2 real good view of then.

Yes, vou could see kind c¢f a sheet of flame come
by the hatch.

Yes, resl big flames.

Looks like a catastrophe on TV.

Yes, well, that's what triggered me of? when T
sald I caught a movie on tkat. OQkay. Tet's
stand by for that. I kept telling abcocut it as

i# we were at launch. The S-IVE plume, I don't

elBhbdibheihiviaind
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recall anything like that unless that's what
you were talking about here.

EISELE Neo, we couldn't. At least, I never saw anything
out the window on the plume for that,

SCHIRRA . Okay .

2.17 Bcale Change

SCHIRRA Scale Change. What I do after we're on the S-IVB
is T go for 1 degree per second rather than the
called out 10 degrees per second. Glynn Lunney
and I worked this ocut together. T had the igdea,
and I showed it to him one day. FHere's my logic,
and I'd like to get this cne across. Ii's wrong
to do it the way the OCP, the ACH, and every-
thing else says. Our checklist may even still
have it for all I know, but it was very late
that I did this. But I go to 1 degree per
seccnd, and I can see guidance initiate which is
very small; it's less than a degree per second
rate. Then I go to 1 degree per second. If
it gets bad, I'm at 1 g or less at this pecint.

I can go toc 5 degrees per second right down to
10 degrees per second. Just go click, click.
We had 2 simulaticn where I had tc do that, and

I went right on down to my abory rules. I think

SOREID G,
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that's the spot where they flagged us. At
1 degree per second, if something develops to
make us aware that something is going wrong,
you can detect guidance in inltiate; you can
detect the POO shift; in our case it was T3h.
You can actually see a little bit rate change.
It is significant to see that, then have it
masked in thig large scale, So I would suggest
that scale change should read 1 degree per second
rather than the other, and I think if the guys
play it that way, they'll see my point. By the
way, Mr. Slayton, to orient to the next booster,
we know the I-B's history.

SLAYTON Yes.

2.18 Distinction of Sounds

SCHIRRA Judging by the distinction of sounds, I would

say everything that happened we heard. Wouldn't

you?
EISELE Yes, 1 believe that.
SCHIRRA Thrusters, separations, all of that was heard.

2.19 Trajectory GO/NO-GO

Okay. Trajectories GO/NO-GO is the one we did

not get a mode 4 call-out, and that really

Fala “NT=17070 S



28

EISELE

SLAYTON

EISELE

SCHIRRA

suprised me because we always had a mode U
call-out.

I didn't worry about it because we'd been given
an onboard guidance GO. In other words, I knew
the computer was good, and I had the little card
up there with the velocities versus H-dot., We
were coming right up the slot, right up the
groove, and as soon as we got that crossed in
the mode 4 region in the chart, I Just assumed
that we were there, btut it would have been nice
to hgve somebody call up and tell us we were.
You and I weren't on that loop, unfortunates!
It's in there; it's in the flight plan and
checklist.

Yes, well, every time we've had s launch with
Houston, we had a mode L4 call-out, and quite
cften, 1'd hammer because he didn't come up
with it. They got a little gitchy about giving
us GO/NO=-GO's or actually modes U4, but it's
very important. Watch though, on the next
family of boosters, you've got an S-IVB launch
to abort to orbit case, and it's going to be

a lot earlier than ours.

abilbli?. . ,
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2.20 LET and BPC Jettison

SCHIRRA Okay. The tower and the boost protector cover
was very obvious to us, another ncisy event,
and I saw it go; a big ice cream cone Just
going out there and throwing off. And that
event, I think, is what put a little bit of
smoke on the number 2 and number 4 windows
Just about half an inch on the edges, as I
described in the flight. That was there the

whole flight.

REP Did you see that early in flight?

EISELE The smoke?

SCHIRRA Yes.

EISELE Where, down at the bottom?

SCHIRRA Ne, no, it was up at the upper side there where

I was sitting.

EISELE Yes, well, along the edge.

SCHIRRA Yes, alcong the edge - the bilased edge along
side of us, the L5 degree angle.

EISELE Yes, you know, I didn't see a thing from that
except a few particles of orange -

SCHIRRA Yes, they're the only window that we could get

it because they were in the plane at the thrust.

SINISTSESNE Y
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EISELE

EBISENivive

I guess

2.21 Guidance - Initiate

SCHIRRA

EISELE

SCHIRRA

EISELE

SCHIRRA

SCHIRRA

END OF TAPE

you could gsee it go away.

Yes, I saw it. Guidance initiate, I made that

point again on the 1 degree per second,; I think

it's wvery significant that you catch it there.

That locked to me very much like the simulaticn

we've seen, didn't it?

It was exactly the same as the simuiations.

It went
The CMS
It came
It's sc

the way

off about the same CMS rates.

rates were good.

back in.

good that EMS veloelty entry is exactly

it worked with us.
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3.1.8 C8M Systems Checkout

CUNNILGHAM

Yes, I'm in orbit. It's covering the first six
REV's to get a GO/NO-GO for 17 01. Okay. This
was done in various steps without really intend-
ing it necessarily tc te that way. That's
because we have certaln Items on the insertion
checklist and in running through the insertion
checklist and lockling back at 1t, T guess I can
say that everything was nominal as expected.

All the items were performed, and I'm only going
to menticn things which seemed to be different
or surprises. We did tke insertion checklist;
we added an item to it which was not originally
oL our insertion checklist but should have heen.
That is the hatch gear hoxes to JZUIRAL. We
turned the hatch handle gear box to HEUTRAL and
the hatch release itsel? to NEUTRAL and left the
shear pin actuated, of course. At that same
time, we took the hottle that was then on the
iine -~ the ritrogen bottle for copening the

Latch - and we had had it pressurized with the
handle in the OPEN position sc that the bottle
itself would all run out througk the lines had

we nceded 1t on the pad. At this time, we

W@hinkiniiininiinniyl
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returned that bottle handle to NEUTRAL. The
pressure was up to what it had been at boost at
that time, and we noticed very late in the
flight it had degraded down to gbout half of
that. We did the caution warning systems check—
out, SCS5 sttitude reference and comparison
check, Wally performed, and the two reference
systems compared very favorably. I don't know
if we have the numbers logged, or if we put it
on tape at that point. Performed a service
module RCS monitoring check which merely meant
verifying the readings we had expected and they
were, command module RCS monitoring checks,
they were. We ran through all the EPS systems.
Everything was nominal. ECS periodic verifica-
tion tests consisted once more of just verify-
ing the meter readings. Everything was what we
expected. SPS monitoring check was fine. We
started off the flight with the helium pressure
at 30, 400 and 2500 in each of the nitrogen
bottles, and I probably have in my notes some
place what it went to toward the end of the
flight. We next ran through the ECS post

insertion configuration. No big surprises

L o



there. We ran the post insertion checklist
right down to and including the item of verify-
ing the accumulator primary and secondary
quantities between 30 and 70 percent. At that
point, we held becsuse we were in the couches
and the follow-on items would require Donn get-
ting out of the couch. The first time we
flowed the radiators, we went to glycol to
radiator primary valve, we pulled to bypass,
and we let it sit there. Inside of 3 or 4 min-
utes, we could see that the RAD CUT temperature
was coming down, and we did not have to recheck
this item. The RAD QUTs came down under the
RAD IN, and the radiator flow was complete.
When we did get a GO past 2-1, Donn got out of
the couch and completed the rest of the ECS
post insertion checklist. We did notice a mis-

labeled valve in the checklist. The waste

stowage vent valve was supposed to be cloeosed.

e+ et e

We vefified”ﬁhat. When we got down to the
<

S

optids dust cover jettison procedure, I recall

that Donn had some surprises. The telescope
apparently - the telescope dust cover came off

very quickly, and I guess for the sextant, he
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had to rotate quite a way arcund, at least
farther than he had expected to before it fin-
ally came off. And it did come off; it came
of £ nice and clear, and he was guite impressed
with the sudden view he had out through the
optics. The next three configurations we did
were after S~IVB SEF, which everything went as
normal. Nothing to report, Just as the check-
list and flight plan called out. Prior %o
gevting a GO for 17-1, we had to perform ECE
redundancy conponent check, ané that's about
the only item left to comment on as far as the
systems for the first six revs. The redundant
component check itself was done in it's en-
tirety as per the checklist. Later on, we made
certain medifications to the redundant compon-
ent check. 1 might say that this was the only
time that we flowed the secondary radiators
with the exception of the secondary coolant
loop test much later in the flight. It appeared
1o be working normally. 1 fiipped the secondary
heaters on and off, and I did get a transient
each time even though we were above the L0 deg-

ree heater temperature., I interpreted this to

PV=CIST=EGE TNy
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mean that as I turned them on they temporsrily
fiashed on, but the signal then turned the
hezter off because it was apove the threshold.
I'm not sure if this is correct or accurate,
but at any rate, I felt like we definitely knew
that the heaters did come on and off because I
did get transient at the time I threw the switch.
At this time, the checklist called for the
evaporator water control secondsry velve OFF;

T believe we turnea it off at this time. Che
first time the primary evaporator dried out,

we turned that evaporator water control sccond-
ary valve to AUTO, and it remained at AUGTC
throughcut the rest of the flight. Primary
coolant loop deactivation was done per the
checklist whenever it called for, and secondary
coolant loop activation was done per the cueck-
list whenever czlied for. At this time, during
the redundarcy component check, I did notice
that thne glycol accumulator guantities were
rurnning towards the low end of the zceceptable
range, and I made a mental note to keep an eye
on it. However, it never realliy chenged through-

cut the fijight. I wasn't concerned that it was

PN
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low since all indications were that i1t was not
changing much in volume because cf temperature

effects at all.
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3,1.9 BSXT Calibration Test

REP We probably ocught to make it clear that we've
got an area in here that we've missed, in case
someone is locking for that, and that will be
coming up later. From guidance it goes through
the sextant calibration tests. See?

REP Yes.

EISELE Well, the first surprise I got on the optics
was when I went to get it from the optics cover.
I was told that 20 degrees of shaft rotation
would kick the covers off, and it took about
180 degrees before they let go. I had my heart
in my mouth there for a few seconds until they
finally went, because I could envision the thing
not coming off and us having to do the whole
rest of the mission with nothing but COAS align-
ment which we also hadn't verified at that time,
However, they did pop off, and I could see the
little pieces with sunlight reflected off them
disappearing as they drifted away from the
spacecraft, Now the sextant calibration test
I did using, 1 believe, it was Canopus and
Regor. There were two stars in the southern

hemisphere, and it Just happened that this piece

SRR
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of sky that I ended up looking at for the test
only had two Apclle stars in it, so I was not
able to use a third star, But I did do the test
for DTO, put the fixed line of sight on Canopus,
and used the movable line of sight to bring, I
believe it was Regor, intc the super position.
Then I made 8 mark, and I gather that was suf-
ficient for the test becsuse no one ever called
up later on to ask for it to be done again.

The optics quality, in general, in the telescope,
is not too good. It's about like the gimulator;
in fact, it is not quite as gocd as the simu-
lator. You have to get dark adapted to use it,
and that was another real shock. I put my eye-
ball on the telescope and didn't see a blooming
thing for about 4 or 5 minutes. I got dark
adapted and finally the brighter stars came
first, of course, and then finally the dim ones
came in. A great many of the dimmer stars that
make up constellation patterns are very difficult
to see; you don't see them right off. You can
look in there, and you may see a handful of very
bright stars, well known ones, cneg that you

would normally recognize from their counstellation

SO SNy
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patterns, but you have to look at 1t for & long
time before those dimmer ones come in and fill
out, For instance, Taurus, you can see Aldebaran
pretty early. That's a nice bright star, but
the other stars that make the V in Taurus don't
show up right away. Bul if you just keep your
eye on it long enough, for 5 or 10 minutes, you
can see all of them that you need. The outer
fringes of the telescope are distorted and
blurred, and it is very difficult to recognize
constellations when they are out on the edges
of field of view. (f course, the field of view
is movable, and you can take your optics swilch
and drive out there and put that part of your
field of wview in the center of the scope, and,
you know, verify that whatever you thought it
was really is the right star, or verify that it
isn't in some cases. You can get faked out once
in a while. Mechanically, the telescope and
sextant drive very smoothly in both direct and
reselve and in all speeds. The manual aspect

of tracking stars or landmarks or whatever is

a very simple task to do, and you could get more

than adequate training on that in the simulator.
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REP

EISELE

SRS

I would suggest for other crews that, after you
have gotten your initial orientastion on the
celestial sphere in this planetarium, that you
forget all about planetariums and stick to the
gimulator. It is a very faithful reproduction
of what you are going to see in orbit with
regard to the stars.

Stars that you can see in the sextant? With the
gextant I don't guess you had any problem?

No, the sextant field of view, again, is very
much like the simulator except that they do not
gimulate all the other dim stars that you'll

see when you lock through the real one, I didn't
have any trouble any time recognizing the one
that 1 was supposed to mark on because the Apollo
stars are gll bright encugh, in relation to the
little ones around them, that you don't have any
trouble picking cut the right one. And you

can just pull it in there and hit the MARK
button., ©One little, kind of irritating thing is
that you have to adjust the radicsl brightness
when you go from sextant to telescope and back
again, 50 you are continually rolling that thumb

wheel up and down to get the right brightness

P



setting. But you learn all these 1ittle things
after a few times, and it's not a big deal.

2.1,1C COAS Calibration

EISELE The COAS calibraticon werked out very well. T
thought that it was a much easier task to do in
croit Lhan it is In the simulator for two reascns.
One is that the light loss through the COAS
didr't seem to be guite as bad in orbit as 1t
was in the simulator. Again, that's xind of a
subjective thing, but I hac the feeling that I
could actually see stars beiter through the COAS
in orbit then I could over here. Alsc, the sim-
ulator is a little jerky; when you put in =
pulse it dcesn't always take. In orbit it
always does, and you can track that star very
sricothiy right through the center of that radical
pattern, and you can't, you never frcezc it.

You can't ever stop motion - altecgether, but
you can get the rate such that tne star will
track very slowly right through the center, znd
when it gets to the center, you just hit *he
ENTZR Tutton, or whichever one it is you use to
mark - the ERTER bsutton. You get a sextant

calibration that way, and 1t worked out very

S
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well. I found that the angles were about a
degree off in shaft end trunnion from where they
were supposed to be - that is according to you
know, where you expect the X-uxis of the space-
craft to be, and we did another one later on in
the flight. Wally did one, and I think they were
still within about a tenth of & degree of that
origiral reading, sc¢ the business of removing
thke COAS and then reinstalling it doesn't seem
ta change the orientation of the thing very muck,
It's very repeatable. I thcught it was & very
simple task to perform, and later on cur results
of using the COAS for alignments wore quite sat-
igfactory in rendezvous. IMU arierntation and

alignment -

Do you want to agree with that - any cf the
ventilation irn these ice eclouds of vapor, cr -
Jjust leave <ihat for -

On - I don't k¥now what that's all about; T didn't
ever notice any ventilation cor ice clouds or

vapor around the 5=IVEB.

Ly

3.1.11 S-IVB Ventilation
R=EF
EISELE
REP

These are some cf the questions that they - they

sent from Marshall out here.

DD,
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RZ Why don't you Just maxe a negative response and
say 1 didn't see anything,

SISELE You might ask Walt and Wally when they get back,
because they had & better view of it éctually
than I did. I just caught a glimpse of it now
and then out the hatch window, and ornce in a
while I ccould peak out tke cthers,

REP I believe Wally said ke thought he cculd see a
1little bit there once, little streamer, bui not
of any significance.

3.2 Bendezvous

3.2.1 IMU Crientation and Alignment

EISELE Well, iMU oriecntatiors and alignmenis we did per
check.ist, befcore each cof the burns. A4nd I
tried, at least particularly 1n the early part
of the flight, tc get 2 leg up on these align-
mernts and net wait until just two revs belore
the burn. I even started three cor four revs
before on this cne hecause I wanted to be darred
sure that I had = gcod zligmment. Of course, at
thiz time, for {these two SPS burns, we had had
the IMU up continucusly since 1ift off. 5o we
had an orientation, and we could use AUTC optics

and everything to tweekx it 1in, and it worzxed out
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very satisfactorily. We did the, I think it was

a nominal option 2, for the burns to bring it

into some local verticael alignment at a particu-
lar time which is aimed to be TPI time. And I
didn't have any particular problem using the
computer or the optics for these alignments once

I got used to the idea that the light transmission
in the telescope wasn't as good as I hoped.

3.2,2 AUTO Maneuver-To-Burn Att.itude

EISELE On the maneuver-to~burn attitude, we didn't do
mach of an AUTO maneuver-to-burn agttitude. What
we usually did, or what we always did, was fly
the thing manually to within a few degrees, and
then put it in, say, wide deadband and SCS. Then
as we finally got down to within a few minutes
of the burn, say 10 to 20 minutes, you would
tweek it in very tightly and then go to narrow
deadband and then throw it to CMC AUTO and let
the computer hold it. So about the only AUTO
maneuvering we really did was the trim maneuver
that we do Jjust before the burn. We have a
flashing 15-1% on the computer, and you hit the
ENTER mwutton, and the computer will then disauto-

pilot within tweek of the spacecraft right into

CONFPPITTE],



3.2.3 &PS Burn 1

EISELE

CENTTOTIER | 4

the attitude. And so that's all we did, and the
reason we didn't is that we found on the simula-
tion if you have a large maneuver to perform

the computer has a strong preference for maneu-
vering in yaw rather than pitch, and it'll drive
you right through the gimbal lock region some
times. So we just flew in flight like we trained

and seemed to work out okay.

I am sure the other guys will have some comments
on these burns too. As far as subjective impres-
sions, particularly that first burn, we didn't
know guite what to expect, but we got more than
we expected. That thing really comes up in a
hurry, and it's a real boot in the asguwhen it
lights off; it's not a smooth thrust rise like
you get off the larger booster engines. Man, it
comes on all at once, and smacks you right in

the tail, and Just plasters you to the seat.

Tt's pretty close to one g, and man, things are
really going fast, and those numbers are clicking
down on those counters, and valves are opening,

and you watch the gimbal needles go up and down,

and it's a real thrill the first time

@aiiinkly' &
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particularly, tc see it came out smooth as glass.
We had some small residuals which Wally burned
out very easily with the RCS system right after

the burn.



SLAYTON
EISELE
SLAYTON

EISELE

3.2.4 3PS Burn 2

ETSELE

Bormmmenm ¢ o7

Is the shutdown as abrupt as the start, too?
Yes.

Clean shutdown.

It sure is. Bang, it's ON; and bang, it's OFY,
it's very abrupt. Then we had a - I think I
did the alignment between the burns. We 4did
not hnave to do that intermediate MCC burn that
they were talking about because the MCC-1 first
burn was right on the money and came around;

and I think I got an aligmnment in just before
NSR there, but the tape will show it. It was
Just a P52 fine align. T had noticed by this
time that these gyro torquing angles were very
small, even though the IMU had not been fine
align for a period of several hours when you did
it; the gyro torquing angles were way down in
the hundredths of degrees in mcst cases. So 1
felt pretty good about the IMU; and, apparently,
it was not even drifting anywhere near the

allowed spec values.

SPS burn 2 was very similar to burn 1, the
same sort of sensations; and it, too, was

apparently right on the money. The targeting

G EITT™
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we got from the ground was Just about letter
rerfect. Wally burned out the residuzls to
about cone tenth of a foot per second with the
RCS, and from then on, we were on our way. 1T
wonder if T could Just go through this in
narrative rather than follow the exact check-
list because -

Whatever makes sense to you.

Why don't you turn off the tape a minute? I
want to get my book. After the first SP3
turn, I did a little P20 4racking exercise,
and I didn't actually do any MARK's, but T did
ask Wally to maneuver in pitch to the point
vhere T could get the E~-IV3 in the telescope
field-of~view, called g P20, and found that the
thing did in fact track the target, that I
could see it in Lhe sextant but not in the
telescope; and I believe at this time, we were
in daylight so that the S-IVB was visible with
reflected light. 1t came in loud and clear,
and T did that mairly as a cornfidernce factor,
Just to be sure I could see the thing; it
worked out pretty nice. After NBR, we called

up P20 again, and I found that after the initial
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transients in attitude control and optics line-
of-sight control that the computer settled
down and tracked the target quite smoothly in
auto opties. In the simulator, we had had
scme trouble with the thing heing pretty jerky,
and also in attitude control there were quite
a lot of jets. After I made a few marks, the
thing reglly settled in, and we had hardly any
attitude maneuvers. Once in a great while, it
would decide that 1t needed to correct its
attitude, and all of a sudden, It would take
of f and move about 5 degrees and man, you'd
think the thing was going wild, but if you just
sat there and waited it out, it would settle
back down and track the booster. There is a
way of getting around that. You can actually
do it manually if you want to, but procedurally
it's much simpler just to let the computer
track the thing and not worry about trying to
fake it out. It deesn't use up that much fuel.
The DELTA dot-R and DELTA-V updates were very

small throughout the pre-TPI phase.

GRNEIETTER .
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3.2.5 TPI Burrn (3C8)

EISELE Ore thing that was disconcerting was that when
I recycled program 3Lk to get another TPI
golution, the darned thing would quit tracking
in auto opties. In fact, it didn't Just ston
it; it would just take the sextant and drive
it completely off target somewhere, and since
T could not yet see it in the telegcope, I was
sitiing there flying blind as far as keeping
the target in sight until it firally quit
calculating its solution, and tren it would
pull the target back ir, Also, another
surprise was that the TPI soluticns took about
4 minutes, 4 to 5 minutes, whereas in the
gimulator I timed it, and I think the longest
one I've even seen was about 3 minutes over
there. So I elected to change our procedure
glightly in that rather Lhan wailting urtil
TPI mirus 5 minutes to get <he final selution,
T went ahead and took it around TPI minus
b minutes to get 21l that dere so it wouldn't
interfere with our backup MARK's at 8 and 5 min-
utes. At about TPFI minus 9 or 10 mirutes T

believe it was, T took another VERB B85 plet

et
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{that's line-of-sight angle from the horizon

to the target)}, and our procedure is thal when
you get the target centered in the sextant, you
punch the VERBE button and that freezes the
display; then whoever is taking plots can
write it down and get the data. 1 goofed and
forgot to hit key RELFASE, so that when it got
to 8 minutes, it was still locked up on the
reading; it had been there 2 minutes ago. So

I hit the key release, and we did a reading;

I think it was about 30 seconds late. Just
about then, for some reason -~ 1'll never know
why it did this - but for some reason, the
computers - the optics drive started Jjumplng
around, and it finally went completely off the
target, and I lost it, and it never would come
back, This was about T minutes to TPT. We
scratched our heads for a while, and | compared
the ground's solution with the computer's TPI
solution and decided that it was close enough
to go ahead and burn It on the computer because
after 1 looked for the star - rather, for the
target for a few minutes, and it wasn't there,

T finally gave up on it, went on into Phl where

GREeTR . o
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you do get the DELTA-V comvecnents and local
vertical ccordinates, compared those to the
ground, and they were right on the money. BSo
I said, "well, the only thing we can do is go
ahead and try the burn and burn what the com-
puter said,” and that's exactly what we did.
We even did an auto maneuver to the burn
attitude., We were bellied up to at first -
bellied up to the first, bellied up with the
optics line-of-sight locking at it and went
ahead and did an autoc mareuver ard Just let
the computer fly it back down to the burn atti-
tude; it just tracked in nice as you please,
Just did a pitch maneuver, and the only thing
T didn't 1like about it was the cut-of-planes
solution. We had about 10 degrees out~of-
plane, and I felt that was too big, and T
can't tell you why. TIt's just a Kentucky
windage that we kind of picked up after run-
ning in the simulator some, plus the ground
solution didn't eall for that much ocut-cof-plane
either, so I suggested tec Wally that he take
about half of that ocut-of-plane angle out of

it, and he d4id that. T don't know whether that

CEFDETTR
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was good or bad, but I know that we did end

up coming up pretty much irn plane st final
breaking. 5o that's the way we did TPI, anrd
Wally couldn't gee 1t in the front window,
either. Apparently, those flashing lights
aren't all that bright. Thaey Just don't show
up until you get within 15 miles or so. They
do in the sextant, but nct through the tele-
scope or the front wirndow. We burned it blind
without having the target in view; and then
afver TPI we went through the procedure and got
back into P20 automatic tracking again, and it
brought the target right back into the sextant;
then we could do some more MARK's, and we went
on., At that point, the image was sc¢ large in
the sextant due to magnification that it was

ne longer point source. It was four discrete
spots of light - you know, the four lights on
the SLA parels - and they were flashing alter-
nately and intermittantly, and the booster was
ailsc tumbling. This made it & very erratic arnd
difficult pattern <o work with because vou
could never pick out exactly what the hell the

center of it was to know where to MARK, so I

C QBT
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was kind of going along guessing about where
the center cught to be. A4pparently, it worked
out because we got very geed results on our
DELTA-R and DELTA-V update, and we got a very
good solution at first midecourse. The computer
called for three and one half feet per second
aft and a little bit down, and Walt got 1.7

on his charts, so I Just suggested that we
burn 2 feet aft. You don't like to take that
energy out after you've put it in, so we just
turned ¢ feet per second aft, and T think just
a couple of ternths deown; and, apparently, it
put us right on the slot because the second
midcourse came up zero or less than 1 foot per
second on the computer and less than 1 foot
rer second on the chart, so we didn't burn
anytning at the second midecourse; we didn't
need to, and our volar plot showed us going
right intoc the target. So that'g the way the
burns went. All this time, of course, these
“ights were flashing in the sextznt, and they
were - the closer they got, why of course, the
more erratic the P20 tracking became, and the

tarder 1t was to make MAERK's because the

CROMEDERTTED
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target got bigger and bisper, although we were
still in darkness ard all you could see were
these flashing lights, and it just lcoked like
a8 bunch of flash bulbs ponpine out there. The
vhasing waes Jjust aboul perfect kecause we
btroke into daylight and could actually soe the
booster ir reflected sunlight, T guess, when we
were 2 or 3 miles cut. I3 was just about the
time when the thing began to have some finite
size in the COAS through the window, ard from
then on we used Waliy's estimate of subtended
angle and boosver diameter plus charts to get

a hacx on our range in conjuncticr with the
display on the computer. The computer solution
of raznge and range rate was, as near as 1
could tell, pretty good all the way in tec the
final phase of breakilng aﬁd line-of-sight

control.

3,2.6 Thrust Monitor (1CS Control)

FISKELE

The line-o®-sight ccntrol — I'd better let
Wally talk zbout that since ke did mesi of 1It.
As T recall, we had very littie thrustingz ftco
do in tke up and down, in the in-plane rortior,

and he did do some cross-plane thrusting, which

C Gy
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I think had some out~of-plane components; we
tend to want to bring that ocut-cf-plane in so
that you come in right on the bellyband. I
know theoretically that's not most efficient;
but, in practice, that's the easiest thing to
do, so he will have some comments on that. I
guess that's about all I have on rendezvous.
I'd like to discuss the postrendezvcus tracking
at 80, 160, and 320 miles. We could see the
target.

Before you get to that, would you like tc make
an overall summary that we can - conclusion
about the abkility to do this with one man?

With ond guy, it's a bitch; I'11 say that. If
I had two guys out there on the 1M -

I thought that was pretiy wild.

Well, I weould hate to go and get somebody under
these conditicns. It's not so much the cne-man
time line, it's Jjust that ~ you're never sure
what the hell you got, because ycou don't have
any radar. With one guy, particularly, you
den't have time to do backup charts; you don't
have time to deliberate and make these compari-

sons between ground and chart and your computer,
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and Just about all you can do wouild be to work
the computer, take the sclution, burn it, take
advartage of all the aute tracking and optics
and all the auto maneuvers and everything else,
and hope it came out right. That's &ll you
could do. And I believe the rendezvous sclution
particulerly is that you get a good - a nominal
iritial condition from the ground, on this
first burn. You could probably get away with
it, but it is not the kind of thing that you
would want tc hang your hat cn for the purpcse

cf rescuing reople.
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1 felt very good about it being successful, but
I felt very uncomfortable when I thought about
it in terms of two guys being out there in the
IM. There is just no way to go without radar.
I've got some numbers and stuff, but that -
You're talking about range range rate infor-
mation.

Well, yes, without some kind of -

That would be VHF ranging.

Well, yes, that to me is radar, & measurement
of some kind.

Yes.

Rather than computed in. Particularly at
T-align, the tough part is the tail end of
visual ranging; even though we got away with
it on 8-IVB, that's a big target. You've got
a little dinky IM out there, and you don't
have a subtended angle or a fixed reticle type
of thing to really measure the optical range;
you're really flying blind, I would imagine ...
Oh, I might discuss the bresking schedule. We
did use the computer in conjunction with Wally's
estimates of booster size to get a hack on our

distance and our closure rate,
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Agalin, this 1s the kind of thing that you develorp
more by experience. We have certain gates where
you're supposed toc be a certain speed nt a
certain distance; but there is so much uncer-
tainty as to whether you are really at these
gates that it is difficult to Judge. B3Sc we just
developed enough coordination such that you can
®xind of tell by the way things are going, by
what Wally says the size of the target is, and
by what the DBKY is teliing you that you can
articipate when you should do a certain amcunt
of breaking. T think we did it in two or

taree steps, and it came cut just fine. If you
®ill-off too socn, you don't make it; and if
you wait too long, you go whistling by 1t, but
that's pretty much by the seal of your pants.
The pestrendezvous iracking was Xind cf irter-
egsting. We found that you could, in fact, see
that darrn thing in the sextant at those dis-
tances. In fact, even at 320 miles, I could

see it well enough to say that it was some-
shirg besides Just a point source, that it
actually had some little bit of shape to it.

Ckay. The subject is DELTA-V boockkeeping for

(glahiiseiiiiins
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EISELE rendezvous. We had a DELTA-V budget called up
to us of 90 feet per second; and, of course,
the problem onbeoard was to keep track in real
time of DELTA-V expended. Since the fuel
readeout is not that accurate, the only way we
can bockkeep on RCS fuel is by keeping track of
DELTA-V maneuvers. There are two ways you can
use NOUN 40 on the DSKY, or you can use this
display in program 47. I started using the
program 47 displays where you let the counter
build up; then you recycle it to zero and write
down the numbers. Toward the tail end of the
thrusting maneuvers, recycling became rather
rapid, and it's a little hard to always get it
zeroed at the right time to get the next batch,
so I went to the NOUN L40. The trouble with the
NOUN 4O is that it integrates every single little
pulse that comes cut of the PIPA's, and they
kind of have a tendency to go plus and nminus,
and they'll average out in the average "U"
routines; but they do not average out in the
NOUN 40, for some reason. We took a combination
of what we knew we had burned at the midcourse

and the TPI plus the NOUN 40, and I think it

TSI
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came cut to something like 75 or 80 feet per sec-~
ond. I just arbitarily in my own mind, at least,
tock off about 15 feet or so becauge the NOUN LC
counted up tc 50 feet per second, and T didn't
think we burned that much after TPIL.

Did you cover the burns thal we did put in?

Yeg, I talxed about the TPI burn, the midcourse.
How about the bookkeeping?

Tne item of concern is the bookkeeping on the
breaking lcg, and I got 11, 3, ang

16 feet per second recorded in four and

one half. I've got 1l _eft, about 16 right,

and practically nothing up and down. The thing
that puzzles me g the et and right in that

if we had a large cut-of-plane correcticn, which
we might have had, you'd expect it to be mostly
ore way. I'm a little suspiclous of my numbers.
T do know that Wally did a considerable amount
of inputs to null cut ais line-of-sight rates
sideways. Whether or not our DELTA-V bocokkeep-
ing Is accurate and up to date, I don't know at
this time. I thirx we will find cut when wc

get the high bit ratc data back.

“GS bbby
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Did you cover the TPI burn where T didn't get
the high bit rate on?
No, I didn't mention that. We did not get the
high bit rate on for TPI. Conseguently, we will
probably not know precisely how much we burned.
The computer sclution was something on the order
cf 17.3, is that the number?
Yes.
We burned the residuals to as close to zero ag
we could get. OQOf course, they pop around a geod
Bit.
1 think they add to sbout a tenth.
41so, the DELTA-V counter was pretty close to
that. 8o I would say that if you put down a
nurber like 17.5, you would be within 2 half g
feot per second of what you actually did burn
at TPI.
Why don't wc elaborate? Did you menticon the
confusion or consternation whern we lost the
target at TPI minus 5%
I did.
Well, as a result of that - I have written on
the top of my chart here all these things -

high bit rate for all the burns when we were
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CUNNINGHAM busy figuring out what we were going to do
about the whole thing. We got down to deciding
finally to burn the computer soluticn, and we
were all ready at that time, and we burned, and
I didn't get high bit rate on for that burn,

But 1 had high bit rate on for the midcourse,
and then we started breaking. I had high bit
rate on for the rest of the way, so it would
all be on tape. All of these DELTA-V's should
be on tape.

EISELE Yes, it was a little spastic there on TPI because
it's a good example of how operational problems
pop up on you. The first thing that happened
was that we lost the target. Well, that shook
me up a little bit, and we were thrashing
around, trying to figure out what to do., About
that time, Wally was trying to look cut the
window and found he was being blinded by light
reflection from the floodlight. We had for-
gotten to put up the floodlight screen. So I
went scrambling inteo the stowage box to retrieve
the screen, and when I did, my checklist floated
gway somewhere, so 1 didn't have a checklist for

a while.
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CURNINGHAM He handed me the screen, and I sat there trying
to snap the screen on, and there are two other
snaps that hold the cable. We had only seen
that screen about a week or 10 days before the
flight. We saw it once in the simulator, sc I
goi wrestling arcund with pulling snaps off and
putting the screen con. About that time, every-
body decided tc burn the onboard computer solu-
tion that was lgss than 3 feet in difference,
according to ground. We went ahead and burned,
and about the time we were getting over it, T
remembered the high bit rate. We never 4did get
te it. I finally got the screen up, but we
didn't get high bit rate.

EISELR _ That 5-minute period I think was about the
fastest four-handed geme I ever saw.

CUNNINGHAM Six-handed game!l

3.3 Postrendezvous Through Decrbit Burn

3.3.1 S8-IVB Postrendezvous Tracking at 80, 160, and 320 IM

EISELE That's encugh on rendezvous. The postrendezvous
tracking went off very smoothly. We could see
the target very easily up to 320 miles in the
sextant, I never did see it in the telescore

that far out. These were done during daylight

SaiaibiniE TR,
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EISZLE passes so that we had reflected light. One time,
1 did see 1t at night. I think it was either
80 or 160, and the sextant - I couid actually
see the iights flashing. What was kind of
interesting abcut that was that the lights
stayed cn a lot longer than the 7 hours they
were supposed to. This was like 10 or 12 hours
after rencezvous, and they were still flashing.
CUNNINGHAM 2id you cover the discrepancy between ithe com-

puter secluticn and the backup solution at mid-

course?
TISELK Yes.
CUANINGHAM Ckay.
EIGSELE Basically, T think we burned the chart rather

tkar Lhe DSKY.

CUNNINGHAM Yes, and not z2ll the cut-of-plane, not a1l the
down.

EISELE We burned about half the down.

CUNNINGHAM incidentally, on seeing the S-IVE visually

~ater on that night -~ that night being iccal
Cape time - Wally and I were still on watch;
Donn was asleep; and we saw the E£-IV3 behind
a8. At that time, 1t was called cut at a

thousand miles.

D it
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SLICELE I think <hat was a day later, in fact.

CUNNIKGHAM Yes, 1t was a2 day later. It was very, very
bright.

SCHIRRA It was in reflected light Just at sumrise.

CUNNINGHAM We were already in the dark, and it was above

the horizon. It was at a thousand feet and was
brighter than any star out there. I can't wait
to see some of those pictures.

3.3.,2 8CT Star Count Test

EISELE We did the telescope star count test as per
procedure, and I guess the people on the ground
were happy with it because they said the star
count went right in line with their predictions.
The only reservation I have on this whole desl
ig that I don't want someone to reach the con-
clusicr that doing daylight alignments with this
rig is no sweat because, in general, that is
not the case. It is wvery difficult to see any-
thing useful in the telescope when there is any
sort of daylight around. The sextant is dif-
ferent. If you already aligned properly and
you do an suto optics maneuver to bring a star
into the sextent field of view - you can see

stars in the daylight through the sextant. You

CQLIEIREMF
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can see it right up te & relative sun angle of
raybe 40 or S50 degrees. You stiil see bright
stars in the sextant, but that's the only thing
vou can do with it. If you're not aligned or
if you've 2rified off such that you can't get
tre star to come into the sextant, you're cut
cf luck.

Lo, sir, exceot Tor a few minutes at sunrise,
right at arcound sunrise or sunset. If your back
er.d is at the sun so that you're looking out
gway Trom the sun into the dark sky, you can
see starg for a few minutes either side of sun-
rise and sunset, but that is about the Timit on
daylight type realignments. I guecss the appll-
cation here for lunar flights is that this is
the kind of situation you are going to have =gll
the way to the mocn and back where you'wve always
got the sun out. What you're geing to have to
dc is turn around and point the 5PE engine at
the sun and then hope that you're not locking
at the earth through the telescope at the same
time. My recommendation is that the Colossus
and those other programs incorporate a feature

to allow the usec of the nearer bedies (the

i aYNIST=INETHVES
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earth, the moon, and the sun} for approximate

aligrments sort of a course alignment.
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Are you sure you know how to run this one now?
The subject is item 3.3, sublect 3 under - on
the debriefing chart, S005 and S0C6 vphotceraphy;
there are wvarious ways of covering this. I
think you could talx sbout the cameras. We had
cne flignt-modified Hasselblad camers on board.
Cur general feeling was that we could have bene-
fltved greatly by having two Hasselblads, for
several reasons. One, in case one failed, and
we did have problems witn the single Hasselblad;
and seconrndly, there were times when two people
could toth have been tezking piectures. For exam-
ple, the mulitispectral photography: one man
couald have had the green filter and ancther man
hed tae red filter, and we could kave done a
ruch better lob all the way down the line, but
we didn't, I think, primarily because of the
faet that the modified Easselblad seemed to

have problems that the unmodified commercisl
Hasselblads don't have. Varicus modificaticns
were made wnich sllow you, in certain instances,
to pull the trigger with the slide still in,

and you can't tell. On the S005/50C6, T just

broke it dowm tc a couple of categories. I'm
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gecing to tell you something sbout the cameras,
and then about the film, and then maybe pic-
tures. But on the cameras, to repeat myself,
we felt like the modified Hasselblads brought
in problems that don't exist with the commer-
cial Hasselblads, Cne of these is the slider
that goes in the back., The modified Hasselblad
vack has got a round knobk that protrudes on the
left hand side, and the slider, if wvou put it
in facing cne wey, will go all the way down; 1if
you put 1t ir facing arother way, it doesn't

go far enough down tc stop the shutter from
throwing with tne siider in., This is impossikle
with an unmedified back. Another thing that is
missing off the modifled back is the depth-of-
field scale wnich can be useful in some cases
“or interior shkots., I think on this flight,

we got some very decent interior shots with

the S0368. Still ancther one that would be
nice to have, and preclude you from ever losing
a frame accidently, is the 1little dot on the
tack of the camcra. You still get the dot on
the camera when it 1s cocked, but the window is

removed from the back; and in a commercial
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Hasselblad, when these two are the same color,
white or red, you can put the thing on. It
precludes you from putting a cocked one back
on an uncocked camera and winding one slide
through uselessly.,

They really goofed a good camera, Deke.

These are primarily the main criticisms; if
something else comes up, we'll have to cover
it later. The camera itself is still very,
very useful for pictures. One some occasions,
we used the ring sight; on others; we didn't.
I think for my case, I would aim down the
camera, line my eye up, and put it right down
acrogss the top of the camera, and have a good
view of what I was shooting a picture of. The
pictures themselves were taken with three dif-
ferent kinds of film, and this, too, introduced
certain problems. We had 80368 on board which
was to be taken with no filters; we had 50121
which was to be taken with the 2A filter.
(Incidentally, the 24 filter was in no way,
shape, or form marked 2A in stowage. We had to

verify that with the ground.)
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Sight, we assume, eliminated the problem, but
we still wanted to be sure.

The Panatomic-X film was taken with a red
filter and a green filter, each of which had
different filter factors associated with it.
Fach of those three films, incidentally, had =
different ASA number to be taken with. We
ought to make note of the fact that all of our
pictures were shot with a 1light meter, except
the Panatomic-X film. For the Panatomic-X
film, we used the gouge that was on the backs,
and made an estimate of whether the sun was

30 degrees above the horizon or not and used
the can solutions for exposures. We had some
problems in the fact that we generally had

two kinds of film out to be available when we
needed it to take pictures; and changing backs
obviocusly entailed changing filters and ASA num-
bers on the light meter. There were times when
we lost some pictures because of either not
getting a red filter off when you took the
Panatomic~X back and put it on, or vice versa.
We took one whole role of S0121 without the

2A filter on,'primarily because we were also

eniciablibbdi®
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takirg 50368 at the same time (this was during
the S-1IVE turnaround and SZP maneuver and that
time frame), and we did not want to be messing
witn the filter coming on and ofl. Tnis was
a#’so labeled or the back. We also teook that
same roll of 80121 at an ABA ol sixty-Ffour
instead of the recommended forty-five to fifty,
which wo did on all the rest of the backs. Thsat
was to precliade having to reset the light meter.
Trere were a very few frzmes, maybe two or threc
throughout tke Tllght, that were lozst because
of refccusing the camera from 3 feet to infin-
ity.

That's a high rigx.

That is; thkat's a high risk. TIt's a nrecedural
type error, but It is something that you can
very easily get suckered into whern you are
charging tacks, ASA rurbers, filter factors,
and focus distances on the carera at the same
tire,

T wasr't listering comnletely, but T would like
1o add a point,

So anhead.

~aVNISTSVINE I
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The Hasselblad as a designed camera Is a good
foclproof carersa.

I didn't cover that item by item.

We've made it for idiots, now, and I think it's
wrong because it is not idict-prcof, now; it's
toc simple.

You might reveat your comment about your own
Hasseltlad,

I never have goofed with a picture with ny own
Hasselrvlad. I've missed a picture because the
slider was iny that's much better than blowing
a whole bunci of them with the slide in. TI've
never gecofed on shuttef gsetting; I've never
goofed on focus because I have reflex acticng
ard there 1s no reason not to have reflex
action; Llhere's lots of rocm in there,

You could also usge the little eyeplece.

There is a reflex eycpiece, so ycu don't have
to lock over the top (you see rhotographers
using that), 2m4 T would recommend rather than
have it close up — tecause then, inside the
cockpit with it, you know, it has to be set ut
3 fecet, the guy's cut of focus — you loock ocut

the wirdow, ard it hazs to be in.

FOSMEETTISL
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CUNNINGHAM We feel thai we have room in this spececrzf to
get up to the windows like that.

CCEIRRA Lots-of room - Fantastic reocom,

CUNKINGHAM Z thiak esvery ore of us, at least once, toogk
pictures with the slide in - attemp*ed to, 1
shouid say.

SCHEIERA You could see a filter on there 1f you had 1<

on. For 20368 I blew twe of those.

CUNNIEGHAM 8top it a minute. I Zon't think we carn -

ZCHIRRA I recommend - we haven't really breought this
up till right anow — that we get this forward
leokirg ~—

CUNNINGEAM It's called a prism viewfinder.

SCHIRKEA Yes, that's a stock Haszelblad item for pre-—

eise photography of the [M, of Zunar landmarks,
of ezrth landmarzs. You can loox right through
ity you can tell tnen whether you have the wirn-
dow cuttlirng ocut your plcture or nct, as well;
ard it's real good.

CUNNTINGIAM Alsc, you don't get a ring sight then if ycu

look right through the lens.

SCHIERA We lost the right sight one time, and all of a
sudden, it came cruising by - "Ah, therc it is.”
CUNNIRGIAM Gettling back to the films -

SleINI--NEER
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You said one other thing; I'd 1like to correct
you. Walt is not a fan of the ring sight; I
am, I would rather correct it. That's an
cpinion. I feel the ring sight is required
for a precise picture of a precise area.

We did use it sometimes,

Yes, I know, but you inferred that it wasu't

a reguirement; I think it 1is.

T don't mean to imply that you shouldn't fly
the ring sight because I used it lots of times.
For example, I used it on the S-IVB picture;

I used it Iin cases where T felt that I had to
be more precise, where I had a narrower field
to take a picture of -

If you were going over the Cape and you wanted
the Cape and not Just Florida in general, you
would know that you could get Florida in gene=-
ral, but to get the Cape in the middle of the
picture, you would have to use the ring sight,
Yes. There's one other thing to add to this.
In my training with the Hasselblad over the
last couple of years down here for example, I
did it both with and without the ring sight,

and T concentrated when I didn't have the ring

CONEDE
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sight, I'd take a whole roll of pictures and
come back and find out that I was aiming the
camera always a little low. I corrected it to
the point that when I took my pictures without

a ring sight, I was being able to center the
thing pretty good. Now that's merely a personal
preference, and I think the ring sight is a
good thing to have; I really do. I would never
recommend that you don't have the ring sight
along.

I would dispense with the ring sight and go
through the prism reflex. The real reason

there is that you are always worried about
spacecraft structure knocking out some of your
picture, and with this, you don't. You know
what you're looking at.

Yes, I definitely felt that, tco. When we

have taken the 16mm pictures, you got the camera
sitting up there, and it's trying to look down
the ¥X-axls, and you always have a little bit

of a problem with that camera getting a little -
One of my problems on that stripping: I guess

I was the one who really got the multispectral

stripping, and it turned out that way because he

(iR, -
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unfortunately had the slider in. When we came
across Scuth America, we had a long strip of
this with the red filter on, and the object was
to overlap, so I stripped with the Hasselblad,
and T couldn't remember every time what I was
looking at. With the sighting on the fop of
the camera trying to pick the same target and
move the target encugh s0 I would overlap it,
there's a lot of pilctures. If you could look
through the lens, you would know that you
weren't gocfing it.

Yes, T agrec,.

This is going to be true with that four-camera
system in the event you should have a sight
like = tube sight, not just a little rirg sight.
On the varicus kinds of film on otoard, I don't
think we can overstate the fact that pairing
mixec-up film loads doee create operaticnal
problems. We always run the risx of having
the kind of interchanges of filters and filter
factors, ASA numbers and backs, and it's not
insurrcurtable, but it does create bookkeeping

problems.
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You know that green strip up there? That was
the most fun we had in the flight with pictures.
Wzlt was on the right with the movilie cameras
stripping:; Donr was doing landmarks; I was on
the left with multisvpec with southwest US, and
1 had the red filter, green filter, and esach
cne had a different 7 stop, and we jJust did
what it said on the back, We didn't have time
for spot meters for stillis. OCne of the things
we've talked about since the flight is that we
have color f1lm, have some kind of color on

the back so you know Iit's color., For the vlack
and white, have the back biack, and you know
it's black =nd white,

Wniile we are talking about those backs, they
had a piece of tape or It to write what was
taken, et cetera. The %ape that was there was
net very compatible with the zerc g pens that
we had. It was very difficult to write on
them, and I think we ocught to have sometihing

a little better than that to write on.

Ir the 5ld days, Deke, we had & — I know i
was plastic, but it wasn't — I gathered it

didn't pass the fire board. T remember it was

eSS
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that rubbed fuzzy plastic, and you could write
on it with pencil. We used pencils, but ink
would go on it as well. The tape was very
hard to write on; and we - of course, in the
cld days, we wrote with the pentel, and it
would go on. Rut the ball point doesn't hit
that fibers; that was the problem.

Moving on to the pictures themselves: we took
many, many pilctures, probably on the order of
115 or 120 pictures on the S0368, and 400 plus
on the 50121, During that time, there was an
attempt to make, on several occasions, the

same area with both kinds of film as a compari-
son, and I was thinking primarily of subjective
evaluation of locking at the two, at which
reglly looks like the nicer picture. I also
feel that during that time, we probably acci-
dentally got some comparisons, toe, in certain
areas, such as up around the Red Sea where we
had S0368 early in the flight, and later on
maybe faken the same kind of area with S0121.
You have a point there. TIt's something I
brought up. If you look at our board up there,

you see the strip on southwest US, and the

WO
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strip coming down through Africa; that was with
multispectral stuff. That was asked for because
of 502's pictures. That was cne damned rev that
502 made; we made all these revs, we could do
the same thing over again each pass because we
hit that same pass in Africa every 24 hours.
This meant that we could go over it one day
with 368, which is the way the protocol should
have been; ancther day with 121; and another
day with black and white Panatomic-X. That's
the wgy it should be done, rather than have us
try to pick up a whole shaft that another flight
had.

That is why I wanted to go to Panatomic-X that
last day for some of those ground pilctures,
because we had enough information on board to
make the same kind of comparisons as they were
shooting for on those specific spots. Those
specific spots, incidentally, were not easy 1o
hit. I happened to notice the pass that I blew
over Africe; I happened to notice that we were
going to go right down it. Nobody had told us

we were; in fact, I noticed, before the flight,

Db
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I was going to say, "Well, it would be very
fortunate if we happen to make that pass.”

We didn't think we'd have a chance at those;
Just remote odds. The orbital map on board
went to worms because it was a thirty-two and
a half inelination. We were at 30; the modes
went all cockeyed, all over the place. We just
started pulling up program 21 and all that
stuff, and finally faked it, but later in the
mission, the last day, we asked for updates,
and for something like that, T think we prob-
ably pushed them off a little too hard; they
vere turned off by us. They might have said,
"This next pass, if you are in position, is
ideal for DTO block" that's all; they don't
have to give you anything more. That's not
pushing; that's just saying,

Ancther thing that some of this photography
suffered from, was the intent from the begin-
ning, that we use a minimum of RCS fuel. OUn a
couple of different occasions, we managed Lo
use a small amount of RCS fuel. Wally would
be able to plan ahead a half a rev or so and

pulse it in - half way around the world - then

» GRS



SRrrTENTAL .

you ccould end up locking down, and with four
windows for photography, there was a pretty
good chance you could get a plcture of the

area.
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There's no question about it - we could have
gotten more pictures had we not been constrained
on fuel. Going back to the actual hardware
itgelf, there's a problem with the Hasselblad
sticking up, and we found dry lube in it, for
one thing, and we think thalt maybe the trigger
was & little bit bent. Wally worked with it for
some time. This all happened about the third
day, and it looked like we were going to have
the Hasselblad to out and not get any more pic-
tures becauge it was - we were waiting sometimes
a cocuple of minutes between shots before every-
thing would recycle back. We used the nose
cream to lubricate a couple of the joints;

Wally bent the trigger a little straighter, and
I think that was really the key, Wally.

Yes. The little rod that comes through into

the magazine - that iittle flat rod in the back -
We had very little trouble the rest of the way.
Yes, all of a sudden it started working like a
dream from then on.

The other thing about the packs is that the

people that stow those things very carefully

COMbDErePIL.
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stowed every single camera pack with the slider
end out. You know, down in the blocks?

You're worried about fogging the frame is what
he's getting at.

Yes, When I restowed them 1 very carefully
stowed them all back again. But it should bte a
standard procedure when you stow thogse things to
make it foolproof for the guy in a hurry, that
he doesn't reach down there and end up pulling
on the slider to try to pull it out ... the
other. And you also ought to ...

The last one's got a& hot frame. Another comment
on those backs:; well, let me finish up with
this stowing these with the slider end in.

There also ought to be a piece of tape to write
on that's on the end that would be out; in that
case, you could see that it had an X on it., The
tape is on the side that's hidden, and in order
to see if you had s used pack stowed, you had
to pull the pack out, It's a small item, but

it should be taken care of. The other thing on
those packs is that you don't know when you're
through, to the last frame. The one with

165 frames on it, the large pack, Dohn tock

Lol
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another ten pictures past it and finally cailed
the ground and asked about it. It was reading
a hundred and

Tell you why you don't feel torque. On a ground
camera you feel the film go on the spool, and
it goes intc the used side. liere, you can just
feel the same all the time. There's no mass or
inertia. It's subtle enough on the ground; you
can feel 1t; you can't in flight. The rovie
camera - you can hear the magazine quit as the
lecad comes off the motor, and 1t gees ticka~
ticka-ticka.

It should have either a definite stop on the
thing, cor else we should -

Have a flag come up ...
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And you also ought to mention Dean Edmonds
wasn't aware of the fact that we were going to
tape those slide backs. There's a hot frame
behind that slide. I'll tell you what the
Hasselblad does. Very simply, in the magazine,
they have a little window that shows you when
you wind, and if you don't wind, it stays red
... that's how you know you're cut of film,
because you don't pop the magazine anymore.
Ancther thing that we really ought to bring

out here is that we were film constirained on
our S005 and S006. We ended up - sure we shot
rather freely at the early part of the flight
as compared to the lattfer part of the flight,
but for the last 4 days, we started taking

Tilm counts and cutting back on what we were
taking.

Just like a survival mode, you start budgeting.
I was going to bring in that there were several
items on there that we felt like we had so much
that we would rather have had a couple of film
packs. We had the rotation hand controller
pack, at which I wasted something. We had

extra mirrors sitting on my side; at one time,

QRS ¢
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they were intended to look down the X-axis for
some reason, but you could lcck down the X-axis
anyway , without the mirrors. We had the fecal
canisters scar weight left in. There were
various items that were carried on board that
we would have traded for just one more pack.

We could have thrown away about 15 pounds in
there. That's all you needed really.

But at any rate, we felt very strongly that
since thig flight wasg about the lagt one in
which we probably would have the freedom to be
drifting and teking pictures of the earth, a
couple of more packs would have been fabulous.
We got hung up on that.

Donn went through a night pass when he went all
the way down the coast of NYew Guinea; we were
on our film saving phase at that time, and it
wasn't one of those areas that was blocked out
on the map.

I we took the pictures, they would have wanted
more.

Sc he didn't take it, and we never got back to
take it again. Wally brought out a good point

about that map. BSeems like the areas that are

ST
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cutlined to teke more pictures are just that,
the ones they already have some pletures of.

I guess I wasn't as strong an advocate of this
until I flew with you, Wally, but any pictures,
ary good interface land, water, coastlines,
interesting geology inland, anything -

If it gets our interest, take a picture; that's
the point.

That's right. I guess we prebably could have
covered the flight adagquately with two more
packs.

Color packs, 121 or 368.

The other thing is that we haven't seen the
121 and 368 and all that yet, so maybe the 121
turns out nice pictures; we really don't know,
but we have taken comparisons. We also think
that everybody ought to lock through the films
and compare, take a look at all the areas we
took with the 121 and several areas we took
with the Paratomic-X and see if they can't do
some of the multispectral stuff with thai,
Ancther thing we ought to make a note of is
that since we had the Panatomie-X and had poor

liklihood of going over the reguired

SRR
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multispectral areas and/or getting enough fuel
to orient to tape multispectral discrete spots,
we suggested and started using the Panatomic-X
with the red filter for cloud cover. Essen-
tially, for the first part of the flight, we
didn't concern ocurselves too much with cloud
plctures. We took several interesting ones
that Wally had spotted, or we took discrete
plictures like of hurricane Gladys -

I would like to bring this up, a real surprise.
We saw hurricane Gladys, but the big surprise
to me was the c¢yclonic effect on top of the
thunderstorms. I never even saw it before in
the earlier flights, and no one else has report-
ed it, but particularly on our Scuth American
runs, every thunderhead had a reverse coriolis
effect which you'd expect ... and typical sea
shell coriolis vortex, and it was brought to
my attention from having locked at Gladys and
then here that the thunderstorms all had it,
and it was wild because we had a whole string
of them coming down across the A of Brazil up
there on that map. I wanted to take pictures

of it; I took Just a couple, but if T had really

aimihdeiimivisinigel.
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been goling at it and been more prepared for

it, I could have taken a lot of them. I'm sure
we will see it, and it's going to shake up the
meteorologists, Then I saw it in the northern
hemisphere after I was prepared to lock for it.
I never even heard of it before; I doen't think
vou had either, and it really surprised me,

but that's why you need spot meters, Almost
all ocur pictures were with spot meters {that's
why you need a large selection of film), but

on the same ASA so you don't blew your gspot
meter setting, so you Jjust set it. That same
problem came up, and while I sat there working
like a madman to find a gixty-four, the spot
meter was wrong; it had fifty and then two
inerements to one hundred.

I know, and it drives me bats every time. I
always sit back and look at that log scale and
say now if I'm golng up, the numbers get closer
together. Does that mean I stay closer to 50
or cloger to the next number? I go through
that every single time,

Yes, the thousands bug me., I said yesrs ago,

put a little mark on there for 64, a little

IS Briiimipinin
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mark on there for a thousand where you have
the spot meter calibrated.

CUNWINGHAM That's a geod recommendation. We cught to have
that; we ought to have a mark on there for each

ASA that you've got on board.

SCHIRRA Forget the cther numbers; they're academic.
EISELE That's right.
SCHIRRA And for gods sake give us back a depoth of field;

we know what that is. Give us the exposure
index mumber sc we can flick around and play
the game. You saw my pictures at Indianapolis;
not & one cof them was a goof: they're all
exquigite because I use a light meter, and 1
use reflex, and I use exposure variable and
plain depth of field.

CURNINGHAM We got a lot of good work together. When
Wally and 1 were both awake, for example, we
were always involved in one guy taking the
exposure readings, the cther guy taking the
plcture.

SCHIRRA That:s why we want them to call them the
Apollo T ercw pietures because everybody was
invelved. It was either mark planning and

attitude way back in China for Scuth America

» NS
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or spot meters. The camera was back and forth,
and I'd rather not go through and research the
thing on who tock it other than for the rendezQ
vous,

Yes, we told them that everything except the
rendezvous or the S-IVB pictures were -

group pictures.

If possible, Deke, I think we'd like to see

all three names on them. They all go out - you
know, NASA has that stamp on the back. We
think we covered the world pretty well, and it
was only because Donn wes getting areas that we
weren't; we were planning ahead, and I'1ll tell
you, I was glad to hear some of those pictures
turned out good because we really put effort
into those.

When the camera jammed, we didn't know whether
it was working right, you know, as far as
shutters and all that stuff.

Also, we made a great effort to be geographers.
We'd call up the names of places.

We had a good time. After about L or § days,
Donn finally asked us how we knew where in the

hell we were.

QST
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GCHIRRA Yes, when I described a city in South America,
he said "How the hell did you know I was down
there?"

CUNWINGEAM ' I've been interested in geography for a long
time, sc we were sitting there discussing
historical locations, you know, just like I
tock that victure of the upper Nile. I took
the picture of the upper Nile because I had
one art appreciation course at college.

SCHIRRA On some of the cloud shots that were intriguing,
I think the experimenters like Ken Maynard
should realize that we had gone through enocugh
education in meteorology to realize an inter-
esting cloud formation much like this cyclonic
effect which is a new thing, and we're going
to be pigued by it, and we don't have to be
told to shoot it. There's no reason to have
that briefing about what to take pilctures of.
Those blocks on that and the blocks on our map
are sufficient; those are interest areas, I
don't think you even need that unless, for
example, you come over a certain area where
there's a landmark, and we don't have & photo-

graph on it; that ghould be brought out if it's

$ Obhiiing
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g lunar Apollo landmark. We ended up doing
that on some occasicns. We tcok pictures of
landmarks that didn't have photographs. One
landmark Walt was trying te merk on was wrong.
We took a pleture of it; there was a bridge
gcress where there was supposed to be a channel,

CUNNINGHAM Iveryvody was looking for it.

SCHIERA Jenn and T were looking out the windows - I
said, "That can't be 1t; 1%t's a sblid 1ine.”
It was; they put a bridge in in the last 3 months.
So we took a plcture and that landmark is now
updated. That's the kind of stuff that photo-
graphs are going to help us on. That briefing
we vad that late evening really was a waste of
time. I think the crew, 1f they're interested
- and they all are; you see guys carrying cam-—
eras all the time - are interested in photog-
raphy, they know about weather; they know about
geography; and if you have quiet time, you're
golng to taxe those pictures.

CUNNINGHAM The only possible thing you might have on there,
really, T think 1if you see a good picture, take
it. If there are some areas that are saturated,

you might -
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L.0 RE-ENTRY

4,1 CM/SM Separation

EISELE It really looked funny out that hateh window
because we were to do a roll. I've seen these
rolls, and in fact, it was mostly yaw from my
reflerence., It looked 1like the wnhole thing was
catty wampus. Tt looked like 1t was yawing

out of plane or scmething. The first time it

ki

rolled I thought, "What's it doing?" Weil
felt kind of funny. I sat over there saying

"Lock at that fireball!"™ Didn't you sece it?

CUNNINGHAM Z could see a nice vortex down there,

EISELE Oh, I couldn't see that.

CUNNINGEAM Ch yes. Looking right ocut the windecw.

TISELE A1 T could see was a streamer going past the

windows., A ... streamer, right?

CUNNINGHAM No, it was a4 nice vortex ... and it lasted =
lot longer than I expected. IS got pink
earlier than I expected i%t, tco. Very early.

EISELE Wally, wasn't it about 25 feet! Just a little
fast for a burn like that.

SCHIBRA I cou;dﬁ‘t see it.

EISELE And another thing. The whole re-erntry was kind

of an up~phase 1 felt. A lot Zonger than the

4
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simulator. It went all the way down to like
65 or 50 000 ft. I felt like things were really
going on. The spacecraft was flying itself 1like

mad back and forth.

REP In other words, ycu could feel it.

EISELE I don't know when it ever really quii being red
or out.

REP Orangey red? Orangey red, yes,

SCHIRRA EIRXG red, yes.

FISELE I don't know elther; I didn't look at it too

much because T was watching the screen., And
you know one thing I saw, and I guess I men-
tioned it. I think that I'm sure it was the
service module. T don't know what else it would
be -

CUNNINGHAM Oh yes, out that window, even though it was
bright inside and dark outside, you could see
this whirl of orange lights going around, and
T don't know - apparently, after we separated,
I think the back was 45 out of plane. Wally
must have been rolling and yawing back at the
same time. That's the only way I can figure

that that window would ever get around to where I
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could see that thing. But I swear I saw it
going by the window.

You probably digd.

I mean gquite & ways up back.

The service module?

I was planning on loocking for it.

Well, the first thing that was anything aiffer-
ent than regular timeline was on the EMS de-

orbit test. They gave you a NO-GO.

(Everyone talking)

That was a NO-GO, and the reason for that is -
and it's not data that can be supported. The -
Range zero. It failed to test.

Well, the range zero ...

Yes, I'm trying to get you the - scroll is the
word I'm searching for - the scroll had plus
or minus. Foint 2 feet per second, and I had
rinus cr plus.

Minus.

- minus 2.2 feet per second for big - spread.
You mean the counter and not the scroll. The

scroll gives you a number, which is .2 feet

per second.
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Ir the range zerc position.

OL yes, in the range zero position, we had a
minus 2.2.
And as & matter of fact, it was as we 21l saw,
the darned thing wasn't working on the flight.
Just like the simulator.

Yes. fLaughter)

It may mean that there was somethirng wrong
with that - I just wondered.

Well obviously that must be it. Those guys
might have t¢ use it. It's cobvicus that that
thing failed.

That's right, it really failed.

We've got to get that on an OPEN.

t's a fact.

We've got to get more of the details. And as

soon as we set up do you remember I said i’

in

a NO-GD?

That's right, I've got it writiten down a NO-GO.
It means to me that we have an OPEN for the next
mission. Yes,

{Garbled conversation)

L
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CUNNINGHAM Yes, that's right. The other problem, you
know, that's going to come up, they are going
to say, "well, are you in essence a NO-GO before
lifing off?". but I think we should treat this
both crew and otherwise, as maybe a separate
ancmaly. I don't know if it is a separate thing
or not. Boy that scroll - I gave up watching
it because it was so bad. I saw -

REP I think that's the same kind of thing that's
happened to it before.

ZISELE I gaw minus 300 miles or something like that.
The scroli went off into the next blank, into
the next ... scroll. It was up around
29 000 feet tne last time ... It should have
been my second time around. I'd been all the
way through once. I went through one secroll,

through two test vatterns, and the next scroll

SCHIRRA It was a dismal failure.
CUNNINGHAM Yes.
SCHIRRA Which is good in the sense that it vindicated

our Judgement prior to the next mission. But

of course, that's the big one.

CQALERERr,
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CUNNINGHAM

There's a minor anomaly that I mentioned over
the air with the DELTA ¥V counter. You set the
DELTA V counter.

Okay. I saw the same ninely thousandths on it
when I tried to get the test 1 pesition; it

did it four times.

I'm glad you mentioned the same manner of prob-
lJem. I don't think it was covered any place
else.

I did; T wrote it up in the log. Okay.

Okay. 1 don't understand TM. I co want to make
note of the fact that I went to test 1 for
re-entry. [ gct ninety thousandths zbout three
times; I finslly eycled back so I could go inte
zero. Why it went ninety thousandths, that I
den't know. That's new toc me.

I don't know.

Of course, it was shortly before 1lift off.
Well, the thing that scared me was the time it
came up spontaneously; there was no reeding on
~he panel -

I have it all written up in the log.

¥Yes. This was the new ninety thousandths.

e aYNTST=S00 S
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EISELE That was the other day, anyhow on the EMS for
the tail off? 19-8

3CHIRRA That's for 19-T.

EISELE True. Yes, and it clicked one over for you.
But wait, in 38 seconds it'll clock up. Right
is three, but anyway - the problem I mentioned
over the loop was, someplace there we have to
clogse the gap. The difference between the com-
puter's DELTA-V and the DELTA-V that was set
does not egual what they gave us on the entry up-
date as the DELTA-V at tail off.

SCHIRRA We asked that, and that's an open gquestion that

they'll have to answer for.

EISELE 1t was awful cloge, though. It came out 19 -
CUNNINGHAM Yes, but a conservation rejection -
EISELE But that was when we burned off late, it was

very small, about 1 foot in X.
(Everyone talking)
SCHIRRA I thought two in g, and one in X.

EISELE I was amazed I got three ones for the error. I

couldn't believe it. One third
CUNNINGHAM There's one thing about it, you see, on this
DELTA V tail off, I was told to tape an update

for thé chart using 19 feet per second -

AF=VNISISVER0 0,
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SCHIRRA I understand that. We have that in real time,
too.

REP Oh, you were talking with reference to your
charts?

EISELE Yes. Walt made that peoint clear before retro

and the DELTA—Vc was what it was supposed

to be.
SCHIRRA Yes.
REP Okay. That's a good point. The retro burn,

I'd say, was just about a perfect getaway.
EISELE How about covering the — I'd like to mention

things that we didn't do per checklist of our

configuraticn.
REP Did not dof?
EISELE Yes. We left the suit return air valve open

because we had the suits open.

CUNNINGHAM Correct.
REP Oh, yes.
EISELE The emergency cabin pressure valve we left on

instead of off.

SCHIRRA Right.
EISELE And we had the direct O2 which I did not play
with later.

AHONEDERET
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EISELE Right. And we ought to - we might mention the
configuration we did have with the towels -
towel bags folded.

REF Qkay. Let's go over that., That's very gocd,.

TISELE I think we ought to cover the full detalils of
how we were set up for the landing.

ZCHEIERA Well, let's lay that on the - Walt's idea of
putting the food bags on the headrests worked
out verfeetly for all of us; we taped them on.
We should have photos of that toc document that
configuratiaon.

EISELE They xept getting pretty -

SCEIXRA One of two towels in our towel bag and fit
those underncath our necks and by cur Adam's
apple.

EISELE I guess we tried to figure out every way we
could turn our neck or head with those helmets
off, and the only thing we could see was verhaps
banging cur chin cn the front of the neck ring.

We built these towel things and laid the

course -

SCHIRRA And windicate my decision; it was a group
decisicn.

CUNNINGHAM That'ﬁ right.

@Sl pdiiivh,
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- comlng in without a helmet.

The thing that was exciting was - we took care

off -
We didr't discuss this over Lhe slr beesuse 1t
is too Tiz & magilla to &iscuss. It is the pains

that we did take this morning tc check ocut: wo
put the suitz on, we tried the helmets or, =znd
we strapped all the way dowrn.

We had more head clearance thaen we can a2ffocrd to
nave.

That's right. We Tound out we zould possibly
get the heimets off, possitly get ycour nose
cleoared, but you would never be able to get the
helmet back or; you'd kave to stew It ard have
gtraps all over you. Okay, 1'11 say one thing,
speaxing c¢f crew equipment related things: those
couch fool pans wore a great disappeintment to
me because North American type guys sort of
rromised that they would fix those latches on
the lids, =2nd tkey never did. You lzatched my
ore side. VYours latched cn one side, T thinz
vours latched orn one slde, ard mine did
lnitiaZly -

But then ycur foot got caught in it.

Chbipadmn ,
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Well, the dog-bone got caught down when I went
to the 96 degree position, so0 Walit got out of
his, and we got mine sguared away. After that,
somehow, the foot band was no longer locked.
Give us the first probiem you had though, Donn.
The first protlem you had was it didn't lock
down; it kept folding. Could we go back to one
more step?

We changed the foct pans because we were worried
about a land landing. Now, all of a sudden, in
real time in flight, a waeter landing is the
cerisis.

That's right.

That's why I'm left holding the bag and, I just
den't like that.

Well, T tell you - I tkink we all agree - mils-
sion rules were Written which indicated -

Were violated -

Yes, = which under certaln cases, you would make
a re-—entry unsuited and then we end up - well,
we did put the suits on; we did try the foot
pans, and let's say we did have some problems.
Now you locked up on one side.

T fixed that. I pulled the pan -

GNP
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CUNNINGHAM Would your pan bend with your ankle?
SCHIRRA I couldn't tell,
EISELE No, I fixed his so that he had one pin in but

not the other, and initially I reached down and

fixed mine, but he couldn't wait

SCHIRRA He couldn't get to the outboard one on my left
foot.
EISELE But the point is, none of the three of them

latched in completely the way they should have;
mine was - had neither latch in, and it was just
flopping arocund on reentry.

CUNNTINGHAM Right.

SCHIRRA The real problem that I see is they were added
to the spacecraft so late we didn't have =
chance to really fully evaluate those things in
the spacecraft. We had one brief visit down
there; I'm sure we could have asked for more.
Like any other thing, you are pushed to the
limit to get ready, and we didn't really psyech
out these foot pans as we have in the past.

CUNNINGHAM We uncovered this problem when those foot pans
came back from Downey after the fuel restraint
mod, and we put them in the simulator, but they

weren't fixed. Donn had two problems; one is

COMRGENLM. *
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if it wouldn't lock up the foldable mechanism,
he got down, got it locked up. Then he couldn't
get his left foot out. He had to readjust - in
order to get the dog-bone out, he had tec get his
left foot out. He couldn't get his left foot
unlocked -

He technically cculdn't get his foot out?

That's right. 8o that's when I got unstrapped.
This was after we all were suppocsed to be
strapped in -

T-32 minutes.

That's right: T-32 minutes -

Right about, right close to retro.

I got unstrapped, and T had to really tug his
feet; I tugged his heel and got it out.

I was almost ready to cancel that retro.

I gave it thought, but I figured I could get
back in.

I was watching for that, and you made it. I

was going to give it another 5 minutes and then
T was going to cancel that retro. I didn't fell
you that until Just now; I admit.

I was too. We were off our time line.
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SCHIRRA Everything was good but the damn couches with
the new mod were not right.

CUNNINGHAM Well, after I did get Donn's feet loose, we did
get the dog-bone unfastened; we did get strapped
in - I think we cught to mention that when we
were fat, the couches worked so much easier than

I had even anticipated in zero g, very easy

handling.
SCHIRRA Off nominal will blow you right out of the seat.
CUNNTINGHAM Right. And as socn as Donn got strapped in

ggain his foot pan did not lock down.

SCHIRRA He was stuck with a high risk, and yet here we
were putting on our suits for a system that
wasn't even going to wear a helmet.

CUNNINGHAM Well, my foot pan apparently was the only one

that held. T mean it was firm; it wouldn't go

like this.
SCHIRRA Mine held firm; I can say that,
CUNNINGHAM Yours were firm, but only one side was locked

up; I think yours was the same way.
EISELE I could slide my feet in and out.

CUNNINGHAM When mine were in tight, T kicked my boots off.

ASMMETTRD



EISELE The point is that it was a late mod, and they
didn't fix it the way they should have in the
flight check.

SCHIRRA We judged that you were in good shape for knee
clearance in the center couch. If it had been
Walt or myself, I'm sure we would have scrubbed
the retro. But you mentioned the fact that you
felt good, that you were safe, that your legs
were ~ it was & high risk, Just like that eie-
vator down, like everything else. We went way

cut on & limb on everything cr this flight.

BISELE I'm glad we did it that way. It worked out
fine.
SCHIRRA But we lucked out on these high risk areas.

Land landing for take off, no doubt; elevator
out of commission.

EISELE There's something else I don't mind stressing
right here, Upper most in my mind in that whole
re-entry as far as risk, and as far as I thought
my reck was hanging out, was that whole business
they tcld us about a land landing.

SCHIFRA Oh, prior tc 1ift off?

ETISELE ' No, excuse me. I don't mean land landing; I

mean the hard landing on the water.

SEAERE .
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The water landing was predominant on our minds
all the way through the iast day.

That's right. From the time they started giving
us that - the problems with water landing, I
kind of quit worrying about the chutes opening
and the drogues opening.

Well, the oddest thing - and I can recall this
very strongly in Mercury and in Gemini - we
were so upset about the chutes coming ocut and
then pow, nc problem. The chutes came out just
great; I got chutes; now I really gotta worry.
That's kind of what I felt, too.

That is absoclutely ridiculous to put a crew in
that kind of frame of mind, ridiculous,.

I think we really ought to go hit it - get on
record with the fact that we were not reckless-
ly coming in with our helmets off. We consid-
ered all the possibilities; we picked all the
precautions we thought were reasonably good,
and as a matter of fact all three of us felt
damn secure. I really felt like I was every
bit as secure, in fact, I felt more secure than
I would have with the helmet with my head pos-

sibly bouncing arcund, as opposed to 8g landing.

S
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Tou would have had your head secure.

That's right, I had my head secure with a COMM
carrier squeezed tetween my two-day-old meals
sitting there, and I think that tke worst pos-
sible ccnfiguration we could have been in fcr
the landing would be with the helmet unfastened
on our hezd.

At least as descrited to us.

That's right; it is as described to us. As it
turns out, that ilznding was so soft that it
wouldn't have nade any difference. Now you
might want tc argue that point.

I'11l pick thet up for you. Our urdate was that
this landing would have twice the severity of a
Gemini, which had a little bit mecre, I might
add, than my Mercury, because Mercury had this
flotation bag, air bag, underneath it to really
soften the blow, and you were in z form-Titted
ccuch. This was the softest landing T've ever
had in a vehicle like that. It made Gemini look
likxe T got hit by a tsrn door before.

You've ridden through some mighty good 2-38

witnh me that were worse than that.

VS W
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In fact, I've had harder landings on a carrier
landing. If you ever watch a guy land in a
Demon, for example, his head goes bla-lah-lah-
lah-lah-lah as he rolis out on the flight deck.
It's that bad. T didn't feel any discomfort
whatsocever. I had the doctors check me com-
pletely.

You know, the thing about 1t is they came in
and wanted a good solid whoof, and that's all
there was to it. It didn't roll, or twist or
do anything.

It turned over immedlately.

Except turn over. You know when the doec, or
somebody wanted to get an actual time of land-
ing, we were all sitting there -

Scared to death.

Scared to death, hanging onto our shoulder
straps, heads tucked in, and just waiting for
the worst possible'happening.

They were just wondering where all the blood
and gore would go. 1'd like to say that after
retro it was just like any other burn, other
than the fact we knew we were caming home.

Yes, you see one 5PS burn, you'wve seen Tem all.

e
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CONPTETT

L.L  Attitude Contrecl Mode

SCHIRRA

FEISELE

SCIIRRA

CUNNINGHAM

SCHIRERA

CUNNINGHAM

Rignt. We cut the residuals down; one was
left, I guess. But I felt from where I was
sitting that I wasn't ahead by any means. T
was with the time line and had a 1little slop
left in it, but I didn't by any means have what
I would call a casual time frame where I could
sort of sit back and say, "Okxay, let’s check out
the command module RCS tarusters.”

I remember very distinectly looking at my watch
and saying scmething. 7T said, "Is it really
retro plus 8 minutes already?" Berause it just
- nardly anytnlng nad happeneca, anc we were
already 8 minutes into it.

We were just taking our time going through the
checklist and making sure we were deoing right
and verifying.

Yes, checking it off.

T reelly don't think we have time to do that
much of a checklist. Ycu might rush irto it
and frantically do it.

The only thing we took time to do was for sbout
a minute you let me tweek the stick just to

see how it flew.
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“hat was after 5ZF.

We had 16 minutes to .C5g, and Z4's a little
bit earlier than that for L0OO 000.

Okay. Let me go back now; I'd like tc describe
that C&EM SEP which is a new newey.

Boy, was that a besaut.

The pyrovoltage just didn't go down.

The C&SM SuP?

Ko, we did that at 40 minutes, and we weren't
in ground contact, and the tape wasn't running,
and we had 3€.8 volts and 26.8 volis.

But we stayed uo.

You talking about post- SZPY

No, this is at T minus 40 minutes; we were

cut of grourd contact -

Oh, oh, oksay.

We armed the pyro up, 2nd we had 36.8 volts on
the bus.

Well, when they called back on that, they gave
us the GO for it; they never gave us the volt-
age, did they?

Zhat's right; they didn't.

What's the point, Walt?

SMrTOTTe TN
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The pyrobattery voltage was still up -

Yes; right.

And they didn't have any telemetry on the same
time. Maybe they got it later,

I thought you meant you were expecting them to
be changed.

Fo, no.

OCkay. Let's back up to where I yawed left and
you waited until I said, "GO" for attitude which
iz per standard procedures. Then I said to
Donn, "ACCEPT", and that was a real powerful blow.
it was a POW,

Boy, was that a crack., I didn't have any
attitude prcobiems, by the way. I was In RATE
COMMAND,

No, I didn't feel any transient.

I was still worried about that

I didn't hear a bunch of Jets Tiring.

Sc, I was willing to expend the energy in RATE
CoMMARD and have that thing lay in there tight.
I ust didn't want any problems with it. I
know, it was Just making these swoosh-woosh-

woosh wobbles a bit -

L e .



CUNNINGHAM

ECHIERA

CUNNINGHAM

SCHIRRA

CUNNINGILAM

SCIHIRRA

CUNNINGHAM

SCHIERA

SERADLhR . 117

The first thing you said after that was, "Boy,
it's a beautiful control syster."

That's right. + worked just right.

“he point while they were recalculating reai
time, but we had only 3600 psi.

It came up to asbout 37 or 38 at one time.
Hemember I said something; it loogked like It
might warm up. I think it was probably speed
leoaders you ail sald were real time,

Tes.

Okay. Then after BEP, of course, you were yawed
back to zero degrees and -

That's about the time I saw that service nmcdule
whizzing its way through this hatch window.
Yes., As I was yawing in and rolling in. BSo

I guess, in fact, I started the rell and then
you saw it. Didn't I rcll from 18C?

Yes. You had to rell 130.

I'd like to add, toc, maybe it's just me, but

I definitely was le®t with ccnfuslion avout what
attitude to be in for a retrc roll and for re-
entry roll. Don't ask me why; I think it was
because I didn't have that damn ORDEAL bali

working. That's the reasom.

pOremerETIST—
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That's right, Walt. You see, if we follow the
time lapse, as the note I have here, at T minus
12 minutes, it's just a convention, there's no
ordeal.

They ask and what's - Donn saw the program alarm
vrior to retroc as the sextant started roll,

roll attitude, and then for re-entry 1 xept
thinking, "Heck, you know something must be
wrong."' Then I said, "I've gotta roll 180."

8o that's a real sneaky one that I think the
other cormand pilot should be - or the command
pilot should ve aware of depending upon how
they want to fly. You can really get a circuit
pley in <Shat roll.

A little cut of sequence, but there was some-
thing else thet was mentioned here; that differ-
ence in the wav we spinned it all the time. The
first time they came up we said that we were
going to have te hit COMMAND REGET to get cur
taves in the high it rate data.

Typical of the range. We have new rules.

That's right.

They seem toc make up rules as they go along.

' C bR
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CUNNINGIAM Well, vou try rot to have that aappen, but I
had a contingency ertry in here neariy zll alcong
that, you know, in casc the tape wasn't running
I'd go shead and do that, but I don't think it
mattered. 0Oh, yes, the tane was running., Bul
cormard - higa bit rate, COMMAND RESET, and,
incidentally, the tape ran out just prior to
landing.

STHETRRA ... second over burn, there's a whole new picturc
to me. I wasn't really ready for it.

CUNNINGLIAM JRaEv.

STHIRRA In taat short of notice, but that range was gocd.
Okay. T think my biggest zhock was to see those
batteries down afier 5E?. I zlmost had a ncart
attack right there on the spot, and I'm giad
we didn't have ZXG because I would nave blaown
the tracer right off my back.

SISELE Let me elaborate a 1itile bit on this point,
the reason that the main buses were down.

Z had thrown battery T on as per crogram,

vattery C; battery A, 3, and C were all on.
Tne state of charge on those batterles was
scmething like 26 volts aviece on A and 3B,

39 volts on battery C; this was a lot le=ss



EISELE than we had expected to have at this time.
It was less than we would nave had by the
agreement as to what kind of charging we

would do on the battery.
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Ard when we 5%P'd, we immediately get main

bus A, main bus B undervoltage. We were read-
ing about twenty five to twenty five and a nelf
volts. It was the lowest veitage we'd seen on
tke main buses al: tke time. The only reascn
that I had some confidence that we hadn't
glicked znything was I had waiched it. I Just
nappened to ve watching that when we SEP'd, and
it creates guite a bit of consternation.

Well, it shooX me to the core because I was
cenvineed we had a besutiful alignment; we had
a bteautiful retro burn.

We did.

Iverything waz very exquisite, really exquisiie;
and then this silly thirg coming here -

That's why I ©cld you that we had everything

we had available, that we just had to write it
in that way.

As s result, Donn rode a long time before he -
I was worried about the guidance system and
that lcw voltage -

The EME was bombed out, and we knew that anyway.

The only confidence I had -

Ga—
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The result of inadeguate charging during the -
Yes, it changed the -~

Trere are twc things there that we have to be
fair about in here. It was inadequate charging
because they are worried about blowing a bat-
tery, which had not been blown with less than
five charges on it, and the battery charger did
not measure up to snuff.

I don't think we can blame the range on that.
They were informed, and they didn't want to
charge the batteries. I'm sure 2 lot of pecrle
were inveolved, and we'll prcbably hear more
avout this subject.

The only reason we charged battery B a second
time, I got the impression, was to check the
battery charger electrical system.

Rather than the battery.

That's right. If we had not charged bhattery B
a second time, we would have been even lower.
Well, B didn't go up very much, though.

Well, C was on both buses then. C shared on
beth busez, A on A, and 3 on 3.

What kind of amperage amp hours did you have on

B at that time?

' QRAEIREMT [



EISELE B had 26 and = hal? after the last charge and
A -
SCEIRRA Was that after the last - that's the number

they called ur to me one time. You mean they

didr't charge it after that?

EISELE Jo.
SCHIRRA You'tre right.
EISSLE A was 29, and B was 26, and he never charged it

after that -

CURKINGHAM Battery A at the end of the last burn was some-
thing on the crder of 25 - my data is gone now -
and 26 on B.

SCHIRRA We're geing to have a lot of fun finding ocut
where we really landed.

EISELE We did have a shock on the underveoltage. We
continued on from there. This is vhere we were
going very methodiecally through a checklist, as
far as that goes. We ate tp the time that sur-
prised us. He went ashead and configured for

ring A the way we had normaliy dcne 1t -

SCEIRRA That'!s after reentry attitude.
EISELE That's rigkt.
SCHIRRA Ir the ring A pulse, we c¢alled out rate high;

and, of course, in pulse it didn’t bother me.

USmmmmmrmy,
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We set up exactly as we'd always done. The
only part of it was I had to let Donn fly it,
and how beautiful that control system 1s, It
is much better than the simulator. Real nice,
We could hear every pulse very clearly.

Really clear.

The controls where you take your pulse were

far less in the spacecraft than in the simulator,
which made it very easy to

If we could write in whatever our attlitude was -
I don't think we ought to worry about flying
that thing in direct.

No. I got very Jjealous.

Beautiful. That spaceeraft should go into the
Smithsonian. JTt's beautiful; it deserves it.

I guess we'll have to go out and give Healey
one big plug.

Oh, we really will.

Back tracking Jjust slightly: 8ince we did burn
the residuals out, it turns out that the post
retro update was not as necessary as it's been,
Every time we've sent it now, we start burning
the residuals out. We go with & pre-burn up-

date, which simplifies a lot of problems, and

QOB Ened
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if we always burn the residuals cut, we don't
nave to worry abcout getting that pest burn uvn-
date. 1t came pretty close - the post burn
tndate conmes awful close te blackout.

SCETHRA I zaught my fourth channel without you calling
it. I don't know whkether you noticed it or not.

CUNNINGHAM . Yes, T knowy T called it anyway.

SCHIRRA in reference to the fourth channel, we go ‘ntc
any O5P2 burn with one roll chanrel disabled.
L7ter the retro burn or any of the rendezvous
3PS burns, we started to take out the residuals,
and 1 need that fourth channel. T got it this

“ime, after goofing that last simulatior.

Visual Sighting and Oscillation

CUNNINGEAM Did we mention tkat, Donn? Donn does taink he
saw the service module when we went back in -

ETSELE «v. back in on the ..., yes.

CUNNINGHAM T had gzlanned on “ocking for it. At one tine,
we even discussed taking pictures of it. T'm
gled we didn't evern plan on Iu. T was sa busy
reading the checkliist and putting checks cn 7t
that I didn't see a thing out the window.

SCHIREA Let's gzo back to what we 2id see cut the windcw,

which T thougnt was new.

SOMEHETETTAT,
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ETSELE You're talking about -

SCHIRHA - pretty spectacuiar. It was that pink cloud.
EISELE Yes, wasn't that pretty?

SCHIRRA It was the most delightful light pink I've never

seen in Mercury or Gemini.

EISELE It was eariy and high up -

SCHISRA Very high, way up, long before ..., I was still
in ...

ETSELE It was a beautiful pink., In fact, T can't help

but think we must have been heating a little.

SCHIRRA Oh, we were; we had a little energy going for
LE.

EISZLE Very strange.

REF? Dc yeu think it was coff the spacecra®t™t or -

AL Ok, yes, yes, 1t was. It really was.

SCHIRRA .+~ lccoking for, and T locked.

CUNKINGHAM I'll tell you scmething else that was - It was =

.

very nigh and before vou start getting ...

ZISELE A light pink like s pink shertert. It was very i
pastel. t was really a very definite contrast

oetween that and what I saw later. Actually,
the impressicn is that it was something external
to the spacecraft, just back arcund the side -

SCHTIR=A I couldn't helieve -

L
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We were in sunrise right there, and I'm kind of
wondering if sunrise might have something to do
with it.

We were - T never saw the horizon, by the way,
ever, on the re-entry.

I was a 1little worried about that.

I did. I saw it in the hatch window.

Did you?

1 remember I made the remark about how well the
window marks line up.

Of course, we'd made up our minds we were going
IFR anyway .

That's right, and we turned all the lights up.
We blocked the sextant star.

I think you've got to make up your mind that
when you can't go outside, you check if you buy
the star sighting ...

I had a little bit more time from here on down
to rubberneck, That's when you and Donn are
sitting here discussing buying

You said rubberneck. They loock out more; I'm
busy.

Well, T was sitting there, and T -

Why don't you describe the lighting phenomenon?

G Enl—
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Yes, I was watching a lot out of the window,
and I know I called you guys' attention to it
one time. There was little, well not very lit-
tle, sometimes -~

- It was blobs -

- It was big blobs coming off. T thought it
was some of the ablative area breaking away.
Looking at the spacecraft, there aren't too
many big blobs missing out there. You could
definitely see a vortex behind it. T was look-
ing out that window and watching.

It was a tube; I saw that.

It was a tube, and it was twisting.

In contrast, in Mercury and Gemini, we had cop-
per beryllium up topside.

Yes.

Were there any green rings?

No, no green ring at all. And it got lighter
as it went back, but I could see the vortex; it
was actually twisting up.

It was a hot ride to - Well, let's come up to
the one that shook the hell out of me. The one
that scared the hell out of us was when some-

thing on my side went pow -

S
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EISELE That's right, oné when I saw it -

SCEIR®A Corn sald we lest pitch and Walt said "What
was that!", =zrd T'm tryine like 2 madmarn to
oring all the thrusters bvack on the line.

EISELE wWoe rearly went back to twoe rings, using every-
thirg we cotld get. But what happened thare:
woe'd been pulsing pretty heasvy in piich and vaw,

you sce, cycling fairly well -

SCHIERA We were rotating, reversing bank.
ETSEL= Yes, and the system wazs fighting all these

morents that was going cn. All of a sudden,
this Tipg kunk ¢of whatever 1t was wenit POW. T
was lcoking out the hateh window, and this big
Funk cf yellow -
SCEIRRA When T leoked oub ry window, T thought the win-
dow - the cuter pane of the window had tlown oul.
ETISELE You must have seen the same thing and 21l cf &
sudden. At that time, the thing secmed to stop
firirg., 1 said "Geod grief, I'wve tlown a pitch
thruster.’
CUARTRGHAN Wally had a hard time getilng cver there. It
was Just like zzp, they're =1 'n.
EZSELE Arparently, what nappened is that cne cor more

cnurxs of Lhe gflalor came of 7 rather expliosively.
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I den't know how it happened. They just blew
off. At the same time, we were into the atmos-
phere far enough that we had aerodynamic stand-
ing and didn't need the tip because you loocked
at the way the rate meters were moving. They
really weren't going very far at this point. I

think that's what happened, and we got faked out.

CUNNINGHAM Was this before or after we bought the computer?
EISELE Oh, this was after that.

SCHIRRA This was after we had reversed back.

CUNNINGHAM Okay. It was after we bought the computer.
SCHTRRA Let's go back to buying the computer now, and

that was your job. No, T had already written
off the EMS. That was a flop. ..., I want to
give you a big fat plus for hitting the mark on
the philoscphy of EMS. That was something I
wasn't even ready to do. I was locking at it
very disappointed. It just wasn't working right
at all,

EISELE He made a comment to us that you're not allowed
on the loop.

SCHIRRA I weuld like to have you analyze how you bought

the computer, if 1 may.

| QMBS
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Well, we were just Tollowing our stendard rule
winizh szid we would not velieve the computer to
the extert of doing the CMC AUZ0 until it did
something smart with its bank angles. Tt just
tock this cne lorever to deduct and zcrmand =
barnk engle cther then zero. I thinx part of it
is that you maneuvered to a 5% degree bark; it
starved cver-anticipating & little early.

Ko, vou gave me the .7g, and then 1 went for
it. 1 didn't go sny ezrlier then that.

I think you did.

Hegative. Tn fact, I was benind you. Because

" 1

- . - - - ~
at tkat point you said "Ts that .2,
(1Y i " . 7" " - +
o, ©7. You sald "Roger, and then I started
cver., Tr. fact, I didn'%t come over Tazst encugh,
I was real slow.
Here's the thing thzt got me about it. I was
listening tc you -
It's suppesed te be 20 degrees per secend going
over there, and I didn't go lixe that.
Well, T was listening <o ycur conversation over
there, and we were anxigus tec buy the computer
¥ 12

o get the guided reentry.

Well, T wanted that.

(uiShheiSh .,
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CUNNINGHAM Wally was pumping Donn about -
SCHIRRA Well, I had a good feeling -
CUNNINGHAM - is it okay, and Donn was holding off to the

last minute. You know the last minute is funny.
The last minute seemed like a long time, but it
is the same place he always buys a computer,
after the downrange area gets down to less than.
about 10 miles.

EISELE The downrange ares has to go down to about
9 miles before that thing will command the bank
angle other than either zerc or 55.

CUNNTINGHAM That's right.

SCHIRRA I'm sitting there saying, "Oh, Donn, please buy
..." Well, we have to walt till the downrange
area got down there, and all of a sudden ..

CUNNINGHAM I tell you, I think that's in our minds. T was
sitting here doing the same thing. We knew that
computer was consistently giving us ~ you know,
a hundredth of & degree in both -

SCHIRRA We saw it in sections - all the way through the
mission, every inch of the way. If we had to
go that dinky old 55 degree bank for re-entry

and go somewhere in the Atlantic - that's all

GSl P
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I can give you - I would have cried; I really
would.

CUNNINGHAM When he finaliy did buy it, I think we bought
it at the right time, and it was kind of a
nominal time.

SCHIRRA You notice how he gave it to us? Voom! ... he
flew it right in for us, and she flew. We were
watching him like a hawk.

CUNNINGHAM You know from that time on, I was impressed by

the way that really blasted across to the other

side.

SCHIERRA That machine is built to do the 20 degrees per
second.

CUNNINGHAM I know, but boy, I'd look ocut the window -

SCHIRRA - goof this little machine by not rolling fast
enough.
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Yeg, Wally flew in a normal, smooth way, I
think, but when that thing got in reverse -
That thing was wild the way it reversed. It
even did one arcound the bottom which I got a
big xick out of. It was smart encugh to do
that, and I wasn't smart.

I didn't even notice it,

Yes, it went arocund the bottom.

That was lste, that was affter we had already
®¥itled off mest c¢f the errcr. 0Oh, yes, there
wags a let of - it got down there where there
was a lot of ... It would Jjust go swish,
swisk, swish. Well, it had tc swap sides to
taxe out creoss range thet it still had ..,

By the way, I want to go on record ... thke
ieather elbow, pipe smoking boys did very well
on this mission. You've got to nand them that,
and I retract all my snide remarks except for
the fact that gimbal lock still terrcrizes me.
S50 the next surprise I had was after drcgues.
We started stezming up.

Jh, that's the windows. Yes, the windows

ceeluded due te cloud moisture.

C ShimD P



EISFLE Yes, They were cold like a T-38 will steam up -

SCHIRRA That's right, and then it just started clouding
up, and I said "we have an IFR clearance straight
in, no delay expected."

CUNNINGHAM There's one other thing to mention that the
guys might be surprised about. There were fumes
in that cockpit.

SCHIRRA Yes.

CUNNINGHAM T didn't know whether they were ingested fumes
from the RCS or whether they were pyros. Donn
said they smelled like pyros.

SCHIRRA No, that wasn't RCS, that was pyro. It was
detectable some time after drogue since we
hadn't really brought up the cabin yet. It
was after drogues, some time between drogues
and mains.

CUNNINGHAM I think it was also the same kind of area
where we -

4.7 Drogue Chute Deployment

SCHIRRA Let's get back to drogues. By the way, the
drogues didn't squirm; I didn't feel this
bumpy road stuff that 1 did in the Mercury
and Gemini. Very steady, very solid. You

could see the drogues working, but they weren't

AP
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.8 Main Chute Deployment

‘ESpiESE..,

squirning, a real vibrant ride. I loocked and
said "gee, it's not doing very rmck", but the
spacecraft was stable on drogue. Very stable.
Ch, yes. And I will tell ycu one thing that
helped Deonn and I, not having bteen through this
belore; Wally told us tc stand oy for the
dereefing and that the drogues were really
going to be a sheock. I really wouldn't have
expected the drogues to ke a shock, snd there
wasn't a terrible pulse, but I wouldn't have
teen braced at all if he hadn't said so.

1 expected more than we got, Trankly.

And T had one bricf flutter in my heart when
the cover came off the drogues.

No, that was the pilot chute that wert out with
the apex cover.

Yes, and it kept right on going ... Well, I'11
tell you my thought at that time. My thought
st that time was "well, we'wve got ancther

drogue. "

SCHIKZRA

Well, that's not true. What went thrcugh my
mind was - "ockay, we've got te get deown to

5000 feet, and the card says TO00, and I've got

‘CObiDETTES,
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tc start getting ECE logic tack on, ELE manual,
all that good stuff. 8o I can fly the ...
down tc TO0D indicated tc get the malns out.
And all ¢f a sudden click, click, c_.icx". T
locked at that water, arnd the chutes went
out.

CUNNINGHAM I'm sitting here helpless cver on Lne rigkt side,
and 21l 1 could think wss, "well, wo've stiil

"

got ancther drogue,’ and T remember Lhinking

"gee, that first one failed, thst second cre
right rail toc" ...

GCHIRRA You xnow, I've seen movies of the drogue, and
vet they didn’'t lcck like those rovies, and
those beautiful mains when they came cut ...

CURNINGEAM Well, in between there, inclidently, the cabln
pressure started increasirg socrer than the
simulator. T think right after drogues 1
started seeing cabin pressure coming up.

SCHIRRA You had me go to dump.

EIGELE Well, the thing =tout golng to dump there was
tnat T wanted to get rid of thzat Delta P acros:s
the cabin lower. They'd Llxke to have us go to

™

durme, down about 3500 feet, and T didn'L kunew

wnaet we would be deing at 3500 feect. We hac

SR ——



138

SCHIRRA

EISELE

TS ..

gone to dump a lot of times ... It's a good
idea to get that Delta P cut if you can.

That Delta P iight? Yes, you always pubt that
cut, if you can.

So anyhow, we've got about 50 seconds between
drogues and mains. Many times in the simula-
tor, we've gone to dump because the cabin pres-
sure wasn't increasing, and it seemed likxe a
good place to do it. We went to dump, which
did speed up cabin pressurization, and we left
it in dump until we closed them below 1000.

You ¥now the thing that gtruck me about both
drogues angd meains, the reef, and disreef, were
that the opening shocks were very mild, more so
than I expected. I looked up, and they just
gquietly opened. There wasn't any delta g at
all, We were bracing ourselves. We had dis-
cussed the procedures for reentry, incidently,
lize grabbing hold and clasping your arms
together and helding your shoulder harness. I
did that each time Wally had told us to expect
a shock, and it turned out that the shock wasn't

that bad.

COMPMDENFiriv,
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SCEIFRA tverything was less, which was great., Befere
I forget, the max reentry g I saw was 3.2, T
might shade it te 3.3. 'That's all,

EISELE Well, it seemed to drive up to scome level lize
3 plus and taen juet hold for a long pericd of
time. Yes, I looked over tacre a couple of
times; it was almcst = constant g,

SUNNINGEAM Trere was a long pericd of ccnstant g, and 1t
seemed to me that there was rore going on al
re-cntry, for a longer periced of time than we
were used to in the simulatcer. All the way
down to 65 0QC, 7 felt like there was a lot
golng ony and in the simulator, ! always get
the impression that for some period up above
100 0G0, we're Just waiting for 65.

SCHIRRA I felt we were just with the time line all the
way down, maybe ck, 30 seccnds to a minute znd
a half akead tut never comforiably akead where
you could gort cof =it back, other than the
Limez that the darn ...

ZISELE We had about L mirutes to .05 g with nothing
else to do.

SCHIRRA Kow the otrher thirg we zlways worrlied about

which we simulated failures with wag the ...

S
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WaTaNNTs -

altimeter. Now that beauty was on! The drogues
came out right on the little tick mark which is
exactly 2L4,C00.

An anomaly showed up here. We did gec to dump
at 17 000 or some place arcund there, and it
wasn't becausge the cabin pressure wasn't in-
creasing. It was to take care of any excess
Delta P down lower. The cabin pressure did
increase, and the mains came out. They were
beautiful, but we were in an overcast, and it
waen't the same as locking at it against the
blue sky. We were IFR, and we started to fog
up inside, At this time, I was sitting there
thinking "well, we'll break cut at 2000."
Wasn't that wild, the way ithe wind reports
changed? Eours before retro, it was CAVU; then
it started closing in and closing in; the winds
went up; the clouds came up,; next thing you
know —

Well, quite frankly, we recovered in weather
thnat T didn't think they - reccvered in in
manned spaceflight.

Apparently, they do. I think we have a new

parzchute.

' GOSNl .
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A% any rate, I was sitting there expeciing tc
btreak cut of the overcast at 2000 feet; and a%
1C 000 feet, we went through the checklist
items. [ turned the VHF 4 simplex and the
beacon CN.

You did turn the beaccn CN? Tais is a big
problen.

Yes, I turned taem botn orn. We were trans-
mitting and receiving. Apparently, the beacon
was not putting cut until they got a cut on It
just befeore landing.

Yos. ‘

Jonn made a voice rencrt wihlch apparently

wash't received, incidentaliy. We went through
tne normel checklist items, just Like it's
called gut, and they didn't get a beacon urtil
alter we had uprighted after _unding.

o, that was the beacon ligkt, which was cn me
per checkiist. That was why I was confused with
ycu?  Air 3Boss zalid ke could not see the light.
I didn't turn them on, and I wouldn't turn it on
ir daylight, normally. This wasn't really some-

thirg on ry mind, tut I 4id gocf on the - we

@V
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SCHIRRA got into stable II and of course I was worried
about the fan. Donn was getting kind of queasy.
EISELE Gueasy, hell! I got dog sick after about 5 min-

utes of that.

=
|.J
(o)
e3)

C3

SCEIRRA Let's get back to rate of descert. It looked
very good., I was timing it. Then I noticed
our windows started oceluding due to the mois-
ture condensing on the windows, and I just don't
know., I den't think I ever called out altitude
g5 cften as I did today with you fellows.

CUNYNINGEAM Oh, yes, in fact, this is funny. This is the
cnly real cne that I've been on, but we did
everything much more thoroughly than we ever
have in the simulator.

SCHIRRA I was terrorized about the landing, so I kept
calling at 1000 feet. I wasn't sure 1000 feet
was good, sc I wanted to be in position myself,

' remember?

and I said "okay, I'm on the sticks,’
REP I might mention that you said the mains came out
at 11 3500,
SCHIRRA About 10 500, almest 11 000. We never got that

far away. Remember, I never got an altimeter

COMRRRTI,
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errcr call up. We'd renearsed that with
Houston, but I never heard it.

You gct an out-of-date setting.

I wanted a setting very badly. 7T wanted a
nunber on which I would deploy the mains., T
rnever heard that number for the reccovery aresn.

I sheould have asked for L, but I think they're
supposed to remember that more tnan 1 am since
they're going to play the role cof adviser in-
stead of commander. Whenever the maing did
ceme out, ahout 10.5¢ - 20.6M they locked great.
I called cut altitudes to Donn. ie was i1adSer-
ested in lock up, and I locked up and kept call-
ing hundreds of feet.

I keard €00 and L0O.

1 called 30C, and then I said, "I'm not going

to talk any more. T want to hold on."
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5.0 LANDING AKD RECCVERY

5.1 Impact on Touchdown

CUNNINGHAM I turned off the main buses between 600 and
800 feet, so it actually read 100 feet. We
were still airborne, and then zero feet -
splash. Nice gquiet little drop in. We
slotted, and immediately we were stable IT,

EISELE The chute took us; I'm sure we landed down-
wind rather than upwind of the chute., The
chutes went right over us and flipped us intc
stable IT. We went through cur normal egress
nrocedures.

5.2 Postlanding Checklist

CUNNINGHAM I was surprised at how fast we got the suilis
off.

SCHIRRA That was great.

CUNNTNGHAM You had your twe switches. I hit the circuit

breakers, and tney were off immediately, but
wo were alresdy stable II.

SCHIRRA When I looked out my windew, I could see the
chutes sinking.

EXZELE I didn't notice it till later. They were

undernegth us.

C it
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[ could see the dye marzer coming out. [ was
vory surprised because I hadn't thrown the
switch, but there was the dye marker.

Well, they explained to us Jater here that
apparently the dye marker leakxed a littile bit.
Well, I don't know that it should leak, but I
guess 1t dia.

Well, it's still undeploved on the upper deck.
I was a little concerned abcut the swimmers -
deployving. It was sure hell about that. T
gidr't want to get them all green.

S0 then in stable i, we elected to iight off
the compreszors for the preflost bags, @o we
gind of cluttered ur on wave action, and it
didn't wors. But we ought to mention that we
were in stable 7T and went through our post
landing checkligt. We knew there was a 10 min-
ute cooling period in stable II. Donn started
feeling kind of bad av anout -

I wisn I radn't thrown up -

- Four minutes, and I wish he had sald he was
feeling bad, but you know what he said? He said
"any of you guys feeling sicki"

I was lockirngz for company.

bR
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I don't know if we mentiocned it earlier; I
den't think the Range knew it, but Donn and I
at least had both taken nausea pills.

Marizine is what it was., Welly did not, being
an old salt.

What's that again?

I felt l1like I was carrying it fairly gocd, but
I was not all that confident that I wouldn't
gel aick if we had not, you know, stayed in
the spacecraft a little bit leonger.

I didn't think that Marizine was very effective.
In fact, Donn was telling me -

That was what I tasted when I was gagging; it
was the bitter taste of the Marizine pill

coming back up.

We had to use the flotation bag to bring us

up. We tried to press the circult breakers and
brought them all on.

The post flight bus circuit breakers and the
post landing circuit breskers. I tried to find
the suit decompression circuit breakers.

What surprised us was that we did not see the

flotation bag as we did in the water egress

€ GG,
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training in both the Gulf and in the tank.
Incidentally, the cocling period was supposed
to be in 10 minutes, and we were timing it out.
Nenn had gotten out of the couch; he really
locked like he was sufferine. At 8 minutes, we
turned on the compressors and started upright-
Ing. We figured it was a bit of hedge in
there.

L felt very green, but not with envy.

He lncked white. He wag carrying on admirably.
1 know he pulled the pyro circuit breakers

down there when I thought he was going to die,
but instead he was going to throw up.

My last heroic effort before I could finally
pull those circuit breakers,

When he got it all over himself, he was g
scientist then. When Donn finally gave up and
admitted he was going to get sick, you should
have seen the wrestling we did around there to
try and get him a bag in a hurry.

We wanted to help because we all realized if
one guy gets sick, the other guys probshly will,
We had some very great sound effects. I wished

you could have recorded those.

GRDERERTL Ay
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Oh, yes.

Oh, no!

While we were in stable II, I thought that we
had contact; recovery 1 spotted us, and then
recovery 3 was over there in & hurry.

No.

You were taelking to him, I think.

No, I wasn't talking in stable II.

I heard you tell somebody we were in stable II.
We were all ready in contact, I think.

You might think thaet I did, but I doubt that
anybody heard me. There is no way. My window
wasn't clear., The window was fogged.

The windows were filling with water, and he
was saying shipping water, which is very bad
form.

When I say shipping, you interpret as meaning
coming ingide the spacecraft.

That's what shipping means.

I meant shipping it into the interspace between
the windows.

There are two panes between us and the water.
I don't believe the gpacecraft tock on any

water.
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Jao.

Okay. Let's make thav clear. The fact that
the water came inside up the two panes away
from it washed out all of those problems we
had on the windews. There was nothing there,
It's what havppens on every flight.

ind it's funny too, the water seemed to drain
out before we ever started upnrighting.

I think it's going into the insulation.
They've probably zct = lol of water sitting out
therc in it,

Remermber, we flinped over into stabie T avout
4 minutes after we started inlation?

1t took atcut four and a half minutes after
inflation, and we kept *the flcat bags running
for a set 2 minutes; and since we hadn't used
the full seven for uprighting, I left taem run-—
ning about ‘or L minutes. 1 never saw a float
bag.

I never did cither, ti111 T got out.

They weren's fully inflated by the way.

No, we probakly could have run them fer 7 min-
utes plus 2 minutes, 9 minutes all togelher,

something lize that.

SHOPTET M
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CUTANILGHAM in the egress training, they were tight as =s
drum. We heard both compressors which cycle
effect the heat ... revolving systems in the
heat band,

EISELH Incidentally, while we were in the water, I
turned the VEF and the beacon off because we
inverted. I wasz actually just foliowing the
checklist by rete down herc.

SCHIREA What was the goof on coming up, Donn? When we
got back up on stable I?7 I locked down at tne
o5t landing vent control, and 1t was normzl,
I put it in owen, nothing happened; T put 1<
bazk to normal, nothing hzonened.

ELSELE But t szeems I forgot all abcut the power
gwitck from lcw to high; thet's why we didn't

gt venting.

CITHNT NGHAM I don't know if you heard me; T called high,
EISELE That never got thrcough. We had this golrng on.
CUNNINGEAM Well, this was afterwards. 1% was after you

had gone through all thet, and I read this
checkligt again, but I cculdn't hear - Jonn
was doing his bull bellow out there. We felt

we 2ouldn't hear whal was going on.

+GOMEDIeTET
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Battery Power

ETSELE 0f course, I nad a goof right here, too. C
had left the switch. I thought I was monitor-
ing batt bus, but I had left it on main bus.

CUNNIVNGHAM Z got down here and said if the batiery volt-
age is less than twenty seven arnd a kalf,
taxe one of the batteries - take two of the
tatteries off the line, and I was reading zero.

SCHIRRA Oh, swell.

CUNNIKGIIAM And I thought, "well, I'm not going to iske
tnese batteries off the line until we'reo up
anyway. ' ~“hen T remembered battery bus; we
were reading about 29 volis con each battery
bus - something like that - between 29 =nd
30 volts.

SCHIRRA Why don't we take a break here? I think
JJonn has a couple of questions that need just
Donn talking. Go ahead.

CUNNIRGEAM Yes, Donn nas mentioned that they had some
¥ind ¢f an anomalous bchavior with the beacon.
They never 4id receive the 3ARAH beacon or
received 1t only very briefly before splash-
down. I would estimate that it was probably

about 9 000 feet when I turned the VHF AM to

oy
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CUNKTINGHAM simplex A, the beacon ON. And then when we
went to stacle IT, I turned both of them CFF.
Then when 1 got down the checklist, it called
to turn them OFF, and I had already hit them
both OFF. When we uprighted, I turned them
both ON again. No, when we uprighted, I first
turned the beacon CN, and I didn't have the
simpiex A ON yet. I had beacon ON for a while
before I went back and turned simplex A CN.
Yes, T think you tried to transmit, and it
dida't get out. It would seem to me that
a vossible problem here was a kind of slow
deployment of that recovery antennza. There's
two separate recovery antennas, and I think
they've had problems before. Donn menticned
test articles. They had a 1little trouble with
those antennas deploying.

SCHIRRA That's how they gave up sc-called VHF, because
it didn't deploy.

CUNNINGHAM Oh, okay.

SCETRRA That's what you're thinking akout. They call
it an FF. We're using UHF which we call
VHF, and we're using VHF which they call HF,

by inspection.
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CUNNINGHAM well, at any rate
EISELE It finally gave up a radio set to recovery.
CUNNIRGHAM We got down tc the point right here where we

rad decne everything we coulcd. You were in
radio contact.

SCHIRRA Yes, I talked to Air Boss.

CUNNINGEAM The next thing I would nave had tc hit on the
checklist would have been low powered check
list. I could see no reason to do it since we
were in contact.

EISELE I could see him. Remember, I said thnat?

SCHIRRA Remember, I asked Donn ané he said he saw him?
I asked him one thing. Now, what was thet?
Oh, I know. I didn't ask him. T asked him to
give me the word on whether I was aboard the
grappling hook cr not. He said the last we
keard, we had some 20 odd knots of wind, which
was going to blow us downwing.

EISELE I'd like to take a couple of minutes just to
mention the suggested, but mainly the things
we heard. We've already talked abeut +the SEP
whick was a big surprise and a hell of a bang.

The next thing that happened, and actually

o miviaaany- vl
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before then, was about three-quarters reiro
whoen we pressurized the ccemmand moduie.

Oh, yes, the mode A.

We proved the regulator sounded just Iike
hydraul’lc chatter in a T33.

I immediately feit like 1t was a valve chatter.
it was hit witn come vressure all of a sudden
and then packfired.

When I heard this gurgling, I nit the pressure
switen, "That's when 1 switched. Then T
turned the propellant isclaticn valve on, and
we heard all this gurgling roise.

I'm glad you brougnt that up opecause ...

L
o+
-
=]
1]

I was coavinced that it was a wasie of
check 1t out, regardless if it was good.

I might menticn that as scon as he ¢id that
- ; " . : : ;5

I said, "Leek, I can near 1t going down the

lines."

You could hear it run through the
iines.

I am convinced it is a waste c? time to check
ocut those RCIZ. You still .... ZEZverybcdy else
hesitates, All the other guys say 'oh, you

should check it cut.” And T sald, "What are

vou golng to do on & lunar mission?"  Well,

SO,
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SCHIEERA you could hear the sqguibs go; you could hear
Iines gurgling.

CUNNTHGHAM There's no lack of confidence. We heard the
whele thing right down the line. Yeou don't
have tc get the chatter, incidentally, to know
you have pressurization. The pressure does
come 1D,

EISELE T was not aware ol any varticular acrodynamic

noise during retro.
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6.5 Electrical Power

£.5.1 Fuel Cells

CUNNINGEAM

AT

Another thing that was performed at this time
was venting the batteries; and in venting the
batteries, I noticed that the pressure was
initially about 1.4 mm, excuse me, it wasn't
1.4 mm. The voltage on systems test meter for
LA positiorn was 1.4 volts. When we vented it,
it went down to about .6 and seemed throughout
the flight to tend to maybe cutgas a little bit
more; and in doing our battery venting from
then on, it worked its way on down to as low as
.25 volts =2t one time, New subject. Thisg
time, we're covering electrical power for the
arbital phase of the flight. It's paragraph
6.4 in the debriefing guide. NKumber 1 is fuel
cells, and I'11 cover these item by item. The
PH nigh indicator — PH high indicator had
shown nc changes throughout the flight. Fuel
cell radiator temperature low, never made any

change from its gray bar state throughout the

WAT=VSETERE
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flight. Tuel cell fiow and the mecaule - Okay.
Starting over again on tne subject of fuel cell
flow and the module temperature indicators: the
fuel cell flow, the H2 and the 02 flow, always
appeared to run very, very close to what you
would expect for the loads that the Tuel cells
were under. The moduie temperature indicators,
however, did show anomalies. The skin temp was
consistent with the performance of the fuel
cell, However, the condenser exhaust tomrera-
ture dces show ancmalies. It lcoks Like we
have some kind of possibtle control problems in
the bypass valves on the - probably the primary
coclant loop in the fuel cell. The fuel cell 2
started showing high indications on the con-
denser exhaust temperature at approximately

162 nours intc the flight. This was a slow
irncrease; the ground apparently ncticed the
trend a 1little esrlier than we dld. We were
watching it, however, and standing by for a
master alarm should it reach the trigger walue
cf 1T%. It turns cut that the fuel cell 4did

continue to climb.
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trigegered off, it was rather anncoying, in that
the temperature was not constant up there, and
it triggzered on and off for some time before it
maintained steady above it, and we had a lot ¢f
master slarm activity for fuel cell 2. From
that time on in the flight, the standard position
of the fuel cell, time shared meter was for fuel
cell 2, The temperature continued to climb; we
opened the circuit of the fuel cell, and it
dropped very rapidly back down to itis normal
range, but we started seeing an anomolous
behavior in fuel cell 1 at this time. It
appeared to be a sympathetic reaction in that
the fuel cell 1 condenser exhaust temperature
began to climb when fuel cell 1 was called upon
to take more of the load. This is the only

time throughcut the flight when we copen-circuited
fuel cell 2 that we saw this behavior. However,
it leads you to bellieve there is something maybe
slightly squirrely in these glycol coolant loops.
This ties in with the fact that a2 little bit -~

in fact very late in the flight, the condenser
exhaust temperature on fuel cell 3 dropped down

low enocugh to trigger off a condenser exhaust

C Qi
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flow light. But the real problem - there was
little or nothing in the control loops for fucl
cell 1 and 3 as compared to fuel cell 2. Fuel
cell 2 continued to go up and down throughout
the flight depending on whether it was under
lecad or not. On the drifting flight configura-
tion, fuel cell 2 came down ardé carried 1ts
share of the load just fine. Fuel ceil 2 was
tne one that was shared on both buses, for
exgmple. It seemed to run just about 2 amps
Figher in current but not encugh tc make any
difference. As socn as you powered up the SCS
and G&Y¥, Tuel cell 2 continued to climb. On
one particular hurn, I was =z litlle bit concerned
about hitting the 200 degree limit, Jfust prior
to the burn and just after the burn; 1t apparently
peaked out st 195 and started down again right
zfter, when we started powering the loads down
again. Apparently, there was much discussion
on the ground about what this limit rea-ly was;
we weren't aware of that, and as far as we were
concerned, our onbcard ccnsideration was to
zeep it below 200 cegrees. This was what

prompted my concern for the decrbit burn;

SRt
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I wanted to bring the power up a little bit
earlier before decrbit. Donn was going to be
up by himself for awhile, and he could get =
one rev jump on getting the alignments and
getting suited so Wally and I would have a

free run of the lower equipment bay when we got
up. He did get powered up, and the fuel cell
temperature started to come up; I had asked the
night before to power it up like that but then
open fuel cell c¢ircuit 2, so that we could save
it and let that temperature increase occur much
closer to the burn. The ground apparently felt
that we could go shead and leave it on the line
and power it up very late; they had decided to
open-circuit fuel cell 2 also. So we ended up
cpen-circuiting fuel cell 2 late in the flight,
also. I might comment that the first time we
open-circuited fuel cell 2, it was open-
circuited at 163 hours, stayed open-circuited
for several hours, and at 163 hours and 45 min-
utes with fuel cell 2 off the line, we had a
transient main A4 and main B undervoltage. This
was probably due to scome cyclic leoad triggering

the fuel cell down below the twenty-six and a
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quarter for the main buses. It's the only
problem we really had, undervoltage; we had fuel
ceil 2 off the line until late in the flight
when we open-circuited it again. At 232 hours
and U5 minutes, fuel cell 3 showed a low con-
denser exhaust temperature. I{ was apparerntliy
anomalous; it came back in and worked fine since.
I don't xnow if that is one of your ilems on the
open anomalies.

Walt, that happened on my watch there just before
entry, and T asked him if we had a cold one and
a anot cne if we could swap the lcads arourd, and
wney sald they were considering that, but they
never came back with any statement one way or
the other, so I just let them run the way they
were, Number 2 didn't really get all that hot
right then, but it did later on after you guys
were awake. Oot up to about 180 or so, right
around there.

At the end of the flight, it turns out that we
brought it or the lire - about 5 hours prior to
deorbit, I believe - and at 257 hours and 52 min-
utes, the ground ccncurred. At that time, the

total load was about 70 amps, and fuel cell 2

CRbDRrerrRy-
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condenser exhaust temperature was 185, and we
had about an hour and half to go before deorbit,
and fuel cell 2 was open-circuited. It dropped
very rapidly and nicely down to within limits,
or almost down to within limits again. At

257 hours and 54 minutes, main A& and main B
undervoltage lights came onj; this was associated
with activating the secondary ccolant loop.

When we turn the secondary coclant loop pump on,
we put it on AC 1, but because of the bi-loads
and aXl, both buses pulled down momentarily under
the trigger level, and we had main A and main B
undervoltage lights. We reset both the buses,
and it was all ckay. I believe that covers in
fairly decent detail the fuel cell 2 problem.

I consider it an open anomaly. It's nothing I
wouldn't go shead and fiy with; I think that

it would have been very nice had we gotten the
fuel cell 2 back. It seemed to be behawving in

a manner which was rather strange. I think it's
associated with the gycol loops in the fuel cells
themselves., However, we could have gone for

a long pericd of time open-circuliting the fuel

cell at high condenser exhaust and putting it
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back con load when the skin temperature got down
to 375. It's an snomaly. 14 would be well
werth locking into to see if we can't handle
the problem one way or anocther.

That is worth & little bit of laveration because
from = crew point of view, afier you'vre flying
theose late changes just don't sit too well with
you irn fligkt; an2 in this particular case, I
worked with the fuel cells for a long time
vefore I was on the Apolls flight. I worked
with the melfunction procedures. I worked with
the North American engineers orn it, and they
were adamanl in the malfuncliicn procecdurcs Lthat
200 degrees was the place to open-circuit those
fuel cells. It's my understanding tnat when it
locked like we were going tc hit 200 degrees,
we Lad a Zetter come from Horth American gsaying
thet 220 degrees wus geod for 50 hours or some
period ¢f time and cven later, 250 degrees.
Now, we felt like we gct smarter in flighi
about the systems; maybe North American felt
they did, too, btut you have to lock, T helieve
il you're familiar with the situation and have

worked with it some time pricr to that, you

Sl iiiivinl
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have to look with a jaundiced eye at limitations
which come through as a result of the system not
working right. Ycu should make every effort to
have the real limits before flight and not
change them to conform during flight. We all
recegnize that if it had been a case of just
trying to limp along long enough thatv certainly

we'd run as high as you have to.
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that had it hit 200, I wasn't going to be con-
cerned about it. At that peoint in the game, I
would have let it run right on as high as it
could have before deorbit. That fairly well
covers the condenser exhaust situation, I think.
The fuel cell indicator switch - as I say, we
checked it back and forth generally in conjunc-
tion with checking the fuel cell performance
with, again with the current EPS. The indica-
tor switch itself, whenever we had a problem
we've got, we were faced with the ganged inputs
to the master glarm once more. We used to have
nine inputs to the fuel cell lights; now we have
five, but at any rate, when one parameter trig-
gers the fuel cell light, you are not going to
get a second caution and warning light coming
on for fuel cells. Therefore, the standard
procedure 1s to monitor the one that has the
indication. We were fortunate:; we never had
rore than one fuel cell that required this. We
monitored fuel cell 2 almost continucusly and

not from any undue concern as much as Just from
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the fact that that was the only wey we couwld
really verify fuel cell 2 after the light was
triggered.

Purging is an interesting topic for discussion
here because purging was changed in real time
in the flight plan. I think this is the way to
do i%t. There is 2 nominal purging time line
that you can have for a spec purity of the
reactants. It turns out that for oxygen it's
rot too terribly flexible; but for hydrogen,
it's a very strong function of the purity of
the hydroger that you're getting. Since we
had apparently much better hydrcgen than the
spec, we were able to relax the purging of the
hydrogen., It's also very worthwhile because
apparently it was expected that we would have
about 6 percent remaining on the hydrogen, and
we really ended up with about 14 percent, T
think. Donn, I wrote that down some place. It

loocks like about 1L percent.

EISELE It's either 12 or 14 percent on the meter.
CUNNINGHAM Yes.
EISELE Tt's right in that region. We had plenty.

TR
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Hydrogen is always going to be probably the
most critical of the reactants. We Tinished
up with 1b percent of hydroszen, and sc it's
well that we did schedule hydrogen purges in
real time. The purges themnselves are a nuisarce
in one way, and it's the game thing that has
bearing on other thrings that go on on the flight.
Uhere's a lot of things going con at Lhe same
time. These sre relatively time-critical, and
you're supposed to purge hydrogen, for example
80 seconds, and you want Tc purge one fuel cell
at a time. You go ahead, and you purge fuel
cell 1. You check the cleck before ycu get the
time tc turn fuel cell 1 cff, 1If something
c¢lse hag Tnterferred, you're te<ing an update.
When ycu get through with the update, you look
back. Fuel cell 1 has aiready beern runring
more than 80 seconds, ard you turn it cff, and
you get fuel cell 2 orn. 1% takes = lot of con-
cerntraticn and ignorinrg arything clse that is
going on in order Lo keep these things coming
out right. I would bet that there weren't a
half & dezen purges that went on on this flight

that lasted the spec time, and scme of them you

@Sk
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know were only & few seconds over. Early in
the flight, I felt very bad about it when it
looked like we were going to be close on
hydrogen. I felt very bad about it if I ended
up taking - instead of L minutes for our purge
cell, ended up taking six for example. I felt
like I had wasted 2 minutes of hydrogen. So

it is a problem; and for oxygen, it's not too
critical because of the consumables, but you
purge those for 2 minutes which allows you a
little bit longer time to get distracted. I
couldn't stress more that when you get down to
this part of the systems work, it's well to

let a guy go teo work on that problem, and just
don't bother him at all until the thing is
over. Ancther thing that would be wvery useful
is a timer. I had suggested this pricr to the
flight. We tried it out in the simulator, and
because the simulation is not quite like flight
in these respects, you never do purge fuel cells
because the performance never did degrade. The
gsimulator is not realistic enough here as far as
keeping you moving aleong with this kind of a

time line. We found that we weren't using the

S
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timer in the simulator. In flight, my general

impression was we could have used it., What do

you think?
EISELE It would have been very helpful.
CUNNINGHAM Yes.
EISELE Because there are so many little things that

you do not only purges, but little things that

you may start and then want to come back to and
monitor a few minutes later. But you'll forget
to come back a few minutes later because you'll

in the meantime get engrossed in something else.

REP Are you talking about a digital type event
timer?

EISELE No, an alarm clock.

CUNNINGHAM This was like a cooking thing.

EISELE Something you can wind for a few minutes and

let it e¢limb down and ring a bell and let it
remind you that you better go look at your
gimbal angles or your fuel cell purge or what-
ever.

CUNNINGHAM The one that I had Pete King bought from Jocke's
or something for four bucks. Tt was a little
round one like a pocket watch and very flat,

and it was accurate to within about 2 minutes
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over 30 minutes which is pretty useful. You
Just crank it up and wait for it, and it would
buzz when you got through. I reaslly think we
could have used it in flight. You mentiocned a
digital timer, Deke, and I really feel like in
the right couch - I think, I covered that in the
reom with you one time - a DET would really be
good someplace there where the guy on the right
couch could gsee it. I felt like - you might
expand on this, Donn - we didn't really make
much use of the DET and MET in the lower equip-
ment bay.

EISZELE No, the only time they used the DET was during
rendezvous. We were down there most of the
time. I used the MET gquite freguently in the
day passes because the bright sunlight would
obliterate the one on the MDC. When I wanted
to know what time it waz, I would lean over and
look at the one on the LEB which was not blanked
out.

CUNNINGHAM We used that one alsoc to check the accuracy of
the one on the MDC because that one seemed to
run right on; MDC would lose a couple of seconds.

EISELE You'd lose a little time now and then.
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Ckay.

Well, I think the MET down there ig valuable;
I'm not sure about the -

At any rate, purging is no problem. You could
definitely see an imprcvement in the fuel cell
performance immediately after) zlmost during it,
you can see 1t come up a little bit. The hydro-
gen purge naturally aiways triggered the master
alarm. The oxygen purge when you were in drift-
ing flight configuration generally would not
trigger it. When you were powered up, the
oxygen purge would trigger the master alarm

just as expected. The resctants, switches, and
indicators - the CRYO's themselves: I might
comment. that the hydrogen pressures and the
OXygen pressures seem to hang in the lower

half of the green areag throughout. Now this
was expected becauge of a marked difference
between actual pressures and what we were read-
ing on our meters. It seems that we are living
here with meters that are less accurate than I
would like to have, and in scme cages, this
inaccuracy even runs into contradictions or

complications with the caution and warning

SOMPDTNTIAL,



172 L

limits, In some cases, the nominal range of
gperation gets you closer or even pessibly
exceeds caution and warning trigger limit as
for example, the CRY0O tank venting. At one
time, flight operations director was much con-
cerned with the CRY0O tank venting, and it turns
out that the master slerms for the CRY(O tank
high pressures doesn't even trigger until after
you exceed by a very slight amount the venting
pressures. We had one very definite problem
associagted with the reactants switches, and that
was the oxygen fans. Early in the flight, we
had an AC bus 1 fail. 1T reset it; it went into
the log as an anomaly. BSometime later, we had
and AC bus 1 and an AC bus 2 fail simultaneously,
and this was an anomaly for a while. I can’t
say too much about the way the ground tock

care of this one and troubleshot it. In real
fast time, we were somewhat concerned about it,
naturally. The ground took a lock at all the
data and correlated very nicely the oxygzen fans
in their AUTO position. They both kicked off
at the same time, triggered by a pressure

switch, and it turned out that this transient
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load loss on the AC bus was allowing the AC
buses to hit an overvoltage of above 130, and

it kicked the inverters off the bus, and we had
a bad situation staring us in the face. The
procedure they recommended to get around this
worked successfully throughout the flight. That
was that we went to 0. 1 fans to the AUTO posi-

2
tion and the 0. tank 2 fans to the OFF position;

2

and at specified times, in real time, we would
turn the fans to the ON position in tank 2 and
allow the mixing to go on. This was aimed not
so much at never having the glitch occur again
as it was at making sure that if the gliteh did
occur, it would only affect one bus, and I think
that is probably a good head. As it turns out,
we never got the transient any more. There was
a time when we would have both fans ON, but one
was in the ON position, and if the AUTO position
on tank 1 had kicked off, we still wouldn't have

gotten probably the transient. During burns,

both fans were in the OFF position.
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SCHIRRA

SECO

2.24

2,05

SCHIRRA

Orbital 30/N0-GO

2.26

SCHEIRRA

EISELE

Communications

SCHIRRA

ETSELE

SCHIRRA

EISELE

.
e :

Yes.

SECO was nominal as far as I could tell from

the time line; that's nothing to worry about.

We got orbital GO/KO-GO cuite fast, and the most
satisfying thing was S-IVB safing information,
sale for destruction.

Very gquickly.

We had all the COMM that we needea. COMM was
sufficient but for the lack of mode 4 call out.
That would have been critical if we had had an
early SECO and we didn't know it. When you get
dewn to it, we had very 1ittle complication for
orbital insertion. That CCOMM must be straightened
cut. That's a big ancmaly which is the kind of
thing that we should have on the black board.
Inserticn COMM was not CGO.

To have COMM, all you have to do is turn your
S-band up.

I knew T had it up. It says so in the log.

When did you get your S-band up?
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SCHIRRA Wrer I couldn't hear them. I didn't hear "Roger"
for a couple of calls, so I turned the S-banc up.
They heard me say S-band up.

EISELE When we talk cof listing thirgs up there, T per-
scra_.ly don't think that tais is a constraint
ecn 4polle &, on the ¢' mismsion.

SCHIRRA I very much do. The communications at SECC is

recessary. If you don't hear a 8ECO, it is

Lairy. Yot have got tc nave a GO/NO-GO for

mode k.
EISELE That's Just during the launch pericd.
SCEIRRA That is true. t's a constraint for anctiher

launck, and the next one happens to be Apoilo 8.

EISELE dot necessarily for C'; that's what I'm getting
at.

SCHIRRA Yes, the next Apollo iszunch sheuld have communi-
catlons Into orbit.

EISELE That's right.

CURNINGHAN The nex% Apcllo laurch is either +the C' missicn
or the C mission again.

SCHIRRA Trhen it's a constraint. Commurications were not
satisfactory during boost. That's what I'm

trying to say. Maybe there was a procedural

error. The call after we ackncwledged by

WL e
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CUNNINGHAM

GCHIRRA

CUNKINGHAM

SCHIRRA

CUNNINGHAM

SCHIRRA

selecting the appropriate control made —- it
may pe we're unearthing s problem.

We have always Dbeen concerned about the flame
pattern affecting the antenna characteristic.
Why didn't thet happen ir the Mercury and
Gemini?

I don't Xnow. They had pretty small flame
patterns comparcd to this.

Hot at SECC. Tt was encugh to covert the whole
sky from down range. I'm nct abtout to testify
to the size of the flame pattern, that communi-
cations had better be lmproved. We can't afford
not to have communicaticns through SECO. T
guess that's my errcr rather than yours, Walt.
Dc you want to write that up here?

Yes. I think you cught to write EMS up there
2180 While you are standing at the beard. That

was a constraint, and everybody knows it.

Contrcl and Displays

2.28

SCEIRRA

Crew Comfort

SCHIREA

Cortrels and displays were satisfactory.

Crew comfort was satisfactory.

Coinimicgon oy o]
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ECHIRRA That was a rush, rush, znd wec lucked cut.

EISELE Yes, we scriehow got off the time Iine there,
and we had to kind of squecze it in there.

SCHIREKA We had a gimbal lock. The first time through,

we changed seats.

EISELE Burn number 3 was & ditty.

SCEIRRA Burn number 3 came up down the road from
that test, and we nhad lots of things going
wrcong.

R=F 1s that waat went wrong?

SCAIRRA Tes.

REF Okey .

SCHEIRRA We ned = gimbal Zcck, and we changed back To

gur original ccuch configuration.

EISELE We had to hustle.

SCHIRRA I wanted ycu down in the 1EE dolng the sighting.
Hot that I felt Walt cculdrn't de it yei, but
you had had more experlocnce down Lhere Lhan

Wwalt for itwo purns. We briefled thalt if we ever

got in trouble, we would go back to our original

seat corfilguraticn., No ore was offended; we
raced right through it. Walt was more experi-

enced in racing us throughk the checkiist, and I
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knew what I wanted to do in my seat. As it

was, we checked out and made it. That was the

one place where we came close to blowing the

time line.
EISELE Yes, that was pretty rough.
SCHIERA We had given up on the White Sands rendezvous

radar test, but the ground sajd go shead and
try it anyway. We had to throw it into atti-
tude., T remember I was flying around pretty
fast there.

CUNNINGHAM In fact, it was on the real time flight plan
we put in on the next rev. It wasn't intended
to be there until the next trip.

SCHIRRA That was when we were getting a little speedy.

ETSELE There was a change in the flight plan; they
moved that in, sandwiched it into somewhere
else. And that i1s what threw us a little
behind, that plius the gimbal lock. But we did
make it and got a good test. All is well that
ends well. They did very well.

SCHIRRA T would like to say one thing T didn't say in
real time., T feel like I did in Gemini VI with
that rendezvous radar done for that next crew,
like Gordo and Pete did for us on Gemini VI.

GO L



3.0 OCRBITAL OPERATIOHNS

3.1 Insertion Thrcough COAS Calibraticn

3.1.5  08M/S-IVB Orbital Cperations

SCHIREA CSM/S-1VB orbital cperaticns went exactly asg
predicted.
EISELE I think tke time line and the procedures we

followed - the seauence of doing things - went
almost identically to what we rehearsed in the
mockup and simulators.

CUNTINGHAM We fcllowed very closely the detailed first
six revs checklist.

A

SCHIRRA One thing we should get into i1s 1his littie
desi here. We foliowed this religicusly. We
smugegled 1t on beard as part cf the checklisu.

CUNNINGHAM Yes,

SCHIRRA He passed it to me, and I haé 1t over lkere cn
my side gll the time tc keep track of any
glitches. It was very detailed, like what wou
trstow, when and other things 1ike that.

CUNKINGHAM It should nave neen part of tae flight plan.

SCHIRRA dere are all the cameras you have to have up
here. There are some numbers I reccrded on

the launch vehlele propelliant pressures. 1 gave

these tc the ground, and I don't know Iif they
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shculd be recorded again., They're in this thing
in case they need them. That was for four dif-
ferent times. They change. I was surprised.
Frel pregsure went up, and the 02 pressure went
up. Before I go con, we were scheduled for =a
debriefing on the S-IVB time line real late in
the game, We have been over than many times.

I really don't think you need all these booster

kriefings.
REP I think the Marshall people reguested it.
3.1.2 &=-IVB Bafing
SCHIREA We d&id mention on yesterday's tape that I was

very much concerned about GO/NO-GO on S-IVB
safing. That was a very warm feeling, knowing
that it was safe. I perspire at the thought of
going one more rev with thsat thing. It was one
less thing hanging on my mind on the first rev,

3,.1.3 8-IVB Take-~-Over Demonstration

SCHIRRA Demonstraticn was exactly as we planned it, and
I appreciated the rzpid response of everyhody
cutting that time iine in half because it was
too long the first time we did it. That's one
of the few rapid responses we had with DTO.

They responded to that almost immediately in

PRy



OO

Huntsville. The S5-1IVB flew better than in simu-
lation. I prefer it to go that way than I would

tke other way.

3.1.5% BReturn to S-IVE Auto Zontrol

SCHIRRA

Return 5-IV3 automatlic contrel, no problem.

3.1.5 Separation Transpositicon and Simulated Docking

SCHIRRA

EISELD

SCHIRRA

Tkis wzs a whole new world to me, and I guess
that was one of the big things we discussed =nd
lost. I talked to almost all the command nilots
out there on the horn. We really concentrated
on getting on that Langley simulator. That's
the only device that T know of tnat wiil do that.
I suggest thet they don't try to nitch around,
particularly if they get faster than 5 degrees
rer second. 1 tnink that's a tig mistake.
There's no big rush about getting zround.

I copened at 1 foot per secconrnd, and then I des-
cended to one tenth of a foot per second. Then
I vitched petween twe and helf and 3 degreesg

per second. JIt's still Tast, but you get kind
of arxious to see what is gocing on vack there.
Donn saw it right away and started saying '"WOW,
what a sight!'" You don't krnow what's going on.

I dién't know if it was going te come down on
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my back like & big train. When I locked out,
81l I could see was 5-TV3 all over the place.
inat one panel was in the way, which discouraged
me Trom going in too closc. That was the panel
thnet T couldn't see when I came in, I aligned
to the docking target, and we came in c¢lose, as
the film will shaow.

CUNNINGHAM I tock that picture, and I didn't know we were
that close.

SCHIRRA We were in there, 1T was afrsid I wes losing
signt of that cne CLA panel. 2t was catty
wampus. I think 1t iz a good decision tc have
the SLA panels go; that's the only way to do it.

Cet rid of those things.

EISELE They have got to go cut 30 degrees before they
EO.

CUNNTINGHAM I wouldn't guarantee that thzt was 30 degrees.

EISELE Maybe 20 or 25 degrees.

SCEIRRA Thcze pictures are invaluable on that bhasis.

That is a problem. I really didn't feel com-
fortzble with this machine. It felt iike a
big, big truck. Arcther znaiogy 1've used, was
first time I Lad a kwoat, & trailer, or a house

trailer behind my car. T was really scared tc

CR——



3.1.6 8LA Photography

SCHIRRA

CUNNINGHAM

SCHIRRA

CUNNTRGHAM

EISELE

SCHIRRA

EISELE

back that car up. I had to back the car up
countless times before 1t never bothered me.
That's the kind of analogy you get when you
first see that S-IVB cut there, It's awful big,
and it is wvery difficult to maneuver the command
module that precisely. We have a light command
service module compared to the rest of the mis-
sion. I can only recommend the device we have
at Langley for ftraining crews. I wish I had
gone up there. T would have known more about

it.

SLA photography is evident. We don't need to
talk about that now. I see we've got our pic-
tures back.

It turns out that the SLA photography was
slightly hampered by the window view,

One thing that bothered me was the field of view
in that window.

I think you were up a little high on that man-
euver in relation to your window,

Yes, you're right.

I needed to roll in order to line up.

Yes, that's right.




SCEIRRA

CUNNINGHAM

SCEIRRA

3.1.7 RCS Phasing

SCHIERA

I needed to rcll to get both windows lined up in

the same place.

-That's right. The sequence camera, when it's

mounted in the bracket is pointing out & nice
unused hele down there in the rendezvous window.
It did not tend to line up if you moved off a
little,

I would like to go - back to that transposition.
The mode I used was PULSE in roll and yew and
ACCEL COMMAND in pitch. I think everybody
should use that one., Rather than RATE COMMAND
in yaw and rcll and whatever in piteh. That's
the cheapest wey to get arcund. Once you get
around, you can start tightening up as you start
getting ready to translate; then you might want
to use RATE COMMAND for the three attitudes. I
do think you need something tc stabilize attitude
when you translate. You could use DAP pulsively.
Jet priority logic on subseguent 5C may help the

rroblen.

We d4id the RCS phasing with the service module
RCS separaticn. That thing was less than 10 feet

per seccond. It was a simple maneuver, and it

CONDErePrEr



EISELE

CIRNINGHAM

SCHIRRA

CUNNINGHAM

SCHIERA

w0 1o manars |

went off quite well. We took residuals out,
didn't we?

We didr't nhave any.

You were burning 7 feet. You burned T feet orn
the P4T, didn't you?

We used PL7 for venting, toc, and it worked ocut
auite well.

It was significant. T was surprised. We built
up hew much? 257

26 “ect per second on the DELT/-V counter. That
nad a bias that is calibrated and has been re-

pecrted over a pericd ol Lime.

3.1.8 (SM Systems Checkout

EISELE

You were out of here when we did that, Walt.

We have already gone thrcugh tnst,

3.1.9 Sextant Calibration Test

REP

Conn's got a NAV COAS callbration.



3.1,11 S-IVB Ventiliatiocn

EISELE We noted that when I came in close at the pcint
were the S-IVEB was stable, I cculd see little
vent pines I never even knew about up there in
one of the SLA panels. The cne Just south cf
the target adepter was sguirting stuff.

CUNNINGHAM Yez., I want to make note of the fact that we
did see trash inside there., Tt locked like part
of that charge stuff there. There were bits
and pieces of that flioating zround. There was
a ilot of it. There's nothing really to talk
about on ventilation, ice clcuds, and vapors.
They were just there. That wouldn't deter me
from pulling in to take the IM. T definitely
wouldn't want the 5-IVB to start moving around.
The C8M isn't that spry cf a vehiele that you
could go in there ang fight scome other system
and try to fly as well if the 5-IVB were moving.

3.2 Rendezvous

SCHIRRA Line of sight control was very good cn this
particular fiight. We had real goed luck with
it. 1 was a little worricd avoul the fact thzt
we had what T would call a hidden TPI. We didn't

see the target. T had no corfidence in the

C Opi=tEirhddeyhphe
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rendezvous because of that. Everything worked
nominally. The plct was beautiful; time was
good. Everything locked likxe it was good. The
midecourses justified the sclutions. We did
Lkave to tzke one backup that Wzlt had to justify
the midcourse.

CUNNINGHAM We essentially burned the backup

EISELE We burned the backup rsthor than the G&N because

I felt the G&N was too tig & number.

SCHIRRA We had - out of plane if T romember right.
CUNNINGHAM A 2ittle less than aalf cut c¢? plane.
EIEELE We did all maneuvers toc the burn attitude for

TPI, and I suggested taking out hzlf of tke
out of plane which we did ...

SCHIRRA I'd say the whole run worked well, but in real
time T wag scared to death.

EISELE I just had the feeling that we could go sghesd
ana do the 79I on faith besically, and we would
know later whether we were going tc make it or
not. I Tigured we'd sce the Sarget sooner or
~ater as we got up close; then we wculd know
whether we were going tc hack it,

SCHIRRA Uhe real threat was waen I finally 4ld acquire

the target visually. (It was after midcocurse.)

o g e ]



EISELE

SCHIRRA

EISELE

SCHIRRA

CONPOERTIAL, 15

We saw the lights blinking, and that's a nice
feeling. 1 hadn't seen it before because I
wasn't aimed.

The next crisis was whether or not we were going
to come into daylight before we got to it.

Yes.

We figured we did,

The line-of-sight control was no great task. T
didn't do much dittering because 1 was afraid

to ditter with this big boat. Tt's too expensive
when you set up a rate and have to take it back
out again. 1 remember [ made one remark that T
was happy about the fact that we had a theta of
about 130 or 13% degrees, and T said "thét's

perfect.”" Right on the mark.



3.2.7 Braking

SCHIRRA Braking was a complete nightmare with ne ranging
whatsoever. To Judge the diameter of the 3-IVB,
all you can use is a good number. Anything else
is arbitrary. The length of it, the SLA's diam-
eter are not good. It was so bright that you
get overtones of light across the COAS, and
you're not sure if it's i degree. I believe I
called out 1 degree, znd it was something like
eight tenths of a degree. We braked a little

bit early, all the way in. This is an awescme

target.
CUNNINGHAM It locked about right from my side.
EISELE I didn't have any ...
SCHIRRA You didn't have an index, but you could feel it.
EISELE It felt like we were coming in pretty good, a

little slow in the end.

SCHIRRA The interesting vart of this was that this is
a very big target. You take a little LM up
there with only an ascert stage; that's =z very
small target, My point is that we have got to
vaiidate a ranging device for braking, because
the LM is awfully small. You have to have a

tool on hoard to range that IM for braking.

OB ENFAL
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You have the VHF ranging, and you have the LM
radar. These are still available and shouldn't
necessarily fail. My anticipation is that if
command module active rendezvous is required
because of running low on fuel in the LM rather
than because of a PGNS radar failure, then you
can use the LM's radar as a ranging device.

This helps fantastically on braking.

3.2.8 Bendezvous Navigation

SCHIRRA

EISELE

SCHIRRA

EISELE

SCHIRRA

You covered rendezvous with navigation, didn't
you, Donn?

Yes, I covered that. I don't recall the exact
number of marks. All that should be on the
tape. Generally, DELTA-R and DELTA-V were small
and appreopriate because we had such a Tine set
up to begin with. FPhil Shaffer and the flight
controllers were right down the slot on that.

It was really good.

We had a very good state vector there. 1t was
in the same condition all the way.

It really meant that the onbeard computer agreed

with the ground solution,
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EISELE The auto optics tracking of the target became a
little spastic there as we got in closer to the
target after TPI.

SCHIRRA I would like to go back to braking again. We
asked for a ranging device like a stadimeter.

It fell down the crack because people thought
their visual optics system was good enough.
There was one in work, and I recommend that that
be recpened, particularly for a small target the
gize of a LM. There is a device in the shop
that can be made usable for the LM, not the one
that was unsolicited from the Coast Guard. This
one was like the sextant T used in Gemini VI with
Tom Stafford. It is big and bulky, but it's
good. For example, in Houston we worked with

a8 rendezvous device, The darn target had an
apparent size of 10 000 feet. We tried that

10 000 foot mark, and I made every rendezvous
with just one range reading. You get super-
confident in that onboard system. The other
thing we made note of yesterday that disturbed
me no end, was earlier Donn was not able to
train on checking the state vector data display

against the sextant display of the horizon

—C O TIMTOTTITTAT
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enrcute to TPI. I feel that should be done.

It fell out of my time line because there was

ne way you could practice doing it. I did ask

you to do it a long time ago, and that was some-

thing you could rehearse doing. I think that's

more important than any backup data point because

you have to validate that statement somehow.
EISELE I know T got it put back in the update form,

and we got it from that. It worked just the

way I thought it would. Since we had not

trained to do it, we would not get on doing it.
SCHIRRA It was toc late before T discovered you weren't

doing it. We discovered this in one of the

sims. T was surprised it fell down in the crack,.

I didn't get with you encugh earlier to explain

to you how important that was. I didn't take

advantage of my experience there. That was a

goof on my part.

3.2.9 Formation

SCHIRRA Formation flight is just about the same as tran-
sition and docking. Tt's an expensive mode in
the command module. I have heard people talk
about the command module deoing the docking with

the LM. I think you will find it is much easier
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3.2.10 Final Separation

tc use the LM for docking with the command mod-
ule. It was Jjust too big to move arcund. You
still have a big load on that command module,
but if that is a requirement again, I say spend
g lot of time at Langley. We're not lacking for
the tools to practice. We don't have a tool in
Houston to fly command module active, but we
have a tool for flying LM active. That is the
only tip T would like to pass on.

Burn

SCHIRRA

EISELE

SCHIRRA

Final separation burn is the big burn. 1 guess
that is what we're talking about here.

One foot per second.

Oh, this is back in rendezvous. That did con-
cern me initially because I didn't want to be
in a position where T might close in again on
the target. As it turned out, we had effected
the rendezvous from below and stayed below it
inertially. We got to the point where we were
going to separate. We separated from below it -
minus - as we backed away from it which is what
we're supposed to do. 'The rendezvous was com-
rleted with a2 so-called whifferdil., We went

around the thing up at the top and then had to

e CORTTDEN T
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go by the thing and then do the separation burn.
As it turned out, we were in the right place.
You definitely don't want to burn towards the
vehicle zone.

3.2.11 S-TVB Activity

SCHIRRA It was moving at rather high rates, and that
was logged on the film.

3.3 Postrendezvous Through Deorbit

SCHIRRA We went through the first three items up to the
WSMR. I think that one is self-explanatory; it

went off very well.



3.3.5 BSextant Tracking

EISELE

3.3.6 SPS Burn Number 3

SCHIRRA

ETSELE

SCHIRRA

It felt real good to know that thing tracked
cut, and I think I cught %tc bring that up during
the press conference; we felt very warm about
1t, and we had asked for that test tc ke dcone.
It wasg almOSt'dropped, but pecple responded and

got the gear ready for ug, and we worked it.

We tracked landmarks and stars end cverything
went fine. Later on, we talk zbout the mid-

course NAV.,

Burn number 3 was just like burn number 1

and 2; it was very nominal. Lo problems
whatscever with it.

I'd like to mention that burn 3 was an SCS

burn with G&N monitoring, and the residuals were
very small, I came away with the feeling that
for anything oxcept an extremely long curve
turr: such as lunar orbit insertion, that you're
probably Just as well off to do Lthem in SCB
because it is right down the wire. Cutoff was
Just within a couple feet a second.

Cuts off better thar the G&C dces.

O DML L
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EISELE

3.3.7 ©Slosh Damping Test

Fne errors were very

small also.

SCHIRRA

CUNNINGHAM

EISELE

CUNKE INGHAM

3.3.8 ECS Radiator Test

CUNNINGIAM

There is no problem with siosh damping. After
each major burn, we found a big puddle of water
on the aft butkhead, and it stayed there. It
didn't go all over the cockpit; that is the
best slosh damping test we ever had. And

there i1g the answer to siogh damping. There

is no problem.

We never saw any evidence of any kind of motion
you could attribute tc fuel sloshing around
alter any S5PE burn cr ZC5 mancuver.

This puddle of water didn't even move. There
was only one area that it came from.

Yes, I think sc, too. We did the tegsts that
were in our burn schedule and fiigkt plans, and

we never ncoticed a thing from it.

Let's gec, the next ore is the 35C8 radiatoer
test. T ihink It was a big surprise therc
initially. Donn started the thing out and
found out that we were in minimum deadhand -~

the 4 degree deadband, and the machinec was
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SCHIRRA

CUNNINGHAM

EISELE

CUNNINGHAM

ETSELE

EOMHEENTAL

\kicking off thrust@" like mad. Wally had

already seen that we hadn't pegged what we call
perigee torque yet.

I remember you sitting in there for a while, and
you were getting real worried saying, "My flight
control technique, it's terrible, what is this?"
When Donn got out, I relieved him. Donn had
eventually come to the conclusion that we were
better off doing it in pulse in all three

axes, instead of holding pitch and yaw and rate
command. T got in there, and we were holding it
in pulse. I must have gotten in there just as
we started through perigee, and we were supposed
to be holding within 5 degrees, and we ended

up 10 degrees off.

I said, "This is your crazy D'fO, you better fly
it."

That's right; he washed his hands of it; he

did.

I got out, got out, got out of there, went down
in the LEB and blew my nose for a couple of
hours. I was flying along and found out that
the pulse was better than the attitude hold,

and I was tweeking it in, holding within a

S COTTOETTAL
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couple of degrees, you know, just going along
Just fine, and then Wealt got in. Apparently,
right about then was when we started getting
perigee because Walt started hollering about
the thing wouldn't stay where 1t was supposed
to. I looked, and he was 10 degrees off.
CUNNINGHAM In pitch and yaw.
EISELE I wondered what has he hecn doing wrong, so
I got in and tried it again. After a while, it

was doing the same thing. It seemed to be

intermittent.
CUNNINGHAM We were 90 degrees out of plane for the test.
ETISELE Yes, which is the worst case for the perigee

torgue business. And we were trying to maintain
an ORB rate roll, which reant that we were
coupling up between pitch and yaw all the time.
I guess we got that corment on tape about how
many pulses it was taking when you were in
attitude hold.

CUNNINGHAM Yes, we counted them, and it was a filerce
number per minute in attitude hold.

SCHIRRA That is where we became concerned azbout these

tight control modes.



EISELE And then we went %o all pulse modes, manual
rulse meode, and the number dropped by a Tactor
of ten, at least,

CUNNINGHAM We finally finished the test, and it was a four
and cne half hour test. It turned out we were
on the nominal amount of fuel which had been
glloted for it, which was a 1ot more than Donn
and I had figured we could do it for.

SCHIRRA I remember. You all got concerned about it, and
T did take over towards the end becatsc 7 wanted
to find out what the control preblem was.

CUNNINGHAM Yes, you did relieve us “or about an hour thnere.

SCHIRRA That i1s when we disccovered the perigee kick,
because I started calling up 82 and 83 to find
oat what kind of perigee we had. 83 wasn't any
goed since we were cut of plane, so we called
up 82, and I found out we were going through
perigee when all these problems came up.

CUNNINGHAM One other thing, we did do the coarse align.

- because of a misloading cn the DAP load. I
loczded the DAP load into F30 the first time
through. It looked like we weore z2bout ready

to blow the thing on that rev, and Donn came fo

b avawan ot s,
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our rescue and coarse aligned us.  He went
througn P20 and loaded it right and did a coarse
align to the right attitude.
EISELE Yes, wo didn't have a nighs pass tc¢ do a fine
align, sc we Jjust hought the cosrse align.
We really lucked out on that because later on,

when we coarse aligrned £o the subseqguers
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3.2.9 Midcourse Navigation

SCHIRRA

ZIBZLE

SCHIHRA

LISELE

CCHIRRA

K1SELK

We arc now on tne area cf ccourse HAV.

I was thirzing it was scome point over Cusymas,
I don't rererber wkat il was now.
Wnat's thig mid-course NAV consist Df?

This iz P23.

The cne cn wne DEC,

The mideourse AV program was scht up to do marks
asing a star and carth herizor technigue. And
we fourd on the first and orly atterct at this,
thut v dier't work very well, The main reascr
is that the earth horizon iz a fuzzy kird of

a thirgy it deces nct appear as If thcre's any
precise Lines or delineations that you coulé use
reliacly as an index for o marx. This is truc
when you _ock st 1t In ihne sextart because of
the magrification. Whern you look at the air
glow or the earth horizon at certain times,

such =5 near sunsct arnd sunrise, you do¢ gee some
very dislinct banding i you arc lcoking at i
tarcugh the window or ithrough the telescope.
Agair, tonst corly happens at certain times of the
day, at sunset and sunrise, and cnly ia the ares

that is pretty cleose to whaere the sun is zoing
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to be coming through the horizon. At other times,
such as at night, the horizon is just kind of a
muddy brown and fuzzy looking. During the day,
if you look off away from the horizon toward the
sun you don't see much of a well-defined

horizon. So this test did not work out at all.

T just cculd not pick out anything in the alrglow,
T could not pick out what loocked like a horizon
at all. And, also, it turned out that the stars -
this was a daylight type of thing - had given us
an attitude to fly some shaft and trunnion angles.
I put in the optics and no star appeared in the
sextant, so apparently the angles were a little
bit off. I didn't know how in the world I was
ever going to get that star in there. 1 thought
about it later, and perhaps if I had encugh

hands and was swift enocugh, I might be able to

do a P52 and pull the star in with AUTQ optics.
Then I would have to hold it there manually

while 1 reselected the P23 program. It didn't
seemr like it was worthwhile because we had a
horizon problem. We reported this to the ground,
and they apparently agreed because there was no

more mention of the star-to-horizon technigue.

[
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CUNNIKGHAM

CUNNINGHAM

WEOTPIDEITITRL

Later on in %he flight we did do = P23 using a
lurar landmark snd a star, that worked cut guite
weil, I thougnt. It was vory ¢ wy to do. The
meol: was in a phase where 1% v getiing close
tc <ke suny that is, the finz: . hase cf the moon.
We picked up landmark 5 very readily because of
the lcw sun angle on that part cf the moon. We
vere avle to use lunzr landeayx 5 and I doa't
remember what star it was, tut we pulied one
gtsr ir there and I got a courir of marks on it.
I :Link c¢nly one of them go. iown cn the data,
anz T did near thet they wer: :atigfied with the
reilits.,

We might mention that the tawee of us took a
lock at it, and it was a very e=any control task.
I hed never tried anytning 1ike that before.
Yes. Also, we spent considerable time at various
periods examining that air glcw and the earth
herizon cut the wirdow and through the optics.
Norne of us could make any sensze of it, as far

as being abie to pick out anything repeatable to
use as g reference.

The crly wey that ycu could possibly get a fix

was te wateh & star cecull as it went through.
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EISELE It was pretty hard to tell exactly where it
ocoulted.
CUNNINGHAM Yes, it started bhlinking right down at the bottom.

You were never really sure whern it disappeared.
EISELE Well, I think the problem is that P23 hag appli-
cations to the translunar flight. Normally you
would not be using it anyway until you were gev-
ergl thousand miles Trom the earth. T am sure
at that digtance that the horizon, the earth
horizon, of the earth landmarks would appear

quite different from what they do at 100 miles

up.
CUNNINGHAM Does that handle mid-course rnow?
EISELE Yes, I think so.

3.3.10 Cryogenic Stratification Tegt

CUNNINGHAM Okay, the next item of discussicn is a cryogenic
stratification test. This was a test we performed
at three different quantities in the hydrogen
and the oxygen tanks during the flight. We dia
end up performing it three times with the hyaro-
gen and only twice with the oxygen. The resulits
are in the DTO book, and they wili be passed oh,

I did update the procedure in flight with the

pressures at which the hydroger tanks were really

Y
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2,3.11 SPS Burn &4

CUNKINGHAM

cycling back and forih. Hydrogen tank 1 was
runring between 228 %o 2L8 pzi, and hydrogen

tank 2 tetween 237 and 2%5. 1 rodified the pro-
cedure to reflect these numbers. The data showed
little or no stratification. In the first hydre-
ger. test the pressure may have changed after the
heaters were Lurned off zand the fans were fturned
orn.  On the oxygen stratificaticn test there was
a very definite decrease in pressure when the
fans were turned cn, wiaich I would nave inter-
pretcd as havirg stratification present. The
second time the test was run the results irndicated
tc me no stratification in either oxygen or
nyarogen. This was nominaily at the 60 percent
level. At one time, on the last day of the
flight, or during ihe night preceecing the last
day of the flight, the kydrogen stratilicaticn
test was run. It showed resutlts similar {to toe

earlier test, esseatia’ly no stratification.

5PS burn 4, I will only say Lhat the system
worked as planrcd., On this minimum irnulge
burn, though, we did use, I believe, cur lirst

2-jet ullage. We ullaged for 20 seconds and

mceshionlibinkindailiiviy,
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selected the quads for ullage appreopriately
after being advised from the ground which guads
were most desirable to reduce the fuel in. The
engine worked normally, and the burn time was
about .54 seconds, maybe 17 feet per second,
something like that. We were still impressed
by the fact that the engine, even though 1t was
burning only half a second, came up and slapped
you in the back just like ail the other starts;
and it was over immediateily. Ball valves, all
four of them flipped, had time enough to flip
completely open and closed again. HEssentially,
I don't feel like there is anything significant
to report other than it was a normal S5PS burn.

3.3.12 SPS Cold Scek

CUNNINGHAM The SPS cold scak test was the one where we were
to monitor the oxidizer distribution line temper-
atures end the fuel distribution line temperatures.
We monitored SPS propellant tank temperatures as
they were labeled cn MDC 3 and did the cold socax
attitude for 3 hours. The cold scak attitude w:.
then taken up. The procedure involved turning
the heaters on at L5 degrees F and off at 65 de-

grees F. The temperature never changed, we neve

G |
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activated the switch, ard, as a nmatter of feaci,
the propellant tank temperatures ran between
68 and 70 the entire flignht.. I never felt like
the hesters were necessary [or controlling the
line temperature. 0On ground reguest they were
turned on geveral times, based on ancther EPS
temperature which was dewn by the injcctor
valves or scomething. The ground did have ancther
temperature that they were interested iIn. When
we turned the heaters on, apparently it satisfied
them that the temperature in congern rogse. There
was one other time, later in thelflight, when the
heaters were tested just for cperstion. I had
proposed we do this early, and the ground had
some reservations about it. Later on we operated
for.2 hours and ran a 6-hour test, 2 hours with
line heater in positicon A, ahd then ancther 4 hours
with it in A/B, and to my knowledge the tempera-
ture never changed. It was finished up on Donn's
watch,

EISELE Yes, I think it got up tc T2 degrees and just sat
there. I guess the peoint is, the 3PS propellant
and line temperatures seemed to be very stable

and always stayed within the normal range. We



never, at any time during the whole flight, had
to turn on those heaters to keep it within that
range. There was never any problem at all, and
the so-called cold scak test really didn't get

it very cold at all. It still was above the

minimum,

CUNNINGHAM The significant point is that we never reguired
them.

EICELE No problem.

CUNNINGHAM I know where I got off. Bill Poage labeled it
cold soak,

iy §
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3.3.13 SPS Burn #5

SCHIRRA All attitudes were great. We staried off the
burn as a G&N burn, and at 30 seconds, we were
scheduled te flip into GDC. Tne only variable
that came up was a new way of doing burn 5, and
tnat was a bilg mistake. The mistake was that
the ground's way of doing burn 5 was to add
100 feet per second so we could shut olf the
burn with a hundred feet per second to go on
the DELTA-V counter, with the thrust normal
switches A and B OFF. ''his iz to check the
ball valves OFF and terminate the burn that way.
We should have had simulated turn 5 with Houstcn
on the simulator; we didn't do it that way.

1'd rever heard about it pricr to this event.

I negotiated them down to 50 feet per second,

and Walt was trying to talk me intc going down

to 20 feet per second on top of the scheduled
purn. The surprise was that the burn itself

was perfectly normal. The rate needles were
never 5.5; the error needles were never displaced
more than a degree. It was easy to control; it
would often roll about U4 or 5 degrees, but that's

nothing; that's typical. It's Jjust that therc



is no real roll control in MTVC, just the stick,
rather the hand controller. You don't fight
that; it is like the old retros in Gemini or
Mercury. If you don't fight roll, pitch and
yaw, they start to give you a little trouble,

It didn't cup up; I Just toock out pitch and yaw,
then I flipped roll in cnce in a while to bring
it right back on. I was starting to watch the
DELTA-V window, and I couldn't see it. The sun
had gtarted shafting in as we burned, and extin-
guished in that sense. Because of the bright
light, I couldn't see anything on the DELTA-V
counter. I started toc reach up to kill it with
my left hand; by that time the DELTA~V counter
would normally cut it off. We overburned it by
50 feet per second; that's all there was to it.
I heard it was an out-of-plane error, something
like 15 feet per second. I don't remember that
number showing up on the DSKY. The DEXY was
running all the time to monitor the DELTA-V

we got, not that I used it; this is to bookkeep.
Also, the state vectors were up to date. We
didn't see a number like that. I remember a

very small number being out of plane.

ConPBERTIAL
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I think Dave Scott was telling me Le saw a2 big
number and wondered if I'd diverged a ilittie bit
in yaw, so that number has got to be checked
again. As I recall, residusls were very small
in cut-of-plane and up/down. fThe in-plane was
50 feet - well, wait a minute, the in-plane was
in X~axis and was 48 feet per sccond, which was
about 50 feet in actual burn direction. I can
only say that you don't change a classic burn like
that that late. It was changed right at the last
minute. In the flight plar I had, maybe it does
say the burn will be terminated by the A & 3
switches. That isn't the way we did it in simu-
lation, and I did lots of burn 5's in simulation.
Here it is right here, Deke, it says G&N CN plus
switch OFF.

SLAYTON That's right; that's the way all flight plans had
it. That's the way it is in the DTC.

SCHIRRA Yes, but I did these things, and no one caught
me doing it the wrong way in zll the simulations.
I did it with Hcuston, and I didn't add a hundred

feet per second to it when we did burn 5 wit



SLAYTON

SCHIRRA

SLAYTON

SCHIRRA
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Houston. Then sll of a sudden, scmeone gets -
That's why nobody agreed with it. It was a new
thing.

I don't know how long it's been in the flight
plan, but -

That is not new, but adding a hundred feet per
second to the burn was new.

I see.

And then having me cut off a hundred feet per
second error, that's the point. I understood
what they were driving at, but I'd never done

it that way. What got me was that 1 was prepared
to do it that way, and T - we'd talked gbout it;
we had enough lead time, but when I couldn't see
the DELTA-V ceounter, evidently they didn't know
I didn't know what velocity was left. If I'd
known this, if it would've been brought to my
attention by simulating i1t — which is how you
learn all thege things — I would have known then
that I couldn't do it that way . You see rry point.
It was a surprise, and surprises are almost
lethal. It could be lethal if that wernt off in
the wrong direction. We always saida 1f a burn

vasn't going right, we'd stop a burn, except an
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abort-to—orbit and a retroburn. So this broke
that rule by putting in more than you're going
to. We did this simulation without adding
DELTA-V, that's what I am trying to get at. BRe-
gardless of the surprise on burn 5, it didn't
hurt us so because all it did was knock off
ancther 50 feet per second. That Just drove us

a little bit further in — back. We tilted the
line of axes so that we had a little legss than

30 degrees inclination, a smidgen less. I think
it was called 30.08 degrees. Maybe we had 30.07.
Since that was a very small error, it didn't hurt
us one bit. But that was the one thing where a
new technique, even though it was called for in
the flight plan, disturbed the whole system. That's
why I was objecting to it, because I'd never done
it that way. I'd never terminated burn 5 by
turning the switches OFF. Yet it was there. 1T
Just never caught it in simulation:; no one caught
me doing it wrong in simulation. With the in-
structors, we d¢id burn S5's any number of times
just here at KSC. They didn't catch me. And
when I did it with Houston simulations — every

burn we had here, by the way, was done with
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Houston - they didn't catch it. They didn't throw
in another extra DELTA-V, so that was why I was
surprised. If I hadn't done burn 5 with them,
then I wouldn't have argued with you. ©So they
were thinking on their time that I didn't know
about it, and that's the kind of stuff I don't
want to have happen, that you shouldn't have
happen. In the same light (I have to say this)
we shouldn't be that iron bound to z burn, but

the technique was - I'd never shut a burn off that
that way. All our mode h's I could shut off within
2 or 3 feet per second with those same switches;

I trained for that. That's the way you shut off
mode W4's because when you got 3000 feet up there,
you could go from a hundred feet per second to
2300 feet per second. We were cutting those

off right on the money. It's a technique we

knew how t¢ do in simulation, but not that burn;
that's the whole point. I guess we'll just have
to give the crew a briefing on fhat stuff.

It worked, I'm not making it a major crisis; it
wasn't.

Okay. Did you talk about window photography?

Right. We've gone cver that.
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3.3.14 Passive Thermal

I'm very concerned about those windows, I might
add: I talked to Kennedy, and I talked to Healy

about that today.
Control Test

CUNNINGhAM

EISELE

“+

The paseive thermal control test was the cne
which was run twice with slight variations. I
guess what accounted for the 1C1 percent, ameng
other things, was the fact that we cid the pitch
attitude.

This was a tegst aimed at seeing what kind of
cross coupling, or coning, you could get if you
tried to set up a small roll rate with absolute
zerc rates in pitch and yaw. It was also to see
how long it takes for that attitude tc diverge
in pitch and yaw in a coupling and whatever

torques therc were on the spacecraft. It seemed
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to cone out pretty rapidly during this test. I
really think that's because we are in an earth
orbit, and even though you arc up a cougle of
hundred miles you're still getting scme torguing
and scme Iinterference from the atmesphere.

I show that the coning angle went out to zbout
4 or 5 degrees, didn't it?

Yes, in the course of that 20 minutes or so, it
was about 4 or 5 degrees. The part of it we
were concerned with and discussing was the fact
that the test required a pericd of about 20 min-
utes in tight deadband priocr to the time that
you initiasted this slow roll and went to free
in piteh and yaw. The intent of this period,
primarily, was to damp out the pitch and yaw
rates. We had found out earlier in the flight,
that the best way to damp out the rates was 1o
use the manual pulse mode rather than rate
damping. The tight deadband served nc purpose
other than to eat into the RCS fuel budget, and
generate small rates in pitch and yaw, which we
never did zerc out. We tried to explain that
to ground controllers and apparently it never

was fully understcod by the people respensible
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for this DT0. 8o we went ahead and did it as
programed and found that the coning was signifi-
cant.

CUNNINGHAM 1 nave a suggestion for the procedure. I think
that one of the things they did was thai they
attempted to free the attitude hold Just as they
hit 200 miles going up.

EISELE Yes.

CUNNINGHAM And it would seem to me that after we made the
suggestion, especlilally after the worry about
perigee torquing, they would have attempted to
have the test finished at 200 miles coming dowr.

EISELE Coming down, yes, and that woula get you away
frow having to do a tight maneuver near perigee.

CUNNINGHAM That's right, they would have had better data,
and less complications by outside torgues.

EISELE Yes, Well, in retrospect, I don't think it was
all that significant. It wouwld have optimized
the test a little more, but we did accomplish
several things. We found there was some corning.
I think it remains to be scen on transiunar
flights, where this maneuver might apply,
whether or not you really do get any sigrificant

coning over that pericd.
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CUNNINGHAM Yes, certainly.

EISELE The other aspect of the test, and they added on
another part to it, was to do a slow pitch
maneuver rather than a roll maneuver. We per-
formed that in the same manner with the tight
deadband for 20 minutes, and then went to free
to do the pitch. I don't know 1f that turned
out any better. I don't belleve it did; we
still had scme crossed coupling in the other
two axes.

3.3.15 Window Photography

CUNNINGHAM On the window photography, we took stills through
the window, before 3-IVB BEF. We took still shots
of the window post-S-IVE SEP. I believe I focused
on the window using S0368 film. We also took
two shots during the disrupt time when Wally and
1 went to bed the night before deorbit. These
are part of the dsta that's already in the photo
lab. We took many plctures through the window
focused at infinity in our normal course of
events, so we made no special pictures to fill
that part of the DTO. They wanted films of the
window coating and degradation where we pitched

180, rolled 90, yawed 180; we declined to do them.

CONTIL Miiihisier
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EISELE

CUNKINGHAM

EISELE

It was & rather purist apprcach to the thing.

We believe we had significant data on the window
degradaticn. We rade many visual reports and
tracked the degradation of the windews througout
the flight. The degradation could have been
studied a lot better had we not resultec in
belrg in stable II after landing. The windows,
exéept for the rendezvous windows, were vented
between the panes, and we ended up with sea
water getting in there and washing the panes.

In general, the rendezvcous windows stayed essen-
tially pure throughout the f1ight, The side
windows degraded slowly, and the hatch window
was the worst of all. It got a lot of conden-
sation in 1it.

I think we should make a point of the fact that
there was a significant difference in window 1
and window 5. Window 1 was .ocated next to the
urine dump, and we were continually having
little crystals settling on it.

It had a lot of crud on the outside of it -

rarticles,
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In addition to having any other degradation on
the window, we had these particles settling on
it. I never did have any of those particles on
ny windows.

it never got over to window 5.

3.3.16 EGS Secondary Cooclant Loop Test

EISELE

.The secondary coolant loop test was conducted at

183 hours and 4O minutes into the flight. We
initiated the secondary coolant loop operation,
checked on the primary cocolant loop and ran for
3 hours at an essentially drifting flight power
loagd. The secondary coolant loop operated
absolutely ss smoothly as possible throughout
the entire test duration. At the end of 3 hours
we powered up enough equipment to add about

LOO watts to the load. We continued to let the
temperature stabilize for an hour and a half and
then ran another 3 hours, and it operﬁted every
bit as well. During that entire time I bhelieve
we utilized sbout 3 to 5 pounds of water in the
waste water tank. Glycol evaporator CUl temper-
atures, the secondary loop, were maintained
between L0 to L8 degrees Fahrenheit. The radiatc:

CUT temperature was generally between L0 and a

COTTIOTRTRT
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little over U0 degrees and slightly over 50 degrees.
I guess the key thing here is the fact that I Felt
the secondary coolant loop cperated absolutely
faultlessly. I would not .ike to lead to any
false conclusions here, because the secondary
evaporator did not dry out during this 7 and

one half hour run. We should not imply that it
was any better or any worse than the primary
evaporator. The primary evaporater ran on num-
erous cccasiong for longer then T and one half
hours without drying out and yvet wouwld still end
up drying cut at some time. &c I don't know

what kind of problem we had there with the drying
out of the primary evaporator; we don't know

for sure that the secondary evaporator isn't
subject to the same thing. The DTO regquired a
comment on the conditiorn of the secondary cabin
temperature valves. The secondary cabin tempera-
ture valves did stay in the MAX cool position
througheout the test. BSmooth test.

I thought you might makc mention of the fact

that we still don't think this is a very good

system to fly with by itself. For example, If
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you were having to make a long flight back from
the moon or to the moon, the G&N system would
not he cecoled by it.

CUNNINGHAM No, that's a significant point. The G&N system
is not on it, but I stand considerably higher
in my regards for the secondary coolant loop
.test.

EISELE Yes, it does quite an adeguate job of cooling
everything else.

CUNNINGHAM - That's right, we operated it during the redundant
component checks aft one time; it operated for a
pericd of about 15 minutes tc an hour. During
that period of time the primary radiator cutlet
temperature, which was operating also, went down
from about 50 degrees all the way down to
10 degrees. It does a lot of cooling. We also
utilized the secondary coolant loop for reentry.
1t was very satisfactory.

EISELE It bypassed the radiators and used the water
boiler in the secondary loop for entry.

3.3.17 SCB Backup Align

FEISELE The first surprise on this one was that the south
set of stars were not sufficient. We found out

that the south set stars were only visible during

SONRDE—
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the night pass for about & or 8 minutes, and

we didn't think thet was long enough to permit
ug to do a proper assessment of these backup
alignment technigues. ©GSo we consulted with the
ground; they came up with the north set of stars,
Wavi and Polaris. So we uged those, and the
test of them worked out very well. Wally
maneuvered the spacecraft arourd to the approxi-
mate attitude on the IMU ball, and then I tock
over in the G&N station with the impulse con-
troller. If was & rather difficult and tedious
task to try tc align the thing very precisely
because you have to control all three axes
simultaneously. What I attempted to do first
was to take the key star, which was Navi, and
put it on the 50 degree mark of the telescope's
crosshair, and then go to attitude hold in pitch
and roll. I figured that would ﬁold it on the
spot. Then T did a pure yaw maneuver to bring
the other star on the line. Well, when I did
that, I forgot that the SFS lats go of the aitti-
tude hold in all three axes anytime you bresgk
the hand controller out of the detent. BSo it

didn't held on that 50 degree mark, and I ended

TORFDERTAT #
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up going back to pure pulse for all three axes,
After numerocus attempts to get both stars in
exactly the right position, I finally settled
for a condition where I had Polaris right on
the line and Navi very close, but not guite
right on that 50 degree mark. I tried it several
times and finally settled for what I thought was
.the best feasible thing to do, so we coarse
aligned the CDG at that time. Actually, Wally
was holding the GDC align button and he released
it when I said, "Mark." We took that as our
alignment. We then flew back to the 0-0-0
angles on the GDC ball and made the compariscn
with the IMU which was alsc aligned for that
purpose. We found that the error was on the
order of a quarter of a degree, which I thought
was pretty fantastic. I'm not sure whether we
Just lucked out or whether it;s really that
good. The peint is, it's tedious and time con-
suming and uses some amount of RCS fuel, but it
does work, and it works very well. I would not
hesitate at all to use that for either an IMU

or an SCS backup alignment if I had to.

CORTIOENTTIAL .
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2.3.18 SPS Burns & and 7

EISELE

2.3.20 SBSXT Calibration

EISELE

I can cover burn 6 because that's one I did in
the left seat. That was ancther SCS contrcl
burn with the GE&N monitor, and again we found
that the SCS results wvere quite comparable to
the G&N burns. Everything went neminal, and we
cut off on the DELTA-V counter with very good
results. I'm sorry, burn number 6 was s G&N
minimum impulse burn, which was just like burn b,
also very nominal. 3Burn T was the SCS burn.

Both of them went as planned and were quite

nominal in all respects. No problems.

The sextant calibration, I think we already
discussed this earlier. We only did one sextant
calibration test. It was called for a second
time in the flight plan, but we were advised to
delete it from the flight plan. Apparently
they felt the first one was good enough, or

else they weren't getting anything out of it.

I don't know which, but we did not do the

second one.

GLMBDENTTAL ~
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3.3.21 7PIPA Biass and EMS Bias Test

EISELE I did it twice during the flight, once very
early in the mission, and once later on but I
don't remember when during the latter days of the
flight, The PIPA bias hardly shifted at all
during the entire mission. The PIPA bias com-
rensation values that were loaded in pricr to
launch were guite adeguate for the whole flight.
The difference between what I measured with the
test and what was loaded in was on the order of
.01, whatever the units are. (I don't know what
they are.) But it was a very small difference,
and it was guite stable.

t was interesting to note that the Y PIPA had
absolutely zero bias in it. The thing was per-
fect, as near as we were able to measure. The
firet time I did it, I was quite concerned. =
thought perhaps the Y FIPA wasn't working at all
because it got no bias whatscever for 4 minutes.
The ground had the same reservation, and we
actually went as far as doing a small thrusting

maneuver with the RCS sideways and then back tc

e, '
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see if the PIPA's really worked, and it turned
out that it did. It measured the velocity very
nicely.

The EMS Bias Test. Wally performed the EMS bias

test at variocus times In the flight, usually
before a burn. We'd check it out, and we would
simply go to DELTA-V in AUTC and watch the
DELTA-V counter count. Usually, we got one
tenth or two tenths of a foot per second over a

minute or two. Very small bias.



3.3.21 PIPA Bles and EMS Bims Test

SCHIRRA

SCHIRRA
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On the EMS bias test, I tested the EMS as it
would be used. I didn't feel that there was
any reason to test it any other way. We did
run it for one long period of time about 5 min-

utes, I guess, but the real wvalid test of that

ig the 30 seceonds that it is ON prior to the

burn plus the burn time. This should be done
pricr to the burn, so you will know what the
residuals are from it. As an example, we had a
36-second one; it was a 6 second burn. The bias
was one tenth of a fool per second. I think
that is all that needs to be said on that EMS
bias test. The other interesting thing I might
make note of is that there was nothing on the
EMS, nothing on it.

I'd like to meke this statement because I've
spoken abcut it during the flight readiness re-
view about having a hardline go across the LEEB,
sc you won't have to make and break. I still
think it would be the way to do it. You have
got to have that hose in there anyway for urine-
management when you're in the suits to dump from

the couch. You do that; we did when we Tirst
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started out because there is no way to get all
three guys down as you get ready to unsuit. So
you de have to bring thet hose up from the urine
nozzle to & man in the suit.

EISELE I guess on water mansgement, the only menagement
we did was to dump the waste water periodically.
When it got up to 95 percent, we dumped it down
to about 20 percent.

SCHIRRA We did it one time volunterily and they never
called us on it.

CUNNINGHAM There are two points I think ought to be clari-
fied. One is the fact that you can't open B8
which has got about eight or ten cans of 1l6mm
film in it, in our case. You can't open BB with
that little valve hooked on there. You should
have a shorter valve or one coming out at an

angle if you are going to have something pro-

trude at all.




3.4.17 SPS Propellant Thermal Control

CUNNINGHAM

I would like to make sure that it is well
understood that apparently no thermal control
was required for the SPS propellant tanks tem-
perature, The only time that any work was done
with it was for ground request and to verify

heater operation,

3.4.18 Auxilisry Propellant Gaging System

CUNNINGHAM

SCHIRRA

CUNNINGHAM

We uged the auxiliary gaging system for the
long burn, 66 seconds, and that was in order
for the ground to be able to collect compara-
tive data. The primary system worked as adver-
tised. It was interesting to me that after the
first two burns we showed more oxidizer than
propellant left; but by the time we finished
up, we were showing more in the other ratic.

I would assume this was down within the accuracy
of the meter. My personal feeling was that I
had that meter quantity reading to probably
about plus or minus .5 percent at best.

There's the answer. Reduce ...02 tank fan
cycleg, and that is 1t.

Yes,

o« *
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3.54.26 SCS Backup Alignment Procedure

CUNNINGHAM Have you already discussed SCE backup align-
ment procedures, Donn?
EISELE Yes.

3.4.29 Zaunch Vehicle Propellant Pressure Displays

CUNNINGHAM Did you want to say anything about those?

SCHIRRA I called all those numbers down.

CUNNINGHAM Yes, Easy to read, no vibration during boost,
etc.

SCHIZRA Let's compare my numbers that I called down

with the ground readout, and if they're good,
let's get those back to prime. They weren't
evaluated prior to that. That's why I didn't
want them to be prime. Do you get my argument
on that? Remember, we called down when we were
venting? I wrote them in the log. Let's cor;
relate those with time, and if the instruments
are good, let's bring it back to prime, When
it's onboard.

SLAYTON But it was neither prime onboard nor prime on
the ground by the time you flew. It was no
longer & considersation.

SCHIRRA Agreed., But there's an MTS case, and there is

also a leask casge.
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SLAYTON Okay. The MTS case we threw out.

SCHIRRA I would like to get the instruments back to
prime if they checked out. If they Jjust read
tne same thing I did, then I would go by the
instruments. We've had a flight test on it.

3.4.30 Window Deposits

CUNNINGHAM T believe we described this in real time very
adegquately.

SCHIRRA We have that on tape.

EISELE We have that on tape, too.

3. 4,31 Manual Retro Attitude Orientation

CUNNINGHAM Did you hit that or not, Wally?

SLAYTON You commented on all of them. I think we have
all of them,

SCHIRRA We got that in real time; I didn't have any

problem with that. The ground goofed on that
first one. They gave me the wrong angles, and
we got that straightened out in real time.

3,4,33 (08 ARIA Communications

CUNNINGHAM I would like to add a comment under Ttem 33.
CS8M ARTA communications were not really all
that great. It turned out that S-band through
ARIA was definitely clearer on board the space-

craft than the VHF was, To my knowledge, that



was about the only time I noticed a significant
difference between VHF and S~band., For the non-
ARTA contacts, the difference was negligible as
far as I was concerned. It was nice to have
ARIA communications, but I don't know thgt we
ever utilized them for anything other than
sﬁanding by. On the communications, 1t was
nice to know that wvou had the contact. We did
not have these in the flight plan. It was
always passed up real time from the CAP COMM

so we would have it.

3.4.34  ©SM Structural Performance

CUNNINGHAM I can't think of any comments we might make on
CBM structural performance.

EISELE Yes, I do have one. 1 lcoked at the MET after
landing, and that can still be locked at, the
MET glass. The failures we were seeing in that
and the cracks didn't change before I exited
the spaceeraft. Remember, we had the little
crack on one side that has been described pretiy
carefully? We didn't remember to tape it there,

CUNNINGHAM No we didn't.

EISELE But it d4id not change as result of landing.



SCHIRRA

EISELE

SCHIRRA
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What you mean is that the crack we got from the
burn is worse than the landing.

Thet is the way I would academically put it.
That should be looked at and documented.

A hole was put in the spacecraft after landing
by scmeone iﬂside, on board the ship. 4
Hasselblad camera lens {not ocurs) was dropped
right where my feet were in the aft bulkhead.

I am not sure whether that date has been re-
corded back here, but I'm sure thet was taken
up . . . The only other thing that we had as

a surprise gstructurally was this loud, loud
noise during entry that caused me to switch
rings. Thet's & big opening in my mind. I
don't know whether it wes structural or
thruster or what, but it was a very loud audible
noise on my side of the spacecraft., We all went
into scme degree of shock at that point; what-
ever that wes, I don't think it could have been
transitionary, much tooc high for supersonic or
hypersonic effects. This was way up there,

The time that best documents this event ~ I

would say the event cccurred probably U or
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CUNNINGHAM

3.4,35 Crew Activities

EISELE

5 sBeconds before I started pushing circuit
breakers in. Not much more, It was an awfully
fast response, Reaction time was almost in-
stantaneous because we were hair-triggered any-
way. Those circuit breakers were going in
awful fast._ As goon as Donn said something
about pitch, of sixteen circult breakers {only
three of which were in originally), all were in.
Another item thet comes under structural per-
formance is that of vibration and resonences,
and I didn't notice any resonances in the space-

craft in orbit.

I think I've evaluated and discussed practically

every activity.

ISOMBRENTE
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5.0 LANDING AND RECOVERY
SCHIRRA We took our time sboard ship. Knowing we were
going to stay overnight, we didn't rush through
the medical area., I think the doctors were
very cocperative on our request, giving us &
little quite time. One of the errors made was
about the three pair of sneaskers; two were
size 9, and the other was size 11, I assumed
that they would know our sizes. We did have
our own blue coveralls here; that's what we
came home inj and they had flight suits aveilable
for us, so that was covered very well. However,
they didn't have the right size skivies.
EISELE I thought the operation after we got aboard the
carrier ran about as smocth as could be expected.
SCHIRRA I think you ought to let the crew have cne good
night off the ship, at least. We felt sc good
the next dsy that I just couldn't believe it.
CUNNINGHAM I don't think that either Donn or I really
realized untii after it was over Just how much

benefit it was.
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5.1 Impact on Touchdown

SCHIRRA

CUNNINGHAM

SCHIRRA

CUNNINGHAM

SCHIRRA

5.0 LANDING RECOVERY

In the flight plan, I wrote down, "Apollo land-
ing is a crash," and by no means is it; it was
the softest landing I've had in the histo;y of
this business. Not to make a Mondsy morning
qugrterback, it really was. 1I'm not trying to
sell anything to anybody or justify my deeision
by what resulted in the landing; it was a very
soft landing. I've had harder landings on a
runway in an airplane. To add to that, It was

- I'd say, the waves were at least 4 to 5 feet
high.

It looked like about 4 foot waves on top of scme
pretty healthy swells -

We had winds up in the area of over 18, maybe 20,
21 knots. I know those numbers because when I
sail, I know when I have 18 knots.

Yes, there was a squall there.

I would have taken my main down and run on the
Jib, which means it is over 20. I've been in
the same kind of water on a real rough day off

Galveston, so go get your things and get that
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kind of water for egress training. It wasn't a
wild seaj; it wasn't a wild sea.

CUNNINGHAM No, but I'11 tell you, I think it was similar to
the sea we had for our egress training on 101
in the Gulf.

SCHIRRA Except for the froth on the top of the waves,
~the white caps, you know.

CUNNINGHAM You're right, it was.

SCHIRRA The sensation I had - we were really braced in

| that thing - gosh, you just can't imagine how
tight we were in there. Such a surprise, it just
plopped. Flopped, not a pow. Much less of a
surprise, for example, than the SPS burn. How
does that grab you for surprises?

SCHIRRA We didn't expect the SPS to do that, that's one,
We expected horrors on landing; that's probably
why I can say that very safely. The spacecraft
did not tumble. That is very important to make
that point c¢lear, and we said it on the tape on
the ship, I know. It rested, and we lcoked at
each other and said, "My gosh," and I locked out
the window and saw we were going over because the
chutes were falling down as you would expect. It

torqued us over, and we were Just about X-axis

Eimiisiihinheiisininy '
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CUNNINGHAM

SCHIRRA

CUNNINGHAM

SCHIRRA

horizontal. We got the chutes off, and then I
could see them going down in the water as we moved
along overtaking them because they stopped cnce
they were released, went over and beyond them;
even in stablé II, we were moving.

The thing thet impressed me about the thing right
there, Wally, 1s how very quickly we were upside-
down. We started covering the postlanding check-
list in orbit; Wally had locked at it the night
before; I reviewed it again before entry. A1l I
had to do was put two circuit breskers in; and
Wally had to turn two switches off. I was pleased
that we hit the water; we looked, hit the vent,
and the chute was off in a coﬁple of seconds.

I don't know how we got off....it took me 1L sec-
onds.

You did turn the ELS AUTO off?

Yes. The coverguard on the ELS logic switch has
pointg on it; I didn't want that out for landing.
I've been trained long ago; I wanted that off
again for landing so I didn't get my knee in it
in case I-did come up. S0 that was down. You

know what the other possibility is? It is that
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maybe it didn't come disconnected; it just col-
lapsed. It didn't come disconnected in 1k sec-
onds, and that is part of the reason we ended up
over,

SCHIRRA We were being dlown over, I knew that. We could
see the chutes up.

CUNNINGHAM 'We were kind of going, yes, but you know the
chutes were gstill there sometime laster because
I didn't see them for & long time.

EISEiE I had the feeling it took several seconds before
we actuelly got over in stable II.

SCHIRRA I disagree with you on our very hurriedly getting
in II. You guys hit the switches very gquickly,
but you are right, the chutes may not have come
off at that particulsr time.

CUNNINGHAM What I am getting st is that I was surprised.

| We hadn't really gone through this part of our
checklist in training very often—yocu know, the
postlanding part, but it went click, click, click,
and they were off. If was faster than I expected,
and the 14 seconds -

SCHIRRA I don't think they were off; that's the point.

CUNNINGHAM That's right.

N ~
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SCHIRRA

EISE_E

SCHIRRA

They collapsed, and we cruised along with the
wind over the chutes which were in the water.

We nad relative motion. I remember looking at
<he chutes cut of the left window and seeing the
lines and this big squid down there, I vas re-
minded of that peor scuba diver in Mercury days
who leaped back up on the life raft when he saw
that monster down there.

What was it, the chutes?

Yes. Poor guy was white all tne next day.
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5.2 Postlanding Checklfst

CUNNINGHAL

SCHIRRA

CUNNINGHAM

SCHIRRA

There are scme differences here on the pastlanding
checklist, incidenfally.

Somebody on Recovery 1 called for the beacon lights
on, and I had no reason to turn them on in daylight.
8o I turned them on and verified that they worked.
I think - I am not sure 1if they - yes, they were
calling for the beacon lights. When they kept
calling, I first thought they were calling for

the beacon radar.

Air Boss said, "No, beacon lights." I went
"elick," and I said, "Are there beacon lights

now?" And they said, "Wait a minute and we'll
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CUNNINGHAM

SCHIRRA
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sce. Roger. You have beacon lights," and I
turned them hack off again.

Maybe it was because 1t was such poor weather.
You shouldn't have to use them in daylight is nmy
point.

On the checklist itself, we ran through the test
down stabilization portion. We got down to the
rart about coocling for 10 minutes and then filling
float pags for T minutes. We cooled for about

8 minutes and turned them on. It took about four
and a half minutes to upright, and we ran it for
2 minutes after upright. Thinking back on it,
remember they weren't all really full tp, Wally,
when we shut down. Actually, we let them run on
fer awhile. I suspect we probably should have
f11led it for T minutes plus 2 minutes.

Let me ask you this, because I came out slow. I
was trying to find some gear; f couldn't find my
sunglasses. I went over on your side, and then
you wWere hurrying me up, and the choppers were
cening. But I couldn't determine whether you

nad powered it down. Had you?
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CUNNINGHAM Oh, yes. We went B buses off. It wasn't like
the simulator because there was a lot of light
coming in.

SCHIRRA Oh, that's right. It's the sunlight that gets
bright. And the hatch was open. You're so used

to getting light; in the simulator, it goes dark

when -
CUNNINGHAM That's right. When you turn the main buses off,
it goes dark.
SCHIRRA That's the question I had.
CUNNINGHAM Then we did go to the stable II position, stable II

checklist, and the surprise I had. Remember at
first it says if the battery bus is less than - I
didn't really read this - but if the voltage is
less than twenty-seven and one half volts, you're
supposed to pull one of thé batteries off the line,
And I said, "Well, hell, the meter's reading zerc,"
and then & couple of seconds later, I realized
that I was reading main bus voltages instead of
battery bus voltages.

SCHIRRA By the way, let's say something at that point.
That was the eeriest feeling I had. I didn't know
where in the hell ﬁe were. I knew we were supposed

to be with the computer 1, and when that stabled II,

o
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CUNNINGHAM

BISELE

SCHIRRA
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I was very much alone. I wasn't alone in Gemini
and Mercury. Thoughts like Scott Carpenter's in-
cident went through my mind, and all of a sudden

I didn't know what to do. I said, "Here we are
stable II. We may be stuck there."

You know what added to it? You know, whaf added
to it was the fact that the weather was so much
wofse, and we figured if we blew it, we must have
blown it many, many miles, Because here we were
gitting with weather that was not anywhere close
to what we were expecting.

Yes. I figured the computer had really bombed us
into some place hundreds of miles awsy from where
we should he.

We were sitting there, and Donn at this time said,
"Does anybeody feel sick?" And Walt and I wouldn't
help him because he just went white and grabbed
his barf bag, which was, by the way, a2 good tech-
nique, I wasn't as well prepared as Donn wag for
this, in this sense. Before we started down, we'd
gone all over the things we were going to have in
our suit pockets, (just so we wouldn't have any
PTK's in our suit pockets), all the stuff we wanted

to take off the spacecraft on us, and we also had
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a fecal bag. Donn was smart enough to break his
bag down at the bag. 1 just had a package, and
that's wrong. We should have had our bags out.

I was just hurting myself, in that T was in a
hurry, and I said, "Oh, I won't get seasick."
Well, I lucked cut, and I didn't. -

Well, he didn't take a pill. His confidence kind
-of bothered me.

I've never been seasick in my life, but after be-
ing out in the Gulf, I was all in favor of taking
a pill up there.

I don't think the other guys did this, not get
seasick, unless they got sick and just got over
it.

That was my trouble. I had dry heaves; there was
nothing in my stomach,

There was a lot of water on your stomach; you were
pulling on that water gun the last 2 days. You
were drinking water all the time.

Yes, but water doesn't stay in your stomach very
long. All I got up was some gastric Juices and
that damn Marezine pill that I had swallowed

gbout an hour esarlier.

SONEDI
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CUNNINGHAM

SCHIRRA

We didn't do any of the next damn business be-
cause we had slready planned on getting out of
our suit;. We didn't want to lug an extra

55 pounds around after landing.

I didn't manage to get all the way out of my
suit by the time that the hatch was opened. I
was down in the LEB wrestling with it, and it's
awfully hard to get out of those suits., T can
only say that the liner must be attached to the
suit in order to get out of it easily. The neck

ring and my arms both came out when I got the

sult off. Everything else just peeled apart.




5.3 Communications

SCHIRRA

CUNNINGHAM

SCHIRRA
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COMM was a problem; they Jjust barely got us be-
fore touchdown. And then, they snapped out as

we went under the water, and so d4id the VHF.

Then we got to the stable II checklist; we turned
off the radic, and after uprighting again, we
turned it back on, and it worked fine. Incident-
ally, we had VHF COMM on the way down.

They heard us, and they heard me say "IFR clear-
snce stright in, no delay expected." They got

a big kick out of that one. They also got three-
way cuts on us on their electronic homing gear.
They had lots of electronic gear. That's another
one I want to bring in while I'm talking about
COMM. This particular ship as an anti-submarine
warfare ship has an airplane they call the E-1
electronics airborne CIC. They really had us
cold., They picked the spacecrsaft up in the water
on their radar. It has a l7-foot radar antenné.
They picked us up, no strain. It's a damn good
device to have out there on the recovery force,
That backed up the cut we had; we had a three-
position cut. For some reasson or other that

beacon didn't work on descent.

SO
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CUNNINGHAM I'm suspicious about the fact that we've got two
geparalte antennas that come out, and I know that
it's kind of a tricky antenna to stow before
launch and to come out. I almost have the Im-
pression that it hung up, that the one that the
bescons are on hung up and eventually broke-loose.

SCHIRRA Voice COMM was very good, I think, It might be
WOfthwhile to bring this up. You keep forgettiing
that you don't have the big heavy transmitter that
everybody else has, and you can't understand why
vou can't talk back when you hear everybody.
That's just the problem; it never will be changed.

5.4 Bpacecraft Status cpacecraft's status are zll GO, other than the

batteries are probably low, and we all knew that.

5.5 Battery Fower

CUNNINGHAM By this time, after we'd cut the loads off -
any of the main bus loads - we were sitting at
about twenty-eight and a half wvolts on each
battery bus, and it had been working its way
up from the 25.2 we had on SEP, until we were
actually up te about twenty-six during re-entry,
We had been creeping back up, but for postland-
ing, we had about twenty-eight to twenty-eight

and a half, something like that.

—CONEIREMFAL
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5.6 Postlanding EBCS System

5.7 Ventilation

CUNNINGHAM

SCHIRRA

I goofed on the ventilation and internal tempera-
tures; it all comes together as one thing. 1In
the stable II position, you cannot get any venti-
lation. There's no suit band; you're just living
on an open suit. There's another reason for not
‘having the helmet on, nct that I even thought of
that beforehand. We would have had to have our

helmets off -~
We would have had to take them off right away

in any event.

Right after landing, as scon as everything
settles down. We did know that we had to get
the helmet off, but that was not one of my con-

siderations prior to re-entry.
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Internal Temperatures

SCEIRRA

CUNNIYNGHAM

SCHIERA

CUNNINGHAM

SCHIRRA

We were really daying in therc of the heat, I
hit this thing and said, "Well, that must dc

1 . . - .
Walt's got this socx hanging from

something.'
face, and whoosh, it's gone, and the whole cock-
pit occiudes. It just fogged up -

I diédr't even have a duct on the thing, and it
was blowing down nicely on me., I think there

is & point to make here, Wally, and that i1s that
subsegquent crews really - that little phase,
when you run through the simuistor on re-
entries, you generally don't really run through
this stuff -

Well, what we didn't do, Walt, was play it all
the way on water egrecss in the Gulf.

Yes, that's right, bceause we were so anxious

to not -

We had one part we were trying to get done,
which was to get that survival beacon radiating
to the spacecraft. By the time we got into the
Gulf (this version for egress), Walt went down
into the LEB and we had the hatch open by that

time. Walt came crawling out of there; he was

getting sick; and from then onr, it was all get

PCEMRREY, -4
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out. I guess that's why we blew that particular
phase of that training, or I would have played
the switech, and we would have had the ducts out.
We were in a hurry to get cut of there, I

guess that was our misteke; we shouldn't have
done that, Tt wasn't fatal, but it'é something
the other crews can take advantage of. 0Oddly
cnough, in my estimation, the spacecraft was
more confortable te ride in as a beoat in

stable II. It's a lousy positicn to be in -

CUNNINGHAM I agree with wyou.

SCHIRRA — but it damped better in the swells and waves -
CUNNINGHAM Actually, there was far less motion -

SCHIRRA I think we'll go shead and make that a recom-

mendation. You can’'t get fresh air, so that's

a problem. There is no way to use that as a
technique. There in stable II is where we saw

— I think my description of the windows will
hoeld now - 1, 3, and 5 getting water inside up
to two panes away from us. It means they're
vented, and that's why they got this condensa-
tion on them. There's no senge running detailed
studies on the damn things; they've been washed

off with salt water. They whirled up and down

L T
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inside them just like you're trying to wash
them. They're all scrubbed off very nicely.
Now you can see water crystals in there.
Kumbers 2 and 4 were not vented, and it's quite
obvious that water didn't come in. Another
thing we noticed in stable IT was g little bit
of water down in the tunnel hatch area, which
is our own water.

We,...off those glycol pipes for several hours
before decrbit, so I'm sure that a good bit of
water collected in there, It just ran the -
lowest point, which happened to be the tunnel

hatch when we were upside down.
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5.9 Spacecraft Attitude

EISELE

SCHIRRA

CUNNINGHAM

SCHIRRA

CUNNINGHAM

SCHIRRA

The spacecraft attitude was very poor. Donn's
whole world came to an end. That's about it.
But when we got back to stable I, we were trying
to get the postlanding ducts from Donn. He had
them in his pocket, and he was down in the LEB
bemocaning his fate, loudly bemoaning. We

finally got all up, and Walt gave me one shorty.
We couldn't feel any flow at all, and I went
down below my girth ring. There's a postlanding
vent valve control, and I said, "It's on NORMAL.
Okay, Walt, pull the lever." And Walt dutifully
pulled the lever up there which is the overlock.
For some reason or other, I didn't furn the damn
switch on.

It's supposed to go to HIGH.

It has a vent switch; I've looked at it for all
these years and never used it.

We let it sit there for guite awhile, because T
remember saying, "They're hanging there."

The real fun of this is I finally - sometime

after -

ST By
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5,10 Couch ~osition
SCHIRRA
CUNNINGHAM

5.11 Internal Pressure

SCHIERA

CUNWINGHAM

SCHIRRA

On the couch position, as far as I could tell,

I locked at the struts, and I'm sure that the
people have done that since those couches didn't
stroke from 1 mm.

It would take 22 g's to break it out, wouldn't

it?

Internal ... There was no problem with that.
We did use the dump technique and locked up at
the - what was it, 1 000 or whatever you -

We were locked up before the mains. OCh, no,
between drogues and mains, we went to dump in-
stead of just to boost on re-entry. We had
time to do it, and this was just -

We were not rushed on the way down. We really
weren't. In fact, I didn't make that point

way back, but at .05 g in re-entry, 1 said,
"Okay, tighten up, gang," so we tightened up on
our straps. We tightened up again after drogues,
tightened up again after mains. You're squeez-
ing the couch to 1 g. That was my point. We

really had ourselves tighten up. At zero g,



SCHIRRA

EISELE

SCHIRRA

you can't get your butt forward on the suit or
the seat pan, and when you get the 1 g weight
on there, you just really went in. The harness
did move.

We used the locks on the harness positions in
zero g for retention. 1 was worried about the
straps; they became a little more supple, (if

T could call it that) than théy were originally.
You did mention 1t was very hot in there.

Yes, indeed.
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5.11 Internal Pressure -

cont'd

CUNNINGHAM

5.12 Recovery Operstions

SCHIRRA

Just to make the point real clear on internal
pressure, we did go to the dump position on the
one cabin pressure relief wvalve, which allowed
us to get rid of about one psi differential.

And we did close both the cabin pressure relief
valves at, I would estimate, 800 feet, something
like that. Right, Wally? I didn't start read-
ing to you until you called a thousand.

Well, at someplace less than a thousand feet,

we locked them up so that the pressure differ-

ential was not very much.

On recovery operations, we mentioned the fact
that we didn't hit the SARAH. One of my biggest
surprises was that I felt - I read the recovery

stuff before we left.
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5.13 Grappling Hook Deployment

SCHIRRA

SCHIRRA

CUNNINGHAM

SCHIREA

CUNNINGHAM

SCHIRRA

CUNNINGHAM

I thought it was going to be a call from them
to throw out the grappling hook if they wanted.
It turns out that the only time they use a
grappling hook is for the pyro medic type de-
ployment. When you use choppers, yoﬁ don't
need fhe grappling hook. BSo that's the tip

on that.

The ship wasn't even trained for it because they
didn't have that requirement.

They hadn't even heard about it.

They were all surprised. The Air Boss, the
carrier, and the skipper -

Where it did affectus though was when Wally
said, "Do you want us to deploy the grappling
hook?" because it requires a little lead time.
They couldn't understand me, said I was garbled
We were talking to the copper pilot, and he
said he didn't hear it. He said if he'd heard
it at all he probably would have said "Roger,"
meaning we would have been busy. Instead of
getting out of the suits, we would have heen
busy going under the coucheg and trying to take

the screws out and throw that silly thing out -

wESE \

'
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SCHIRRA

~ when he didn't really want it. At dinner
that night, he said, "If I had said, 'Roger',
he wouldn't have understood.” That meant we
would have gone all the way underneath the LEB
under the couches to get that thing outf So
that was kind of a bad cne. On the other item,
I found out why they didn't want me to holst
aboard, which I might have considered; as it
was, they were so far away from us. The reason
they were not right there was because the skip-
per tock the ship and moved it out of there.

He wanted tc get out from underneath us, and he
took the cheppers out from underneath us, teo.
That's the only risk, I think, in coming in in
low ceiling areas. They don't have time to
dodge you if you really are in the predicted
landing place. Sco that wes a pretty good hit,
I'd zay. At any rate, that was one of the
reasons why it took a little longer for recovery
than it normally would have. We were about 4
or 5 miles from the carrier, away Ifrom the spot.
It it had been the blue-bird day they had the
day before, they would have beén prepared and
suspected that I would be hoisted aboard, but



I agreed that I wasn't going %o be., But it
would have been perfectly alright tc have been
hoisted aboard on a clear, calm blue-bird day.
Doc said the ship was an old ship built in '43
and he was a little worried about s‘tr’essing the

gear. This wag just a feeling, not an engineer-
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5.1L4  Egress

REP

SCHIRRA

\
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ing job. The egress out-of there was no strain.
They had two 1life rafts ocutside, had a JG scuba
diver type and two other men there. They
handled themselves very well; so there was no
problem. We Just got out one at a time, and
then they picked up all three of us. There

was drizzling rain when we were getting out.

We ‘ust flat-out got good and wet anyway.
That's one reascn I doﬁ't like to get out. You
Just get sopping wet.

Did they have COMM with you before you got out?
Ko, and this is interesting. In stable II the
sea dye marker was leaking cut. We could see
it. BSo I said, "Oh, it must be in automatic
deployment; I didn't know that." But it wasn't
and it turns out that you have to deploy the
sea dye marker to expose the phone jack. They

couldn't find the phone jack. That's the
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reason they didn't get to that. But that's the
key to it. They can't get to the phone jack
unless you deploy the sea dye marker. So it
looks liké S0P is - that you've got to deploy

the ses dye marker no matter what. That was

something we never even knew.
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5,14 Egress

SCHIRRA

EISELE

SCHIRRA

When we got the hatch open, as every time in the
past, in the bleck I training, either in the

tank or cut in'the Gulf, it was always the same:
we wanted out fast, The other thing we wanted
was to get the suits off, They are hot and
terribly uncomfortable, We had to help each
other get the zippers undone. I got out of the
sult and into the raft. There was a scuba tank
in the raft.

We got sopping wet just from getting out of the
spacecraft and getting in the raft. I was just
about shot. If I had had to put con one of those
air-tight suits that they're talking about for
the lunhar returns, I would probably have passed
out. You could run a good risk of that happening
to somebody, maybe losing a crew member because
of that.

T recommend & little cargo net around the raft
that they can go in and not drown so that they
would be able to cool cff. The internal medicine
is something else you are going to have to work
on, but externally, there is no reason to isclate

it.
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CUNNINGHAM Stay away from any other suited operations. We
definitely wanted to be out of the suit because
of the load that it would put on us. Geiting
back into oﬁr inflight coveralls was difficult.
We were all sticky and wet, but we insisted.

SCHIRRA They did have clothes in the chopper for us to

wear.
5.14% Heress

SCHIRRA This comment should be logged under area 5.0
and had to do with postland hatch cperation.

All during the early part of the

flight, we noted the pressure on the hatch
decreasing, and there was no callout for it.

I elected to put the lever that was in the

PRESS position to the NEUTRAL position to
isolate the bottle from the hatch cylinder in
case the cylinder was lesking, and over a number
of days, it's not unreasonable that it would leak
cut. This way, we could save what was left in
the upper bottle, the initial bottle, for the
hatch operation. In postlanding, when we got
back to stable position I, Donn Eisele, who is
normally our center couch hatch man, wasn't

‘available. This is part of my point.



g,,_ |

Fortunately, I did work with it encugh when I
was involved with the design cf the system and
I knew how to work it, but I had never actually
done it. In this case, I had to do it. Walt
was busy helping Donn, and I was the only one
available to work on the hatch at the time. I
ran the press lever outboard, and nothing

came up. That bottle was green, so I had to
bring the second bottle on the line to get the
hatech to open.

REP How hard was it to operate?

SCHIRTA No preoblem at all. I had never operated it
before with gloves off.

REP Barehanded?

SCHIRRA I think that's the first thing Welmight as well
face up to. If you were doing it, you are going
to be barehanded. You don't need the counter-
balance in orbit; you better not in fact. There
are two things from that: one is that all
crewmen should be traiged to run that hatch in
that phase of flight, the end of the flight, not
early in the flight because then you are in

orderly progression of events like countdowm.

~EONPDI. o
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SCHIRRA

CUNNINGEAM

SCHIERA

EISELE

SCHIRRA

CANERTIITI . 93

Because I was so involved in the design of the
thing, I knew exactly how to do it. I've never
trained for it, Just fortunate in my case. We
were in a hurry to get it open because Donn

was in bad shape and needed some fresh air.

I didn't realize that fact. You went at it
even though you hadn't worked it before; you
didn't seem to have any problems.

No, I didn't because I was on the drawing board
the day they designed that thing; that's the

reason I knew about it. We were jJjust talking

about the fact that I had tc use number 2 bottle
tg open.that natch.

Incidentally, it didn't really drive that hatch
off with great dispatch. No great exuberance,
no.

It was surprising thbugh to open up and get
rain in my fan.

Boy, did that feel good!

What a transition though from this great sound
little vessel with after-odors to the outside
world., That's a point I'm glad I thought of;
it Just crossed my mind. It had to do with

valving; that's as far as I'm concerned,

Gk
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5.16 Crew Pickup

SCHIRRA

SCHIRRA

REP

EISELZE

SCHIRRA

EIBELE

SCHIRRA

I thought the pickup went off very well. It

was lousy weather, and that chopper pilot really
worked like a dog to get in there. He had s

lot of wind, and the spacecraft was blowing
along, and this was a resal hard job.

He did great; he did very well, We got into the
chopper, ... was in there with some drinking
water for us. Right away Donn recovered; slmost
immediately, and I think he said, "I'm now back
in my element."

In chopper flying?

I was airborne, anyway. 3Back in my natural
element.

It was kind of nice tc see the doctor we had
worked with there, and he was prepared to go
over the side ...

Yes, he had a -

We took our trusty little combs and combed our

hair and sat back and relaxed.
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6.0 SYSTEMS OFERATION

6.1 Guidance and Navigation

6.1.1 I8S Modes

EISELE

Ttem 1, 1ISS modes. 155 CDU's appesred to work
perfectly throughout the flight as far as we
could tell. We always got sensible numbers

on the DSKY, for instance, if we.wanted to lock
at gimbal angles, and the ccoarse and fine align-
ment of the IMU and so forth. The interface
between the computer and the IMU appeared to
work nominglly; in faet, it worked almost per-
fectly. We were really astcunded with the per-
formance of the whole system. IMU turnon and
turncff was a very simple thing to do. It
operated Just as advertised. The caging (which
we could do by manually calling the coarse
align routine or in scme of the normal align-
ments, cage the IMU or drive.it to a certain
attitude) seemed to work Just fine; we had no
trouble. Actually, we never did use the cage
switch. If we ever had occasion to cage the
IMU - thet is, put it to NULL, we did it by
means of the computer with the VERB Ll, coarse

and fine aligning. The ccarse alignments that
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tock place in the alignment programs varied
guite a bit in terms of the gyro torquing angle
errors that we got in the subsequent fine
alignments. I think the reascn that we some-
times got rather large coarse align errors was
because often the spacecraft was moving when the
coarse aligning was going on, and rather than
waste or use up IC5 fuel to stop these rates,

we simply let it drift on, and this generated
considerable error, sometimes on the order of

5 degrees coarse align. This wasn't the problem
either. It was surprising the first time it
haprened, and I got to thinking about why it d&id
happen, and it was obviously the spaceeraft
motion. Nomally, a ccarse align error, with
the spacecraft reasonably stable, is on the
order of a couple of degrees if you are going
from one attitude on the ball to the other.

Fine align routines worked beautifully. I was
very pleased with the results of that, Usualiy,
if you were doing a P51 followed by a P52, when
you do the fine alignment the first time through,

you would take out the coarse align error with

e PR -
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the gyro torquing numbers; and the second time
through when you do the fine align, these numbers
would be down in the thousandths of degrees,
tyvically, or hundredths of degrees at worst.

I found that IMU drift over a periocd of several
hours was very small. You do a P52 fine align,
and you would find again that the gyro torquing
errors were guite small. I am sure the quanti-
tative data is svailable on the tapes and so

on. Display of attitude errors. Really we
didn't meke much use of attitude error displays
that I can recall, just never found it necessary.
The feature that we did use was the attitude set
feature, where you use the attitude errcr neecdles
to indicate a difference bhetween what you have
set on the attitude set knobs and what your
actual attitude 1s, either in reference to the
IMU or the GDC.

Did you mention under one of these categories

on the alignments, that in all fairness in‘all
alignments we did - and I don't have any idea
how many, I must have made a dozen myself and
you made a lot more than that - we never had a

final difference gregter than four balls 1,

OTMBDENMAL
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EISELE

% _
CONRDENFA:~a

Four balls 1 was the biggest we got; in fact,

I'd say two thirds of them were zeros.

£.1.2 {ptical Subsystems

CURKRINGHAM

Very good optics performance, which is the next
item here. Power, that must mean one power
telescope which they are talking about. I have
already discussed the optical gualities.
Basically, optical gualities of that telescope
were identical to what we see in the simulator.
There ig a great deal of light loss in going
through the instrument, and there is some dis-
tertion and blﬁrring at the outer edges. 1
guess that also covers the light transmittance.
It's not too good; you have to get dark adapted
before you can see stars very well. Mechanical
drive is excellent in both RESCLVE and DIRECT
modes and at any of the three speed selectilons,
The drives for the sextant telescope are just
very sriooth; and tracking anything, be it lana-
marks or horizon, or stars, whatever, is very.
easy to do. Lven with the spacecraflt rotating
up to half a degree a second, you can track
stars very easily in the sextant. And I guess

the mechanical drive for both of them are comparable.

COMRDENILA|
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EISELE This has to do with the durping. I think I've
covered that before, but we will mention it
here. At certain times, notably near sunset
and sunrise, if you happened to be dumping
fluids through the overboard dump at the time
you are locking through the opties, you will
see snowflakes oul there which iock very much
like stars, You see a whele field of them,
and it Just obscures the entire star field.

You can't tell the stars from the flakes of
frozen particles.

RET Does that occur during dumping?

LISELE Yes, it occurs during dumping, mainly Just
pefore sunset and just after sunrise, if it's
broad dsylight. Usually if you are looking at
the earth or some bright view there, they don't
show up: énd in the darkness, there is no light
from the sun to reflect on them. This will be
a problem on lunar missions; and I guess on a
lunar flight, you will have to plan ahead to
do your alignments. You will have to plan your
ventings and dumps so that they occur at some
time other than when you plan to do IMU align-

ments. 0S8 meding, zero optics mode worked

AoONEDERTAT
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pretty much as advertised, There is a good deal
of overshoot when you go to zero optics, We did
not bother with the ground technique of driving
the trunnion angle to near zero, We simply threw

the switch -~

6.1.3 Computer Subsystem

EISELE

Computer subsystems: T don't really have much
to say regarding instructions of programs other
than that they seemed to work substantially as
advertised. The one ancmaly which I have not
yet gotten the full word on is the business of
the improper exit from program 20 which appar-
ently set or reset a mark flag such that the
next time I attempted to do marks with it, it
would not take the mafks. I think this is an
anomaly that should have been uncovered and put
in the so~called program notes. It was appar-
ently a constraint on using the computer that
we did not know about before flight. In gen-
eral, I think that the programs in SUNDISK
have been critiqued and ecriticized long before
flight, and they are time—coﬁsuming and tedicus
to the extent of extre button pushings over

what would really be required, I'm sure that
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the Colossus pfogram will rectify most of

those shortcomings.
The CSE timer: +the only timer function that

ve were aware of on board was the occasions
when we called up the CMC clock time., It was
always right on the money with the CTE; we
never had a problem with that. In ofder to
keep that clock from running ocut of time -
running out of bits 1n the section of the
computer - you have to power up the computer

at least once every 24 hours. That was not a
problem because we powered it up every 8 hours
or so anyway Jjust to keep the state vector
integrated forward so that when you did need
the computer, you wouldn't have to wait maybe
20 minutes for it to catch up to present time.
The display and keyboard - I'1ll skip these
other items because I don't know anything about
that; those would have to do mostly with the
internal workings of it and that would be
derived from ground dats. The DSKY and key-
board worked quite well as far as I ecould tell.
All the buttons worked; we didn't have a single
fallure of any little element in the registers;
we had no failures cr problems with any of the

buttons. The status lights and warning lights
\
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worked just as they should. We did have a few
restarts during the mission. The only one that
was of any concern was the one that toock place
vhen we were trying to do program 22 and mark
on the horizen. This was g rather hastily
conceived test, I think, and was not préperly
checked out on the ground before it was read
up to us. When I performed thils exercise, we
got a program alarm, a restart light, a CMC
light, and the computer hung up, froze such
that we could not make any entries into it

with the keyboard. We deliberated several
minutes before taking any action, and I finally
decided to try the so-called GO JAM technigue
which is to simultaneously punch the MARK REJECT
and the RESET buttons, I did that, and it
freed the computer, toock away the restart light
and the CMC light, but the program alarm stayed
on. I called up VERB 5 NOUN 9, and I got scme
alarm code which said, effectively, that the
computer was trying to deal with square roots
of negative nmumbers, That indicated that there
vas something badly wrong with trying to do

landmarks when they're out on the earth's



horizon. Anyway, we gct out cof that problem,
and I wasn't sure at the time what we might have
done to the erasable memory. In the ensuing
passes over the ground, they were able to verify
that the erasable was still in good shape and
that 1% hadn't really hurt anything.- We got

out of that orne pretty clean, T did a flag

tit check only once that T recall, really, and
it was to set the prak flasg For the deorbit
alignment in which the ground leoaded in REFSMMAT
nunbers., In order to align to that, you have

to manually set that flag rather than do it
through program LO., We did that, and it worked
fine; we just called up the eppropriate address,
locked at the numbers, added cne to the bit L,
and loaded it in., At one time or ancther, T

did perform the CMC monitoring and the self-
check and so forth, All those little tests
behaved just as they were listed in the check-
list, never found any real problem with the
computer iIn the whole flight; it always checked
out clean as a whistle, I never did a manual
computer restart except for the GO JAM technigue

which I just described.

(EOFIDER AT
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6.1.3 Ccmputer Subsystems

SCHIRRA

EISELE

This is a point of consideration if you go out
3 days, for example, snd are trapped on the
lunar mission. Is the computer going to be
goed? You can't get encugh experience with it.
We had a lot of SUNDISK time; & lot on the
hybrid in Houston, SUNDISK, Mel0l, even the
DCPS znd the CMS here, so we had a pretty good
feel for it. Right down to launch day, we were
getting little sneaky, funny looking things

g5 we called them, FLT's that came in from
Houston and from Boston, little tricky ways of
playing with SUNDISK. In real time, we found
one where we exited program 20, a new way that
we never heard of, and that was chasing the
S5~1VB for tracking. That was why we couldn't
get 1t to MARK the next dey. They found a

way of deing it that was good. Thken a8ll of a
sudden they conceived of an experiment which
they did not cycle that through the computer,
and that blew the computer for us.

They didn't have time teo run it on their hybrid,

but they should have done 1t on the hybrid.

SRR
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They had time after we bombed cut. They had
tne data back in an hour and half., That's my
point, and I would like to stress this wvery
thorcughly. Nothing will ever pe updated in
that computer that hasn't been done someplace
eise before. That way, the reliablility wili
stay up.

It isn't that you hurt the computer per se.
A1l you do is run a risk of perhaps messing up
the erassble memory or resetting flags. If
you have good ground cortact wiere they can read
out the erasable memory, they can fix all of
that for you enywsy. v 1s prirarily a pro-
cedural difficulty that you run into in f;ight,
which can mess things up.

But that is what got us out of the woods, and
that was a snesky way to restart a computer.
It's standard,

We could get LOCK QUT like that.

I didn't even know Colossus has it.

I imagine it does, or it may be the type thkat
doesn’'t get into those locked conditions.
While we're discussing the procedures for G&N,

I think we all have to face up to the fact of

SOFTEE
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possibility of a new prcocedure coming up, and

it ought to be checked out. The same thing holds
for the other systems, toc. It's like the
servicing of the secondary water evaporator.

We had a procedure passed up that everybody had
insisted was physically impossible to accomplish
for years.

SCHIRRA Semeone went and psyched it out. That was the
forty stroke deal?

CUNNINGHAM That was a four step procedure, ovut it involved
turning the water on for 2 seconds and off for
3 seconds and doing this forty times.

SCHIRRA Everybody has been going over this for 2 or
3 years te find a way toc service the secondary
water boiler, and they said there was no way.
They all said that in real time there is,.

ETISELE Did they check that out Walt? Or was that just
somebody's good idea?

CUNNINGHAM I just want to go into it briefly here. The
reason the redundancy check was made each day is
that they said you couldn'™t go more than about
24 or 30 hours before the water boiler dried
out, and there would be no way of reservicing

it. I'm hoping that in doing their work with
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the primary evaporator, somehow they checked
that procedure out. Tﬁey had passed that pro-
cedure up anyway, and it never should hawve

been passed up if it was not done and verified
several times in a vacuum chamber someplace with
an evaporator.

SCHIERA On the computer, if everything is done in an
orderly fashion, there are no surprises except
for new prcgrams that haven't been exercised or
new parts of the total progrem that haven't been
exercised, like this P20 exit. That was & real
surprise to us. I guess the manual carputer
restart is our go=jam. That's what I interpret
that to be. The other thing we were very worried
about was gimbal lock every time we brought the
IMU up. I think if the station is vacated so0
that you can control the spacecraft attitude,
then to go on the 5C5 max deadband until you
get back., I think it is joing going to drift.
It seems to be boresignted for the gimbal lock.
area. It's a sheock, particularly in earth
orbit, when you get an glignment at night. You

think you're just going to blow it.

ety
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REP How sbout the flight objectives? Are you going
to feel comfortable enough to get an update on
board to do those.

EIBELE I never really checked many. I think the only
one that I can remember locking at specifically
wag that prat flag for the deorbit alignment.

SCHIRRA I think, particulariy in & lunar mission, with
people who look at that all the time, you
shouldn't have to do all that.

EISELE No, I don't think it should be part of normal
procedures toc go in and fool arocund with flag
words because you can really mess up the works
if you get in there and set some the wrong way.

SCHIRRA I know one thing we never brought to anybody's
attention. It may be in the checklist. I
think we put it in and that is to brighten up
the DSKY in the lower equipment bay when you're
committed to the couches.

CUNNINGHAM That's right. We got it in the checklist. We
added it in the last couple weeks. It's lower
eguipment bay, DSKY bright.

SCHIRRA That's Just so you can see it, in case MDC fails.

TEORMTEENET o
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There are certain failures where you can keep
punching the numbers in from MDC cn 2, but the
lights don't come up so you can read it on one.

I think that's a real hot tip.

6,1.L Rendezvous Radar Modes and Programs

EISELE

SCHIRRA

CUNKIWNGHAM

SCEIRRA

CUNNINGHAM

SCHIRRA

CUNNINGEAM

Man, I wish we'd had s rendezvous radar, but
we didn't. We did have the rendezvous radar

transponder, but we'll cover that -

We didn't have them, we had thé transponder.
We weren't too well prepared for that transponder,
I must confess. We didn't have the procedure
onboard.

-
That's rignt, we didn't have the procedure for
checking it cut beforehand. They passed it
up.
The heater had toc be on. We had toc call for
that., Thig is & little embarassing from our
truly professionzl atiitude.
Well, I suspect I dropped the ball in not having
that in the DTC.
That may be right.
The people that we'wve had to work with on several
different cccasicns con that particular DTO hawve
never seemed to be very familiar with what we

have in the spacecraft. After the first couple

of meetings, they had switched names and things
|
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SCHIRRA
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that we didn't even have in the spacecraft. And
1 think there was a lot of money spent on this
test, but there was not & lot of intercommunications
where they understood how we had to run it and
understood what was necessary to run it.

Your point is valid. You'wve got tc give the crew
the option of when they learn something to vary
from it, and I could not get that point across

in real time, When we found that perigee iLorquing
problem, it was brutally expensive and yet the
task they were asking us to perform required
minimum deadband. Donn discussed it with this
guy for months about the fact that we can find

an answer. You don't have to have it in minimum
deadband to get to this attitude and keep it in
minimum deadband for 26 minutes, Just tell us
what attitude you want us to start in, and we'll
do that. That was the Rcll Passive Thermal and
the Pitch Passive Thermal. Just fly it to that
and then you let it go. Just like you let go of
a stick in an alrplane. You don't have to have
the autopilot to put you in a perfect attitude.
Although I blew it in real time by acting up,

I guess. The point is still valid and T don't

rCONGRENY -
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want to lose that point. Accept the fact that
we are going to learn something in the flight.
That's why we're up there. And in all these
years, I'1ll have to admit I was very content
about IVA and as you saw enough movies you were
perfectly happy with it. There ig no problem
in IVA. We had a lot of film on board just for
that purpose. I wouldn't bother unless you just
wanted some '"gee whiz" picutres on IVA. We
didn't carry film for that.

CUNNINGHAM As g matter of fact we discussed several things,.
We had & list of possible subjects for IVA.

We agreed it was so easy.

SCHIRRA I said we had to have scmething.

CUNNINGHAM That's right, you have to go back with evidence.
SCHIRRA I do feel we can stop taking movies of 1IVA.
CUNNINGHAM I fell, for IVA, there's no reason at all for

anybody ever to get in a water tank. Not for
the command module.

6.1.5 G&N Controls and Displays

SCHIRRA We discussed EMS quite thoroughly. We talked
sbout the fact that I could not get the GDC
description on FDAI number 1. It was good

thinking from the ground not to go ahead and

GO Ml



112

fool with it. I agreed immediately because T
knew I could bring it back. That's enough on
that subject. Gimbal position, fuel pressure
indicator, no problem there. I just called down
in real time that when we pulsed in yaw, or in
pitch, the sppropriate GPI motion is discovered.
We then tweeked with it. There's nothing wrong.
It's Jjust that it's there and you've got to be
surprised to see it moving. It happened on the

ground, too._

EISELE The DELTA-V counter of the entry monitor sys-
tem turned cut to be quite accurate. We per-
formed a bias check from time to time, and it
was on the order of a tenth of & foot per sec-—
ond bulldup in perhaps a minute or two of
running. It was very small. We did have an
anomaly which I think Wally's already mentiouned,
of the 90,000 coming up on the EMS DELTA-V
counter when you were switching functions with
the rotary kncb. The only time that really
bothered me was when it came up spontaneously
when we were not switching; this Just before
the burn 6. We were doing an SCS burn, and

we were golng to let it cut off on the DELTA-V



counter. I had loaded in the appropriate num-
ber, whatever feet per seccnd it was, and we
were sitting in DELTA-V ané STAND BY., A few

i

seconds later, Wally called my attention %o

the fact that we were reading 90,000 and scome

odd feet pef second. Apparehtly, the thing had
Just spontanecusly put that number in there.

I recycled it, reset it, and it got through the
burn fine, but we were really watching that one
like a hawk. If you had that large number in
there, the DELTA-V counter might not turn the
engine off at the right time. This was an
anocmaly, but it never proved to be a serious
preblem. The entry monitcr system per se, the
vart that has to do with entry, failed miser-
ably as we knew it would because our preflight
test had shown that it consistently failed the
little test that you do to verify it. In

fact, during entry it proved to be completely
useless in terms of flying a guided entry. The
FDAI instruments were guite accurate; they were
easy to read; and they were very useful instru-
ments. Probably the best thing we had on there

to fly by was that eight ball.

ATl
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EISELE
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I think I'11 ask Waily wo cover that.
Apparently at cne peint, when he switched to
put the GDC reference on number 1 ball, it
caused the FDAI number 1 to do a 180-degree
flip. We never troubleshot it because the
ground advised not to do it for fear of fouling
up the works somehow. I would like to mention
that the one inherent problem you kave with
this three-gimbal platform is the gimbal lock
problem, We went into gimbal lock one time,
and we nearly did it on several cther occasions.
The problem seems to be that the three-gimbal
platform in combination with this perigee torque
thing was creating a buildup of high rates up
to perhaps a half a degree a second or greater
in the vicinity of perigee. This would torgue
the spacecraft around such that it would often
approach gimbal lock very closely. If you
weren't watching it very closely, it would
drive it in. That's what happened to me that
one time when I had the rates down very low.

I had observed for about an hour that as the
spacecraft went through some very mild cyclical

motions, it would traverse out tc perhaps
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30 degrees yaw angle tc one side or the other
and ther come back; so I was satisfied it would
run and that it would take care of itself over
a period of several minutes. I went on about
gsomething else, and !ust then, apparently, we
went through perigee, and the thing torqued
itself right intoc gimbal lock. It was a little
embarrassing and diseoncerting, and from then
on, we kept a very clase wetch on it. That
could be a problem, incidentally, on a lurar
mission. I don't know heow much torquing you
have to get con a translunar flight, but if you
have the platform powered up and you intend to
naintain some alignment continucusly, you are
geing to have to post somebody on watch to keep
an eye on the bleoody thing or it's very apt tc
g0 intc a gimbal lock and lock itself up.
Gimbal position meters scemed to work as they
should. The scaling an¢ resolution on thenm is
not as fine as you might like, but they secemed
to be adegquate tc the task of monitering the
EPG gimbal position.

The attitude set control panel also functioned

properly; we had no problem with it, We - at

G aig eamy
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least I never went into an sccurate check of
any bilas in the wheel setiings themselves, If
there were any biases, they were extremely
small because we were gble toc make very close
comparisons between IMU and GDC alignments
through use of the attitude set wheel, A1) I
can say 1s that the rotational handecontrollers
worked Just as advertised throughout the flight
except for one time when we had an apparent
sticking of a breakout switch in pitch on hand-
controller number 2. It was toward the end of
a very active day, and we decided rather than
troubleshoot it right then that we would power
down the system and check it the next time we
came up. The next time we came up, it wasn't
there, so we never did find out vwhat caused it
or where it went. The number 2 controller
hardly got used at all. We did run through a
check of it through the use of the computer by
calling up the appropriate channels and looking
at the input channels to the computer, We could
verify that the number 1 handcontreller was
putting out the right signals. I presume G&C

switching interfacing refers to the manifeold
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switches on the left-hand conscle. There are
a great number of them, but they are arranged
more or less logicelly, and they're not at all
a problem, I don't think, to keep track of and
ranipultate, You do have to keep your mind on
it because it's possible to select the wrong
mcde or perhaps be in one mode and intend to
go to the other and forget it. We fcurnd, in
general, that the switching worked nominally
and there weren't any problems with it. Do
you recall any problems with the switches on
the left-hand panel?

SCHIERA No, not a one. I would like to know what the
heck happened to that hanccontrolier.

REP Back up to B there, Wally, do you have &
comment on the FDAI, the fiip 18C degrees?

SCHIERRA Yes. We could not transfer GDC to FDAI num-
ber 1. First time I did. it, it worked I'd say
about 5 or 6 minutes reamding GDC. Then, all
cf a sudden, spontanecusly, it Jjust flipped
almost 180 degrees, not exactly 180 degrees
but within about 10 degrees of 180 in pitch.
Roll and yaw were right where they were origin-

ally. Then I tried again later, I realigned the
g
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6.1.6 Procedural Data

EISELE

oD, 4

GDC, thought I'd lost it, then T found out that
vasn't required, went back to ball number 2,
looked at GDC, and it was fine. Then I tried
to bring it back over to number 1 by selecting
number 1. All proper switch procedures, that'’'s
my whole point because it wouldn't have gone
there in the first place if it hadn't done it
properly. Nothing to do with the CRDEAL box,
and then it just went over and flipped right
away. I could never get it to work. Then the

ground said, "Don't do it anymore,"

and I agreed
I wasn't going to, knowing 1 could bring that
part of the spacecraft back and check it out.
I'd rather not troubleshcot something like that,
I didn't need it there, but that left me with

ne choice but to leave GDC on ball number 2 for
reentry rather than put an ORDEAL display on
there and subsequently stow the ORDEAL box.
That's not a total fallure in that sense, but

it obviously shouldn't be doing that., It's a

malfunction.

Okay. I guess we've covered the switching and

interfacing procedural data. DSKY operations
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and VERB-NOUN formats; I think I've already
menticned previously that as far as I could
tell, the DSKY operation was substantially
nominal for the whole flight, The preograms
changed through their routines and displays as
they should. A1l T can say is that the whole
G&N system throughout the flight performed
beautifully and as nearly perfect as you could
ask for. If anyone has any specific guestion
concerning program detail or procedure, I'd
certainly be glad to answer them later, but
I really don't have much to gay other than it
was a good show for the G&N system.
SCHIRRA Attitu&e set, that's.nc problem. Hand controller,
no problem. G & € switching interfacing, no

problem. Procedural data, no problem.
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6.2 Stabilization and Contrcl

SCHIRRA

EISELE

SCHIRRA

EISELE

Oksy, that's no problem. All attitude reference
systems were great. The only <thing I can stress
was the surprise - and it shouidn't be - that if
this feels like a big ball, just imagine how big
it's going to feel when they pull off the S5-IVB.
And when yEu got the lunar module hanging on the
front end to boot.

Accel command is a great mode and I likxe it.

" The only problem with accel comrand is that you've

got a "hot stick" and if anybody bumps it, you'wve
blown it. Where in pulse, if you're "het stick,”
all you get is one pulse if the guy bumps you.

We had one case where 1t was a combination of
problems: I left pitch in accel command, and
all three of us raced over to loock cut Walt's
number 5 window to see the hurricane. Donn

came up and kicked the stick, and I never hefore
got back into my couch so fast. We had gbout

1 degree per second in piteh and I stopped it.
That was the end of it. I goofed bty leaving in
accel command and Dorn goofed by hitting it.
That's a good point. There's an awful lot of

traffic in and out of that center couch and



both hand controliers are right there. You do
have tc discipline yourself tc remember to keep
the doggone stick locked up when you're neot
using it. You also have to discipline yourself
when you're going through that passageway to be
careful you don't bump into those things,
SCHIRRA That reminds me, on the number 1 stick, which is
the cne between you and Walt, you made ncte of
the fact that there was a cut in the rubber boot.
EISELE No, I overlocked that. Uhere was a small cut

on the rubber pellows at the base of the hand

controller.
SCHIRRA Cn Walt's side?
ZISELE I think it was on Walt's side, on the inside.
SCHIRRA It must have just come from Walt's egress or

whatever., I looked over nurmber 2 stick which is
the one I uged for attitude control and the rubber
bellows was completely intsct all the time. It
wasn't after landing, and we want to make note
of that cut on number 1 stick priocr to landing,
and norne on number 2,

EISELE That rubber is very delicate and it wears

through quite easily. 8o you have to be careful.



122

6.2.1.

Control

SCHIRRA

We ran a falirly careful calibration of how many
pulses in pulse mode were required to produce

a given rate in all three axes. The rate we
used was .2 degrees per second. In roll, with
two-quad authority rather than four, we had
seven to eight pulses required for two tenths
of a degree per second rate, For pitch and
yaw, it was about ten to eleven pulses per two

tenths of a degree per second rate, which really



6.3 Service Propulsion

6.3.1 DELTA-V Thrust Switches

SCHIRRA

DELTA-V thrust switches, no problem. I guess
everything was great. I had rather not make a
big disucssion cn something if there is no

rroblem.

£.3.2 Engine Thrust Vector Alignment

SCHIRRA

ZIBELE

SCHIRRA

EISKELE

The ginbal movement is detectable not by a
physiological motion, but I think it is detect-
able from locking at the rate needles., If you
are in 1 degree per seccond you can see the
spacecraft tweek a little bit, particulariy on
a DAP check.

I could feel them though, when they went.

I felt them on the ground; I didn't feel them
in flight. I was locking for it. Maybe my
eyes were conditioned on the rate needles, that's
woy I didn't feel them.

When you're in tight deadband and you go to the
G&N gimbal test where it throws them from

plus 2 degrees tc minus 2 degrees, 1t moves the
spacecraft enough so that it actually triggers

the Jets.

@ T
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SCHIRRA Onh, it will. While it is in MTVC, just milk it.
Don't fiing it around or it'll damp you. The
gimbal trim thumbwheels are pretty good. I
woul wouldr't change themn,

6.3.3 DELTA-V Remaining Counter and Thumbwheel

SCHIRRA I guess the trouble might be in this. There
isn't any thumbwheel. It's a rock-a-switch and
that worked fine, other than the 90 000- foot
anomaly that we menticned earlier.

6.3.4 BSPS Thrust Direct Arm Switch

SCHIRRA I didan't even use it.

6.3.5 Direct Ullage Button

SCHIRRA I didn't even use it.

6.3.6 Thrust On Button

SCHIRRA Of course, we used it for all SCS.

6.3.7 SP5 PC Indicator

SCHIRRA I finally got to see that on the second burn.

[

didn't get to see it on the first.

CUNNINGHAM don't even think I looked at it.

i

SCHIRRA Actually, I didn't see the big spikes that every-
body said we'd see. Bubt you may not, because
it is a baseball bat hitting you. That spike

is buried in all that. You der't see anything.

meEE—.



hanging on fcr that ride. From zero g tc cne,
wow! It will show cn the TM.

6.4 TReactor Control

SChIRRA All go, but for that onc thing we discussed.

6.4.1 BSM/RCS

SCHIERA I didn't see anything wrong, other than the fact
thet gzging apparently did not follow the ground
gt all. But we did notice we could lock at the
temperature and see the effoect of gaging, If
cne was off a lot, the temperature was different

from the others.

EISELE The temperatures were all practically identical
ANYWEY .
SCHIERA One wag supposed to be the highest - D, We lost

right sway. D gaging didn't work,
EISELE Well, the guantity indicator didn't work.
SCEIRRA By gaging, I meant quantity.

6.L.2  CM/RCS

SCHIERA The temperature on the CM/RCS thrusters never
came down below 5 voltis.
EISELZ I think we got & few 4.9's early in the flight.
SCHIERA We guttered that right from the beginning, because
we never used it, and I didn't want to take out

a checkligt I'd call an cmergency procedure.

(i ITERstala
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I think th=zt's [ine, becausc it was designed not

to nave to be used. They found a way tkey could
te.
6.5 Flectrical Power
SCHIEKRA what are we going to ¢o about the battery charger?

That's a NO-GO, I'd say, for a lunar mission.
CURNINGEAM Well, there's a couple of things you can do
abaut the battery charger. First, they wiil
get our battery charger back so tkey can take
a leocok at it and find out if it was an ancmalous
batlery charger, or if it is rezlly a systems
rroblem.
SCHIRRA They were trying to make burns without using

the battery, and I think that should be looked

at.
CUNNINGHAM Definitely.
SCEIREA We almost proposed that in Tiight
CUNKINGHANM Wher Wally saw that I was concerned about the

state of the patteries that were just really
dropping off fantastically, he started asking
aoout lurning it off for the burn, cr even

turning it on and taking the transient and

determining
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Bring the gimbals up, that's a big lcad. You
get them z11 up and then you turn it off,

We have the gimbals on the line. We're about
4 minutes before the burn. We're already
cecupied. You start the count at 5:30. I
wouwidn't want to compress that.

At about four and one half minutes, the bus ties
come on., From that time on, they are taking s
certain part of ihe load. It Is kind of
inleresting because of the low state of charge
ir cur batteries - and they weren't carrying
their share of the losd, batiery bus voltage -
currents, remember, I said it should go up to
about 8. And 1 don't think you ever saw it
over 5.

What I'm getting at is this tecst can be done
on the surfacr of the earth. It is not some-
thing that you have tc go into orbit to check.
You don't have to run an engine either. You
Just bring the gimbals up and run a careful
electrical analysis of the whole system. That
is way I didn't really make a big scene sbout

it in flight later.
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SCHIRRA

REP

CUNNINGHAM

ECHIRRA

REP

Vhese are the kinds of things that are going
through cur minds because when I had that AC 1
AC bus 2 thing, and then the batteries had gore
down, I was thinking damn, 17 7 can come in
direct/direet, I may be out in the Tculies, and
how's my recovery posture? So all these thingé
are going on, and so that's why I was on this
sublect.

Well, they wanted to do some - that last charge
you did was basically rescarch charge, trying

%o get some better knowledge of the whole systemn;
that was the only reason ...

A3ut that was research for the battery charger.
It wasn't done because we wanied energy in the
batteries.

We were sitting up there watching our battery
profile just like we were watching fuel profile,
and we called for I1t,

They had that all computered cut, and they
figured the worst that could happen if they

did that would be you would tc lose that battery,
but if you did, they had all the margins plotted

ir on a RCS hybrid which still had 18 hours

recovery time.
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CUNNINGHAM I'11 tell you a ramification that I didn't go
into yesterday, end that is that you are supposed
tc be able to sustain & vattery failure and
still centinue. With that battery charger
having minimal performance, I really guestion
that capability because if you end up with
two batteries, you're going to end up with a
lower main bus A and B voitage than we had., We
were cutting prettiy close to where you would
want to say, "Gee, I don't know what the hell
is going on in that computer.”

SCEIRRA Well, that's the thing; *hat's what had us

scared, too.

CUNNINGHAM S0, if you lose one battery -
SCHIRRA We were gun shy all along cn those buses,
CUNNINGEAM That's right. If you had batteries thal you

recharged up to L0 amp hours every time you'd
lose one, you'd throw two 40 amp hour batteries
on, You wouldn't be in too bad a shape, because
you'd still be close to 40 amp nours.
SCHIRRA Walt, in defense, the other thing is that we
discovered quite late that the batteries weren':

hoelding up, and that was a real nightmare.

EISELE That was a real crisis.
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CUNNTNGHAM We know those batteries have never failed with

less than five charges on them.

SCHIRRA I'm sure that everybody was aware of the problem.
EISELE Yes.
SCHIRRA I guess we were halr-triggered in this sense:

all of a sudden, people were getting confidence,
but ours wasn't so high; we never really had
supreme confidence in this bird. We've been
really scared up there with those damn buses
going off, and we weren't sure that couldn't
happen aéain. I've never had a comfortable
feeling about EMI in this spacecrafti. There
have been all sorts of ghosts. We've been
scrupulously careful about running up telemetry

in block all the time.

EISELE I listed our instances of EMI already.

SCHIRRA Ch, you didr

EISELE Yes.

SCHIRRA Good. The service module supply valve - Walt,

and I have had a real go around on that. On
re-entry, we turn the PLSS valve on and the

service module supply up, and both must be done.



They are really a bitch to get to, particularly
in this case where we are really cinched in and

strapped.
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CUNNINGHAM Tank pressure and quantity indicators worked as
expected. There was one time when the surge
tank pressure fell, and that was when we were
deliberately filling the PLSS tanks; the
occasion was replenishing after use of the oxygen
masks. It worked as expected, replenished very
quickly; the surge tanks pressure built up
rapidly, and we isoclated the PLSS tanks again.
Tank hesters worked fine by all onboard indica-
tions. The oxygen pressure indicator switch,
the one time shared ones, were fine, switching
back and forth petween the surge tank and tank 1.
In all cases, the difference between the tank
pressures and the surge tank pressure was com-
patible with the flow indication that we had
available on the circulating fan switches.
They worked as asdvertised. Apperently, the
only problem was the glitch when the pressure
switch would turn off the oxygen fans. After
the problem was discovered, the remedial action
was, as mentioned earlier, to operate the O2
tank 2 fans in the OFF position nominally and
occasionally stir them up by going to the ON

position for 3 to 5 minutes.
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Continuing with electric power, main bus A and
B fuel cell connect switches and indicators
worked as expected. There were only two times
during the flight that we actually cpen-
circuited fuel cell 23 one was about 163 hours,
and the other one was Just a couple cof hours
prior to decorbit. OSwitches worked as adver-
tised, including the master alarm coming on
when you hit the RESET switch; perfectly nomi-
nal operation. We used the pump switches
before the fuel cell pumps, I assume. There
was one actuation ¢f the fuel cell pump 2
switch; I did that, and the first ftime X
noticed fuel cell 2 having a high condenser
exhaust temperature, I Just reached up and
flicked it off and on, more out of curicsity
than anything else, I guess, to see if T
noticed a glitch on it. I was just kind of
temporarily wondering if the pump was really
putting it out, At the time, I wasn't in
contact with the ground, I dorn't believe, and
I hadn't had a readout yet on whether the radi-
ator cutlet temperature and radiator inlet

temperature for the eleciric power system was

GO DENn
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coming together or not; apparently, they were
working just fine, so I didn't mess anymore

with the pump service.

6.5.2 Battery Charger Switch

CUNNINGHAM

Battery charger switch worked as expected.
Battery charger appeared to be working normal
with the exception of the very, very quick
tailing off of the charge current. We appar-
ently have & very low battery charge rate; it
started cut initially on all three dattery
charges, which is the sum total of charges done
on the flight. It wcould begin at sbout two and
g half amps, and in less tnan an hour, I noticed
on the last charge it was down to about .6 or
. amps and moved right on into .5 amps. It
seemed to hold there for some period of time,
and the ground had s little bit of resclution
on this switch and was showing a little lower
numbers than I was. We secured when the ground
was showing ebout .42 amps, which was kind of
an agreed cutoff, but the significant point
here is that it very quickly got down to

.42 emps; and at that time, the battery had not

been fully recharged at all. The ground
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apparently by integration c¢f charge current
over time kept track of how much energy was
going back in the batteries, and I would like
to say something aboul that - we willl cover the
batteries right here. We had a continuing
update of the battery capacity, or what it was
loaded to at the present time; we had seven of
these updates throughout the flight. In all
cases, the batteries were down from where you
might have liked to have had them for burns;
and for deorbit, it was within the capability
of the system at all times. However, I do not
believe we were ever in good shape to sustain a
battery loss and then continue for a possible
hybrid deorbit, for example. The problem we
faced up to preflight on when to charge the
batteries dealt primarily with the problem of
having a battery failure and still being able
to maintain enough reserves on board at all
times to sustain a hybrid deorbit. In order
to accommodate this, the ground subsequent to
our discussion and prior to flight, apparently
decided to charge battery A after burn 2, but

battery B after burn 3. We did the charge after

'@OMPTDENTIAT
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burn 2; we ended up with 35 ampere hours in A
and 30.4 ampere hours in B. After burn 3, we
charged battery B back up, but at no time after
that did battery B ever exceed battery A, even
though it was charged later.

I was pretty disappointed in the ampere hour
readings we got on those things after charging
them. I rather thought that we would get back
to pretty close to full charge, and it didn't
even appreach that ever on either battery.
That's right.

Did you think there was any inaccuracy in the
charging meter?

Well, no. The ampere hour readings we got

from the ground - all we could do was read that.
I'm just saying the numbers they gave us com-
pared to the normal LO ampere hours you could
expect from a full battery.

Yes, the battery charger Just doesn't put the
Juice back in that it is supposed to. It's
going to be very interesting to see the results.
They take those batteries postflight, Donn, and
they'll discharge them on the bench and find

out how much they get out of them. It's going
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to be kind of interesting because they are nom-
inally rated 40 amp hours, but they are probably
50 amp hours; we were dealing with a 40 amp hour
number. I would like to stress here, at this
time, that several different people got together
including the EECOMM prior to flight, and we
agreed on some ground rules for when to charge
the batteries and how teo do it. This was pre-
sented to George Low, and I believe he bought

it 2 days prior to flight; we did not conform

to those ground rules; I won't go into them
here. If we need to, T can haul them out; I
believe I still have a copy of them. The bat-
teries themselves being in a low state of

charge left us with less than desirable main

bus voltages for the burns. Although it was
adequate, it was still lower than we had
expected for the many months of training prior
to that. The most significant aspect of this
battery charging battery capacity problem is
that when it came time to do the CM/SM SEP -

and at that point we don't have anything else
left to do; we just got to SEP and re-enter -

we jmmediately got & main bus A apnd main bus B

(PO |
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undervoltage. At that time, I was monitoring
the main buses; we hit the separation, and the
main bus voltage went down to about 25.2 -

25.3 something like that on both main busges. I
can't guarantee that a quick transient hadn't
gone any lower than that, but we didn't - there
was not a thing we could do about it at the
time. Donn expressed some concern about the
G&N system which was key at this point, and
since we had battery C tied in, there was not a
thing we could do, and we watched the cauticn
and warning lights glow yellow the rest of the
way in. I might mention that this was a
slightly traumstic experience at this point
because we hadn't expected anything like it,
really. I had hopes that we would still be
above the min voltage. The loading for re-
entry could have been considered slightly
different than nominsl in that - I den't know
if the preflight planning had considered having
a secondary coclant loop on the line, although
I had alwsys intended it to be that way, so we
had the secondary coolant pump flowing. How-

ever, we did not have any cabin fans on, and I
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sam sure the nominal loadirg for re-entry in-
cluded cabin fans, so we Were probably pretty
clese to nominal, and we sti’l hed the undsr-
voilage. AMAlong the sutjiect of batteries, I
guess We might mention the pyrc batteries. The
pyro batteries were checked geveral times
taroughout the fiight; the first time, it was
reading 3T voits on both vatteries aboui half-
way into the flight. Later on, it was checked
several times just pricr to deorhit, and I
believe =t that time it was sitiing at about
36.6, ard we brought ther tack on the line; for
deorbit, when Donn put the circuit breakers in,

we did have 36.8 wvolts.

DC menitor group, that's the battery charger.
Do you have anything to azd teo that, Denn?

On the pyros? No, I checkea the pyros two cr
three times on my watch, and they were alwuys
right up at 36.8 to 37 volts., They held up
very well the whcole flight.

1 might sdd one thing to the re-—entry losdinge.

When we &id activate the secondary coclant loop
purp at 257 hours and Shomirutes, we got this
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main A main B undervoltage. Main A was 28 volts,
and main B was 27 volts prior to the turn-on of
the pump. Immediately afterwards, after we had
had the alarm, we were showing twenty-six and a
half volts apiece on it. We reset it, and it
stayed up there. I might als¢o mention that
even though we had 25.2 volts right after

CM/SM SEFP, the main bus voltage did creep on
back up, but I think we were probably prettiy
close to about 26 volts on both main buses as
we were getting later on in the re-entry, down
around drogues and in that area.

EISELE I guess our main concern is that we might have
been faced with an unguided entry at that point
because the EMS had already proven itself nc
good; and I was worried that if we had lost the
guidance system, then we would be faced with an
open loop fixed bank angle type of thing, and
there's no telling what kind of errors we would
have had at our landing point. With the
weather out there, we might have been out there
for several hours before they found us, but,
fortunately, that didn't happen. The G&N

worked fine.

Mo CTRDETIRY
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6.5.4 AC Monitor Croup
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6.5.5 AC Inverters
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Wonder if we can go on record for the worst
weather? Copters were sititing out there at
50 feet in IFR. CJkay, DC moritor group. IC
voltmeter, to my knowledge, no significant
errors in it, it worked fine; DC ammeter,

likewise; DC selector switch, no problem.

AC monitor group, AC voltmeter worked fine; we

slways had 114 - 116 volits AC.

AC selector switch, nc preblem, werked fine.
The AC inverters, we operated with inverter 1
to main & and AC bus 1 inverted to main B and
AC to bus 2 throughout the flight with the
exception of the inverter check prior to the
17-1 GO/NO-GO. Incidentally, I didn't mention
the inverter check earlier with that six revs
systems check we were discussing. We might
want to mertion the inverter checkx. Tnc in-
verter 3 was operated for the 17-1 GC/NO-GO cn
voth maln bus A, main bus B, AC bus 1, and AC
bus 2; worked fine. The only other time

inverter 3 was on the line was during the

secondary coolant loor test power up; it was

EITIDEreTRL
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felt they were going to drew another 100 wattis
down by turning this on, and we did turn it con
and run it for four and a half hcours. We
turned it off afterwards and never operated it
again. Power control switches operated as
expected. Inverter AC bus connector switches
operated as expected. We had one significant
glitch with the AC buses; however, it occcurred
more than once. AC bus 1 FAIL light - let me
check the time here on when we had the AC bus 1.
The first time that happened was on my first
night watch.

Yes. At 19 30.

Yes.

Just reset it, didn't you?

Yes, we found out later what happened.

We nad several cases, and we didn't try to
track down the trouble until we had both of
ther fail,

Tes, those two fans would cycle on now and then
and it turans out that when they would cycle off,
you'd get a momentary surge and overvoltage
condition on the AC bus. It would throw it

off the line, and you would get the warning

aan e
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light, and you'd get the warning light coming
back,

CUNNINGHAM In some places, we had several AC bus 1 fails.
They were apparently anomaslous; we reset it, and
it worked fine. At 61 hours and 14 minutes into
the flight, both AC buses failed at the same
time, Both buses reset; the ground 4did an
exceptionally fine job in tracking down the
trouble, and they finally correlated the 02

tank 1 and 2 fans going off on the pressure

switch actuation as triggering the transient
which gave & very, very short duration over-
voltage on AC buses, which automaticelly
disconnected the inverters. From that time on,
we operated with one fan on AUTO, the other fan

OFF except for intermittenly putting it ON for

mixing of the CRYQ's in tank 2. During the

burns, I felt that in all cases, we operated

with both of them off, but I can't swear on a

couple whether we had them both off cr not,.

The attempt was made to net have them on at

critical times so in case it did glitch you

wouldn't lose the bus. Inverter AC bus con-

nector switches; main bus tie switches.
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6.5,6 Main Bus Tie Switches
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The main bus tie switches worked as expected
throughout the flight. I guess I was a little
tit surprised to see that in all c¢ases the
amperage on the battery buses was slightly
lower than I expected when we tied the batteries
onto the main buses, This could probably be
attributed to the fact that the beiteries were
always in a lower state of charge than we were
used to seeing. Therefore, they weren't
picking up &s large a share of the load, and
we left more of the fuel cells. The net result
was that the main bus voltage was down a little
bit, and we pulsed the fuel cell heating rate
probably just a little bit., Going back to where
we were discussing mein A and main B voltages,
we got main A and mein B undervoltage when the
secondary coolant loop pump was turned on prior
to deorbit, at 258 hours and 15 minutes. We
also had several others because battery voltage
wes running right about the trigger point, and
it came on and off several times. We put fuel
cell 2 back on the line and had no trouble with

that until after separation. There are a couple
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of isolasted things I would like to mention -
about the DC system before leaving it., I made
a note in the log at 216 hours and 40 minutes,
which just happened tc be cne cof these pericds,
that current on the fuel cells for the burns -
and this is Just prior to the 53C when we start
training to begin with — ran about 25 amps per
fuel cell, VWhen we were in drifting flight,
depending on the state of the ¢yclic loads, it
generally ran down arcund 16-17 amps per fuel
cell. Sometimes cyclic loads would kick it up
close to 20 amps per fuel cell. Ancther point
to be covered here would be the electromagnetic
interference or EMI., I have an entry in the log
at 215 hours and 57 minutes to summarize a few
of these things, to the effect that during ocne
night pass or several night passes, we had tried
turning exterior lights on. On this particular
night pass, turning the exterior lights on and
off gave an 1105 ALARM ccde on the computer
which was downlinked too fast. Anocther item of
EMI was the O2 fans were glitching the AC
buses, but they were also sending transients

cut which at one time started the DET in the
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lower equipment bay., That was done when the 02
tank 2 fan was furned on. The DET spontanecusly
reset and spontaneously started counting till it
stopped. That completes DC stuff, I think, I

can complete one more item, and then we're

through with EPS. Right?

6.5.7 NON ESS Bus Switch

CUNNINGHAM

6.5.9 G&N Power Switch

CUNNINGHAM

6.5.11 Cryogenic System

CUNNINGHAM

Nonessential bus switch, worked as advertised,
never moved cut of the AC bus 1. The non-
essential bus was tied to main A throughout the

flight.

G&N power switch, whenever it came on, we put
it to AC 1. VWhen we powered down, the G&N
power switch was turned off; we turned it on
severgl times when we had not powered up the
G&EN in order to use the optics in the lower
equipment bay. The last item under the elec-
trical power ig the cryogenic system, the tank

pressure and quantity indicators,

The quantity indicators, T assume, were
reading fairly accursastely; there seemed to be

& pretty good correlation hetween the ground
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and on board. The ground seemed to have better
rescolution and was able to read down -

They had a better resclution, and I know the 02
pressures in particular in fact, I think the
hydrogen pressures were always low on board,
lower than the true readings the ground had,
but that didn't pese any problem. I ncticed
generally throughout the mission that the
pressures in beth the hydrogen and oxygen tended
to hang at the low end of the green band on the
meter,

Very definitely.

And after awhile, we Just assumed that was
normal operation and didn't worry sbout it.
This was consistent with dats we had preflight
which indicated that that was the control range
in these particular instruments, but I never
remember ever seeing the pressure up at the
high end of the green bands except at a time
when we -

We deliberately ran the stratification test

up.

On hydrogen before the deorbit burn, I put the

hydrogen heaters to ON instead of AUTO, and we

QUNPIDENTIET
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purposely raised the hydrogen pressure up
towards the top end. The tanks stayed balanced
througheout with one exception. It tock until
about 167 hours into the flight to achieve an
unbalance between hydrogen tank 1 and hydrogen
tank 2 {which was reading at that time 3.4 per-
cent). Rather than wait to get to the 4 per-
cent unbalance level, I initiated the manual
balancing. Manusl balancing tock sbout nine
and & half hours, and when we completed the
manual balancing, hydrogen tank 1 was reading
36.6 and hydrogen tank 2 36.4 percent. I may
have neglected to mention that when we started,
the hydrogen tank 1 was 43.2 end hydrogen tank
2 was 39.8., This data is actually included as
part of one of the DTO's which was manual cyro
balancing if needed.

I guess the point is that the menual technique
does work very well if you do need to correct
an imbalance.

Yes, we might stress here that it can teke a
considerable length of time for this belance

te he achieved. The cyro stratification test

will be covered under the DTQ0's, however.
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Essentially, it locks like we have little or no
problems with stratification. I make no special
mention of & min DQ/DM region. As long as the
pressures were never running towards the high
end in the tanks, I really didn't even consider
it at all. It seemed to be running pretiy fine,
and pressures always stayed down within the
right ranges. We finished up onboard readings
with 1% percent for the hydrogen and sbout -

I wrote 29 percent oxygen. Wasn't it 2L per-
cent?

I don't remember exactly, but it was in the

high 20's, I believe.

The point is that there were plenty of volts at
the end of the mission,

Somebody told me that we were 60 pounds shead
on oxygen_ﬁy the end of the mission. TInciden-
tally, we cover an area called consumables,

don't we?
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REP Donn, you want to pick up where you stopped on
the meding?

EISELE We were talking about 085 moding - the zero
optics mode., I was simply mentioning that we
did not bother to run the trunnion angle down
close to zero before switching to zero optics.
We simply flipped it there and let it drive.
It would overshoot several degrees and then
come back te zero;, we never had any problem
with the optics the whole flight. I don't know
how many times it went to zero, but it was, I
would say, well over a hundred times. The man-~
ual modes I think I've already discussed; they
worked beautifully. The thing tracks very
smocthly, far better than we'lve seen in the
simulator, which is a digital drive type of
thing. The ccmputer mode worked very well;
the computer generally would drive the optices
to a star very accurately. Usually, there'd
be & little bit of bias or offset which could
have been due to IMU slight misalignmenf, or
some bias in the computer drive itself. It
would usually drive out - say it was going to

8 star - it would drive out and overshoot,

sl DG RIS
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means thet for 1 degree per second it's

about 1 pound cf fuel, which is very, very
expensive.

If you pulsed it.

Pulged it, I found that for any rate more than
cne tenth of a degree per second, it was much
more practical to use accelersticn commend. I
used RATE COMMAND only for attitude holding
when we were translating if you either had
ullage or were translating during the braking
phases or rendezvous phases.

For line of sight measurements during rendez-
vous also, that's about the only time.

For any other line~of-sight measurement such
as the CCAS alignment, pulse was the only way
tc go, other than when we switched from one
star to another. I wanted toc go EATE COMMAND
there, but I had to have the cockpit completely
dark, and as a result, I used the pulse in that
case, but it was more expensive than I would
have liked to have made it.

I guess the point is that the pulse mode is
your fundamental control mode for Just about

anything you want to deo.

i
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SCHIRRA That's terribly luxurious.

ETISELE I think that the postflight data will show
that their design intention was way off what
we really saw up there because that thing really
cycled back and forth very rapidly.

SCHIRRA That can be aveclded, though; you don't need to
redegsign jJust to -

EISELE Oh, no.

SCHIRRA People have Just got to understand that we know
how to fly it.

EISELE What you have to do is do your roll in pulse
go that you control the rell deadhand effectively
by your manual inputs and not allow the auto-
matic to do it. The other deadband modes seem
to work pretty well. 1 don't know what the
fﬁel usage rates actually were, but they were
far less than the flight plan.

SCHIRRA There's cne we should mske note of, and that
wags the early phase of the fllight where we did
the yaw deadbend. I got some data on that in
my zip flight plan here. When we were vent-
ing (while it was working the first part of the
mission), it caused us to go off to the right,

yaw right, and.it cycled between 7.9 degrees

s
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yaw right and 7.1l degrees yaw right. 5o it
actually flew on the edge of the deadband; it
oscillated back and forth in that regime for a
long period of time, never leaving it. I'm
Just trying to find out what the deita time was
because it was rather surprising to stay over
there like that.

T think it was a minute and 55 seconds, or a
minute and 5 seconds. The conditions were

SCS attitude 1, rate 2, limit cycie ON, atti-
tude MAX, rate, attitude deadband MAX, rate 5.
That roll, approximately 1T4 degrees, pitch

349 degrees, yaw varied between plus 007.10;
that's T hours 17 minutes 3 seconds to plus
007.82 degrees which is a delta of .T2 degrees.
At T nowrs 18 minutes 56 seconds, which was

1 minute Qnd 53 seconds, it cycled back and
forth, roughly between these numbers, mesning
it was yawed right and rode the right edge of
the deadband. The only varisble that was
causing this was the - this was not the perigee
torque; this was esrly in the mission. This
was caused by the steam vent water boller com-

bination, forward in the spacecraft. We tried



- . qﬁ1ll

all control modes, but for the very, very high
rate modes, which weren't reguired, they 4did
work during the rendezvous modea. I don;£
believe in spacecraft checkouts for control
systems, like airplane drivers like to do it.
Tt's very expensive. You use it; if it works
right, it's fine; that's rather than this clas-
sical manual maneuver in G&C control mode
.05 degrees per second, .5 degrees per second
and U degrees per second. We never at any time
flew at rates of'h degrees per second. Even
the piteh turnarounds were at two and a half to
3 degrees per second. As the degrees per second
go up, the fuel consumption goes up, prdportidn—
ately and violently.

EISELE T think we hit every mode in there except those
high rates - -

REP The TVC'a, DELTA-V's, RCS and SPS interface:

any problem there?

SCHIRRA No.
REP Okay.
SCHIRRA I believe we were right in cur preflight deci-

sion of not checking out the command module

RCS thrusters, both from a time-line basis and

aewiain o, ]
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from a real-time observation that we had propel-
lant right up to the thruster sclencids. There's
no doubt in our minds that that even occurred.

SCHIKRA Did you make remarks on the DSKY? T talked to
Kenny on the phene. I felt that the DELTA-V
counter diasplay numbers, the DSKY numbers, and
the misgsion event timer on the MDC all were sub-
Ject to fadeout with bright sunlight on them,
and they were not readable -

EISELE Yes, that's right.

SCHIRRA - and that some type of cover, sun cover, should
be provided. T would suggest that Frank Borman
work that out himself without having a whole
bunch of engineers get in the middle of the

’

act, and I'1ll make that evident to Frank, what

the problem is.

ETISELE Yes, you might -

SCHIRRA The first real realization we had of this prob-
lem was not being able to read the DELTA-V
counter during mmber 5 burn. With that con-

tinually in drifting flight, we couldn't read

the MET -
EISELE The MET seemed to be the worst offender.
SCHIRRA - with the numeric switeh Tull bright, I migat

SRRSO



156 OB

add. On occasion, we couldn't read the DSKY
when we looked down below; I didn't, anyway.

CUNNINGHAM On the DELTA-V counter, we had G&N monitoring.
That was a G&N burn when we toock over, wasn't
it? When we teook over manuelly, was the DSKY
gtill counting up that DELTA-V?

SCHIRRA Oh, sure. That wouldn't shut if off.

. CUNNTINGHAM I was just wondering if that one was visible
at the same time, a little different sun angle.

SCHIRRA It was. Well, I couldn't lock at it first.
Burn 5, you mean?

EISELE Yes.

SCHIRRA Yes, but the shutoff was depending on the
DELTA-V counter. The DSKY is not sufficient
for cutting a burn off manually.

EISELE It only updates every 2 seconds, and 2 seconds
is & lot of feet per second,

CUNNINGHAM In 66 seconds, it was only 1600 or something?

SCHIRRA It's roughly a 1 g burn, sc we only burn ancther

60 feet per second on top of that,
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The most glowing tribute I can give is that as
far as I can tell, except for that hand-
controller anomely — and I'm positive it was
the handcontroller — there was not one faulty
thruster for the duration of the mission in-
cluding CM and SM RCS snd SP3. That's & big
thruster!

Yes,

Which is quite a tribute to anybody's propul-
sion system.

Yes.,

I think that's reslly a first,

Just discuss the rotation handcontroller.

We did try direct/direct, and the technigue
there is to teke the stick all the way ocut to
the soft stop and just blip from that, and you
can get & short pulse of about one tenth of a
degree per second which is sufficient to back
up & pulse meode, or I think it is usable for =
re-entry, but as you get g on, it's a very
difficult task. This is merely coming up with
the feeling that the soft stop is tough and
then Just go aslong a little bit and watch the

result of this, rather than feel it or hear it.
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I guess we ought to deseribe the sounds of
these thrusters. Donn, I think, felt that the
best deseription is much like a man hitting a
steel drum like the Bahamian bands, the steel
band; and cddly encugh, that analogy is gquite
good because piteh and yaw have different tones.
EISELE Pitech had one note, and yaw had a note a little
bit higher in frequency sort of like a bong,

bong, bong, bong, and roll was a thud; it was

a very dull -
SCHIRRA Yes.
EISELE Esthetically, roll wasn't as good. I was

talking to George Page this morning, and they

were all concerned about the audibles on the

pad.

SCHIRRA I told them we had those thrusters on, We
heard them.

EISELE I thought it was signiflcant that they were

much less noticeable there on the pad.

SCHIRRA Than in flight.

EISELE Than in flight.

SCHIRRA Yes,

EISELE And, in fact, you have to listen pretty close
on the pad.

PPN
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SCHIRRA I think that's because they're insulated, and
the sound was masked by atmosphere as well,

EISELE They were wondering what degree to go to make
sure the cameras were on thrusters, and I felt
we would still have to verify them on TV,

REP : We were talking about control ... rotation
tranglation, different mocdes here.

CUNNINGHAM Well, our preferred mode was PULSE and an
occasional ACCEL COMMAND input and, on very
rare occasions, using RATE COMMAND.

SCHIRRA I'd like to throw in a note of caution. I've
talked to McDivitt and Borman about it for the
record. The most colossal geoof you can walk
into — T had tc learn that once - is to leave
the BMAG in ATT 1 rate 2 and then switch back
into them after you've maneuvered. So you
want to go to the last place you were caged
up at. That thing will really hum. Fortu-
nately, you're only about 2 or 3 degrees away,
but that spacecraft just went WHOOOOOM right
into it. It takes all the authority it's got
in the system and just fires all thrusters and
goes there, That's a very luxurious mistake.

So that's the kind of goof you have to really

Quiadiinkiniobeiitinn). -
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watch for so that whenever you leave a precise
attitude that you've been trying to hold with
that thing with the BMAG's in BMAG rate 1 or
rate 2, you get ocut of that attitude hold mede.
It's a very dangerous thing. Another problem
we found was switching from PULSE to ACCELL
COMMAND. Unless we switched rapidly through
RATE COMMAND position, which is between the
two, you get RATE COMMAND lock-up, meaning that
you would stop the rates you had, either from
ACCEL back to PULSE or PULSE to RATE COMMAND.
This would waste your fuel, bul you could set
up a rate you wanted, and maybe you'd want to
stop 1t with PULSE or ACCEL COMMAND, Just
reversing the modes. Going through RATE COM-
MAND, if you went slowly, you'd stop at RATE
COMMAKD; that got expensive. You might not
want to stop it; you might want to increase 1t.
Ideally - and that's for future design; I
wouldn't change it in any of the command mod-
ules = BATE COMMAND should be on either end,
not between the two modes. It's not a malor
erisis; it's just something that ... technique

hasn't been thought out toc well. I can't

o
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fault the SCS other than these miror criticisms,
and I eall them that except for the handccon-
trcller malfunetion. That vothered me to nc
end because that first appearcd te ruin our
hybrid decrbit. I could have used that ancmaly -
pitched down &n¢ swapped handcontrollers and
tsed that as a pltch-dowr mode.

EISELE Yes, ... that's what we talked avout doing, in
fact. We finally concluded we rezlly hadrn't
lost the hybrid,.

SCHIERA So we really hadn't lost the hybrid in that
sense. Jus®t had tc turn the handcontroller on
to get a free pitch down in ACCEL COMMAND: jJust
turn that handcontroller off if we want to siop
it. So we'd always maintain a hybrid deorbit
even with that anomaly, assuring it came up
agair. The way we'd lose hybrid deorbit is %o
lose these two AC buses. Thaet was all academic.

EISELE Translater sccmed to work fire; we didn't Lhave
ary problem with 1t.

SCHIRRA Liever,

EISELE In beth G&N and 8C8. I don't know what this
means, automatic. We didn't do any automatic

maneuvers in SC8; all it can do iIs attitude
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hold. It dees that very satisfactorily. That
minimum deadband is a very nice type deadband.
It's very useful for things like line-of-sight
measurements in rendezvous and also holding a
precise attitude Just before an 3PS burn, but
it's also a very expensive mode, One thing we
noticed - this is to a degree subjective because
it was kind of hard to measure on board, but it
seemed that the limit cycle switeh didn't really
help all that much, particularly in this tight
deadband configuration. The limit c¢ycle is
supposed to cut down the number of firings,
the freguency of them. Tt didn't seem to make
muich difference whether it was in or out because
the thing in tight deadband would cycle rather
rapidly and roll back and forth. You'd get a
pulse every few seconds, and it would drive to
the opposite side of the deadband, fire ancther
one, and come back., You could get around this
partly by trying to set up a single Jet config-
uration. If you push and pull the right combin-
ation of ecircuit breakers -~

SCHIRRA Can't do that. You have to go intoc ACCEL COM-

MAND to do it.

MG @IS
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Yes.

The cniy way you can do that is to turn the
roll attitude hold off and use PULSE in that
mode, in that attitude, in ROLL, That's what

I was complaining about in fiight. It's very
expensive to hold attitude in SCS minimum dead-
band, limit cycle OFF, minimum deadband, low
rates, The roll would - well, asttitude very
technically would pulse back and forth at thne
rate of twoe tenths of a degree per second,
holding this very tight deadband on a two-tenths
of a degree roll attitude. That'ls terribly

luxurious.
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6.6.1 Oxygen Subsysten
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In general, we can state that the oxygen sub-
systerm and envirommental contircl system provided
exeellent service throughcut. The cnly possible
aromaliecs that existed were associated with the
0, flow high. I say possible ancmaly because in

2

almost all cases where the 0, [low went high and

e
we had a caution and warning iight, we could track
it down to something in the spacecraft. About

99 percent of the time, it was the waste manage-
ment dump valve being left open after & urine dump.
Let's explain why that was, Donn, because it is

a trap. Our technique was to vent the urine line
with the same device we used to enrich the cabin.
Yesterday, 1 talked tc Kenny znd recommended that
it be put on the spacecralt Tor all subsequent
flights as a vacuum cleaner. I couldn't think

of a better wey of vacuuming than that device
itself, You could optimize a little, but I'd
rather not ge into 4 big cesign program; Just

leave 1t like it is.

They've got a 90-degree elbow in the thing that

I would just as soon they didn't have. There Iis




a 90-degree elbow when you start vacuuming.

SCHIRRA It was just right for me to vacuum with frankly.
I would go down that pipe and all tnat sort of
stuff, and it worked fine. But I would rather
not redesign something if it does do the job,
Jjust tell Kenny it's satisfactory. If you dis-
agree, let's get that point cut in the open.

CUNNIKGHAM it's not that significant. I felt like it was
an off the saelf iiem.

SCHIERRA That's what it's supposed to be.

CURNINGHAM They picked that one up in, — like a day. I
suspected that they hed cne without a 90-degree
elbow in it that they could pick up the same
Wway. I would rather see a straight one than a
bent one.

SCHIRRA They needed more length; it didn't stick up in
the cabin too far.

CUNAINGHAM That's right, because they figured that most cf
its use wowd be silting oﬁer thaere in the waste
managerent panel, and mest of its use is really
sitiing on the end of the urine dump line.

SCHIREA I guess that was a lcusy place to stow that; you
had to go te 1, 2, 3, 4 places to go through a

urine dump procedure.

: liim- “
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CUNKIAGHAM You're right.
We should not have left that Little valve there
terporarily. It should have been over on the
rignt hand where the tape was.

SCHIZRRA Yes, I don't know why we didn't move 1t over
there. T thought of doing it once or twice; I
Just got in the habit of bacxing cff. We should

hzve stowed tnat thing temvorari:y -

REP Where the tape was irn the tape compariment.

EISELE That 1ittle triangular box wherc the tape was
svowed?

CUNNINGHAM “hat's where we should have left that little

vert thing.

L<f

ISELE O, you mesr when we weren't using it7
CUNNINGHAM Yes, that would have been all right.
Getting on tec the anomzlies: very early in

the fiight, we had the O, flow pegged nigh for

2
& sigrnificant period of time; T thirk it was
about 3 to € hours in flight. The ground scened
to think it was a transducer preblem. Ornboard
very shortly thereafter, we nad discarded this
possibility. The O? flowmeter, as far as I an

concerned, reflected accurately what was going

on with the 02 system throughout tne flight.
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The Delta-P between the surge tank and the

cxygen tank pressures always correlated with the
flowmeter when the flowmeter was less than
pegged.

I would like to make a point here and get this
down cnce and for all. The ground doesn't realize
how much that flowmeter means to us. It's a very
valuable piece of instrumentation. They don't
understand that that is valusble, In checkout
wnere they had hard line in the spacecraft, the
ECS pecple here knew how valuable it is because
they are on it all the time. They would warn us
when they were going to get an alarm (which was
very good head I thought because we were busy at
these other times), so we weren't surprised.

But Range deoesn’'t understand how important that
particular instrument is to us. That's your cue
to all sorts of crises in oxygen.

Yes, 1t 1is.

Yes, I've teen begging for that thing for a long
time. Along this line, something I reccmmend in
a memo to Deke about 2 months age is that we should
get a flowmeter which goes higher than 1 pound

per hour.

Pt
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SCHIRRA I remember making that when we hit up with the

enrichment thing.

CUNNINGHAM Yes.

SCHIERA inere is ane coming on the next spacecraft, I
believe.

CUKNINGHAM I don't think it's in. I recommend that they be

made in line, and the reason For it is that there
are certaln components in the spacecra® which
wher. they fail to opern have fixed flow through
ther. For example, the cyclic accumulaters,
1'11 leave that as one example. When you take
and superimpose the cyclic accumulator failure
on top of say the first 6 hours or i2 hours of
flight where you are btleeding the cgbin down,
you got a fiow rate of about 1.3 or l.L pounds
per hour. We have a meter that's pegged and you
czn't do much with i1t. As far as reading it, you
have to try to correlate between a Delta-P of a
surge tank and the cxygen tenk and its not very
acceptable,

SCHIRRA L specific case 1is the ernrichment thing for

through the urine dump. It happens to be

PO
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somewhere between .6 and .8 pounds per hour.

If you could read 2 pounds an hour, you'd cover
most of these contingencies.

I don't think I would recommend changing the
caution and warning limit. I think it is signi-
ficant to keep 1t right where it is. The way
it is now, cauticn/warning comes on when the
meter pegs, and yocu don't know anything.

In contrast, I would discourage changing that
limit.

That's right.

Because that's how we are reminded to go down
and turn the dump off.

That's right.

Wonder how many times we forgot tc do that.

We sit here and laugh sbout it, but everybody
should understand that after 11 days of it -

We were still doing it.

We were still doing it, and this was after we
swore — I know I took secret oaths to myself not
to goof the urine dump system, and Wally and
Donn would turn around end find a step out. It
got so bad that I made & checklist. I wrote it

dovn in my log; I wrote the checklist down, and

- |
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when I got through, I locked through it and I
hed left & step out of it.

This is the urine dump procedure’

That's right.

Urination procedure.

Frchbably the only place we saw OXygen probliems
cther than those early anomalies — I still don't
know what the heck -

That's right, I sald most ot it was traced to
this waste management system. I think we still
have some possible anomalies existing.

The ground was saying that we had a falled
sensor. I don't believe that on analysis. This

goes back to my original thesis —

I talked to John Aaron on the phone about the
ECS, and he said, "Hey, I gocfed that one."”

As it turned out, they 4id the garme thing to zme
in Mercury. They goofed my suit temperature.
When you have & gage and the needle moves, the
reedle responds to delta's, the gege, or the sen-
sor nasn't failed. It may have shifted, dbut it
hasn't failed, I think we all cught toc learn
that T is not as good as a reedle and analogue;

™ is digital.
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In general, I think we were all quite happy with
the oxygen system.

I guess that ought to remind me to remind FOD
that all meters are analoged. They don't have
anything analoged on the ground.

Wally, why dcn't you bring up the service module
supply valve?

The service module and PL35 valves and where
they are locgted: Tor future spacecraft, please
don't have the poor command pilot running the
ECS. That's a big misteke. I had to worry about
dumping the cabin during b%oost in case the cabin
relief valve didn't close. I was strapped in in
a tight position toward reentry. I found I
couldn't get to the service module supply valve
which was called OFF after retro and I turned
the wrong vaelve. I looked over there again and
could Just barely see it; it didn't have a bubble
on it, or I probably wouldn't have seen it. I
had the wrong one on; I called that out,

went back and got the right one, and turned the
other one back on.

The PL38 valve, the service module supply valve?

And you got some reservolrs right behind it.

(Dbl
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That's where the wvalve is. ZIhree in a row
there.

SCHIRRA I never used it., Three valves in a row: PLSS,
service module supply. Tell me what ['m thinking -

CUNNINGHAM Surge tank?

SCHIRRA Surge tank valves. Yes. All three are diffi-
cult tc turn, and they are almost impessible to
see and after CMS; no, actuaily after retro. It
was called cut for me to turn off the service
rodule supply, and 1 reached over there alimost
blindly, turned off the surge tank which is
wrong, and just cut of the corner of my eye, I
could see it again, sc 1f 1 had had the helmet
on, I probably wouldn't have seen it. That's
not an excuse for having it off, but zs a result,
I could see it; I struggled “ike mac 1in this
tight restraint, and I gct it back on again. T
was really grunting and groaning, and then I got
it off again. I got the surge ON and the service
module supply CFF; they are difficult to work.
Something else that we didr't have happen to us
and didn't have gvailable to us - I might mdd as
long as I'm over in that area - we talked many

times about a swizzle stick to get to some of




CUNNINGHAM

SCHIRRA

CURNINGHAM

SCHIRRA

e 173

those circuit breakers. I did not have it, and
1 still don't knovw what I would have done if T
had had to run scme of those circuit breakers in
a hard suit.

I had exactly the same problem on the right side.
I think one swizzle stick would have done the job
if we had had one.

Particularly for a one-man command module
operation, this is a real big requirement. I
think the swizzle stick should be required for
the next mission, and if they do have to ride

a hard suit, they're going to have to run some
of this stuff.

Incidentally, while we're on the subject of the
swizzle stick, I sweated throughout my training
getting on the panel 275. After you get on the
chutes, you've got three circuit breakers to push
in and two circuit breakers toc pull out. You do
it completely blind. I had a pretty easy time
of it because I didn't have my gloves on. I
really breathed a sigh of relief. With the
gloves on -

Let me ask you why we were doing this. We were

deing this really to protect ourselves from an

- L



inadvertant chute separaticn.

CUNNINGHAM No, no, not this one; those are two other circuit
breakers. We're doing this tc keep the batteries
from being drained down by the main bus. You
alsc have cpen circuits sitting still on the
main bus that you Jjust want Lo get cut off
before you hit the water,

SCHIRRA Tt*'s a1l "What if," though. You can get in a
dangercus mode.

CUNNINGHAM I think there are some things - it's nct a lot
of trouble maybe, but it's iike your gimbal
motor control circuit breskers. They're not
deadface both sides where they run through the
service module,

SCHIRRA The system was designed so that you shouldn't
have to do that. That is another backup deal
that could put you into a dangerous mode in the
first place if you did the wrong circuit
breakers, could it not?

CUNNINGHAM You could end up with less tharn all your power

being on the right bus.

SCHIRRA Post landing.
CUNNINGHAM - Yes.
SCEIRRA Then it's no problem; you can lock at it. After
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landing, vou should loock at 1t and reaffirm
your positions.

Yes. I did, incidentelly.

I did, too., Before I got cut, 1 went over and
locked at it. Enough on that subject. Oha, cne
thing we did have hepper, and I'm not sure where
it's going to come up in heres. We ran the

PLSS down -

I was going tc mention that right here, the
PL38S wvalve under section 3.

That's what 1 wes trying to get at; shat's why
I'm here. Wnen we tried out the emergency 02
masks, one mask triggered off on the test button,
and that caused the 02 masx to flow. The only
proper way to stop it is to put it on your face
and breathe against it, which we tried out in the
gltitude chamber. I guess Donn was down below,
and he triggered some xind of funny stuff. It
lowered the PLES tanks, and after that, I just
refilled the PLSS.

The PL8S went down at that time to around 800

or raybe & little hit less.

Less than that.

We threw the surge tank on the line; we put the
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PLES valve to FILL., The surge tank dropped
immediately down to about 850, and in a very
short time, it built right back up, and we
isolated the PLSS tanks again.

SCHIRRA Frankly, that was a DTO we hadn't anticipated
flowing, and it worked fine.
You could hear the PLSS recharge. That was
interesting; I didn't expect to hear it. Did

you expect to hear it?

CUNNINGHAM No, I didn't.
SCHIRRA It's a very audible noise, swir-r-r-r-rear.
CUNNINGHAM That was the balancing of pressures; yes, I

heard that. When you put the surge tank on,
you immediately heard them going together.
SCHIRRA The PLESS and the surge manifold together.
CUNNINGHAM That's right, but we flew with the PLSS valve
OFF throughout to keep the two systems isolated,
the two onboard command module oxygen systems.
Recognizing the fact that had we had to support
a slow leak in the command module, we would
have had to go to the FILL.or ON position.
CUNNINGHAM On ali of these things, I can - surge shutoff
valve. It was operated cnce inadvertantly and
cpened back up agein. Surge tank pressure

relief valve was never utilized. No. We used
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the emergency 02 valve with the mask. The

repress 0, valve was never actuated.

2
Ro.
We don't want to use that.

The main regulator valves operated normally

throughout. We checked them on each redundant
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compeonent check; they were always running
between 103 and 105 psi Tcr 02 manifold pressure.
I'11l cover the redundant component check separ-
ately probably under this section. There are
some changes we made In flight on it. Water and
glycol tanks pressure regulator, nc comment.
Water and glyccl tanks pressure relief valve,

no comment. Neitker cne of these vzlves were
rmoved throughout the flight. Aspsrently, the

emergency cabln pressarc regllator worked fine

on the redundant compcnent check., The cabin
pressure reguiator ~ the cabin pressure was
regulating at the high end of the band of the
contrcl area; however, it was normal for ocur
spacecraft. We knew before the flight that it
would be operating between 5.2 and 5.4 psi. Tt
dic so very satisfasetorily. On the rumerous
cccasicns when the waste manzgement drain was
left open, 1t would slowly bleed down the - and
the demand reg kicked in and ran it right tack
to 3.h.  I'd ssy it was o very tignt cabin
because we almost never had [low except after

we had bled it down.
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REP They tell us it was less than one tenth pound
per hour.
CUNNINGHAM Iz that right? I just had an intuitive feeling

that It was a pretty tight cabin because it
was always reading S.k.

SCHIRRA I'd like to add item T hygrometer readings. I‘d
like to g€t that knocked off on future flights.
That's nowhere in the rest of the books. Walt's
got the readings. We never called them down to
anybody; they just stayed right in the books.

CUNNINGHAM Right. Why don't I just summarize it?

SCHIRRA I'd like to recommend that we not do that on
subsequent flights. I1t's a waste of time. We
did it all the way down except for the very
last one because we wanted to stow it. And
everybody bought stowing it.

CUNNINGHAM We had a whole page that falls in the same
category as the gas analyzer, a good one shot

deal, just so you understand this.

SCHIRRA S0, 1'd better get down and get that audiogram
right now.

REP What did you ask me about.

REP We got get those in the loop, I don't think we

should hold them.

. !
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R I don't want to just turn them loose and let
a year or two -

vee o " +.. the right guy is going to want those and it
should be lab work and I think they should get
the darn readings.
Yeah,
Okay.

SCHIRRA I'd suggest you call Donn and see if ﬁe is going
to come over tomorrow. I agree with it his
not being here now.

6.6.2 Water Supply System

CUNNINGHAM I'11l continue with the water supply system.
Waste tank inlet wvalve was not moved throughout
the flight. Portable tank inlet valve was not
moved throughout the flight. We did take off
the cover on the wagte tank servicing valve and
attach the waste water dump fitting. The valve
itself was actuated. The ground can check back
on how many times we did dump waste water. I
have a recommendation on the waste water dumping.
They gol quite concerned about dumping when it
got to about B5 percent and wanted us to knock
it off at someplace arcund 25 percent. It was

fairly cobvicus to everyone on the ground that

O
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we were trying to push this off and not dump it
until we got up to 90 to 95 percent. We ran it
down to a little bit past 25, then down to the
10 to 15 percent meter reading on board. I'd
recommend that we go zhead and continue to dump
over & longer span SO we dén't have to do it
any more often than necessary. The procedure
itself - even though we Lad a flexible hose
that was running across the cockpit - was
really a piece of cake. I%t was one of those
little tasks that was like & lot of the others;
you had to watch it pretty close to cut it off.
That is one where the Iittle slarm clock would
help. You could set it for 4 minutes or

8 minutes, whatever you determine dump time ought
to be, to remind you to turn it off.

The time we got down to 10 percent there were
two of us doing the task and two of us watching
it, and we still had enough things going on
where we got down to 10 percent before we shut
it off. TIt's not catastrophic, however. The
evaporators could always pull water from the
potable water tank. The attachment that went

on the waste tank servicing valve had a swage
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fitting, and we tightened it up as much as we
felt we ought to with that great big wrench; yet
it still continued to leak a little bit of
water at the fitting, which we had to vacuum up
ezach time when we got through.

At the end of the dump, you'd have a spherical
glob abcut the size of a 50-cent piece hanging
onto the fitting.

It was just ancther scurce of water in the cock-
pit and ancother task to clean up, and we should
probably try to get some kind of a hetter fitting
there if we're going to use it. The fitting
itself interfered with B8 where we had an

ewful lot of 16mm film stowed on this flight.

We ended up taking all the film out and leaving
it in temporsry storage - which is like 8 or

10 film packs - and then only putting it back

in at the end of the flight. There's a definite
interference problem fhere, and that valve
should be sherter - excuse me, the attachment
should be shorter and probably come cut at a

different angle.

IC OWFHRPIITIET
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Pressure relief valve. That's probably the
water tank pressure relief valve. To my
knowledge, it did not operate. Chlorine

injection port.

183
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There was one onboard problem with the chlori-
nation. It was the third chlorination of the
water. And the LMP was conducting the
chiorination. I placed the chlorine ampule in
the chlorinater, attached it into the bayonet
fitting, and turned it. Apparently I did not
turn it far enough, and it just barely caught
in the bayonet fitting. When T made the first
turn between that time and the time that I
overated it, it slipped back out again. I
Just felt it. It wouldn't pull out, so I
assumed it was in. I made one turn on the
cap, and I could see chlorine solution ocozing
out dowm around the baycnet fitting, using a
flashlight I very guickly determined that I
had not seated the thing all the way over.

My recommendation is to make sure you visually
see the bayonet attachment go all the way over.
If I hadn't been watching, I could have cranked
that in, and it could have put the whole
business out. In zero g the chlorine soluticon
doesn't come cut and just fly away.

It does not disperse, but tends to hang in

space?
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It stays right there, but we did have a
chlorine problem to clean up. Several droplets
did float free. We're still concerned about
the chlorine being locse in there.

I think it Just highlights the hazard

that you do have with the chlorine sclution
being in there in the first plece. It can
leak out and cause ycu problemns.

The water started 4asting bad when we were
chlorinating every day. After the third day,
we made an effort not to drirnk “or an hour or
so after we chlorinated the water. In order
to chlorinate, we had to drink down about

8 cunces on cur potable water tank. T still
have scme doubt &5 to whether this is enough
to drain. T mentioned this to Wally when we
first 4ried it. We had a potabtle water tank
that waé full, we had to chlorirnate, and we
had to get some ullage volume in the tank toc get
this mixed. We should have been indicating

93 percent or less in order to be sure that
the chlorine that we put in was getting dowm
to the ullage voiume. Then it would get mixed

up, because it comes in endé geoes out on the
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same line. I would like to be shown that the
recommended amount to be draired out, was
sufficient. That could be the reason we got
the bad taste in the water so scon., After the
third straight chlorination of 3 days in a row,
donn took a drink from the water gun an hour

at least after we chlorinated, and it almost
made him sick. It was apparently too strong

at that time.

It was pretty bad.

On this particular day, the water still d4id not
taste good 10 or 12 hours later. It was not
refreshing. Going to every other day chlorina-
ticn, the water tasted better. I hope we got =
good analysis of the waber postflight. I
definitely recommend, and I think everybody
coneurs onboard, that we don't chlorinate any
oftener than every other day. HNo problems with
food preparation, as substantiated by some of
the onboard movies. We used three different
sources of water for food preparaticn and we
dislike all three. The drinking water gun had
more gas in it than either of the other two

sources of water. You could get some very good

G ONHDENTY
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water, and then all of = sudden one pulse would
come through of gas -

You'd get a mouthful of gas coming through.
That's right. Using the gun with a food bag,
vou'd have & full feood bag that wasn't full of
water. We found ways of getting the air cut cf
the fcod bags. It's something that we all
ought to talk proecdurally to the subsegquent
crews, and save them a couple of days learning
“ire. The cold water tap that was used in the
cold water valve nad next to the largest amount’
af gas in it. The hot water had the least
amount of gas,

It had hardly any.

I could hardly move the trigger on the water
pistol by the tenth day. The cold water ftap
was getting somewhat Lhe sare way., It would
stick back. It Just didn't want to werk as
smeoth, Tt wasn't near as bad as the water
gun, tut it was getting harder to operate.

Tt would hang up a little.

The hot water tap worked fine throughout the
mission. The hot water iz absolutely the

greatest thing we've had. There was plenty of

Gy
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CUNNINGHAM hot water. We were never short and it was
always very hot. When we had to let some of
those meals sit for 15 minutes, they were still
wWarnm.

EISELE We could run all three of our meals -~ the hot
water dishes, and the temperature did not drop
off at all, that T could tell. We also used
it to clean up. You could take the clean towel
and hold it up by the spout and squirt several
shots of hot water on it.

CUNNINGHAM Incidentally, you had to take a clean towel and
hold it right around the spout because the
spout's got the water coming out of the side.

BISELE You havé to be a little careful that you don't
squirt water all over the 5C.

REP Was the taste of the cold water good, and was
it cold enough?

CUNNINGHAM Yes, except for one day.

EISELE Toward the end of the mission - the chiller
apparently ceased to function.

CUNNINGHAM That's right, I felt it did.

EISELE It was not near as cold and refreshing as it

had been earlier.

el P ERETIN



CUNNINGHAM The water when it was cool tasted good and very
refreshing. About the ninth or tenth day there
was about a 24 hour pericd when it became
warmer. Then it seemed to get cooler agaln.

EISELE Tes.

CUNNINGHAM About the tenth day, the water gun started

getting a kind of "garden hose' taste a couple

of times.
EISELE Yes, I noticed that.
CUNNINGHAM We were all quite happy in general with the

focd preparation. The gas was a problem, and
we ought to try to do something about - if
there is a way. The drinking water shutoff
valve was turned ON when we got in orbit, and
turned OFF for de-orbit. Right.

EISELE Yes.

CUNNINGHAM The evaporator water control, the primary and
secondary; I'11l cover the secondary evaporator
water control valve under the redundant com-
ponent check, but they operated as advertised.
The water gun T've already discussed, and the
food preparation. Donn, do you have anything
to add about the water gun?

EISELE No.

SO
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One very small point, it would have been nice
if we had logged the first reading on the water
gun. It was not zerc. It was some other
strange number.

My water bockkkeeping was not kept up to date
the last few days of the flight. I was drink-
ing a lot of water.

It's a problem. I wasn't drinking enough water

the last couple of days.
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6.6.3 Water-Glycol System

CUNNINGHAM The cne very consistent anomaly existing in the
primary glycol loop was the periodic drying out
of the evaporator. It seemed to occur at random
times; and when it finally did dry, it would
cccur rather rapidly. There is a good chance
we can find this out postflight since we do have
the evaporator here. The secondary evaporator did
net dry out; however, it never operated longer
than seven and a half hours, and I den't believe
we could draw any conclusions based on that.

The glycol evaporator OUT temperature primary
ran between 35 and 60 degrees F throughout the
flight; the only time it got down below forty
and down in the thirties was on an overshoot
when the evaporator would come on the line.

The radidtor cutlet temperature on the primary
loop was always maintained roughly between

30 and 50 degrees. This led me to believe that
we had essentially very good radiators, with
only very slight degradation, if any, during
boost.' The radiator isolation test, which had
been extremely high priority even before flight,

I felt had taken on less significance after we

(b -



=
SO
™3

EISELE

CUNNINGHAM

EISELE

CUNNINGHAM

EISELE

CUNNINGHAM

GO ETTA LS

took a look at the radiator performance. It
seemed to really be performing very well,

I don't know how the ground feels about it, or
what kind of data they got. We ran practically
the whole flight without that water boiler really
doing much for us. We ran inte high-powered
cecnditions for hours at a time, and about the
only time we noticed was that there was a slight
cyclical behavior to -

There was a definitely more marked cycle, too.

" = the temperatures. When you were on the sun

side of earth, temperatures tended to go up;
when you get around on the cold side, that was
when they went down.

What happens is that that is the normal cycling
that goes on, but it was more marked when we had
the evaporator off.

But there was s very slight difference, and it
didn't make us uncomfortable, and it didn't
hurt any of the guipment; we had typically
ncminal performance even without the water
boiler going.

Those were the times when we got towards the

high end of these ranges that 1 just mentioned,

CORHBENTIA,
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The radiator inlet temperature on the primary
glycocl loop was always between 60 and 70 de-
grees F, and the steam pressure worked as adver-
tised; glycol discharge pressure was always
nominal, both pumps. The accumulator quantity
was a bit low; I think it probably was between
about 39 and 45 percent.

It was low when we took off.

It was at the low end of the range; it changed
very little, so I never gave a thought towards
refilling the accumulator at all. Primary and
secondary maintained the same kind of wvalues
throughout the flight.

The most significant item is the drying out of
the evaporator. I consider that an unanswered
anomaly. It is something we ought to try to
find out about. However, in view of the way
the radistors did work, 1T wouldn't have any
reservations aboul operating the system. We
felt very comfortable operating it that way for
10 to 11 days. I think the time it got the
highest was when it was powered up for rendez-
vous. An example of changing limits is after

we started flying, they changed the limits.

»
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The ground rules have always been that if the
primary glycol evaporator cutlet temperature
exceeded 60 degrees, activate the secondary
loop. They came through for the rendezvous,
and I believe that they stated to let it go

a5 high as 80 degrees. I was Just a little bit
surpricsed at that because a short time after

it dried out for the first time, they had given
us & new temporary limitation of 70 degrees.

I guess it shows they were willing to pulse the
system in order to complete the rendezvous.

EISELE Well, they were going to pulse us, too. If that
glycol had gone tc 80, that cabin would have
gotten pretty darn warnm.

CUNNINGHAM I think that is another very significant peint,
Donn - they were willing to pulse the electronices
& little higher, but you get very guickly into
the range of where the electronics is not the
key item. If the crew gets pretty doggone warm
and the glyecol evapeorastor outlet temperatures
get up above 50 to 55, it just is not taking the
cooling out. A lot of the sublective feelings
of heat that we had on the sunny side, Donn,

was whenever we were in the attitude HOLD mode
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because as you came up, you had the sun coming
right in the window; when that happened you were
het. The suit loop temperature ana the cabin
temperature varied between 47 and €5 for a suit
temperature, 60 tc 75 for the cabin temperature
nominally, and I couldn't really correlate that
with comfort. BScmetimes [ felt uncomfortable
when it was down at the low end cf that rarge,
sometimes at the high end of the range, and the
clesest correlation that I could ever make would
be whether we had sun coming in the windows or
nct. As a matter of fact, I found the suit and
cabin temperatures to be not very usecful. They
were long thermal constants, and they didn't
really seem to mean a lot. If we saw the tempeor-
ature up high and we were unconfertable, we might
throw a couple of clicks on the cycliic accumula-
tor or something, but I never had the feeling
that I was getting & lot of inteliigence out of
the two meters.

Cabin temperature control was never touched from
lift-off to landing. Tt was set at max coléd

manually, and as far as 1 am concerned, the
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temneratures on board the spacecraft were quite
tolerable and normally gquite comfortable.

EISELE Yes, it was & good environment.

CUNNTNGHAM We felt like the humidity did fluctuate back
and forth; it was a function of location in thke
cabin. That might have been why Donn bugged
out cf the sack that he and I were sharing after
about 6 days and slept over in Wally's sack.
The primary glycel pump, no comment. The pri-
mary evapcrator back pressure valves were probably
working normally. I have to confess that I was
a bit surprised that it took such a long time
tc close them sometimes. It tocok a Jlong time
to see a steam pressure react to closing of the
back pressure valves. The instructions when you
are turning down the primary evaporator are to
hold the back pressure valve to INCREASE for a
minute, I must confess that at times I held it
for as long as 2 minutes, and there was guite
often a long delay from the time I started
operating it before I saw any increase in the
steam pressure. When I say a long delay, I
mean like a minute and 15 seconds or more

sometimes. I can't be sure, but they may have

operating slower than we expected.
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The primary glycol evap temperature inlet valve
in the ECS postinsertion checklist was placed
tc AUTO and never taken out of there except for
the radiator isolation test., The glycol reser-
voir outlet valve, inlet valve, and bypass valve
were reconfigured in the postinsertion checklist
priocr to flowing the radiators, and the reser-
voir was never placed on the line afterward.

The glycol-to~radiator primary valve - the ra-
diators went to FLOW probably about 15 minutes
after insertion when we got around to it on the
checklist. We did not have to return to BYPASS.
The radiator outlet temperature was lower than
the inlet temperature after 3 or U4 minutes of
flowing, and it was obvious right away that it
was coming down. The only other time that that
valve was actuated was for the secondary coolant
test, and it went to BYPASS again prior to SEP.
Primary glycol accumulator shutoff valve - no
comment.

ECS radiators, the flow control switch - we had
several anomalies esrly in the flight, and I
think it was about twice in the first 48 hours

the radistor flow control switched to number 2.

- .
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It was reset and put back in AUTO, and it
operated normally after that. I have to back-
track just a second to the primary glycol
evaporator; I 4id mention that it dried out on
several ocecasions, numercus occasions during
the flight. The glycol evaporator after drying
out, in all cases, was reserviced, sometimes
immediately afterwards, scmetimes after weiting
for some 15 or 20 minutes; something like that.
When it was placed back on the line, we followed
a procedure as passed up from the ground, and
it worked beautifully until all of a sudden it
would just dry out. The explanation was given
that under low cyeclic heat loads, the water
control valve was not doing the job it was sup-
posed to. It was not filling enough water to
match the boiling rate of low cyclic loads.

The last time that it dried out, and probably
the reason it was the last time, was because of
my servicing procedure. In reservicing it, we
were supposed to put 2 minutes of water flow
into it, and during that procedure, we ended
up with two different distractions associated

with updating the map. I would say thsat we

RESHPIDTITITEL ..
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kad a goecd 3 and one-half toc 4 minutes of water.
T wind of deoubt whether that would have incapac-
itated the evaporetor, but at that time I had
glready decided I'd just as scon not put the
primary evaporator back on tke line for deorbit.
The reason being at that time - bBut I was a bit
cocncerned that with the excess water in the
evaporator that when we did start boiling and
open the back pressure valve we could have pos-
sible water carryover intc the steam duct. BSince
the steam duct is the only cne we have for both
the primary and secondary cvapcrator, I just
didn't want tc take a chance on Ireezing the
steanm duct for reentry. I think the risk was
probably low, but it was rot out ol the question
“or it te happen, and we did not need the pri-
mary evaporater. So that was a procedural goof
cn my part.

The point is that thing iz surpesed to onerate
sutomatically, and it fajled wc dc se. 5So it
was in 2 failure mode to begin withk., I dor't
consider it procedural gecofs in the nature of

leaving a valve on too long or not lcong enough.

Golubingiiig



CUNNINGHAM Ther« are so many things going cn at the same
time it is a real challenge to ycur concentra-
tion to get cne task done.

ETSELE Well, I think in general we ended up with a
great number of manual tasks that should have
been automatic, either on account of inflight
ralfunctions or because of Znadequate design.
It wouldn't have been unreasoratle whern thisz
gervicing was golng on to have the oxygen
tark 2 fan, for example, tc go to ON for 2 min-
utes, so you ended up with a couple of time
sequences operating concurrently, and it became
a problem. Or you might be locking for a
certain target over the ground at a certain
time. We would 1like to see the ground assisting
us on these things.

CUNNINGHAM Flow control switch seemed to work fine after
the carly pert of the flight, and it was &
repeat 0of the same kind of prcblem that we had
on 2TV-1 run, and I believe possibly some of
the chamber runs here. The manual selector
switch was utilized once for the rzdiator iscla-
tion test and it weorked fine.

Suit heat exchanger secondary valve - the sult



heat exchanger was on the secondary loop, and
we actually got cooling whenever we flowed the
secondary loop. And specifiecally, for reentry,
we activated the secondary loop, did not do a
cold soak, but did put the suit heat exchanger
on the secondary loop and took it off of the
primary loop.

Secondary glycel pump and accumulator - no
comment. Glycol radistor secondary valve was
turned on for the first redundant component
check and never after that.

Primary glycol evaporator control., I felt like
the control was adeguate with the possible ex-
ception of the comment I made on closing the
back pressure valve. It ceemed to take a little
longer than I expected.

Secondary glyccl evaporator control worked fine,
absolutely beautiful system for the length of
time we ran it. We might comment on the pro-
cedures that was passed up early in the flight,
prior to doing the secondary coolant loop test.
It was a way to reservice the secondary water
evaporator in the event it should dry out as

the primary did. This procedure involved putting
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the evaporater water contrel secondary valve to
AUTO where 1t was already going to EVAP for

5 seconds, then to RESET for 20 scccnds, and
repeat that step for 40 cycles. In the event
tkat we had had a secondary evaporator dry up,
it's nice te have a procedure to reservice it.
However, I do not know to what degree this
procedure had been checked out pricr to being
passed up. I do know that the last 3 years
prior to flight, I had been told consistently
and regularly whenever I had queried Korth
American systems people on the suestion that we
coculd not reservice the secondary evaporator

in flight. That was cne of the big reasons

we ran a redundant evaporator check every

24 hours to make sure it was serviced. I copied
the procedure down, and naturally we would have
used it hed we had to. Because of someone
being able to dream up the procedure in 3 or

Y days, whereas in 3 years it had nct been
worked out before, this brought up the comment

about a "Mickey Mouse" procedure.
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Birect 02 valve, apparently was not difficult
tc adjust tc the flow thst we needed; we nal no
trouble on tke pad witk ‘t, did we?

No. Tt was like a sign=iture type of valve. It
is unicue. John Young always had trouble with
it. T just haven't tcuchced on that partlicular
valve, 1 guess. Tt iafurisztes Jchn.

“kay, so the direct 02 velve worked as séver-
Juit flow valve - they were esither in suit full
flow, or after we took the suits off, they were
in zabin flow throusghcut the flight. Cabin air
return vaive, the handle appearecd to me to cper-
ate stiffly. I hadn't operated it too many
Limes earlier. Did you feel like it wzg stiffer,
or is 1t standard 101 suit return air valve?

We might comment that it did accumualate an awful
lct of 1lint, et cetera, cn the screens, znd wo
cleaned them off with tape from time Lo time.

We did have to go arcund pericdically snd clean
cI'l that filter asnd aiso the cnes on the suit
hoses., It seemed like about every & to

12 hours, they were due Tor a cleaning. They
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were clogged, and it mede a very effective
vacuur cleaning system.

I thirk we might stress tryirg to set up a pro-
cedure to do vhat regularly, mecre than once per
24 hours anyhow.

I always did the suit plugs on my watch and
cecasionally tried to do the suit return valve
if I could get to it without Tothering Wally.
They got cleaned at least twice s day, and they
should be cleaned twice a dey.

Tor planning purposes, you should plan ashead on
cleening the suit return air valve. One of the
sleep stations is under there, and you have to
open panel 382, and that interferes with the
sleeping crewman,

Oxygen demand regulator - apparently worked
fine throughout.

Sult compressors - no comment.

002 canisters - I believe we will have to
elaporate here, There were nc problems in
operating the CO, canisters. At about 60 per-
cent through the fiight, in changing one of the

canisters, the LMP pulled the bananza plug loose

from the shorting plug.
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The shorting plug brecke, and we did it manually

Just by nanging on to the structure, We liad nc
discharge at all at sny tine,

From that time on, we made sure that we xept
contact between the side of the container and
the cartridge whenever we pulled it out.
Crhanging the lithium hydroxide canister was very
easy. We should make special note cf the fzact
that stcwage onboard sryacecraflt 101 was two
2ithiuam hydroxide canisters shy of what was
required for a 10.8 day cr 11 day Flight.

We were atle Lo stretch what we had, fortunately,
inte the 11 days, whieh led us to the conelusion
that probably you could make 30-hour cans out

of these that you really wanied.

Ir all of our canister changes, the 802 partial
pressure was never above sbout .8 mm of mercury.
At any rate, when we were faced with the prcblem
of extending the iife of the canisters, it was
absglutely no wroblem. We extended one canister
out to 5 mm of mercury down at the end, ard T
dor't have that time here right now, bus I
believe that canister rrcbably went at least

35 to 36 hours,
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Pretty close to it.

I wouid say we ought to enter into it if we want
to try and save some geod weight on the space-
craft., We ought to try to gualify these canis-
ters for 30 hours. I felt like all of our
canisters subjectively would go 30 hours with
ne strain at all,

Suit heat exchanger - no problem.

Water accumulators? They worxed; I believe they
worked as advertised throughout. If they ever
missed =z stroke I'm not sure that we would have
detected it. I believe the ground 2sked one
time about missing strokes. We nappened to be
2t manual as a time stroxe came up, and we were
tryirg to operate with some manusl cyecling. IT
we felt like the humidity was getting a little
bit high, or we saw water in the sult hoses, we
did throw a couple manua: strokes on the cyclic
accumulators. Something which had never dawned
on me in 3 or 4 years of operating this system
was that cyelice accumulators stroke right at
even 10 minutes. We always xnew it was 10 min-
utes between sirckes, and 10 seconds for a

stroke, and if you want to watch to see that the

CAMMEIRENLIL. .
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cyclic accumulator is working, you can look at
an even 10 minutes, on the GET. Like 50 minutes
past the hour, on the hour, 10 minutes past the
hour. T don't know if that's ever been called
to anybody's attention before, but it made it

a lot easier checking these things for operation.
Okay, 1 think what I would like to do here
before I go to the gaging system is note the
differences in the redundant component check

in the ECS system from the checklist. We never
did read it down to the ground, and T don't
believe they are aware of the changes that we
did make. Okay, starting with the standard
checklist ECS redundant component check, the
procedure was modified in flight as follows.

The first change went along with an agreement
with the ground that we would only flow the
secondary radiators the first time, check the
temperature sensors. And the secondary radiators
were isolated for the remainder of the flight.
The urine dump heater, switching to redundant
heater was never done. We felt that as long

as we were on a good heater we were not going

to change it. Evaporator water control

OQALE LS |
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secondery vaive was not tuwrned off after the
redundant component check, It was in AUTO
threughout the flight after we pulled the first
ZC5 redundant component check. This was because
tlre primary evaporator was acting up, and we
wanted to be able to initiate seccndary evapora-
tors should we need it., You know, without
clirbing under the couch, and opening up

vanel 382, I think the significant point here
is we operated for 11 days with the wvalve in
AUTS, and prior tc the flight North American
kad some reservations about the AUTO position
being susceptible to leaks in this leocop. I
personally weuld recommend leaving it in AUTG,
and that saves you one trip into and cut of
panel 382 a day. If somebody is sleeping down
there it complicates things. In performing the
secondary coclant loop activation for redundant
component check, I neglected all of those stieps
assocliated with shutting down the primary coolant
loop. I always felt the secondary coolant lcop
with a radiator bypass and the primary coclant

locp was doing its normal job.
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£.6.5 Gaging System

CUNTINGHAM Temperature gages - I read earlier what the
range of the temperature gages waz in both the
guit and the cabin temp. I felt that it did
very 1ittle good to tell you really what the
comfort level was in tke cabin. Sometinmes
wien we felt very Lot the canin temperatuare
zage was reading deowr in Itz fow end of the
cverzating renge, and sometimes when we felt fine
1% was up toward the high end. PTressurc meters,
fine. Guantity meters cn all zonsumzbles
aggociated with the EC8 system wevre GT. Flow
rate, I can only stress agalin how important
we thought the oxygen flow rete meter wis,
Tnst's not Llisted as a mardatory nlece of in-
strumentation for lsunch. Perscnslly, I would
like to thinx tnat that should be mandatory

for fligat, the 02 flow rate meter.

6.6.6 Waste Manzgement System

CUNKINCHAM The waste stcrage vent valve., T utilized ttre
valve on about two cccecasions for opening up the
waste storage compartment. Lowever, I nover

kad the feeling that this was necesssry. =
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don't believe we ever got odors out of that
waste storage box.

No, we didn't.

Did you Wally?

REsR

We opened it many times and saw little tiny
bits cf metal.

I toild dce I didn't like all the pills wrapped

in metal foil because they start floating around

tne cakin.
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While we are talking zbout waste marnagement, we
nai a lot more reom in whe cormand module to
word on washte managemeni; thercfeore, it wasn't

z tcoctal nightmare, but it was a fantastic work
load compared te other things. It tock a long
part of the day, ang you had tc plan way ahead
f'or it.

I thought It tock accut an s2our - Lthe waole deal -
from preparation until] you were completely through
with it.

I wrote up & little thing abecut it that I would
Zike to just pul out as a2 meme Lo our guys in our
cffice on it. 1 said to allow at least 15 min-
utes. I think everybcdy agrecs, at least L5 min-
utes.

I thirk the significant thing is that whstever
procodure wo o use, we are not prepared to handle
wnat I would call a fiuld bowel movement. That
iz where we were very ... lucky. I was deathliy
afraid of <that.

I thing that is an emergency situation when you

are faced with It, and I'1l suzy tkat you probably
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are getting down to & two-man cperation if you
kave that right row,

SCLIRRA let me make a point here., I asked Chucx Berry
if we could possibly sit down with the appropriate
engineers and doctors and say all the dirty
words, and get it out of our system, and all
the funny Jjokes, and ther sit down and taik
sbout this very seriocusly. I asked tnis of
Utan White back at Langley, and no one has ever
rmoved. I asked it c¢f Dick Jonnston, and I thirk
it is kind of gross to go all the way back to
the Gemini glove thing, which will suffice for
the lunar mission.

CUNNZHGEAM I think I have an idea that I could add tc a
new kind of fecal cannisier. All of these require
flow rates, incidently.

SCHIRRA For AAP, there is no way that you can go along
with a system like this.

CUNNTNGHAM If you want tc make g note of it, I do have
certain ideas that I think could pessibliy end
up werking with a medified type fecal cannister,
as long &s you have flow rate. I guess what I
am saying is that you know heow concerned - was

before we flew, running arcuné here begging




evervbedy to take & bowel movement. 1 guess
berause the stools were relastively firm, it

Lurred out that we diden'y have any real bad

provlenms,

SCHITERA It was Just. a mess.

CUANIRGILAY Tnat's right; it wes a mess.

HCLIERA -t really means you nave Lo Ze off the lcop
completelyy you kave Lo Luxge your communications
awdy 5 you can's do anything. Yeou are strictly
of ¥ the line l'or apout an aour.

EIBELE ;7 did mine on tne night wutenh while you guys
wore as._cen so that I wouldrn't disvurb you, and
1 nad the whole cablin %o mysell. VWhat I would
ac wag walt until T had a pass waere T was gciung
to be 45 mirustes 9 an hour between stztions -
znd ususlly durinzg ry watch there would bte =&
leasl one pass Z1xe that.  That's when T would
do 1t because yoa nave To take everything off,
sirip right down te do 1.

CCICSEA Conrn, it just ocecurred to rme while you were
talking that you are not geoing Lo nave that on
tne uncr flignt. You are in corstanl communi-

cations. There i1z always some messsge coming in.

GoMmDEN.. |



M3
-
-

BISELE

CUNKNINGHAM

L

You Just have to say, "The CMP is going tc ve
off the line for 1 hour." TZhe way we did it was
ldealized for the environment that we had, but

I guess in this debriefirg we've also got to
proiect ourselves to the next one. I didn't
dwell very much on the S-IB because it's aistory
as far as I am concerned, other than for the AAP.

I thirk we should go into the AAP debriefing as

-

discussed with Deke,

Tne whole procedure is not all from an esthetic
peint of view, 1t is not as bad as I thought it
wculd be, franxly. It is tedious and time
consuring, but if you take your time, you can
do it right.

I'd rather not gc into all the details right
nere. I did spend a lot of time writirng down
gtuff that I'é just as soon pass on to the guys
that are going to be needing It and to Berry.

In fact, Berry maede a copy of what I wrote down
gbout doing it. If we are talking systems-wise,
we still have the operational problem of the
interface between the man and the bag, &t cetera,
Systems-wise, things worked as they were expected

te pefore we went in flight, on the waste
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management and fecal waste. On the urine system,
I would have bet money before we Tlew that we
would have freeze-ups. We were all absolutely
amazed that the water dump system worked so
perfectly.

We were very religious about prepping it.

That's right, and purging it afterwards.

We overpurged it most of the time.

I think we have already belabored the point of
the dumps and the stars and the fire flies and
the snowflakes. [ave we really made it a point
that this could be a critical problem in later
moon flights? I don't know, This is one of
Wally's little pet points, and I think he ought
to elaborate on it a little bit.

My point is that in earth orbit the W/CDA of the
particles 1s quite different in the spacecraft.
As a result, 1t draws aoft and separates from it.
Eventually, you fly oul of it.

You also go from a sunrise or a sunset situation,
into a total darkness or a total light which
chenges it.

In sunrise or sunset, when I tried to do my

coarse alignment, I could nol find star 1 for
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10 rirutes after sunset. 1 wazs all sct for i
I krew wrere they were. [ had slrezdy seen the
svars at dusk before. 1L waan't a case of reslly
tryirg te find them. I Just couldn't see them,

if the vgrticles den't draw away from the space-
cruft enroute to the moon, we'é have a rezl
nigzhtmare.  That ig why 1 say thzst we should keep
“le platform up unli. we alscorn wietier there

iz a problem or not. That Is the only real

frightening thirg I saw In thlis wission. It

really did scare me for a lunar mission, even more

@l seeing stars in aaylight.

That 1=z the pilan on C', to leave the platform cn.
iten we will find out whether these do in Zact
draw away or rct. They leave the spacecraft with
encugh velocity that they mignt zo sway Jjust by
that DZLTA-V Llhat Is applied thrcocugh the rncezzle.
Tnere is a fantustic clcoud of these things that
gc in all different directicrns. 1L is qot Just
ceming out that spray nozute.

I vreought up a poeint in flight tkat at fTirst
tlusk sourds Jjust a little bit ridiculcus maybe;
i thirk ne thought I was being Tacetious, but T

did mean it nzlf in secricusress. 1f you had a
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dircctable urire duwrp, yecu woild have s means of
centro_ling that spacecraft, cxcept at perigeo
ar sarething. Svery time we dumped, we zut
torgues on it, and if you could direct a nozzle
cul there, you could fly around for -

I dign't think it was fucelicus., I saw as much
s twe terntns of a degree zer second.

I thought you wight have been thinking I was
raeking it all irn Jjest, but I wasa't. I tonink 17
vou kad a directable urine ncrrn’e or a waste
waber dump rozzle, you coula ['ly arcund in earth
orvii, take pictures - z pecor man's control
sysoer,

it is not appropriate for Apollc, obvicusiy.

I7 you could get all the venl stuff coming ocut
of one hole maybe, ther wilh a directoble vane -
vuara arcund cne way cr snother, you could do
sarething with 1it.

Lonr, do you remember waalt the peak thrust cof

o puwige 1s? It's not very far, not any aundred
LCUIGE .

Jdc, the effeciive L5F is abcout orne-ha’'fl or a

third the ncrmal — pretiy low.
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SCHIRRA I know on Mercury I wanted lZess than a 1 pound
thruster, for example. We dicdn't have puises as
such, but we used a small thruster., They were
great, I1'4 say that in Mercury, we got about
two tenths of a degree per seccnd for a minimum
fly-by-wire thrust in a l-pound thruster. I
het you get more than that cut of these overboard
cumps. Although the acceleraticn is not there,
you are getting the rate by letting 1% build up
cver a period of possibly a minute,

EISELE If you éump water out of thet waste tank, it

really spins 1t up. You get a good healthy rate

SCEIERA Wniie we zre talking about dumping water, Wwe
actually saw the shadow of the spacecraft in
these water particles.

CUNKIKGHAM Whenever the spacecraft was trailing the urire
dump in orbit, it made a nice shadow back there.
Ir fact, Wally and Donn saw the -

SCEIREA We saw the whole spacecraft; saw the engine,
everything, the command module, the service
mcdule -

EISELE Ana zt one point, we were silhouetted against it.
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1t suffices to say that I wrote up the checklist
we used for it, whicn is a signi”icant number

of ateps, and I wouid jusi as soon lesve iho
vhing abtout waste management o a little romo,
Arother point te mention aere that we didn't
mention is the odeor. The odeor did hang during -
Yoz, 1 don't know what we could do to solve that.
“he only thing we cculd do, we 414,

We preathed out of the blue hose.

That was better then going btoe the mask., T guaess
that is an eppropriate comment to make, expecially
taowards the end of the mission when it began 1o
definitely - we were clanping up our ncses, We
a.sc noticed that our nody cdor was up. 1 under-—
stood from Frank Borman znd Jim Tovell that they
didn't feel that dirty. They didn't get the
exorcise we did, cither. Zwven thcougn we didr't
tresk into a sweat or persnire while exerclsing,
T suspect cur wastes were coming out tnhrough

our skin more so than -

One thing about this 1s that the waste management
overboard draln valve got a lot of worx. Scme-
times I had the feeling thal we were about to

bresk all of the waste management valves.

bttt |
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cperasing valve. They go onily one way. Lt lcoks

Like you cun go cither way e c7uso iU's a

80 valve for VEIT or CLOSZ. Aftweor 5 or 6 days,
yvou z.ways turn It the right cirection !
Trere zhnuld be an arrow on thcse valves showling
the way that they meove.

Wolt, that 18 a gcod point thst you are bringing
un. Seeond, there are so nuny of these ool b

veves — 1 hope the worid deosn't folleow that

23 a rermal psitern for idertificalicn for what
way a4 velve 1s pceinted. |+ is a nhex hole that
wocl E goes in, There's = tip of a gusrd, -

e
A

4]

, and you =re nct sure unti: yeou live In
it for a few days which enz is peinting irn the
righi c¢irection. Tt s = very bad standuri to

o oused for subseguent veblicles is what 1 o=

carned, ilacicenwa’ iy,
ewch time we locked at then.

T have one rmere thing to add alorg the same
Tinesy it 1s sherp i my rmind cow, 'The stowage

box R_3 has some handy-dandy handles cn those

ratzhet things you fasten., If we couid stick
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one of those on one lithium hydroxide fastener,
(the cannister cover) and one of them on panel
382 fastener, we'd have a whole bunch of tool E
valves -

Tou can't because those have to be flush.

You can't, Walt.

The lithium hydroxide cannisters? What I am
getting at is that we opened it, we hooked it
back with tool E to Tasten cne or two of them,
and every time we wanted to get down there to
clean the screen or anything else, we had to go
get a tool E and come down to do it. If we
Just had one of those -

Let me ask this. Didn't we find that that
wasn't & very highly reliable thing?

Never had any fesilures with the ones on board.
Yes, I know, but each one of those is a potential
failure.

There may be mitigating circumstances which
won't handle it, but my feeling right now is
that is sure would be handy.

I think it resally is a nuisance to go around
and undo those things with tocl E all the time.
What was that tool stowage thing for down there

that we didn't have a tool for? Was that tool E,
¢
%

GnDETTTRS
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Dew-Point Hygrometer

SCEIRRA

another version of it?7 On the water control
parel, there is a hole that say tool stowage.
Ch, we used to have a tool stuck there.

There used to be a tool that wculd stick in
there.

That was its standsrd position,

There is an extension in the tool kit that you
can put on tool E, and it would probably fit in
that hole.

It came back as a T-shaped tool that went up

where my direct 0, knob is now, and that same

2
T-shaped tool -

It would be handy for exactly the best purposes.
I really think that if there is a way of throwing

it on, it is a convenience type thing.

The point is we took twelve different dew-point
hygrometer readings, which is almost on & daily
basis, and there is a lot of good data here.

We found out where the moisture was. That's
really what we were doing it for, in case there
was any. The moisture collects on the coldest

place on the spacecraft.



EISELE Wkich is down under your seat where the cold
pipes are.

SCHIRRA From that, I see no reason to carry this device
along. It's not an operatiornal instrument any
more than the cabin gas analyzer. We have all
the data. This data has been sent in, here is
a winole page of 1t right here. This should be
sulficient to dispense witn the hygrometer.

We were using the suit return air wvalve, and

we droppedé that and went to inner condensate
wnizch ccllected on the pipes. In one case, we
reasured the pipe temperature, which was 52,

and the wet bulb was 58. It had to condense;
that's all there was tc it. Whatever the sprezd
was, the dew-point was higher than the pipe
temperature, so the water nad to go there. 0ddly
enough, back in bleck I days, we saw this very
cften. Remember they had the alr conditicning
fouled up in that big wvertical beay building

in the plant? People came roaring in and started
wiping pipes off because they wern't insulates.
They reset the alir conditioners somchow or another

to lower the humidity. I've been told that 1Gh,

aaiaineeamn :



and possibly all con up, are insulated, and on
a phone call to Kenny I suggested that he insulate

what he can.
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6.7.1 Monitoring
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I think the surgeons went about as far as they
could to help us on the BIOMED switching {the
three-position switch). It was a gross mistake
on their part for not insisting on having the
ground control it like anything else. It ended
up as a crew task because they didn't win their
fight. They did win it for later spacecraft,
We were not unduly exercised on that -

Once every 8 hours.

If you will recall, the original flight plan was
abgolutely unreal., We couldn't have abided by
that; there was no way we could have. 1 gather
they got the data they needed out of it, and
unfortunately, we are in a problem. As far as
I am concerned, the BIOMED harness is an open
ancmaly for this mission for two reasons. One,
it failed; and I told Chuck Berry it's possible
that Donn's failed as mine did as a result of
exercising .against the seat belt. Mine failed
because the lead was Jjust too short; they put
the bio-sensor in the wrong place. Changing

configuration between where they placed the

ST DT \
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sensor between the last time I wore it and
flight day, caused it to come apart. I taped
it to make it stay together, and it broke down
the next day.

EISELE I guess we have already documented the hot signal
conditioner elsewhere. That happened about
T days into the flight.

SCHIRRA 1 would like for you to get it on this thing.

You told the deoctors. How hot was it? Berry
was telling me it runs about 98 to 100, which
is not enough to detect.

RISELE o, that's body temperature; you could hardly
notice that. This was plenty warm, and it had
been getting warmer over a period of a day or
two. 1 could recollect that now and then I felt
a little warm in my abdomen; and one day, it was
guite warm, uncemfortably so, and that is when
1 started searching around to see what the
problem was. It was one little single conditioner,
so I was just going to take it oul, and I thought,
"That is the power supply for the whole thing,
and I will just - "

SCHIRRA The black one?
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No, it was the red one. I took it off and

adviéed the ground, and they said, "Roger."
That shock me when I heard it.

It wasn't hot enough to burr you, and 1t wasn't
so hot that you couldn't held it in your hanag,
but the fact is that there was a short iIn it,
znd it appeared to be getiing worse cver a
pericd of a dey or so.

¢ help you calibrate a temperature number, the
water was about 150, snd that was kind of hot.
It is kind of hard to compare because of the
heat transfer rates of different materials
invelved. 1 would say that it was probably

120 to 10 degrees by then, something like that.
I+ was guite hot to the touch,

You're not supposed to get that kind of flow
through there; scmething is wrong.

Yes. It sure was.

Destroys my confidence ir that report we had
about triggers in the suit lcop.

I was concerned if I got a het short in there
trhat it might singe the cotton garment I was

wesring and would have been -~

GohjuDErerTER
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SLAYTON Theoretically, there is no possible way to get
tiiat much current in there, but it is an unknown
thing that has tc be explained.

EISELE We took special care of the equipment. I don't
know if they ever found it, but it was in the

remaining fecal bag box, the box that the fecal

bags were stored in.
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T am assuning this means the status of Telecon-
munications System. We¢ launched as nominally
vlanned on all switch configurations, etc, Did
you cover the COMM problem? Apparently,

Duplex B wasn't working all the way through
boost. I didn't notice a Zoss of COMM, T was
monitoring meters irstesd of waiting for some
of the calls. Apparently, there is an anocmaly,
a loss of COMM. Did youa hear all the calls here
at the Cape? Didrn't ycu have a COMM loss here
at the Cape?

Redstone was down. We didn't nezr them after
the bvoost.

In menitoring the S-band antenna meter, we
never lost S~band lock. It seems that we
shculd have had S-band COMM. Wally sald, that
he did turn the S-band COMM up. I can't really
account for not hearing one or the other. This
is the first I had heard sbout it, znd I sam
very surprised. Throughout the ©light, the
COMM operated just as you would have exvected
it to operate. Sometire in the first day,

they lost the PCM, the real ftime PCM was down.

CObibindbdiind \
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The man on the console somehow or other {(in
loozing through the malfunction procedures)
ggipped the first step, which Is switch trans-
penders, and went to the second step, whiech is
switch the PMP to auxillary. The next morning
wher <“he day shift came on, they switched
transponders, and everything was back to nor-
mzl. We used the primary transponder, second-
ary vower amplifier, on high throughout the
flight from then on. I would like to comment
tkat the G-band loss of lock problem in select-
ing the right antenna was definitely a pain and
tocok a lot of time, but it was not as bad as we
Lad expected befcre flight. The S-band power
amplifier on high worked pretty good. We never
Rogered transmission on antenna switching; we
Just went ahead and switched. We did nct
always walt for the ground tc call for switch-
ing: at least T didn't. If I looked and the
antenna meter was dropving down arcund where
the down lock weould have dropped out, I would
switch to the opposite antenna. 0On rare
occasions, they called for an antenna which was

ir-between the two that we had gone on, For
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all known fixed attitude maneuvers, I used the

pre-programmed flight plan callout for an omni

antenna. We going to cover the DSE in separate
categories. We did have a problem with the

DSE.
6.7.2 Audlio Center Controls

EISELE Walt was complaining that his S-band thumbwheel
was & little gtiff, but he said later on that
it locsened up. I didn't have any trouble with
mine.

SCHIRRA When I uged Walt's, I didn't notice; I guess
the S-band was a little stiff,

EISELE One thing I noticed on mine was that after some
length of time, it would go so that I could
reach up there and manipulate it in the blind.
I could do it by feel; I knew which switch and
thumbwheel was which, and I knew which way to
push on them. It wasn't as inconvenient as it
was at first when I used to have to get out bf
the couch and go up and actually look at what

I was doing. Also, on entry, strapped in without



2
el
s

RE®

EISZEIE

EZCELE

CURNIWGHAM

SCHIRRA

EIBELE

CUNAINGEAM

SN ¢

thne helmet and gloves on, I found it was possible
tc reach up there and actually get a hold of
that 5-band volume knob.

Ok, cculd you?

Yes, sir. T don't know why I could do it on
entry and not on launch, Maybe you don't get
strepped in quite as tight; I don't know.

Let me asx you this, Donn, because some of the
crews have a different way of wiring the
launcnes, We discusged 1t and rejected it, T
guess. It was for you to launch in backup so
ycoua would be over con my &audio conirel.

We talked about it, and I thought 1t was a pretty
good idea, but it was kind of Zate 1n the game
when it came up. We hand't run sny test or
training on it, sc I felt we should leave it
the way it was. 1 recommend they try it cut.
It sure sounds like a good bet tc me.

1t bugged me, and T was & Sittle afraid to try
it because by DB went down aboubt Z or 2 DE's
when you came con my side,

Little things like that could eat you up if ycu

do it the first time on launch day or something,

Yes.
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But now do you feel you ar¢ missing anything?
Ycu obvicusly couldrn't get S-band.

No, but you two guys had iz.

I might add that I finally ended up with my
S-band st about position 2. I cculd hear tne
guy, but he was so weak I couldn't -

That's ancther point. During the flight I found
that by putting that 5-vand volume at around
one and a half or 2, you could just barely hear
the grass when it is not locked on. It is a
very good Rey to the fact that you are coming
up on a station when you hear that grass
disappear because you know somebody is getting
ready to talk tc you, and it was very effective.
1t was quite significant, that, and that sen-
sitivity meter, I guess is the word for it, the
S-band lockup -

It must have been a lock. There were tLimes when
I was somewhere and nct locking at that meter,
particularly on tke night wateh when I was up
there by myself, or when I was down in the IEZ,
I neard that noise disappear, and I figured we

were coming over a station.

GQUEIDENm-
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A comment was made abvout my S-band thurbwheel
being tight. It had slways been tight pre-
flignt, and by abcut the eignt day, 1t was
firzlly loosc enough to wherc you could turn

it without great strain.

I operated almost completely tanroughount the
f2ight on VIF antenna left. A ccuple of times
when T wondered why they weren'l receiving us

on VHF, T did switch ito anterna right. T could
find no difference in our CUOMM regardiess of
which VHF antenna I was on. I drew a xind of
tentative conclusion that it was fairly insen-
sitive to which VHF antennzs T used, which was
kind of a surprisc. Sguelchos were left sitting
at launch sguelch values. 1 manipulated cne of
them orce and set it right back to about

five and a half. That was.where we launched.
Squeclch control. We didn't use it at all to
speak of. We launched apparently in the wrong
mode. 1'11 say that because 1t didn't work very
well, Check the recovery beacon. 1t worked
fine once we got in stable 1, d4idn't 1t7

Yes,



SCHIRRA

CURNINGHAM

(afinbbliibddhduio

e
LAY
W

The ground has more data on the VHF AM COMM
Mode from zll the COMM checks. To my know-
ledge, they all worked cut fine. The cnly
pesaible problem with VHF was during boost,

and I would have to have Wally elabcrate on
that. He apparently lost COMM with the ground,
and they lost part of the time.

We went througn that.

A1 the other COMM nodes gperated as prescribed.
There was some anomalcus problem in the VHF
recovery beacon in that they did not receive the
SARAH  beacon until just prior to splashdown,
although it had been turned on at someplace
around 8500 pr 9000 feet., A possible antenna
deployment problem is the best I can make gut

cf 1t after talkirg with the recovery pecpie,
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I noticed that fairly early in the flight., I
den't recall the exact time of the flcodlights,
tut they are noted in the crew log, That is
the only lighting failure we nad, and thcse do
not really pose a problem because we still had
one element in each of the twe flocdlights in
tne Z&B, and the optic switches you run pretty
miach by feel anyway because ncrmally you have
gct your eye glued to the sccne. At least, that
is the way I ended up doing mest of it.

Wnat concerns me, Donn, is on Lke LEE flood-
lights. You recall on the stirut between you
and wWalt, that light failed durirg CCDT, and

It ws

i

reoplaced with a brané new one and very
1little light there?

Chat's right.

And vet 1t feiied agzin. S0 we are seeing what
we had seen in block I, The life of these things
is neot rnecessarily predictable.

That's a good point. The flocdlights Just

aren't all that reliable, vut it's just that,
fortunately, we nave a large rumber of them in
there, and each fixture has twoc elements in it.

I do think that during spacecraft testing every

ST
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SCHIRRA Do you recall early in the mission when you were
down in the LEB swearing and in complete shock
about getting alignment? You were perfectly
willing to do two or three alignments in one
night pass at the end. I'll say this: don't
take away the equivalent of two night passes for
anybody to do his early alignment. To even bear
you cut on that, we needed 1t, for the rev check.

EISELE How many days into the flight were you doing
this? It was your first and only time to do
a 53 and 54, The first time we had a urine
durn, it took up 10 minutes. Tt was before -~

CUNNINGHAM Something there. You teld us - and the water
boiler suddenly decided to kick in.

EISELE Wally did a P53; he did a P5k; T was supposed
to do some P52 glignments. I did three P52
aligrments, and it was getting light. I think
that's probably about as busy as we ever moved
through a night.

SCHIRRA You really gmet up-tightness on this thing because
you want it to work right. The COAS alignment
was a very difficult task, and T would like to
remind Donn how difficult he thought that SCS

alignment was, yet they turned out to be beautiful.

P -,
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6.7.6 S-band
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But we thought we were Pusting ourselves apart
to do them.

They're better than any Mercury or Gemini align-
ment ever was the whole time, less than a
guarter of a degree,.

We came away with the thought that they had no
qualms at all sbout using either one of those
backup alignment technigues. You could get
plenty good; you can get within a quarter of &

degree with either one of thenm.

S-band TV operated normally. Tape position,
no comment. Ranging, only cne comment., On the
down voice backup mode, I roticed that they left
the ranging switch on during the test, and it
apparently workxed fine. I've always been under
tne impression that the two are mutually exclu-

sive, If you turn the down voice backup o=,
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you ought to turn ranging off in order to get
a better signal-to=-noise ratic. It may turn
out that it is insignificant in earth orbit
and that for lunar distances,; we would be
better off turning ranging off.

Oscillator, no comment.

Power amplifier, no comment.

Transponder: we covered earlier, the secondary
transponder failing. It is my understanding
that had it been necessary, we could still have
used the secondary transponder at least for
ranging.

Emergency voice and keying all worked out just
fine. I {ind the key to be a little awkward,
but usable.

S-band up data apparently ockay. Throughout

the flight we never had to tazke a VERB 71 up-
date. We took it twice for the landmark
tracking exercises in case we had inadvertently
changed our state vector. We had one to load
in on board. Other than that, all up data link
seemed to work fine.

Operationally, the S-band antenna selector

switch is a sorry system. You have two switches,

\]
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6.7.9 Telemetry Switches

ansd 1t should be a single rotary switch for
omni A,B,C, and D, I cperated probably 95 per-
cent of the time in omni A and C. I didn't
really have to move the second switch; it wvas
selected in omni, and I moved back and fortn
between omni A and omni C. The antenna switche
ing from callouts from the ground have been
covered. I think we ought tc leave 1t exactly
that way. Have them make a blind call, no
answer, then switch 1o the opvosite antenna.
Comparison of the USE and VHEF up voice quality.
what dc you think, Donn? I didn't really notice
a big difference, but the ground said that the
S-band was much better than VHF.

T ccould tell very little difference.

Me, too. I would say they were about the same.
S-band might have been a little clearer, but

there wasn't that much difference.

We did use PMP auxilliary for awnile, and

apparently it worked fine.

CUNNINGHAM

Telemetry switches, no problem.

RGOSR -
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6,7.10 Flight Quality Recorder

CUNNTNGHAM Flight quality recorder, apparently it worked
fine.

6.7.11 Voice Record Indicator

CUNNINGHAM Voice record indicator, apparently worked fine.

6£.7.12 PTT Switches

CUNNINGHAM FTT switches, had no complaints.
Have any complaints, Donn?

EISELE No.

CUNNINGHAM It is a fairly large switch, but it's the
smalliest size you can make. After we utilized
all of the different straps on the inflight
coverall and the constant wear garment, I felt
like it was & pretty usable system, hanging
where I could get at it, It isn't a big prob-
lem. The complaint is that you have very few
small wires going through there, and yet you
have a great big umbiliecal.

6.7.13 VOX Cireunitry

CUNNINGHAM We never did operate on VOX throughout the
flight. We should have done that just te fill
the square.

6.7.14 The USE Emergency Keying

CUNNINGHAM The USB emergency keying, no comment; it worked

WO]N-ST= L B



6.7.15 DSE Storage

CUFNINGHAM

fine.

DEE svorage is the only subject in this par-
ticular heading that I would like to expand

a little bit. Tke data storage eguipment
serves two purposes, the data and the voice.

I will not concern myself with the data; that's
a ground problem. There are times whern we are
ott of ground contact and high bits are re-
quired. That's where we interface with the
data storage. What I am corcerned about 1is

the volce storage, the tape dump, and the Tact
that the tape recorder had to be rewouand before
it could be dumped and had to be rewound again
i order to be used. Time and time again
thrcughout the flight, we had things that we
wanted to reccrd, and the first thirg that had
to be asked was "doc we have the tape recorder?”
We got down to z procedure where if the tape
motion flag was gray (meaning it was running)
and we were out of touch with = station, we
assumcd that we could record. If we were In
touch with a station-suppesedly over a ground

contact and it was gray, we couldrn't count on
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CUNNIEGHAM

reccrding on it because [t couid Just as easily
have been in the rewind mode, and that's why we
had tape motion. OCn numercus occasions - I
wouldn't care to estimate how many - we left
the ground site without having the tape re-
corder turned back to record and over to us.
This is because the ground did rot get the last
cemmand in te run forward in the RECORD mode,
or because they took longer to dump tharn they
nad expected. Longer dump times were caused

by & shorter pass than they had expected, or
because we had vossitly placed scme high bit
rate data on it. I think we cught to mention
that we wvery seldom, ran it on high bit rate.

I remerber on cne occasicn that ] asked you to
Zzo high bit rate for some reason cr another,
and it tore them =1l up. They were really
terrible, belligerent., When we got over the
next station, they called up loud znd clear
that they sure didn't like to have that high
bit rate on there in the middle of the tape.
Lpparently, there is scme problem of switching
from low to high and back again.

That's not really the problem.

CAEREMTIAL \



SLAYTON “kat is the replay; they have to do it real
time as T understand it.

FISEL

]

I understood their problem. Their high bit
rate is one for one on the dump. 1t was conly
cn for a minute, and I didr't understand.
CUNNINGHAM We record at 1% inéhes per second, and it dumps
at 120 inches per second. If you have high

bit rate, they want to dump it back =t 15 inches
per second., At the time, ycu said let's go
aigh bit rate. I went to high bit rate so we
coculd vut the displays on, zrd now they have a
problem. They now have that dumped cack at

120 inches per sccond, ard you've got allasing

on the tape.

—

EISELE t was during the landmarks that we did this,

o

nd on that particular pass all the DELTA-E's
and DELTA-V's were zerc anyway. If there is
ever a guesticn on it, we can sguarc it away.

CUNKTNGHAM The resl prcblem that we face here is that the
ground has to have a full time man tabulating
the run time that 1s on the tapes and how long
it takes to get it rewound., In the interim of

coming up with a better system, we could do

what we finally did towards the tail end of
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EISELE

SONHEMTIET b5

the flight. Occasiocnally, the ground asked us
to go ahead and command reset after we left

the station.

One time, I did that on my own. I wanted the
tape to run; I wanted to record something. I
heard about that later, too. That somehow
glitched them. The message T got from those
two incidents to not touch those tape switches
unless you coordinate and brief with the ground
ahead of time.

You didn't mention that last incident to me.
Wally kept asking about tapes and I was always
reluctant, I didn' want to take the tape

over if we left with it running unless they
have given ug COMMAND RESET. Here's what can
happen. They rewound it; they play half of it
back; they break lock or something and can't

get the command up; or they're lesing the
station and they stop. If you start going then,
you lose all the datas that's already been -

1 know they are losing data, but it seems to me
that the tape up there with the voice recordings
on it is just as wvaluable as the data. Now they

have been getting systems data for hours and
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EISELE

CUNNINGHAM
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hours on end.

Nobody is arguing that point. I don't think
we should even address our discussion at any-
thing but the voice. If you had voice on

there an hour bhefore, it might have bheen impor-
tant voice; when you get tco the station, they
rewind and start dumping it., You get half-way
through your important transmission. All I am
concerned abeout is the voice channel. In losing
the stations, they stop it. They want to catch
another station 10 minutes later. Now we start
recording it; if we have taken COMMAND RESET
now, we lecse whatever we've recorded before.

I finally settled down to just a very simple
rule, As long as it was gray and not over a
station, I would assume that I could record;
and if it wasn't gray, I wouldn't mess with

ity I Just went shead and wrote down what I
wanted to say., That seemed to be the only way,
which was kind of a surprise. I had a notiocn
that the tape was more or less at our dispossal
vhen ve wanted to use it. That was not always
the case.

That's certainly true.
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Other crews cught to take this into account
wihen they are planning their details of how to
record con board.

I think that we have got to have a separate
voice recorder in the spacecraft as soon as

we can. We commutate it onto the regular PCM
eand dump it, That's the only real long-time
sclution. In the meantime, all we can work on
is trying to get a little more cooperatior be-
tween the ground and Tligh%t. Ideally, you'd
like to l1et the ground run it completely, but
there may be cases where the grcound would be
ahead by asking you to rewind the tape before
the next site. That saves them € mirutes,

The message that I got was that in general you
should not ever do anythirg with that COMMANLC
RESZT switeh unless you have gone cver it ahead
of time with the ground. Otherwise when you
come cover the next statlion, they are assuming
that the switches are still their last selected
position, When they fird thet they are not, it
takes them awhile to umscramble what yeocu'wve
dene and set it right again.

It isn't Just for the DSE., The problem with

GEpbTy |
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it is that when you hit the COMMAND RESET, you
gang bar all of the commanded switches to what
you had, and they may have been reconfiguring
those. The COMMAND RESET function did seem
to work normally. The times when they asked
me to throw it and I did throw it, we apparently
were in the right mode.

ETSELE Before we go into miscellanecus systems, land-
mark tracking was not in the DTO's listing,

and T would like to record a few comments con

that.
SLAYTON Let's go back to those -
CUNNINGHAM We're going to use that as a checklist later.
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6.8 Miscellanecus Systems and GFE
£.8.1 Cabin Lighting Syster and Controls
EISELE The lighting on the DELTA-V counter, the DSKY,
and the misgion event timer gll on the main
glsplay console can be washed out by sunlight.
S5CHIRRA The first time it really became a critical event

was during that burn 5, and I couldrn't read the
carn numbers. Tne polnt I am getting at is to
meke Frank Borman aware cf the prcoblem and “et
him go fix it with a bunch cf engineers inveoclved.
EIBELE It loocks like you might te able 1o put some small
low shades around the edge of the -
SCRIRRA You could almost tape =z piece of caré over it.
BISEL= Yes, that wculd work pretty good, it would keep
the direct sunlight from hitting it. It seemed
to be just because of the very bright suniight
impinging directly on the surface. It is not
the total background light that causes the problem.
SCHIRRA You noticed in the films how bright it was con
occasion, and at other times, it was quite dark.
EISELE We didn't use the sunshades at all either, and

I guess the rain reason I didn't want to use

QUEET |
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them was because I like to see cut and see the
ground when we could beceause part of our flight
was to get pictures of the ground, On a lunar
rission, maybe you would not want to do that,
maybe you could put the shades up and aveid the
problem to some degree with perhaps shading

the two side windows or something.

If you are not burning, I agree the sunshade
might ve good for IFR. If you had a burn and
went whistling off, you might want to lock ocut
for attitude reference as your last warning if
you're tumbling.

I would never cover up the rendezvous windows,
It's something for Frank to think agbout. I
think the other crews should be aware of that
lighting system problem.

I guess I would state that I would just as soon
dispose of the window shades, unless the crew
envisions sleeping in the couches; then you had
better have them.

Yes, for our type of mission, yes. We never
did use themn.

Frank tells me they expect to sleep one time

in the couches.

SSMGEniny ¢
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Yeu might want to keep scme of the window shades,
You might want tc keep the window shades., I
guess you better not delete those yet, Deke.
Just tell the other crews to tell us how the
hell they are going to work.

We had three lighting fallures, and they all
“ock place in the lower equipment bay.

I thought lighting contrels were great. Lo
problem with the contreols, but, Donn, you should
bring up the {failures -

The floodlights behaved just like they do 1in
the simulator. They do not really dim smoothly
from minimal brightness all the way up to full
bright. They are kind of spotty:; and, occas-—
ionally, we got one that would flicker a l1ittle
bit, but, in general, they were fine. The EL
was great. The three fallures we had were in
the lower egquipment bay, and we had one element
0f each of the two LEE flocdlights go cut at
different times. We also had one patch of the
EL go out on the G&Y control panel, that little

square that contains the optic switches,

The optic switches, I couldn't read them,

GRLiaEaEneReNy |\
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Cabin Lighting
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But you need all the aid you can get, and that's
where thcse sunshades are apprﬁpriate for the
CCAS thing, and wherc those covers are appropri-
zte,

Flgodlight shading.

You really have to black out tc zequire, and on
accesions when Donn was irn a hurry, we just had
a tlackout so he could acguire the stars if they
were in a difficult area cof the sky. We fried
to help; I don't know whether it helped any at
all to call stars from other windows.

Yes, I wag golng to mention that. 7T noticed

varticularly during the P53 and 54 that Walt
was In the LEB lookirng through the cptics; T

was over In the right seat stsring at the stars;
and you were in the left seat staring at them.
letween the three of us, we managed to map out
the celestial sphere pretty well and know which
cries we had available. Tt wasn't a matter of
not beling able tc recognize or see any; it's
Just a matter of picking ones that were close

so that you didn't have to fly all over the sky
locking for them.

We got along just fine on that.
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6.8.,2 CLOCKS

EISELE The clocks are the next thing.
CUNNINGHAM Did you say anything at all about the clocks?
ETSELE No, we haven't gotten into it. I think we did

mention the lighting problem on the clocks?
If you get direct sunlight on the MET and the
DELTA-V counter, it will wash out even when

the numerics are turned up full bright. The

means ought to be taken to reduce time on those
floods so that you do save them for flight.

SCHIRRA That's a very appropriate comment. Why don't
you develop those because we always came in
there and found integral lights on and flood-
lights on?

EISELE Yes, it's part of the general ftendency of test
crews or the people who write the test procedures
to not specify that flocdlights and the EL
lights be turned off when they are not needed.
I think there is some work to be done to reduce
the time on the floods and the EL before flight.
The EL seems to be very reliable, and T don't
think wé have a problem there, but those floods

do burn out.

AR



SShdEiRaaamee -

DSKY¥'s have the same preblem, zltnougk that's
not as bad. You can always chk down the LEB,
and in fact, for the MET, T cnced up using the
cne down in the LEB 2 geod oit, T couid just
lean over and read it from the center couch
when the MDC was blanked ocut with sunlight. We
did have a problem with the MET on the main
panel. It tended to lose time, and we had tc
correct it Twice during the flight. Towards
the end of the flight, it didn't lose any time
at all. Tt seemed to worx beiter the last half

of the flight than it did the first half.

£,8.3 Ivent Timers and Controls

EISELE

The event timer in the LEB was used only for
rendezvous., Other than that, we didn't make

any use of it at all. Tt seemed to be very
unreliablie at thét time, and I never did get
around to checking it cut agsin te see 1T it

was a one time type of malfunction or whether it
was repeatable, The thing would drop numbers

or jump twe digits in the tens row for minutes.
It was not a very reliable timer, and I ended
up using ry wristwatch for rendczvous rather

than the evert timer. The cne on the main



panel acted up on cone occasion late in the
flight. At that point, I was very happy that
I kad two wristwatches on because we still
werer't sure about the MET on the main panel.
With the event timer acting up, we could have
been insufficient timepieces. I think that
carrying the fourth watch on board is a good
idea, Jjust to back up those orboard digital
clocks in case they don't work. The controls
on the event timer and on the MET worked Just
as advertised. We had no trouble thinking
the event timer was the computer clock or any
cther reference. 0One thing we would've liked
to have had was some sort of an alarm system,
sust a little kitchen timer that you could
set for however many minutes you want to time

_ - some function. Did we already cover that?
€.8.3 Event Timers and Controls

CUNNTNGHAM Did you mention the delta timer?

SCHIRRA Oh, the delta timer. We mentioned & DET failure
on nine.

EISELE Yes, that was a one time thing, and it never

failed after that.
SCHIRRA We cycled it a number of times after that, and

it worked. It went up in units of 10.

GO
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EISELE

One cther thing on the DET: When Wally had to
turn the oxygen fens to ON, the DET spontaneoﬁsly
gstarted in the LEB,.

A tip for the crews: where we had trouble keep-

ing .track of time on the MET was when I had to

run my DET to keep track of the elapsea time,
the mission time, which you normally don't do.
When it had sun on it.

I couldn't read it over there for some pericds,
especially during those daylight passes when we
were trying to get ready for a landmark track
and things like that,

From the other gseats, you can loock at the one
in the LEB, but from your seat, you can't. You

have to get out of it to see the LEB eclock.

6.8.4 Accelerometer Indicator

The accelerometer seemed to work just the way

it skould all the way through. We cculd moritor
accelerations during boost, during entry, and
during SPS burns. It seemed to read fairly
accurately as nearly as we could tell. Tt isg

easy toc read. During the orbit part of the
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mission, we had scme little dises that we placed
over those instruments so that they would not
shine so brightly during dérkened periods.
There is a bright white light on the acceler-
cmeter and also on the altimeter, which is
cbjectionable when you are trying to maintain a
darkened cabin, Those l1ittle diszscs worked out
real well, didn't they Wally?

Yes, T think they should be provided for sub-
seguent flights.

They sure helped.

T would like Lo pursue that point. The hardest
task I had in the mission as far as pulling
everything together was that CCAS alignment.

I was really nervous, and 1 know you guys

knew it. T was up and down Walt's back rather
violently for having a urine dump right when

I was looking for my stars. It was real quiet,
and T was the only guy doing anything at that
noint. What I had to do is yell MARK, and all
vou had to do is punch a buttorn because the
computer was set up, Al of a sudden, all T
could see was 90 million sparkles cut there

whon I was leooking for a full moon, and I went
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out of my gourd. I had wasted the whole rev
getting set up for that taing, It was loose
deadrcand.

CUNYINGHAM T think it was because we were xind of up-
tight abcut a particular cbjective. TIt's oniy
feir to say that after they did settle out we
did do a 53 cr 5S4 and three 252's &ll in one
nignt pass.

SCHIRRA So 1t was smazing how hignly confident we were

at that peint, but we didr't know it.

6.8.5 Electrical Cables and Adapters

SCHIRRA I was very concerned about cables, wires, hoses,
and things like that. T guess ir a shirt-sleeve
envircrrent it's not =o bad, because you have
the hoses stowed, and all you have to do is lug
the cobra cable along with you. That d4id bug
me a lot with my short cne, I'll have to admit,
because then T had to keep straightening it out.

TISELE Yes, after a while you learn which way to turn
so you won't get wrapped up in it. You learn
how to rig it up when you first put it on, for
example, atter you've beer sleeping. so that
you don't get tied around the other guys' COMM

cables. These were very minor problems, and T
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think that after the first day or two, we didn't
have any trouble with ocut COMM cable interferring.

SCHIRRA That's a good thought, too. When we changed
seats, we did change cableg, That was much easier
for the burns,

CUNNINGHAM For the burns, that worked out.

SCHIRRA This would be zpuoropriate for subsequent crews
when they put different people in different seats
for the events we were talking about.

CUNWINGHAM T think we finally got all ihe connectors working
right on the adapters on that spacecraft. Tt was
a long hard fight to get it done, before lift-off.
We had a nightmare with the little short ones
like the power cable to the movie cemera going on
at the right places. We never could get the one
to work down in the LEB, and it finally did and
we never usecd it. We made note of that; never
used it for lighting or anything.

FISELE That electric power cable was typical of the
ones we've seen in the past. It had a failure
mode in that the light that is supposed to tell
you that the machine is running stayed ON when
you turned it OFT; however, it turned the camera

OFF almost every time.
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That's cur cable, a little light in there fhat
nes a fuse block and all that good stuff.

I can't figure out why the light 1s there, it
doesr't work right.

Whern you turn the camera OFF, ithe light stays
XIe

Wren you turn the power OFF tc the cable, the
light will go cut, and next <ime you start over
fresk. You recock it -

I don't really see what that light was supposed
<o tell me beczuse the camers would run and vou
cor_d hear it.

I don't thinx it does anything, but it gives
vou something to think about when you're using
it. It outpsyched me every time. I would try
to guess when it would be 0N, and it never was.
I don't remember any failures or ancmalies with
any of the cables, though. They seemed to work
fine: we never had to drag out a spare.

I think what I would like to make plain though
is that T still would never delete those spares.
It was a campalign to get them on, and T think

you ought to nave the spares.
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If you recall, we had a spare camers body that

we were worried about, a movie camera body,
because we didn't know about IVA. We though that
waes the biggest thing we had to do on this mis-
sion other than DTO's. It turned out that it
wasn't a problem, but we were prepared for a
camera failure. I don't think you need two
movie cameras Tor IVA, but I do think that in
lien of what we have seen we need two Hasselblads.
It depends on what you want to get done, Deke;

if it's an unknown, and you really want to get
it, then you should have two in there.

What you might go to is Just the bedy.

The lens? The lens are interchangeable.

Did you guys feel that we were in a spaghetti
bowl?

Never did.

We thought we would be with the water gun out

and all the other stuff; it really did scare me,
There was a lot of stuff out, but it didn't seem
to get in the way. There was a lot of stuff
hanging loose, and it didn't always lock so neat,

but it wasn't in the way at all.
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SCHIRRA I “kink our collective discipline was very
gocd, We didn't leave things out; we puit them
away all the time. The only thing we were slop-
py on - and it wasn't in the way - was the urine
dump thing because you were using it all the
time.

CUNNINGHANM The other thing is that the people clezning up
the spacecraft on the carricr couldn’'t believe
it. They said, "Boy, this is & clean space-
craft!"

EISFLE We left some things lying cut that we hadn't
planned on, like suits were lying there.

SCEIRRA We did very good housekeeping, and that's a re-
quirement. We very rarely tock out more than
we needed. Like meals, we took out only three
meals at a time. At the end, when we wantied to
emplLy @& box, Wwe had the most.

EISELE Yes, there were wwo meals per man out.

SUNKTHGHAM Back when we brought up the spaghetti bowl, the
only real prcblems we Lad with cables interfer-
ring was actually us guys; our cables interferred
witk each other, crcssing the cables. That's the

cnly interference problem we had.
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Once in awhile, the water gun would get messed
up through there, but 1t wasn't bad. HNot

enough to make a crisis. I thought it would be.

6.8.6 Crew Compartment Configuration

SCHIRRA

nISELE

SCHIRRA

ETSELE

CUNNINGHAM

Crew compartment configuration -

cust mentioned that, about stuff belng out.

I think the other thing I would like to make
rote of is that we were luxurious as far as
volumes for stowage; gosh, 1t was great. TIf
you tock clothes off, you could go to the stow-
age locker and put them in there temporatily,
and there's lots of room in there for stowage,
There was in cur configurastion.

The Velcro peiches on the wall are very useful
for holding Just anything, cameras, meals, pen-
cils, anything at all that you had out. You
could glue it tc the wall, and it would stay
there.

We plan on trying to update the proposed Velcro
ugsage from what we used and what we didn't use.

T will say that some Velcro was terrible.

G- |
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I used it. 1 wouldn't make a case for deleting
it, All I am saying is I certainly couldn't
make a case for using it and I noticed that I
vent for the first 3 days without my booties on,
which had the Velcro. Donn went for the last

3 or 4 days without his booties on which meant
that you couldn't use the Velero at the duty
station. I thought it might be nice to have

1t for waste management. 1 stripped all the way
down and all I had was my skivies around my legs
I didn't have my booties on.

I used it for urine dump, is what I am getting
at. Donn, it seemed just floated around the
LEB during urination.

Yes, I always braced myself between the walls-—-
Everybody has their own little habits.

Now when I used it for fecal jobs, I used

that strap routine to keep me in.

Did you?

Yes.

You are the only guy I know that ever used it
for anything.

Yes. I ccoculdn't get a good grip on my toes on

il
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the struts and the strings that held the
L-shaped back down.

Okay, what I am saying is - I would, if it were
me, try to talk people out of trying to add a
lot of Velcro down there for foot holds.

There we all concur.

Ard I would never go to anything fancier.

Jo. I you saw the films he had his feet on it.
You don't need it. I did sightings from the
side. BSo the Velcro for the G&N station is

not required. As long as it is in, leave it
there, It does help a littie bit. Maybe one
guy will like it and ancther may not. They
don't need to have any more.

I think it might pay tc relccate some Velcro
patches in the LEB. The ones to the left arnd
the right of the guldance and control pancl
down there are in the way of the left and right
crewmember's feet because their feet are down
there moving around. If you hang something on
the wall, it is apt to get kicked locse. On
the other hand, there is no Velcro, in the
center helow the EL lighted checklist. I would

suggest that on other spacecraft you take some
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of that Veleroc off the left and right panels where
where the focd lockers are and meve it over to

“he loration below the EL checklist on the

‘gimmic panel.

SCHIRRA Den't you think it is incumbent upon us to help
the guys on this subject? Physically, like help
Borman with his shades for those lighted things
and Velcro—--

REF Yes, I think they would be happy to get any
recommendations you have in that area. Those
are pretty well locked in on 103 anyway right
now.

SCHIERA Like anything else Deke, you try tc come back
having learned scmething. We should be able
to respond to some of this stuff.

If it will make it easier for them, let's do it.

REP If there is any thing they don't have that you
think they ocught to have, that is the thing to
discuss. I don't think we want to go in and
start tearing anything out of there,.

SCHIRA No, I agree. It's irue.

CUNNING:IAM Along with it, the next flight is operated more
like curs than any others will be. BEill Anders

and Fred Hays were in the cother day and they

BGEenEe?®
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said after we get through with debriefing for all
the crews, they would like to sit down and talk
to me about watching systems, for example. I

think we cught to.---d0 a let of that in the

long run.

SCHIRRA Well, Walt has some comments about deleting some
mirrors.

CUNNINGHAM -= gstowage was kind of random. We Jjust put

things on the wall where you happened to be or
where yeou thought you were going to need them
and we made extensive use of the temporary
stowage bags and of the little compartments—-
Fl and F2,

Very handy for any assorted items you wanted
to put in.

SCHIRRA An interesting observation; when we broke the
suits down, we used those right away. Donn
stored the gloves in them.

CUNKINGHAM Temporary, until we got the suits and put the
gloves back on the suits and stowed the whole
thing.

We were talking about Veleroe. Velero patches

without many scratches around them haven't been
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used very nuch, as far ss locking at our
spacecraflt was concerned.

You gee a lot of traffic arcund scme Velcero

petches and some just fresh as a daisy. I wrote

in the spacecraft, "not used."

Mirrors, you want to talk about --

Yes, it's in here someplace. We ran several
different items that I think all of us recommend
strongly, although you will probably run into
scme cpposition individually from follow=on
crews. That lower eguipment bzy rotation
Fandrontroller back 1s deadwelght.

We azre backing Dave Scott directly on that.

That deal of taking both sticks down there,

and we're saying IVA is so easy you don't have
to do that.

Donn flies the thirg by leaning back here and
flicking the handcontroller if necessary.

Well, Donn, dc you really feel 17 you were alone
in there and you had to do gz mideccurse from
there you cculd do it? Or weuld ycu have to
have & translation down there? Or would you

£c up tc the seat?
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Ch, I think I would go up to the seat and do
it. It's no vig deal <o get from the LEB to
either left cor right seat and it takes about

3 seconds to glide from thst location.

I would suggest that the other crews consider
what we did before, because we were so worried
about our handcontrollers and the cables. Leave
the things where they are unless you have a
failure. The risk cf breaking one of those
cebles is still very high. We got kind of scared
one time when they started getting caught.

As a matter of fact that's the way we want to
handle them though.

It's a valid comment, but before anything
changes, [ think we ought to come in with a
flighterew ops RECP with everybody having =
chance to put an input in anyway.

I don't want tc stuff it down their throats.
Ho.

The peint is that no one is really as aware of
that fact as we are. We are IVA expertis.

Denn particularly can evaluate that problem

because he was on it 8 hours a day.
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HEP? Ary time we can get out stuff that we don't
need, we ought to get it ocut.

20 REA All we had to do was watch out for each other
because there is a little tralfic in contact
with Donn. The reascn the requirerent is there,
is the one-man rendezvous.

ETOZLE I nhad an occasicn now and then during my watch
toc use the handcontrcller, particularly when I
was trying to setup for an allignment -~ say
oreparation for a burn and you mignt have o
£nowWw rates or something. 2t was no problem at
all just tc go from the LEB back up to the
left couch if T wanted 1o lock at the displays
or grab elther handcontroller no matter which
one and take it out. I found ne need at all tc
mount one dewn in the LEB,

SCHIRRA Ch, ancther thing we decided. Donn was s little
worried about how to see the FDAL. We used the
mirror cn my side, just preset it. You could
get down in the LEE and lcok in the mirrcor and
see the FDAT reflection.

EISELS That is a good tip for a cne-man effort. Use
cne of these mirrors to monitor the 8-vall

from the LEB.
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At zny rate we mentiocned the handeontroller
bracket, The other thing is, there are two
mirrors stili left on the right hanc side that
were there to monitor down the X-axis of the
spacecraft. They are absclutely useless for
anything except locking at yourself in the
merning, admiring yéur beard, and combing

ycur hair.

You have side mirrors for that anyway.

I would suggest we keep the articulated mirrors,
the cnes with the joints you can pull cut
because you are golng to need them if you have
to get pressurized and strapped 1n. The obther
two mirrors are absclutely dead weight.

I would delete them and get them out of the way.
They are almost in the way. Leave the bonded
structure there, and naturally the bracket, but
teke all the unscrewable and unboltable stuff
off and junk it.

If there is any way to get rid of the gear
welght left from the fecal canister do that.
“hat can be dene. 1 locked at that.

Stuff iike that carn all be done in line

scmeplace.
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You Just take a screwdriver to 1t Deke, and
take It out. It is just a case of getting
inside and deing it. We almost started taking

it off ourselves but it wasn't worth it.

Cn the COAS, very late in the game, maybe about
6 weeks to 2 months before flight, I asked and
was granted a third COAS bulb to Be in the COAS
in its boost position, That is the only bulb
we used. It didn't get hurt at all during boost.
I think it is a good idea. Ycu don't even have
to go down below and get one. The reason I
asked for this was, if I had an abort I could
immediately take the COAS off that side panel
erd bring it up to the window and I nad a good
visual reference system for direct X-axis
appraisal.

The 103 guys asked for the same thing and I
den't understand why we don't have a bulb in
boost.

They said the bulh would destroy itself during
boost.

It's the only cne I used. I never evern used

the two spares.
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It's the only one 1 used. 1 never even used

the two spares.

Okay, on the clothing I think each of us should
make our remarks - Walt and I of course, —-

Can I go back to COAS one time. I would like
to-——

Well let's get that COAS boresight down
officially.

Yes. As it turned out, we ended up doing two
COAS boresight checks in the flight. I did the
first one on the first night watch and found
that it was aboui a degree off in both axes from
what it should be for the X-axis., 1 have

them here.

Oh, you have them here?

Yes, there was ~ to begin with, the first one.
We had a shaft angle of 359 degrees and a
trunnien of 56.U4 degrees, which worked out to
be 1 degree off in pitch and yaw from what the
true spacecraft X-axis should be. That is
related to the IMU, of course, the NAV base,
Later in the flight, and this was after the

COAS had been removed and stowed and
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reinstalled, we did another one. This was

Just before or during the time you were

doing P53's Wally.

Yes.

The shaft angle at that time was exactly the
same within a couple of thousandths. Then the
trunnion angle shifted by a tenth of a degree.
The point is that it is very repeatable.

Once you have done a decent calibratlon you

can remove it [rom the mounting and put it back
on and have reasonable confidence that you still
have good numbers.

Good point. I forgot that. The guys were asking
me how repeatable was 1t.

it was a tenth of a degree.

it is very repeatable.

We felt pretiy good about that, Tinding out
that the COAB mounting was that solid and

that you didn't have to worry too much about
bumping it and knocking it out of line,

I think it is worthwhile noting, even though

we were a degree off, in both axes, X-Y in that

sense, this was not boresighted as other
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spacecraft will be. We did not have a
decking ring up there tc beresight to.
EISELE We dign't really require boresighting. All
we regquired was to know what the aslignment
wab., Of course, we got that frem the sextant
alignment check.
SCHIRRA Liéd you redo these rumbers in ycur mind, is it
in the northeast quarter where the urine is?
Is that right?
Maybe you cught to work on it for a while.
EISELE Yez, I could work it cut again. I psyched ocut
the same quadrant. 1 don't remember what the
numbers were, but I psyched out the same thing.
SCHIERA What I mean by the northeast quadrant is that--
the target on the boresight, that is the COAS
Flus, 1s to the left, and down from the target.
EISELE From the target. That's right.
SCHIEHA Cne degree in each direction.
There is another thing on the COAS, I remarked
on in real time I think. It is almost impossitble
to have that darned reticle shuow up against a
cloud background over the earth,
EI8Z1E Yes, it's not much good in the daytime.

SCHIRRA It is great for the dimout thing. I have
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scme more coming out cf my mind ncw. I nave
tais oig song and dance from everybody that
teczugse the stars were rot at infinity in the
simuszator and the way everything was boresighted
ir the simulator, the light lcss In the simulator
was nct representative of the reasl world., 1 was
goiang out of my mind up there using my left eye
<0 zee the star and my rigat eye to locok through
COAL. Tt was a great light loss through the
C0AZ. They said it was because lne simulater
wags ike that and people rar studies and they
ran that little star check back in Houston.
Dean Grimm did it and you can see 6 and 7 magni-
Lude stars and all sorts of stuff, 1f that is
the case all I can say 1s, ycu see more through
tne window in the resl worid than I thought we
would, And that is possiply truc. 1 went cut
of my mind with stars like Pemalnaut and
Alpnarstz that are arcund first magrnitucde.
Carrying them intoc the center cf the COAS for
that COAS alignment. 3o there is a great light
loss.

CUNNIHGHAN Well, we have to face it - the stars cut the

windows are fantastic.
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Yes, I think Walt's first observation, -

#l: of us then, of course, saw it, the
Magellenie clouds, preved & peint.

Yes, they were distinct. I mean it was about
like the normal -- You know I looked at it
for several nights in a row, kind of hesitant
to say anything about what I was seeing.

Did we log that airglow, that high airglow?
You've got it in the flight plan. You had

to verify your sanity.

Yes, I really nceded nelp cn that cne. It

was one of our mutual night watches. I saw
the red arcs that I described in Mercury, and
never saw again in Gemini nor did anybedy else.
And that is way above the airglow, about

5 degrees above it. I would say about 15 or
2C degrees above the horizon.

I think it is a 1ittle meore than that. I looked
out. I could see it cver something like that
on my side window. But it was a definite
distinct layer. The separation between the two
was - I didn't think it was guite that much.

I thought it was about the same as the thickness

\
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of the lgower alirgicw and then <he upper

wirgiow was fairly wide. Wider tnsn the

_ower cne prcoebly.

e spent a lot of time, by the way, with the
COAS, while we are talking about airglow and
the cptlcs, trying to measuare the thickness

of it., It varies fantastically. Depending upon
wnat time of day or night (space day or night)
the night airglow was, I amr pretty well
convinced, somewhere srcund between 2.5 and

2.8 degrees.

I zo0v cne excellert measurenernt I would like to
nave somebody 4o the arithametic on. I waltched
a star or planet 90 degrees tc our line of
flight, so from the top of the airglow down to
oceulting, and there should e no error in it
ezgsentially from our motion. 1 weould certainly
like tc have somebody check that out,

Welt and I were talking zbout Lhe time 1 tcok
wne planet Mercury and took it through, in
Hercury, and they got all the informaticn out of
it. That occulting, you've got to rememper,

cgunts refracticn. You can sce below the ezrtih,
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Yes, but refraction can be fairly decently
caleculiated,

I agree. I just mean 1 want pecple to make
note of that.

Oh yes.

About a month after they said I couldn't
possibly see Mercury scmecne realized it was
refraction.

Well, I have the data and I will get it to the
right people. I would like to have it,
Ckay, where are we on this thing?
Clothing, PGA. It is so nice to get out of it
and it is so had to put it back on.

It's amazing. Soon as you get it back on, you
go back to your elephantine sychosis. Once
you take it off, you ought to never have to put
that thing back on,

It's amazing. We lost all of ocur mobility.
We'd go flitting about below the couches as
you saw on that film. Wher we nad the suits on

it was a nightmare to go below the couches.

It sure was.
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This wa=s in the docked position. I cculd

ust Tarely get in the couch.

Let's go with the underwear here.

The underwear is part of cur biomed harness
problem. They den't stabilize that harness
well encugh. It can move down 2 or 3 inches
s¢ the length of wires becomes kind of critical.
At the same time ] was Just amazed Lo see that
gurbage all over Walt's chest. He had some
Zeads that were 8 inches toc long, others were
~oo shert.

I had a rat's nest in there.

My point is: onboard you have four sensors
and we changed the senscr on Walt and that
invalidated the biomed harness, so all this
discussion was very academic I thought. We
dién't have much time to argue abcut it or
giscuss it. The bicmedharness is really a
whotie bunch of wires together. It is not one
integral system as most wecple thought, and

to change a plecec of wire was not a big crisis.
They could have made a wire the right length
without disrupting the whole program or changing

the characteristics of it.
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I think the underwear stabilized it quite well
though. I would rather have it on the underwear
than strapped to my skin. I thought at first

I would like to have a third set to change into,
but actually we changed about 7 days into the
flight.

That was a real treet, changing into that
second set.

That really was.

Well, I have got & point on this thing that I
mentioned to the doctor and I think we ought to
do it here. When you exercise with the seat
belt on - in retrospect, I think we should have
taken our biomed harness off.

Well, now that is a thought. I might take it
off to exercise.

The problem is that it is spread over a long
period of time. When you and I were up, we
would exercise as we could get it in. We

might have it on and try to exercise over mayhe
a couple of hours.

Do you think maybe the doctors will go along
with not having that on and having us exercise?

As long as we put it back on again?
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They shouldn't need biomed data while a guy is
exercising. That research should be done.
Incidentally, I had probably most of the marks
of the three of us on those senscrs after we
took them off, but in all honesty, I didn't
notice they were there during the flight at

all.
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But in all honesty, I didn't xnow that they were
there during the flight at all., WNow, I do have
a comment on the underwear, though. The trap
door; there are two ways of having a bowel
mevement in there, either through the trap door,
or dropping your drawers and getting comfortable.
There's only one way in that sense.

That's exactly right. I tried it the first way;
I fought it out and did it the first way with
that trap door back there. The trap door is tho
small for that, and it's so much easier the
cther way that we might es well not have a trap
door. There is not a thing thet that trap door
in the back does, and I'd suggest that we don't
have it.

The flight coveralls, I would say off hand were
fine., There is only one thing we discovered
fairly late in the mission, The hole up here

is different from Walt's because he's got a
different setup on where his switches go. It
brought this big blob of wire up here, and

what T ended up doing, very late, was bringing
the cobra cable connector through the middie

of the jacket and mating it up there, and
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that tock all the junk off my shculder. You
8til1l have that thing sitting ocut here like
that.

I know but if you did away with that locp, you
see, i1t wouid be down here.

If you made your cable the right length, it
wouldn't bother you., If the cable was right

on the light-weight headset - The cable is too
long, and they just simply doubledé it over and
it mekes a big lump ocut of the side of your
head. We had a meke-work-fix on ours, and I
think we should get away from that make-work-fix.
It was irritating, and I caught myself twice
during the flight with this thing sticking up,
turning the wrong direction and talking to the
wrong thing.

Yes,

You have this big thing set up like a microphone.
The other thing I'd like to suzgest is on the
flight coveralls; that's what you are going to
wear most of the mission. The pockets did not

close up right; this Velcro game was not very

‘- OO
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good., Little bits and things you want to get
rid of, you couldn't keep in there, so you had
to go somevwhere else. Those blue suits that we
came home in were the kind we used to fly air-
planes. They have zipper pockets all over the
place and you can keep trash in this one, and
snot rags in this one. We Jjust had two pocketls
on there, and a strap-on, theoretically, which
8till had a big hole in it. We didn't use the
strap-ons at all, never used them.

The strap-ons are bad pockets,

We took our scissors out of the strap-ons, and
we never used that pocket again, we snapped them
to the spacecraft.

Well, the main reason that the strap-ons are

not very good is that the flap doesn't come down
far enough. You hawe this big gap; I think you
need to relocate the Velcro or else put a zipper
on that one.

It was a problem, if you strapped il onto your
leg with your flight coveralls on. 1t was just
something else you had to unfasten to take the

coveralls off, and ncbody would mess with it.
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I Zorgot who promcted the idea of picking up
debris with tape; I guess you did Walt, to get
the garbage cff the filters.

L did mention that to you prefliight. That was
to get Beta fibers off ycur skin.

1% sure was a saving device.

George Low said, "I've been doing it for years
on ry =lue serge suits."

My Kavy blues, that's the only thing ihat can
clear the daarn things. We Xept some tupe up

on the instrument panel. If we got a washer or
a nut cor volt fleating oy, 1t wus the only way
we could trap 1it. ZBellieve me, we were going
cut of our minds trying to nold 1his stuff.

You put It in your pocket, it would come bacxk
cut again., We'd put it on this tape up Lthere,
and later we would put 1t awsy. A plece of tape
or. the instrument cvanel i3 a great thing for =
repositery for a whiie. Then you can rell it
up ard stow it. 'Yhat tape was pretity wvaluable
stuff a’l throughout the micaion.

Inecidentatly, we wouid have used almcst nc tape

tnroughout the mission except for the faclt that

e 4



we used it to fix our head sets. That Is where
we used most cf the tape.

SCEIRRA That's where the tape went.

CUNNINGHAM We thought we tock that tape along to wrap the
ford tags. I did one food bag, where I put a
plecze of tape on 1t. With all the other food
bags we wrapped up the fcod, stuck it inside
the bag that it came In, very tightly incidentally,
<cok the piece of ftape that was on tne outside
of it, and _ust taped thal tag closed. It was
labeled, tney knew it was your meal, what day.,.
everytking else.

SCHIRRA Tne tape goes on the outside of the bag, just to
rake the peint clear, we were so used to it.

CUNNINGHAM It was a lsgbel for the meal. You can peel that
of ', and use it to wrap up afferwards.

SCHIRZA We just used a long plece of tape, not the
1little short one.

=1STLE I taink you cught %o Lave that tape along, because
it's kind of like having a palr of plilers, you
know, all turpose type taing.

SCHIRRA Yes. That is somethirg else we are going rigrt
into the COMM helmet. 'The microphone on the

light-weight headset started bresking cff, right
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at the roct. The tube started tc break. I
Juiry-rigged it right away in the beginning whern

I first saw it. I spent sbouit an hour on it
Wwith the tape after thnat, and 1t held up through-
il the whele flight, Z had tec rebullt 14,

Wwe wouidn't have been shle to use it.

CUNNINCE AM Tha! was the light—-welght headset. I nad one
octher problem with the light-weight headset.
The tube that ran up to the fitted ear piece
care off, Apparcntly iL's supposed to be glued.
1'm not sure that It ever had any glue on i1t,
tut it came off from the ear piece some time on
the third day.

GCHIRRA From the meoldec ear plug.

CUKTINGHAM Yes, from the molded ear plug, snd at numerous
times throughout the fiigat from then on I
would discover myself without COMM, beczuse
the tuve wouid come right cff when I moved my
nead.

SCHIRRA Interesting erough, we all three aad different
kinds of chin straps. OCne of thc nicest things
tnat happened, it turned cut, At the last
minute Marshall Horton gave me another kiad of

chin strap that was stuffed in my pocket. I'm

SOETEEET
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glad Le did because on reerntry, cur beards were
so irritating, our skin was so tender, that the
chkin cup did bother me. I used this alternaie
underneath my chin. My beard didn't bother me
at all. At the beginning of the flight, that
football player's chin cup worked perfectly to
keep it stable, I gather Donn and Walt went
alorng this line, too. But I thirk those three
tyres of chin straps are in the inventory.

Let the guys take their choice. Watch it on
the plastic chin cup for return. Any of them
are bad, and I think you really want to have
something you can put underneath your chin when
you have a beard.

Where was yours, Donn, for reentry? Where was
your chin strap?

My chin strap? I wore it across my chin.

On reentry?

But it did bother you? Remember I asked you
that.

Yes, it's irritating, and it's bothersome.

I never had any problems, it never bothered me

when I had it under my chin.

Yes, yes.

T
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SCHIRRA Tc start out I had this cold and I was super
sensitive to drafts. That was why I kept them
on. They felt good there because they really
are & parrier. They're not at =211 - porous is
what I'm trying to say. So whenever the hoses
were blowing, I didn't feeli that draft coming
through. I guess that helped me considerably.
And T glept in them, but I was hot and sweaty
and all that kind of stuff. Ag I improved in
raysical condition, I would say about the sixth
or seventh night, I took them off every night.
But I didn't do that earlier in the missicn.

We stowed them. We slewpt in the sleeping bag
every time we went to sleep.

EIZSELE When we said free floasting, they must have thought
we were both cn the couches - Just floating
around in the cabin. Wha%t they meant was we
veren't hanging on to anything; we were Just
inside the bag.

CURNINGHAM Tec us it was very plain. There was a significant
difference between sleeping free floating - We
learned a whole new vecabulary.

SCHIRRA In 11 days you do; so we have to be very careful

the way we talk, I guess. Toc get 1t back to
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cur own guys even in lay terms. It's amazing,
but that's what can hepper in that length of
“ime.

T thought the flight coveralls are very comfort-
atle at times. I know on my watch when thre
spacecraft was powered down and everything was
qulet particularly on the dark passes, on the
dark side, at night it got pretty chilly. And
I welcomed having tnose things orn Including the
boots.

You saw the powered dowrn mode, sc your opinion
is really important.

I would reccmmend thet you continue to take
them alcng because you may find you get chilly
withcut themn.

Well, I definitely reccommend you keep the things
tco. I found them very comfortable to wear.
Well, you reed the pockets too. You got two
pockets and wings, and ycu need the places to
stick yocur pencils.

You use the pockets quite a bit. 1 wore mine
during the day. I never wore them at night
except one night when I Torgcect to take my pants

off.
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Oh, really. We did discuss the pockets. They
have Lo be improved for holding small objects.

Tt may be that others will have colds, and that's
why I transferred my Kleenex at first. Then we
used the ORDEAL box for Kleenex stowage. Tt's
perfect for it. That we labeled the snot locker.
There's only two we should talk about I guess.
They're the launch day UCD and the normal urine
disposal. On the launch day, UCD we still dozed
in the suit bags with the suits., We did not find
a real good use for the UCD lamps. Think we

can delete those UCD c¢lamps? I never used it.

In fact, T would propose we do if you have this
vondition, even if you wear the suit for 3 days,
for example, to the moon. You take the UCD off,
you take that roll on off, and you throw it away
into the waste can.

Yes -

And you put a fresh one on when you go to use
that thing again bécause you've got them in the
medieal kit then, three or four of them in there,
That's the way to handle that guy with a launch
day roll; just dispose it, don't use that clamp

and make your mess with the Kleenex and

EONFHBEN T



everything else and just dump the whole load
and delete those clamps.

EISELE T didn't use the clamp at all., I hated doing
Just that. I got it out again with a roll-on
that was all gummy, so I Just threw it away

and got a new one.

SCHIRERA Now the other thing, I'm anti-bead roll-on -
CUNNINGHAM I'm a very pro bead roll-on.
SCHIRRA The easiest way to solve that is to get the

right size roll-cn and have beads on them
because they can always cut the bead off,
CUNNINGHAM Yes. Incidentally, to cut the bead off, it
would have been very useful. I found that one
criticism T had of the roll-ons; they did not
~
retain themselves on the UCD. And I think if
I'd of had a bead on that T wanted to cut off,
I could have stretched it arocund there again
and it would have stayed. BSeveral of us had
those pull off when we really didn't want to.
SCHIRRA I might add that I had one roll-on that was
larger than the rest, and that's why I had
trouble with that time, By the way, that's
an interesting observation. BRemember when

they were trying at the last minute when they

LT



were going to give us some smaller cones because
they said we'd shrink. That's not true.

CUNNINGHAM Na, T agree.

SISELE Well, I thought the UCD was convenient and easy
to use. It worked fine. I didn't have any
trouble with mine at all. I think I changed
roZl-ons about four times Tecause after a while
they developed little pin hole leaks, and you
have to throw them awsy. But that isn't a prob-
lem either. You Just slip = new one on and go.

CUNNINGHAM Yes, I had one roll-on that developed a leak.
You apparently saw it when It started spraying.

SCHIRRA You had a2 pin hole leak, and it was coming
right at me, that's why I saw it.

CUNKINGHAM But T found that it was nct inconvericnt to use.
Everybody developed his own technigue. [ den't
think that you necessariily clean yours the way
I did. But it was guite a ways intc it before
I - wyou recall rinsing them out. It was the
first water. We just xind of stuck them ocut
thereby drying them cut, and vutting them back
in. Wally had a very gocd point, they stayed
wet inslde, down there. I was always sitting

there rerolling it, and cussing because it was
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all wet with urine, And Wally, I noticed he
kept sticking his away, and I said what's the
story. He said well, T roll it when T need it.
Then I den't mind it so much.

EISELE Gtarted using the water gun to clgan them out,
and if you're careful, you don't get the water
gun on the roll-on.

SCHIRRA In other words, if you use the water gun to
clean the valve so it wouldn't get gummy, not

Lhe roll-on.

CUNNINGHAM You try not to touch the roll-on.

SCHIRRA But that did work out.

CUNNINGHAM [ think that's a very important thing.

EISELE T think we had misgivings about trylng that aﬁ

first, but it's not a bit hard to break the
water stream, and cleaned it out very well.
CUNNINGHAM Something that I did that T thought was very
useful, it helped in that 1t was dry the next
time that I started reolling. After a couple
of days, it got so that T would take the Kleenex
and T'd twist it up and stick it down in there.
Which kind of dried it, and then you'd squeeze
the roll-on on out. Tn other words, it'd be

dry the next time you rolled it downm,
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towage areas, 1 think what we said covered that
earlier.

Yes, I guess the message here is that there’s
plenty of places to stow things, and you've got
lots of options. And probably no two crews
will do everything exactly the same,.and that's
fine too, bercause you set it up to suit yourself,
There's one stowage problem we did have. You
guys never saw it, but I did every moerning.

The piace where we had the dosimeter and the
camera bracket. The camera bracket was not
retained tight enough in there. You'd open

the 2id up and the camera bracket would float
out. We alsc had the 02 partial pressure thing,
and iv Just set there.

I did have thet problem because I was slappving
it in there trying to get something else in
there,

Yes, z2néd 1t Jjust set there. So we did have =a
plece of equipment that was not restrained.

You know late in the game, we decided to stow

it down there. That particular compartment
wasn't restrained.

Now that you've brought up the subject, we had

SNy
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£.8.10 PGA Connecting

arcther problem. That was the Zithium hydroxide
canister, that block I version. We had ic prac-
tically stress my couch to clcese tne 1id on that,
ch yes., Tt was Jjust the one container,

Beneath my Teet.

One beneath Wallv's couch that we could noct get
the lid down very easily.

It tock me 10 minutes, and we firally finished
the lzst hydroxide canister.

But the rest of them zll worked fine. That was
the only stowage ccontainer that we had any
trocuble with.

Aipment

CUNNINGHAM

GCHIRRA

lic, 7 didn't have any vnroblem with noses.

We had the Beta covered cobra cables and the
cover right up at the connector and was really
badly lrayed at the end, Wgo, that'’s not going
to be s centinuing problem because they are all
wlack flucrel. I think our spare was biack
flucrel, in fact. We wouid have had those, but
they failed through 1A at the last minuate,

and they didn't have any replacements. 8o we
had cone spare and that's all., As I understand

it, the next misgion will kave black fluorel.

(il
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If they're not, this should be pushed for. We
had lint stuff all over the place at the end
of this mission. That's because this stuff
was starting to fail. The hoses connected up
with no strain when we gect tack.

CUNNINGHAM But we didn't have any trouble with plugs that
didn't mate up or hose connectors.

SCHIRRA The cnily thing I would like to say about the
PGA connecting egquipment is that blasted cable
that comes up undernezth your chin, it drove
me 2atty all the time I had it on. They tried
to do something about it, but we're using a
battieship ecable routing for little tiny wires.
And when you get to the BIOMED sensor, you got
& little feathery wire and you get to where it
connects to something else, it's a battleship
cable. The thing sticks right in your neck and
is very annoying.

CUNNINGHAM I've got another stowage problem, gang. Spare
roll-ons and in R1l are not retained well enough.
They are always floating free in the compartment.

SCHIRRA Yes, there's a well. It's obvious that if any-
body locks at it. But sometody's got to fix

iti
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EISELE Yes, the problem that 1 had there toc, was that

when 7 need cne, I had to rezch ir and pull out
tne 1ittle packs and usually I haco to pull cut
all three before [ got Lo mirne.

CURNINGHAM Lhey Tleoated arcund wacz there and I et pushing
them bvack.

EISELE It would have bteen tetiter if they had been
secured so you could reach and grab the cne thas
¥youl Erew was yours.

£.8.11 Crew Couches

SCHIREA Fas? iy defects and cdd defects, I found it very
irritating. OUne the crew ccuches, it's sort
of academic to discussz them. They work guite
well, T was particular_y pleased with the trans-
laticn controlier. It was fixed just right.
Sclid beam war was ruchk botter than that rinky
dink on that side. The cne thing that we shouid
register is on the foot pans. Donn had a real
nightmare. And we came in with an cpen item
really and ke was 1in trouble.

EISELE My foot mar was not locked for entry.

SCHIRRA This was getting too late then tc mess around
with it. My foot pan was locked up on more

thar one side, and Dcnn was down there -

: _
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Donn also had much trouble getting his left foot
out of the restraint.

Concerning this part, the other couches are
going to be like that. Let's see, my outboard
side of the foot pan wouldn't lock up. Is that
right?

1 can't remember which one.

We started donning the couches at T minus burn
minus 45 minutes.

Yes.

And he got his foot so locked up in there, he
couldn'™t get it out again. And Walt had to
unstrap him, go down and get it back in again.
Then after Walt did that, that's when we found
that my feoot pan again was not locked in and by
then it was T minus 25 minutes, and -

We didn't have time.

We said to hell with it. We're going home.
Well, the reason that 1 wasn't worried about

it was that I had plenty of knee clearance in
the center seat. I wasn't worried about jam-
ming my knees.

We discussed it, if we were really worried we

were going to go around one more rev.

SPOEDEHE
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£.8.12 Restraints

SCHIREA

SCHIRRA

Tt was inconceivable tc me that the ccuch would
ever stroke far enough to run my Teet intc the
LEB.  You would have to go 2 or 3 feef there
voefore you hit anything.

Conn has this big opern srea above.hjs krees, so
we weren't worried about i+, Walt ard I dida'd
Fave that kind of area. T1F it had been Walt

or myself on tke same oot restraightening, we
would have scrubbed thst refro znd taken anothker
rev. That's how tad it was. I'm sure 17
Misslon Centreol nad xnown the reccovery weather

was that bad we would have gone ahead,

Hand straps - that's absoclutely a2 waste of the
material.

That's a good iter for deleticon as far as I'm
congcerned.

Take the labels, handles 0Ff us well., The EVA
boys thinx you've got to have handnolds all cover
the place, and the IVA bhoys, we three only, ==y
we never uso it.  We used wickets. Walt had one
c¢lassic experiment with a zircuit vreaker, and
moved all over the place and didan't even =zctuate

it. We're trying tc make it guite clear we did

"R
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not actuate one switch, pull, or depress the
circuit breaker that was supposed to be out,
ever, for the whole mission. Not gne -
Frankly, we had our backs against the MDC time
and time again.

We were doing flips. We never knocked a thing -
Oh, we floated into the switches now and then
but we were moving so slow, and the wickets
protect them so well -

The only important thing we had was that hand
controller.

When we talk about handholds - we're talking
about the ones on the struts down here. The
one that's under my knees, incidentally, I used
every time T tried to sit and get into the couch.
Not zerc g, che g.

You get trapped in the one g world. That's the
point.

They're great for the one g, but you don't need
them in orbit that much.

You've got three up there though around your -
The center one is the only one that ever got

grabbed at all, and T'm not sure of that,
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Well, we tried to delete the ones on the struts
and the other guys, EVA people, said you've got
to have them.

They're redundant - they're probably more
redundant than the dumb Brooklyn Bridge struc-
ture for the hand controller. I don't know
what the G&EN station restrain is. Does anybody
know what that's supposed to be?

That's the foot -

Ch, is that Velcro on the floor? That didn't
work out too well because there is enough torgue
or set or something into the COMM cable which
tends to lift you upperward away from the floor
when you've got 1t on. It just pulls your feet
right off that stuff, and you don't need it
anyway. The film shows the normal position that
you assume when you work the GE&N controls down
there and you've got your buttocks against the
edge of the center couch and you got your two
hands on those handles and that's all the re-
straint you need.

The other thing T would like to make note of
because we talked about carlier - that strap

thing. If it were on the spacecraft, T wouldn't

SNt
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out locking fer it. If it jus®t happened to be

there -
EISELE What strap?
SCHIRRA The series of snap straps that -
EISELE Oh yes.
SCHIRRA I'm sure I could learn to do without it, I

Just got intc the habit of using it. And that
isn*t reguired. That was alsc part of the G&N
regtraint. Tt was secure arcund your waist
and hook on to things.

CUNNINGHAM Ancther thing to keep in mind, people getting
ready to go into this IVA environment is the
body really likes the fetal position. You don't
get guite into it, but if you're standing re-
laxed doing anything like G&I station, Donn was
in the fetal position,

SCHIRRA Your whole body relaxes for you with your knee

coming up and you go into the fetal position.

EISELE Yes, the no-lcad configuratior of your body is
Just that.
SCEIRRA Sleeping restraints, there were some straps in

the sleeping bag, but I didn't understand that

at all. There was only one arcund the waist.

.
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Those were for sleeping on top of the sleeping
bag. I'l1l tell vou the bterefit of the sleeping
bag.

What was the strap ur at the head there that
Fcoked on to something?

I dorn't know what that was. Early in the game
I was cne of those advocstes who would say we
den't even need the sleeping btag. Go strap
yeurself to the bottem of the couch. OCne
venefit to the sleeping bag - it allows an
inanimate obiect that's asleep down there to
stay iocated in one spct so the other guy that's
awake doesn't keep pushing him around to get
him out of the way.

Keep him from floating away.

And T7'11 tell ycu along those Lines, there's
something T didrn't like atout the sleeping bag
if you're going to have it at all. The streps
that retained the feet ‘oined the sleeping bag
up about -

About 3 feet up the back from where your feet
werc.

That's right.

Towards ycur waist.

" iaaane o
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EISELE I wculd have preferred that the bag had the
straps out each end.

SCHEIRRA You want the sleeping bag to be a cocoon., To
move arcund inside the sleeping bag but don't
move the sleeping bag arcund.

CUNNIRNGHAM That's exactly right. And that was irritating

to me at that -

EISELE I never 4id understand why they built it that
Way.
CUNNINGHAM Do you see what we're getiirg to on the straps?

6.8.13 Flight Datas Files

EISELE I thought they worked cut very well. A tin box
by Walt's elbow, and the -

SCHIRRA We just had the one compartment. We deleted the
one on my side; we didn't need it. The only
cards I carried were those flip cards in the
- on the sixth rev thing.

CUNNINGHAM I think we had adequate inflight data stowzge.
The only thing about R12 on the rignt hand side,
it was an individual tuning pound so 1o speak
focr spacecralt 101, but it had two metal hooks
to retain the bottom of 1t ard a2 strap on the
top and one hook was always coming out. It was

kind of catty wampus lcose. It's the kind of

“sisbiiiiibiiiy



SCHIRRA

EISELE

SCHIRRA

CUNNINGHAM

SCHIRRA

EISELE

o 1

thing that should have been mated a little better.
On the flight data, we cught toc mention that.
We carried a half a dozen clips which was not
encugh for one for each hook. It worked out
okay for us; everytime that Donn was awake,
we could collect from him and start all over.
Very handy, you could use them to hook - hook
it to -

The flight plan on top of the master caution
panel. The flight plan was out all the time,
Everybody had zccess to this because we lived
with this thing as you can see.

Yes, the flight plan was out constantly.
You've got to have a reminder. Just like you
fly, this is your knee board.

Yes, it really is, you Jjust refer to it all
the time.

I think it's interesting to lock at our flight
plan with the stuff that's in it, and the

CAP COMM's a lot of stuff in that too.

This is part of the data file right there.
Those clips were really handy for holding
checklists onto the wall and keeping your place

in the bock at the same time.

ST
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SCHTRRA That's the only sclution we knoew of for a book
with many pages. Now for the little six rev
one, I think that's a good technigue that would
be the kind of thing you might take with TLI,
foer example. I'd hook that, because we hadn't
learned the clip technigue yet. I'd hook that
tc cne of my wickets on my left side; the clip
technique made 1t a lot easier for me. OCkay.
We made 21l our burns in the docked or rendez-
wvous positions.

EISELE Except the decrbit.

SCHIRRA I'm sorry. Execept the deorbit, znd, of course,
boost. We didn't have cur oot pans up. We
had the leg vans down to the - break of the
knee. On two burns, I was in the right seat.
I'm not sure if that was true of all the other
burns - at least the headrest was down znd T
Just slid down the couch a little ways and
braced my head there.

CUNNTINGHAM I used one shoulder harness -

SCHIRRA The first time up we did tke flrst burn, we
had shoulder hernesses on, we had seat belts
cn, Wwe weren't sure we weren't going tc do thiz

the rest of the misgsion eitner.
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We didr't get exactly supercasual about those
burns.

No. Wren it got time for the burns, T'd try

tc force myself against it so I didn't get
snapped.

Yes. It's like a catapult shot. 1 think that's
the same when you know that you gotta have your

head back or you're going tc get snapped.

6.8.14 Inflight Tool Set and Workshel?®
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Well, there wasn't any workshel?y. We threw
that off a long time ago. T thought the tool
set, for what little we used it, was fine. The
only thing we usea out cf it was the wrench,
because we had a spare b iocol anyway.

Didn't we uge a long adaptor for cne deal?

Yes, we might have onec time. Yes. When you
were taking that panel of 7 to get back to the
water.

Yes,

Where the water was on the plpes. It was fine.
It neld the tools in place vrorerly, sc you

could get at them whenever you needed it.
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£.8.15 Food

SCHIRRA
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I think the foocd has been discussed sppropri-

ately with the doctors, but ! do Teel we've got

[y

to piay the feood much more carefully. This i
wrong to save weight in food by bringing up
the calcric intake of the focd with sweet things.
I've summarized it by saying, "Der't load up on
bite-sized too much; don't lozd up on heef
bives."

Boy, he was so anti-beef bite, It was unbeliev-

able -

- Don't load up on calories - 2000 is plenty and

1 feel that very strongly zsnd I was converted.
I've got another note here wnich is slightly
facetious, "Try to take two breakfasts and one

' That's because the gcood stuff seems

cther meal.'
tc ke at breakfast -

Well, the real point - and the crews may not

get this from the doector's report: First, yvou're
suffering from a bland diet - there's no salt

in it. And, T think that's onc reesson why we
craved the bacon cubes so much, we wented salt.

Yes.

And I'm convinced your system cries for stuff it

o



wants., We also craved chewy stuff like, but
not this crumbly stuff, meat type of stuff like
beef pot reast or reconstituted meat stuff,
that was so palatable. The warmed food is =&
whole new world. I'd also like to add that the

coffee should be changed to a better kind of

coffee -
EISELE - a better brand -
SCHIERA It was a high for me whenever I hac it.
EISELE - I wish I'd had one every mesl like you did.
SCHIRRA Yes.
EISELE I had one for bregkfast. But that ~ ought to

be a crew cption and if a guy wants coffee
every meal, he ought to be able to have it, too.

SCHIRRA Yes. It's not a big deal - just a very thin
little teeny line.

EISELE You know I was - we menticned this before flight
and decided not toc bother, but I'm Just wonder
ing if vitemin pills might not be of some use
cn a long mission like this because -

SCHIRRA As a supplement?

EISELE Yes, I think we tend to get run down. Ycr

instance, ocur colds might not have been guite

SLMEPETEE
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as severe if we had had a good supply of vita-
mins. Another peint about them -~

- And particularly if you get up there and don't
eat. all your food -

That's exactly what T was going to bring up.
The doctor says, "No, you've got a halanced
diet."

If you eat it all, maybe you do.

It comes to the point where you're not eating
all that balanced diet -

You know what they could do ~ and let's make

a note of that., 1 didn't muke it to the
doctors. We didn't put the bacteria pill in
the juices, because we felt that wasn't re-
quired. We put it in all of the reconstituted
food that could develop bacteria and explode.
Maybe you could put a vitamin pill in there in
lieu cof one of those yellow pills.

Oh, T see.

Just make sure you don't get mixed up and eal
the wrong kind.

You know I kept a meal for 2 weeks in ry desk
drawer to see 1f it would swell up and it

didn't.
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SCATRRA It didn't?

CUNNTNGHAM Fe.

SCHIRRA That's & nasty routine ve vul that pill in there,

AN TACHAN "ne other thirg aboui thane nills iz they're
Just like rocks.

SCHIRRA Yes, but you don't have t¢ break tunem, they do
re % with just 2 little =it of molisture that's
in that little plastic bag.

CUNNINGEAM Tes, but we eat the meal boflore Lhcy melt,

SCHIREA You're right.

CUNNINCILAM Aozofter nill, it's got = litile coating on It.
Put it in =znd sgueeze it.

ZCHIZRA I guess what you're sayrno 1o, we shouldn't
ress with the pillis at a1l in any of the focd.
Witk the work lcads, it's =z nuisance, Becausco
vou have to cuw the bag - get the »ill out and
hold the pill, open up the mouth spout again,

stick it down in tkere and squecze 1t inside.

CUNNTIAGEAM Some of the foods sustzined a faliure of Lhe
tyre like the bite-sized or zorme of the cin-

i

namon bread cubez. One of thern would zot
erasnsd, znd 1 thine this bappencd in pacxing,
vou know they're genersz’lyr oretty strong stulfl,

bul ir puacking yeu might have cne little meal

TN e
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thaz's got brokern and then you didn't dare take
whke mcul apart. We did s ccuple of times znc
aZl Tha grumbs would silert coming out.  inciher
thirs i3 we kaed severzl food tap failures -
reoenstitutable food bags - between three and
Mive.

You were the one witk Lthe bad Tuck. T don't
think [ had a one fall.

Yo, woell, one faiiure was very interesting
and 2% the place wnore vou'ro supuosed teo be

2hiie To get The speut to cat cul of, Tt had no

cpening into the bag., T completely sezled.

was the foldup spout?

Yes, | kad two cther bags Tnat failed din =

way thas - the material would squirt out ne:
+hrough the speut but througn the next layer,
ard yvou ended uo with a mess.  Generally, the
focd tags lasted. I was surprilsed we had so

Tow failures really.

we)l, one of the xoeys that we founc was rowdered
food in the foeod nag driftes arcund Lhe bhags,

S
v

1% meant the bag lost its seal. It's a pocd
quality contrs. check, Hou Tor us in Tlighl -

it's woc late then. Preflight 27 you =zee food,

' S,
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6.8.16 Perscnal Hygiene

powdered, moving around in the bag, it means
it's a bad bag and it should be sent back for
evaluaticn. We didn't see any like that. Re-
merber earlier when we had those sample deals?
oot

Some of them were like that. The other thing
that was done towards the end of the mission -
I'd use the water pistol trigger to fill a used
bag and drink out of that.

Yea, 1'd save the frult julce bags.

fez. 1 never seemed to remember to do it.
Zventually, I just said "Aw, to heck with it.”
Wrestling with a gun is a lot of work.

1t makes your thumb sore.

Equipment

SCHIRRA

EISELE

How about personal hygiene equipment? 1I'd
like 1o add right away, Donn saved me, both
Donn and T have hair that's long enocugh to
comb and that comb was really a high point for
me., Tt sort of massaged wour scalp a 1little

bit and 1t made wvou feel a little bBit better

each day if you could just see yourself locking -

Yes, we each had an aluminum pocket ccomb cn

there -

JC
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I kaew they were combing thelr halr because T
zevt cleaning the lint of{ the hoses.

You were sheddirz more skin thar we were halr.
You know, T shed skin when I got back.

T kncw. I saw your arms.

My arms, ry bhack -

T liked the dentsel cguipment on there. I sure
liked <he tootnvrush and the tcothpaste,

T wouldn't delete the dental fless though naone
- roviced nobedy used it eilker. TIn fact, it
ctarted catching on scme ¢f the Velcrce.

Yex., But I think there zre poople who have the
nabiv of using iv, and T'd rather not change
tkat factor.

Wy
TE5.

It Aiarn't get in the way other than vour peint
there, Walt.
o, T thought the dental ecuipment was very

satisfactory.

I migkt add, thcugh, If you d7d use dental floss,

I don't think you would do 1t zgain a®™ter yvou

waere thrcough with St,

' SO
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vrotlem - whonever we had pilsces

3
-
1]
£
It
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P string 1% was o pain w2 get all together In

cne geb ard stuck In,

CF, that's an dntercsting noint, regariling
towage.,

Ten,

woe used the stowage box for tne ORDRAL urnit as

n Zlight loesticrn for the Kieernexss alter they

Yes. One thing about 11 - we migat make ncte
o7 the faot thet wo bud seven Sowel bags and I
Fround that waz cnough. T had cne extra clean
cr:ee when I came down,

Towels were great.

The other thing iz that we nad two boXes of

s on zrier to fiigat and we ernded up
witn cne le®t butr we'd have teen one sky for

acdez Lhe Lwo.

,_
=
o
o]
o
ot

cur particular migssicn had
.. 2ddition, somecre cluc may go who nas & 1o
mere powel movement: than we did., We had = low
numper.  Particularly oy ftwe in there Lnst

averaged Tt down.
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EISELE Was it five, four and two?

SCHIREA Yes. You use at least L to 5 Kleenex per bowel
movement. More likely five. That could have
eatenr into that box if we didn't have that last
cne. I think we just had enough is what I'm
getting at. Course it was the colds that ate
them 211 up. I also - I per%onally needed to use

that little stimulus on the end of the toothbrush,

EISELE I used it, too.
CUNNINGHAM Yes.
EISELE I used it whenever I thought about it.
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6,8.16 Perscnal Hygiene Eguipment

SCHIRRA (L re are differences of opinicn about the little
wetwashes with the food. Wzalt used them to clean
up zfter waste management programs, I guess, I
d=cided all of a sudden 1 was collecting too
many of them. They sort of supplement the
towels, if you keep a molst towel., Again, we're
teslaing about something that is very optional.
They're not objectionable. They're packaged
and I don't think there's zny sense in pulling
it ocut at this point.

CUNNINGHAM If you use them though, it's almost impossible
to keep up with them. There's one every meal,
there's one in every fecal bag and it's not
Loo hard to find out all of a sudden you've got
5ix sitting around.

SCHIERA You rathole them, you know for a blg event or
something like that. Next thing you know they're
all popping out.

CUNNINGHAM I do have a critieism on those. OSome of them
I used were moist and nice. The others were
Jusi like they had been on the shelf for month:

and months and were almost dry.

' SO
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The problem there is you can't get a little bit
of moisture out of the gun, you have to téke a
whole shot., You couldn't rewet those.

Whenever you wanted to wet scmething you'd take
a big towel and catch it out of the good statiomn.
That hot water. The only thing that is wrong,
I guess, and I don't know how-you could handle
it - we started collecting a lot ¢of hair in
that cockpit. Body hair, whisker hair, or hair
nair.

This might be an appropriate place to digress
and talk about combing the hair. We did make
note of the fact that when Wally and I got up
in the morning, it took about 45 minutes from
the time we got out of the sack until the time
we were laying in the couch ready to go, with
all our COMM on and everything else. That

45 minutes was used up for such things as rolling
up the sleeping bag., I'd take a radiation
dosimeter reading, we'd both get a chance at
the urine disposal, take a towel and wipe cur
face off, get dressed, get our COMM all hooked
up, comb our hair, and in general get to the

point where we're really with it.

iRy



SCHIRREA In the szpacecraft, you're oxpecies to zerform

rignt row and answer up with sharp arswers and

we're trying

Iave un te tne day. 2

Lo oway 15 when a mar comes off the ol f-watch,

D

. way the merd was set up, you were supposed

Lo oeat and go to sleen right away which is not
tne way we do U on tne grournd, We did shilt
of'l that program to a rezscrable hreakfast,
laren, and dinner with s blzek cf & hours ir
Lo e

CUTHIHEGIHAN Twridenizlty, that 45 minutes poliling ready Lo

coodldn't inelude any brouxlast oand L'd as;

LY miruves cemfersac.y. 2 think unst's nor—

plannable for the {light an. 1 really 2o.
Just 1T1ke the meals canrouw oo blgeked cuts 1ike

tast. VYou shculd allew thoe time, but specliving

it this 30 minutes Tz usezd Moy catling 1=

almost a Zaugh. You Just never est Ir that
AC mirutes,

GCIUZRRA well, each bag Zor cxarple Uexe, takes you
S omiruteos to get the waler loouns Lug. e

o 30 mirutes for reconsuitulion.

Wi

bag witl say 1

Eighy there, you've nad Lo drop comething Lo oo
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Every once in a while it was quiet enough so we
could finish eating in U5 minutes, an hour or
so. FEach meal took a couple of hours. You
kept doing other things too. We had the food
cut and we would go about the normal tasks and
keep eating as we did them.

One of the things that kept uc ahead of the
time line, which was not in there, Donn started
the day a rev early, and thzat's how we always
held cur heads up. He woulc go cut and get a
P51, at least a P51, and get the spacecraft
constrained in some kind of attitude. That last
day, our time line was about 3 to 4 hours from
the published flight plan. We put that much
more in it. That particular series was tight
right down the line. It was tight all the way
down, 1I'd say in show biz words we were over-—
boocked all the way home. We really were.

I think the way we had it planned out though was
close but it never pushed us over., Do you want
to go into the inflight exercising. 1 think we
probably can handle that one between the two

of us.

AnEsm el *
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Yes, I think Walt and I were real fans of it,
Walt almost went into shock when he saw me use
1% so much, It just mzde us Teel good =nd

il wt's the whole poilnt. You need a device to
work on, there really isn't a good place to work
against the spacecraft, you just can't get stress
geing in there.

1 think we were thinking that - and this is dif-
fering from isometric, row you are long encugh
to reach c¢lear across the spacecraft and push

on the two walls, but iscmctrics doesn't give
you the satisfied feeling that isotonics do.

I think at the time we feit like we were going
to have all this work to do moving around in the
spacecraft and it just isn'{ any work.

There's no work. That's what's so disappointing.
That's why you hear us say, let's go from 2900
calories down to 2000 calories. Now I had

24 and I gave a lot of it away.

I thought you said you had 2000.

Yes, 22 = 23 somewhere in there.

I had 2500 palories and that was a mistake.

At any rate we used the exerciger, unfortunately

the film didn't show too well. We hooked fixed

SRt
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7.3 Visual Sightings in

straps on the hand holds, either the left or
right seat above the left cr right hand as
apprcpriate ... and pedsled down in the LEB from
the left couch on one side cr the right couch,
t2 the point where it got hot, ... You
couldn't touch the capstan.
Andther variation of that is if I held the hand
holds in my hand, T found T got a ¢certain amount
of isometric and probably isotonic, too from
pulling on that thing. To a much lesser degree,
Wzlly and I both utilized the hand heolds on our
feet and pulling on the rcpes. I think I did
that mostly Jjust to even up a little bit. We
both must have had in our mind to keep the legs
moving for the biceps.
At any rate we can't endorse too heartily having
an exXerciser on board and we've all covered, in
our debriefing with the doctors, the fact that
if they really have ocur best interests at heart,
the object iz to keep the proteocol ocut and allow
this a free running business.

Jrbit

SCHIRRA

One thing, Walt saw a - well go ahead, Walt,

IR mSRTEESEE ]
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CUNMINGHAM weil, I saw 8 satellite and at the time I saw
it, we Logged it con the tape. FHNeither Donn nor
was aware that these were not supposei to be
mentioned live cover the 2ir. Wally brought it
tc our attention. I lcgeed it on tape. It was
g satellite passing through the Southern Cross.
SCHIREA Zet's maxe it clear thst this s & far, far

ewsy thing, much as you see from the surface of

the earth.
CUNNINGEAM Right.
SCEIRRA We did rot see, at least I don't reczil and I

don't think Donn ever meniicned seeing, znything
that nad recogrizable detail other than those
things that we took with us.

CUKRNINGHAM Never.

SCHIRRA Geographical landmarks, I'd say were covered
compietely by film. The onily thing that sur-
prised us was cne cf the Apolio landmarxs, and
Walt was dolng that cone.

CUNNINGHAM Tnere was a bridge across the inlet and it
wasn't orn the lanamarx map. We had wnat was
considered a fairly recent map bat there was a
point of land coming out thait had beern bridged,

very definitely.



SCHIRRA

CUNNINGHAM

SCHIRRA

CUNNINGHAM

I'd like to make a point, Deke, so that our
directzrate gets straight or these landmarks and
they put a date on when it is most current. The
last time it has been checked out. This was one
of these not toc far away places, another
country, but we almest blew the landmark. It
was wide open weather and 1 was sitting up there
in the window locking at it. Donn was loocking
through another windew and Walt was down below
and all three of us finally decided that was it.
We took a picture of it and if it comes out we'll
document that landmark, Clcud coverage, we had
a loct.

Wally and T did quite a bit cf work looking at
air glows day and night and trying to log them.
I think, many times, that we got descriptions

on tape and during that sunrise, 1 went live
with trying to get the colors of the sky.

I'd like to get that red arc thing and document
where 1t was. That's going to be a job.

This iz an approprilate place to bring this up,
Wally did see the high air glow again and T saw
it, too. (Laughter) ... other celestial

sightings. I didn't realize they hadn't been

PN Y
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seen before, but I had scme very good sightings
on the magellanic clcuds.

SCHIREA Theze had never been zishted before.

CUNNINGHAM After T realized I'd been lccking at them for
cveral different nighus, I called Wally's and
Donn's attention to them and I think everybody

saw them.



8.0 EXPERIMENTS

CUNNINGHAM Okay. We're down to 4. Cytcsenetic blood
gtudies.
SCHIRRA A1l right. How I finally =zgree; we had a pretty

longz knock down drag out on that particular

exrariment. An invasion, I ecall it, it is

reaicisotope.  For the other crews' benefit, we
bought it. One of ?he reasons I finally bought
it was that this impositicn would not be made on
5 'spee” lunar mission, if I can call it that,
The experimenter, Dr. Johnson, is with me on this
and is perfectly willing tc negcoctiate this., I
suspect 1f the next mission goes as we are
thinking, that they may need this just to close
the loop =nd that might not he a bad way to 4o
it and get it over with. T don't think that
crew 1s going to undergoe any higher risk than we
are except they're just farther away. I would
almost say that might be a good place to knock

off all that stuff.
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8.2 Synoptic Weather Photography

SCHIRRA I guess we should, in this area at least,
mention the cyclonic effect which we saw in the
clouds. After Gladys, the tops of thunder storms
in South America looked Jjust like the eye of a
hurricane. TYou could see the very tight vortex
effect. We did get a couple of good fixes on it.
Whether they turn out or not is another thing.
It's a phenomena 1 have never heard reported
before. Maybe people know about it. I was quite
surprised to see it. This just brings up this
area so someone can get into it.

SCHIRRA By thruster fires at night, you could see the
pitch and yaw and roll. Particularly those that
Tired forward.

CUNNINGHAM T might mention that I couldn't tell which

thruster was firing by the glow on my side.

CQREREN LS,



GCEIRRA

CUNNINGIAM

SCEIARA

CURNTRGEAM

SCETHRA

SCEIRRA

ETEELE

o
prd
02
4]
3
4]
€3

1z did alfect signiing but wou Juss

wo alzg nad sparzlers coming off the Laruslors
wnern o cu fired.

it did mske an attempt =Tc caich zn 8PE burn
wilh Lne movie camera in place.
fprerently dida't get a thins.

Lnlnk, on that thing, we'rs poing to find cut

Tt magazire we used. We'll go back and se
~helr master print and we'll lcok for something
cn it. Itz wvery dim light, weo «now that, we'll
We iust ran wide open,

goc 10 we could

always worried about that

One thing apcut it, we made a Zot cf burns &%
what would be conzidered Lcocal nignt, and I don

ever repmember ghy disruption of out-the-window

we always worried about tryling

b-
&)
3

Well, my opolirnt
Lo ngld =2tsitude with stars or herizon. T den
tnink we cculd. Thcse wicws were aswitlly brigat.

Thne thing about it, vou know, i1z We weroe always

ZFR.
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Lower Body degative

el
Lad

-

inow, that ig what © zar trying to say. 1

Zrard that I would have huad troable lcoxing cut

H
-

hed to dc an 8M 505 deorbis taruster flring

ot She sorvion mod-

“oward the command mefuile,

Ao, M RCS thrusters really were brignt. [BEven

+

during re—entry we gol tolsnt.

Tt wes a re2gl bright pink c_cud.

saw Shat wefore.

nover

You know I mentioned that o scme of the Gemind

guys tncugk and Tom mentioned that ne had seen

. Very befere .C5 g,

faint pink, woll

Tez, Just like everyihing went pink. Just lige

lizht pinx Le.,

de menticred where 'L was, too; I am sure thas

L“ney saw 1t.

ke Lo o
I just L I guess.

r.ever

I
MWLYoy

There are go mary windows. You can see all five

windows with vink cloud.

ressyure

SCEIRRA

- Tecl this shceuld be cancelled out altogether.

Tt

a hralf an hour wasted overy time you do it

ard you do 1t Yoo cften, T worked very havrd o
rmaxe It repeatable, not moving arcurd and feuline
Lhem ug.

inere are three thirngs thal thiz ex-

veriment 1s geing Lo come up with: one, that

)
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A

vioi change because you go irtoe speee, I'11 con-
cede lae faet thet yeou de, becsuse you zlsc go

intc Ture cxygen erwvironment. Twse, that you
roed Lo exercise, ana we conoenoo Tnat faot

we are exerclising. nree, Lhat you mighs

wani Lo owear some device sround your legs Lo
zrimalate your lower body oy naving a negative
tressure sorcess it. Thabt ls oulectlonavle ard
ot 2 practicable moluiicr, so the exveriment

cnly valideltes something we krow. | see no

KNiow.

;o to corntinue preving somoiking

0

wroanow that pure oxyger envirorment is against

Ls. 1t has 2o be becausze It's ant the way we

Anotner aspect of 1t is Just <he lying down, not
zer: z, just Ilnzctivity.

P think ju's a et of fun tec ccloect data on

this zsut it's =2 great imposition to lic in that
thling, oa the ship, cn the bench. The posifilight
vhysical ‘ust takes ige muck time, Most of it's
exuoriments.  We wend right slong with them and
co-—grerated 211 the way sc we could try Lo gew
seme 37 uhis stuff scut of the wey, bul Thau's

cre thing we ask, 2 coulo Lell the crews

arc _coging at us. If we bought them, they say

L
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9.0 FHEMIBZIOW PLATNING

Ozay. FPremissicrn clanning and i
the boginning.
callons in that.

Tra’ectory Kept changing. [ cannot

I tning, was pretty well firmed un right from
We didn't have uny great pertur-

The only vrcblem was that tre

forget, even

rnow, now ali cof a sudier SECCS changed at the

Tzt minute ard everyone wsz aware ¢

wers fJexible encugh, aloest Tlexibli

. to respond.

49da't hear the Mode 4 o

GUT, 1w

f it. We

e encugh I'd

In the ZTight Itsel? whern I

es wonderling

wianther thatl late charge caused it cor the trans-

mizsion wasn't geod. Tt turrcd out

]
o
[#]
tg
o
05
&}
0
¥
&
o
=
o
}_I
'_l
o+
123
T
w

donr, we've done with the G plus 53

wransmissior

imailations we hkave

3ECC ard

~hat would really eat us up in later missions.

This 1s a pretty casua’l crc hecause we know how

toc earth orbit pretty well.
wWe gmot the leop cleosed on that.
T Lhe T_ighkt nian, all © con ou=y 13

= rretty well defined

ESIFDTINTIAT

Ight plan an

that we hzd

d wo Ren
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Tringirg it down to the golnt where everybody

e
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1. the country had a cco. -f the filight plan
thoet we flew. I went home zind saw cney I saw
¢a: in the hotel; they <2ro all over the place
well before tne Ilight. #Fuoatastic distributicn,
['ve got several commernts con the flight plan,
though.

The premission planning -r real time?

fdo, the actual flight rlan we flew.

.cisten, that's in the next area.

Okay.

This is premissicn. Tho changes to the space-
craft did bite us at the ornd. The battery
provlem bit us in real time, and that just hap-

penedé to be a late dizcovery. I agree with that.

We were very concerned about the foot par changes

st the last minute, and that bit us at retro.

I think we froze up pretty well. There weren't
many open items., The EMS, at the Iast minute,
failed. I agree thzt we gzhouldn't change 1t.
think we can get arcund that becanss it's not
necsssarily spece imnortant to check that out.

¥You can check it out with the centrifuge.

R,
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9,4 Mission ERules
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oy evurmple, Wwe woent oubt o

Iozur minds Lrvins

Tind tnat banana plug bthal worked on the can’

Ters,  Wo couldr't find it, snd Toanxly owe

: H. We just held tre zorn snd the struct
‘owAs JusT 23 g003% a4 grount g osny wire.

Wz changed the

tairds of thks wsy thro

whing broke anyway. Scowo

Wwitn whnat we nad done

kird crl
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to kew out on systems discuzsicns. The knowledge
that Houston had in the “izrsicn Control Center
was 1o less than ours. 11 o0 the malfunctions
wa2re done bty the flight orews. In other werds,
they were hammered throuvg: @y Jack Schwelgert,
with Walt working on them.

I think it is significant tc meoenticn that point
here, because I made a big effort to have a joint
overation of this system. I say jeint, in that,
routine FOD, ourselves and .Jokn Arion were in
faver of it. We had working sessions where T
knew what John Aricon thousht akbout it and we
agreed. As a matter of fzcit, we never had any
big discrepancies in our ihinging. For example,
this accounts for the =wrocedure for zervicing a
secondary evaporator. 1 bnew that was a big
surprise to John, too. T didn't have to call
out and say, "Hey, Jchn. What do you think?"
Because he had been working along with me for a
courle of years to try and obtain a way to do
that. So T heartily recommend - ard T don't
know if anyone will bte Inclined to - bhut I thine
the people on the ECOM system are the best heln

you can have on the Apcilo Missions. You just

L
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car't cgerate 4 by youarsei?. They saved me

time arnd time again, by askirs, "dey, vou guys

il purging?', whnen wo got all hunz ac on

zomotaing elsa.

scussed thet cartiecular zutiect.  Thc veal
problem that iz going te core from Lhis is row

wrel the mglfuncticns are done, they coulld be
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vutocn the Tlirgt flight you can afferd So work
sxtra nerd te gusvantece that Lhe systems wilt
v roed.  However, the next orews Sthat come

ziong den't know kow John Arilcu thought zbout
Lnat subjecst That day tecause Lney weren't in
Lnzt meeting. So this kind of ovrocess will
soften a little ©it, where %h2 next guy in thre
right seat is nat golng tc be able tc talx to

cenrn Arlon.  CThis is wnst I oam o trying Lo get

ross.  Welt cculd alweys see Johr Arion siiting

JAV)
n

4T Lnhe console and remember the meeting where
they were talking about that subject. So apply
to Jobkn Arion what you rememtercd of the subjesct
gnd Tornaps cchn might rermemior semethiag that

Wals fergot. T could sec shis very nlsinly =1l

of the time.

' nG e



CULRNTHGHAN _'ve tazlked Lo John Arioan ¢ lee since I ohsve
ceon zack and severzl Llmes beo ccomensed on o=
inle of things ne had posced un Tecnuze ne
220w ke kad To, but ne krew I owas wlroody

wo.rging on 2t. I think It iz a grest werkiag

SCAIREA Tnat's pert of the reoazon

“reer to tazlk 4o these guys; bocause we nac
werked with them., We 2lsc spernt a 2ol ¢f Time
Stk the flight controllers.  S5¢ ruch, that we
lezt zight of the feeot thal wo were talxing tco
each ovther. 3ul we didn't reallize wo wore
tanlding to the world aboul cur ilnside work.
CUNNINGHAM Arother big plus as far as the missiorn rules

went:  we fave & leot of tnings to reviow, and
it nelped greatly for Clen (unney Lo have Lheso

worzing sessions with kis reoplie ard overyone

else concerned, even 17 we weren'l thore. EHe

weald sernd cut = ncte of
what went cn atb that reoting., Alsc, ho put out

scme summerics; the Summary Dlilghu Plan was

“ke Euwmmary Flight Flan =nd Suwmwroery Misslcon

Sules aided us iLremendous v,

Snmaaa® |
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As & result, when we had cur missioh rules
review in Houston on Monday, we were dome in
about two and one half to 3 hours. For first
flight, that's unbelievable. We used to go for
days on this stuff. We've worked our way along
quite far since theg, and Jerry Griffin has
condensed those mission rules. He had a whole
new format for migssion rules. I don't know
whether you noticed it or not, but you coculd
read the bold version and then you could go
back through it in depth and get the numbers in
two seetions. That was a pretty, little, short
version.

There were two things that I carried around with
me all of the time; the Mission Rules Summary
and the Summary Flight Plan.

Premission planning: some of these items do
have to do with preplanning. For example, the
foed and the eat periods as compared to the
sleep periods. We've probably mentioned the
fact that they were pushing our daily cycles
all over the piace. Wally znd T got to bed

about 4 or § a.m.

ASREEGENINN .«
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SCHIRRA We brought this up yesterday.

CUNNINGHAM Now, the fcod: they've got to change from the
scheduiing and put the eat pericds immediately

rior to sleep periods.

SCHIRRA I brought that up, too, and you're right; that's
a very big problem.

CUNNINGHAM In regard toc ACQ and LOS times, we mentiocned the
orbit change, but we got to the point where ocur
ACQ times were 4 minutes off and we were really
running pretty much according to preflight
tralectories. Yet our ACH and LOS times didn't
seem to be reflected here.

SCHIRRA This is what bit us. Remember I said the
trajectory had been changed all along and that
burn number 3 changed our ACH and 10OS times.
Even our 50 foot per second changed it a little
bit. The point is, we take our flight plan up
and that's our knee board, and if it's off, we
keep correcting it. By the way, I should add,
it was good technique. Our guys used i% in
giving us the time of the next ACQ because then
we would update our flight plan. We covered

that in the sims, and that was cne cof the things

U \
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that we got out of our sims. I don't think you
want a total update con that. Do you see your
rerciry at 5.6? That's all they did; and, if
you were really interested in it, you filed it.

REF They were also pretty good about calling up and
saying, "We've got you and we're standing by."

SCHIERRA It's furnny how we got in the position of wanting
tc acknewledge, but they gave up, at least on
Tanenarive, Did you understand that we could
hear you every time in Tananarive? We couldn't
seemr to get back to you,

REP Yes, we were listening.

SCHIRRA That's amazing! We went right over the place.
We were avle to see the station.

CUNNINGHAM 8till on flight planning and premission planning.
A note T made, after Wally and I had our little
nc COMM, Wally mentioned yesterday the no COMM.

SCHIRRA Walt, that's here in mission zcontrol arnd Ifve
already worked that one out.

CUNNIKNGHAM We had an agreement before Tlight concerning
the no COMM landing sites in the flight plan;
but we didn't find it square in making that

complete., We had block data on board for
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six revs, but ocur no COMM landing sites were
like twelve revs up.

SCHIRRA Walt is trying to say that we really had a whcole
2L hour update, GO/N0-G0, rev by rev, but no
data on beoard. No rev on that last clearance.
Walt was cleared, we'll say, to the eighth day.

CUNNINGHAM Here is it cleared to 35.4 after 2k hours, for
exarple, and we had block dsta on board for
through REV 2k,

SCHIRRA Something might have happened in that period,
and we got past the six rev block, which is
what we did one night. I said, "Walt, by the
rales, we should go home right now ", and we'd
be dead if we were going to do it. Donn was
asleep and we would start xilling time by
discussing it. TYhat's why I wanted him tc log
it; that is, you are "out on a limb" and you
expect that. This is too much of a problem,
on the lunar mission. You've got one rev.

CUNNINGHAM What I am saying is: +the no COMM veice pro-
cedures what we had agreed upon befcore flight
must be elaborated by having some data on board
fcr the rev that you are cleared to. It can be

done very easily.
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SCHIERRA If you make a burn, you're going to update right
after it.

CUNNTHNGHAM Yes.

SCHIRRA I think this is something we can git down and

talk to Glen about. This has been annoying me
and 1 do want to talk to him about that partic-
ular area. We pushed this towards the end where
we bought 6-4 from 1ift-off on the no COMM case,
instead of blowing the mission at the end of
1l year. In all the history of this business,
I've never had a good clear feeling on how far
I can go without COMM. At least we had that
feeling from the first day, and that was a
comfort. The checklists are on us, Deke. 1
think we were pretity well aware of what was
done with that. It would take us 2 days to
discuss checklists, if we do that at all.
CUNNINGHAM I think it is only significant tc add that
we made some small modifications on the pro-
cedures that I thought were ironed out completely.
I would like to pass those modificaticns on
individually to the following crews.

SCHIRRA That's why we fly themn.

.,
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EISZLE This is where we really pass it on tc the
next crew.

SLAYTOL I'm sure that everybody is pretty well agreed
(as far as I know) that we want these things
broken up by mission phases.

CURNINGHAM This i1s the thing that is a departure from

wnat we did.
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15.0 MISBTCON CCNTHOL

SCHIRRA T'd Like to go on record saying MCC was exqui-
site, Really, they gei down to the real big
lszues, and that's my whole point. The real
vig issuec is that the missicn was fiawlesas
“rem both sides.

CUNKTHGHAM VoS,

STHIRTEA I'll rever forget the firsty time I started
working with them. We had some blue sireaks,
znd they were gretty bad, bul we smoothed them
off. Part ol what we are trying teo get at 1s
that we knew what we were doing in that space-
cratt, and I think they knew we knew, But
there was some c¢id inflexibility we had from
the old days. [f It's In writing, that's the
way 1t's get to be, and that's not right. We
were up there Tlying fer 10 days and nct for
3 revs or 1% minutes, We had time to learn
something, think about it, and assess it; and
we had time to think ahcad of the flight plan.
Dorn, we mertioned Just a minute ago that you
actualily staved a rev or twe akead of the flight
pran by aligning sefore we got up so that we

werce aiways up. That's why we could take

SR



REP

LISELE

Colaibblidioblblbidinicle

34T

-

umtrage with some of these things and why we
legitimately thought weo were going to have an
audience on it. We couldn't wait to debrief
after the event; we wanted to get it done
tefore the event. The real big things where
we really could get hurt were the burns, inser-
tion, rendezvous, and recntry. These were
really critical and wore handled exquisitely.
The way they set us up for that rendezvous,

I just can't believe that it could have been
done any better. 1In fact, if they had done
worse, we probably would have blown it. There
is no way that you can find fault with the
way that thing was contrelled. That means
that we got little insignificant stuff like
taking away 5 pounds of fuel when it should
have been 1 pound cf fuel. This is academic
when we probably left 150 pounds of fuel in
that thing. The way I see it, we probably
left about LOO pounds,

That's right.

I expect we did at least that. OCkay.

C oy amizznpnr-V SN
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SCHTERA GC/KC-GO's are zll appreorriately delivered,
we did discuss that a little bit earlier. - -
Cverlapping on GO/N0-GO's: there were cases
wisre we weren't ccvered cn the next area,
the planned recovery peints or the alternate
ones ard the updates. Tor cxample, If we had
a GO/NO-GC for another day wi<h six revs block
dpcate but it was between that peint and a
»eal GO/NO-GO, we &idn't rezlly know what to
do.

CURATINGHAM I'd suggest that in the future there always
be a place called in the flight plan like
GO/¥0-GO for 77-1. Right there, you can just
1ist a block,

10.2 PTF and AT? Urdates

CUNLILGHAM S0 you GO/NC-CC for 1711, updates follow, and
¥oul get the same thing that we had for our
oplock update.

SBCUTERA That's your final clearance with the ground.

TR RGO HAM They may ote reluctant to praject that Zar
ahesd. There was rno reluctance for letting

us go that far with ne COMM, I think this

4
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was just a little place we forgot to fill;
rather we forgot to cover the gap.

Wally and I spent some time one night talking
about how we could deorbit without any block
data. We had it figured out how we were going
to come in anywsy.

We had a DR, one where we would deorbit on the
update map.

It kept us busy for about U hours when there
was nothing else to do, so this way we had
thought about it,

ds for consumables, what wWe have slways said
and always felt very strongly is that we wanted
the ground to do the trend flights; we didn't
want to do them on board. We did want to

know our fuel trend plot, When we finally got
straightened up, they called up the number
that we wanted for our onboard chart. I think
this worked out well, For example, they called
the electrical power up, and we always kept
wondering. Walt, do you remember whether

we had a 50-amp-hour or a L40-amp-hour battery?
I'm convinced now that we had a LO-.amp-hour

battery.

GONMDERTIAL.



COXNNIRGEAM

SCHIRRA

CUNKINGILAM

e

e, we won't xnow untll we drain those.

Jorta Americs had batteries that were as good
as any of the others, What we didn't do was
oLl the energy back in them. As far zs the
ccnsumables go, the ground did everything

tazt they should have done on ithe oxygen electric
power,  They zept tracz of the RCS fuel becsucse
cur onboard gaging wasn't worih a hoot,

1'd 1lixe to see them take those patteries of
curs and bring them up tc full charge, put a
load on them such as we had, and see 1 they
car. deliver.

Tmey will discharge them and charge them, and
discharge them and charge them,

1 just wonder whether they really delivered

the spec bus veltage if thoy were fully chnarged.
T don't know. The most signi©icant thing to

ao with those batteries after they get back

is to see if they have the erergy left in them
whizh we calculated, ™This wili wverify all the
prarning that was done on them, all the book-
zeeping that was done on them. What they dco

at Horth American is take and put a fix ais-

charge rate con it ard measure all the energy

poviininin e -
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that's going out. They say, "Yes, we did have
51 amp hours - masybe - total left in."

Yes, but would you have 26 volts?

We did have when the batteries were up.

I think we have a point here that we're trying
to straighten out in real time. If there was

a 50-amp-hour battery instead of a 40-amp-hour
battery, the data they were working with was
starting on the base line of 40O, The batteries
we've had under the gun for a long time were
considered by some ag a S50-amp~hour battery.
Now let me make my point. I want to get across
finelly that whatever the amp hour was on the
batteries, they were under voltage when we had
CM SEP. That's what I'm concerned about; I
don't want that to go unseen. That scared me;
I felt I lost a computer. You start off celling
it fifty and then you bookkeep it at forty
which was the way battery C was booked., I was
shocked to see that command module undervoltage
wvhen we had separation; that's my point. That
load is predietable; it's known that you can
run a command module there, The batteries are

under the gun. That'!s the whole subject.

COMRDaTT.
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Whether the technique is bookkeeping or any-
thing else, unloading the batteries must be
done.,

It's probably the most serious thing that
happened in the flight, when you get right
down to it.

That really shook me, Now let's go to RCS
fuel. T assume we're talking first about

SM RCE fuel. 1 sajd somewhere along the line
that when T buy the 5PS, it means we use a
hybrid to get home on if it doesn't work. I
don't know whether it will happen in real time
or not, but I was trying to conserve fuel if
we had something to do with it. T don't want
to Just blow 1t away for the fun of blowing
fuel. But Deke left me with the feeling that
the ground was going to try to preserve an

EM RCS deorbit right down to the end of the
misstion, or at least a DAP SM RCS .,. at the
end of the migsion. That's where we ended up.
That wasn't my intention. I did realize that
that was the way it was going; that's why I
was sort of ginchy about blowing 40 pounds of

fuel in a day on a silly experiment that we

TR @
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knew better than to perform, We should get

2 cr L pounds of fuel to arc around ourselves
on cur own time when we're a couple of a
hundred nounds above the hybrid. Do you see
what I'm trying to get at? It was poor) some-
how we lost cur communications in real time.
Wnen we {irst talked about hybrid, T wanted
something that would back up the SPS. I dida't
know what it was. It was a pig in the poke,
and there was very little data on it. We had
only 10 or 11 flight hours on any command
module up until that point, and we didn't xnow
how it would last through eight revs, but the
hybrid was there tc protect us if it deteric-
rated over 10.8 days.

The SPS gaging 1s intolerably poor,

That's the worst thing I can imagine, The
gaging is se opoor that you can't even keep
track on board. You'wve got to have the ground
keep track, That's not the way to have a space-
eraft. Welve always sald that onboard insiru-
mentation In prime, =znd I kept asking Walt

whether we knew anything about this, and Walt

L.
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finally convinced me after we saw the gages
change that they were worthless.

The quality readings were grossly in error
compared to the numbers we got from the ground.
Even the deltas we got off were ..,

I'd like not to carry the correction curves

for the RCS because we carried the correction
curves, and the best accuracy we got out of

it was 11 percent towards the end,

That's a lousy feeling, Deke; I don't think
you'd ever want to fly an airplane and have
somebody tell you the fuel status.

T think it's interesting to note though, Wally,
that the service module RCS fuel was the only
thing that we reaslly were concerned about. On
everything else, we either had a good reading,
or we didn't care. Hydrogen and oxygen you
could sit there and read, and you could read
deltas. The SPS gaging system didn't work
very well either, but we weren't too much
concerned because If you noticed, you got so
many seconds of burn time on it. You shouldn't
leave the impression that it wasn't working.

It doesn't update for short burns.

ARibiiabeiny.
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SCHIRRA The only thing that got to it was that they
dién't want to lose sight of it. 1In Gemini, we
all felt content. I didn't have it in Gemi-
ni VI, but I knew all abcut it becausc we helped
work it up. The Volkswagen tank concept: here
wa had the secondary propellant, and we just
went in on some unknown number that ground had
girned up. I'm sure i%t was a good number; I'm
not trying to eriticize the ground, but we
didn't know what we were doing. We had no
assurance that we were going into the secondary
legitimately other than from ground data. The
name Volkswagen comes up because when you run
out of fuel in one, then you switch over.

CUNNINGHAM A good way of testing that kind of thing, if
we can get the test run, is to let the lines
run dry. The thing we couldn't do was switch
before the lines below the tanks were dry. I
don't think it would hurt to have a few tests
run where you flip the engines ocut by running
those lines dry, pressurize the secondaries,
turn the secondaries on the line, and see if

there's any problem filling those lines back.
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You could run the tark until you were getting
rnc mere fuel out of that gusd and then switen
over, and you nave a true Veolkswagen.

There's supposed to be more Volikswagening down
tae road., fThe 8PS fuel thing was very academic,
ara I guess all of our prep time, Lrajectory,
and everything clse, was zcademic., Some guy
thought he was the most impertart man in ASPO.
e had to get his pugs test dene with ihe
result of changing trajectcories every time
sorebody sneezed. Right unilil faunch date, L
dldn't really xnow for sure what kind of mode
we were going tc have in thsat dzrn 8P3.

Treoge burn times and scheduales changed weekly;
in fact, they changed in flight even. The
wrolo tusiness was keyed o this pugs test
which had toc be done when the fuel In the tank
was down to & certain level in order to uncover
the sensors.

It turns gut that the bturn we did make was
lorger then any we've ever made.

I'm afraid that shat kind o7 thing gets high-
lighted to the point that the guy's objectives

scerm like the only thing that's going on.

MRSy ¢
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That's what was getting to us on some of thesc
cccasions. Tt's like anything else; you've
got to stand in line. If the system isn't
working too well for you, then let's get out

of there.

ETSELE

I tkink flight plan changes are pretty fully
documented; there ls no sense hammering con that
except to stress one point., If something comes
up that's a departure frem the flight plan,
it's just a "gee whiz'" change to make scmething
better; it should be exercized ard simulated

cn the grournd tefore it's sent up, first to
trim 1t down and make it come out right. You
salid earlier not to mess with the computer
unless you've done it once before.

Most of the Ilight changes we got were detailed
thingsy for instance, the real time calling

up of the fuel ecell purges. Those were times
when they expected an update for this event,
alsc maneuvers and changing times tc power up
the computer, for instance - just little
detailed things, ard I thought it worked very

smoothly. T used to get a lot of those flight

COlbliihilsile
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plar undates on my wateh., It was kind of inter-
esting; you could pencil those in =2nd lock at
your next day's schedule and then kind cf put
it all together.

CLAYTON Those are updated times, ard the basic plan
was nearly identical te the [light, There
was ore day that we had to vit some FTO's In
there.

SCETRERA The only thing that did disappeint me was
thut we disceovered our phenomena, the perigee
torquing probler, and T gave them 48 hours
nctice to do something abeut it - it's in the
log ~ ard they didn't pay any szttention to it.

ZIGELE We nad a couple of days that were rescheduled;
I thinz it was arcund 'the third or fourth day
wher we were getiing pretiy bushed., We took
it easy for onec day, and the coffect was that
we lost a day or part of a day of landmark
tracking which they subseguently sardwiched
in later in the flight. I thought it =sll
worked cut very well, We =still got our six
good passes for landmarks, ...

SCHIERA We hud =2 lot of time tc regroup beesuse we had

someone on watch all the time. That guy could

R
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g2 ahead a little bit - which is what we all
did on our quiet watches - and block out the
next day. That's where we discovered that we
cught to do a 51 about a rev or two earlier
then we had planned deing it.

Yes, I could see -

- which helped us, Donn. You can really get

in trouble on retro. The day we came down, I'd
say we had about > minutes gravy there; and if
we hadn't really made up just right, we would
have gone another rev. Donn had already set

us up about a rev early.

One thing that enabled you to do that was that
you could tell from the hydrogen usage early

in flight that 1t appeared we were not hurting
for consumables., T didn't mind at all about
powering up an hour or so early once in a while
to get started.

There is something we discussed which we haven't
really talked about yet, and it's appropriate
to cateh it now. There's no reason why you
can't bring the computer up for about 4 or

> minutes and get something out of it and put

oovrSENTT



1t back dowr again, and the cother crews ought
to hesr that.

T OELE We did that a iot.

SCHIERA I arow we did later. At first, we werc very
reluctant to de 1%, 1% you remember. Taat's
Just & decimal of the whole period cf time
yvou arce powered down. 1L dcesrn't eat into your
consumables, and it's 2 vory onsy procedure to
Just bring 1t up, zet the information vou want
cut of it, and plop it back down.

HTERLS I got a map updatc a couple cf times that way,
On one of these long pampnlous where 1t wouldn't
go over a station, I'd wart to update my map.

At tnat time, I called ur the computer and

let it integrate forward in TO0; T then called

up program 21 and got a fix out of it.

ICEIZREA I'm glad you saia that, by the wzy. That's
tte other one that's Tairly lase in the game,
“hal was the funny locking thing that came up
late; it was integrating forward in 200, znd 1t

tock about L seccnds per hour.

FISELE No, about a minuate per hour.
SCHIRRA Yes, that's wight, a minute ner hour - 40 sec-

econds per state vector,

i1

onds per hour ... 20
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and the computer would integrate forward. If
you shut it down when it was not in POO and
then brought all this data back up to speed
again, it took 20 seconds per hour per state
vector. If you went into POO from a dead com-—
puter, it would take 40 seconds for every hour
you shut off.

Yes, for a full day, it would take you about

20 minutes to get state vectors up. In other
words, the COMP light would go out, and you could
use it for scmething. MIT came up with some
Mickey Mouse procedure of VERB's and NOUN's so
that you can somehow bypass that integration,
and this would permit you to load in a state
vector from the ground over the uplink. Rather
than fool with that, we just decided that we
would go ahead and call it up deliberately

every few hours and let it integrate forward

so that we were never more than 5 or 6 minutes
from having a usable computer. I think, if any
of the other flights do intend to power down

for extensive periods that they ought to consid-

er doing things like that.
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10,4 Flight Plan Changes

13.5% Heal Time Schedulling

GCETERA I'Z zay for the first day or so, unless they
are really going tc try fto make a point out
of it, let the flight piar live as it is unliess
it is a safety device. That kicked us cff the
wrorg way. There is no way to judge hew well
tkzt crew is falling intc the mission. The
one guy that can Judge, I fecl, is the crew
commarder. We are all trained to sound casual
ever. though we are Just abcout coming apart at
the seams. That's the way a pilot is. He knows
he has had it that's the way we'lve disciplined
curselives, I think you're best prepared on
board to determine how well you're atie to onick
up new ideas or changes. We'lve got to have
peop.e respect that. I may have goofed by
resisting 1t. You just don't know. What are
vou going to do? All of s sudden, you realize
you can cut it. You don't know that before
you get therc, but nc cne else does cither.
I don't think you can judge us from the ground
on how well we're doing. We were pushing hard

at first. About the fifth or sixth day - we

jor=" = R
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talked about this earlier - we could take these
changes and swing with them, but not in the
beginning. We adjusted to the enviromment
immediately. I think we all liked that. Do
you fellows have anything to say on the sub-
ject?

EISELE I never really felt uncomfortable about the
real time scheduie,.

SCHIRRA Then you weren't aware of the problems?
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11.0 TRAINING

Under training is a whole now gection.

Cne of the things I sald right “rom the begin-
ning was "Thank God we've got a CMS." 3But
watch your step as we go down the stream because
it has been around waiting for the crew to come
Tack for a year. I don't know how you are
dcing, but T assume that -~

I understand next week they are coming up for
10k on our simulatoer.

Yen, Those guays arce deing a great fob. 1
would like to make 1t clear, once and for all,
that it 1s never 100 percent. That's never
ever., The FMS rever worked. If we had to

work with the iMS in the spacecralt, T would
nave had go to back to Fouston and get ry EMS3
training.

Eere iz a very important point. Of the tazks
Lhat occupied me durirng the fligh*t on the right
side, aimost none of them were orn the simula-
tor. .

Our COMM never worked as a COMM system. I

tcld you that very late in the game. We blew

AOSMEDEN. .



G, 365

some runs with Houston on COMM3 we just couldn't
talk. We bleow that run we had with real test
conducvors ard our pad lesader. Thon we cculda't

<, We tried to do a last nminute inserticn

with them.

CUNNIAGHAM The CME Is not a 180 percent represenvation of
whe real spacecratt, but 1L 15 pretty darn
c.cse. 1 still think that arn hour in the sim—
ulater 1s worih 10 bours of opocklesrning ard -

SCHTERA Ir. contrast, =imulator time iz worlh a hell of
5 1ct mere tran spacecraflt time - free Tlignt.,

CUNKTHGHAM Tos.

OCETIRRA T would say that iuv's vprobably orn the oasis of
atout 1 hour in the sirulator being worth about
-0 ir the spacecrsaft.

EISELE Tnat {8 if the sirmulator is working. Actually,
we did hsve pretity good luck.

CUNNINGEAM I would like tc add anctner copinior to this.

I realirze I was rurring dewn a slightly 471:7-
ferent patih than you guys were on these systeoms
becaucse thne sirulator kas s keck of a 1ot more
bernefit for trajectory ard flying type things
than simulations. Towards the cnd, during

the last scveral weeks, Z wesn't getting in



the simulator too much, but I was getting more
out of reviewing things that were pzper work,

SCHIRRA You were reviewing test data, too. More dats
was coming in.

CUNIINGHAM That's right. I was also lcoking at the mal-
function procedures. I feel that I could oper-
ate the malfunction procedures, not just read
it and then throw the switches. I feel very
strongly about being able to be invelved in
whe procedures develcopment cn those systems
maglfunctions.

SCHIEEA I think what Walt 1s trying to say is that the
simulator let him down on systems training.

It was way up on G&N training, SCS5 tralining, -

CUNNINGHAM Yes it was. It was way up. It was excellent
for some of those things.

SCHIREA As it turned out, 1t was even to the point
that he and Mr. Bonhouse over therc were like
the real cne. That still bugs me.

REP We had two big blocks of systems malfuncticns
that we never did get in that one. We are
probably not even going to get them in for 103,
Many of these are based on your recommendations.

It just takes time to get them in,

]
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CURTIEGHAM 2 understand. T never expected them to get In
for us. I was thinking about downstream whern
recormrernded thern.

cCETREA Woll, don't misunderstand, We are trying to

tnzt we neover say uit inz geod things.

ETEELE 7 had a good time in t.  Jome of the best time

< #zot cut of the simulalcr showed whern T

WES
doing 2liznments.

SCETRRA Set'z rmaxe thet point. ¥Wo aave ssid this tc
everybody, but I den'y Frow 1D we ever recorded
It. Simulator optics, but for the shaky star
vell, is exactly like the world.

CUNITTHGIIAM Yes, It sure is,

ETEELE I7 you can get out of the black hole through
that telesccpe and find your way around, you
hove it made. We might suggezt a little extra

rractice arguna Acamar and Ackernar.
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11.1 CMS

CUNNINGHAM Befecre we left the CME, we should have mentioned
tne fact that all three of us benefitted by our
Bilock I CMS training. I felt like T was a lot
further up when we started than we were at the
beginning.

SCHIRRA I don't think you should lose sight of the fact
that we had quite a lot of tims on block I. It
didri't show on our total bookkeening. We felt
we were ready. I think everybody else knew we
were.

CUNNINGHAM Numbers don't mean a darn thinc.

SCHIRRA LM crews are going to be in the LM. Pete Conrad
told me he had something like 25C hours in the LM
and less than 100 in the CMS. That is the exact
answer T was searching for. He doesn't care
about the CME as much. That's the way they go.
We are seeing that. I told Donn that the rendez-
vous wasz your baby all throurh the braking. Donn
worked the thing out and spent many hours with
that device in Houston and many hours down here.
He even ran that thing for the last week or so.
We are trying te prove that it is a one-man job,

vhich it is supposed to be.

St g
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FISELE With Colossus, it almost is if you just use it
that way. Don't do anything else.
CUNNTNGHAM Yes, don't do any backup.

SCHIRRA That brings in the CMPS.
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11.3 CMPS

We used it for EMS training, We precbably would
kave used it 2 lot more if we didn't have the
CHME. t was used independenily of crews to
evaluate the EMS. Tha: was one of the few
simulators where I was taught how to do some-
thing. I was taught how to use the EMS on the
CMPS.

ZISELE I would just like to make a general comment.
I think the amount +that vou use simulaiors
other than the CMS devends cn how much time
you have, If you are tight {like T think we
are going to be from here on in}, these
Apollo mission crews aren't going to have time
for what T would consider auxiliary trainers.
You do need some 2CPS8 time if you are riding
the left seat on launch because that iz the
enly way you can learn tihe launch procedures
and really get them pinned down. The CMS
ig limited in thsat it doesn't have very many
resets or IC's for these various conditions.
The same thing is true on rendezvous. The big
advantage of the {MPS for rendezveous training

was that vou could get a complete spectrum of

SR
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11.4 liorth American =vaiuvator

SCHIERA I wanted all our burns validated because at
first we weren't getting sextant star valida-
tion. Back in block I days, we had 1 week
to go before we got our final burn validation.
Finally, the CMS started coming in. We had
the evalugtor available to cover us for a long
time. I think it is still appropriate that
when vou make a change in a program like
Cologsus that you check it on the evaluator
that has three little interface problems;
then you finally live with the CMS. I don't

think you will disagree with that.
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11.4 NR Evaluator

FEISELZ [ wes going tce make a remnirz about that evalu-
ator, tc the effect that it is a geod tuing to
“ake part in if you happen to be al Downey, bub
I think that future Apollc [light crews
they should not make a special efFort to go out

and take part ir the Horlt ifmerican evaluatior.

It is nice teo Xrow that they are deoing iz, =
Lbirk that the evaluztor shculi te keuot up out
tnere Lo validate computer charges ard coven
vrocedural matters and hardware problems as
thoy come up, but T dor't think that as =z
training device, it would be as useful at this
point in time as 1t was a ccouple o years ago
when we were just starting out.

SCEIRRA Yeu reminded me of something while wycou were
talking aboul that, Donng 7t is very signifi-
cant. T was in a conversgaticn wiilh Fete Conrad
the otker day, and he and =zomecne had to pack

- -

up and go all the way oun Lo San francisce just

tc “ocok at zome modelzs of the dome 0f the 3-TVE.
They were locking at our movies in kere and saiq,
"y gosh, why did weo mess around with that?  All

t

trevy have iz tlack and white =zelevisiorn." They

NN R Y
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Egress Training

L o,

CCHIRRA

Lad
i
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went out teo San ¥Francisce Lo see something when,
in fact, that's the kind of stuff you want tc
call up at DTC. We tried to take pictures of the
H-TVH in all different attitudes so the sun would
kit, knowing that it was going to be a prcblem

to pluck the LM out of there. That's the kind

of stuff you want data one. Wher you get into
that kind of simulation or zngle simulation for
junar landings, we shculd hope to gel something
frorm the next mission. That's the way the DIO
sheould go. TIf you can worry abeut lighting, let's
go ahezsd and work for that. We irtuitively knew
that was a problem sc we tried tc get lighting
all the way around. I thinx the way out simula-
ticn, if I can call it that: Jleave the crew that
iz assigned off that,; lct =scmebody else do it
gsee 1if it's worth it. We kad a lot of time at

the plant because we were watcaing the spacecraft
come back together agair. We went through
cnange periecds sc we ceuld look at this evalua-

tor.

The Cape was runring swfully scarcd whern we

first came down here, and we had ar overkill on

Capiioma s



egress training such that we siarted of? with
rather bad relations with the Cape. 0On the
cnamber run, they had us hLoozed up for about

2 heurs of dry run egress training with the

renl spacecraft In the champer; on top of that,
they wanted to lay on aboul 12 hours of alti-
sude chamber, and that was a big mistake. They
have lezrned a lesson, z=nd we have too. I guess
in a way, it is fortunate taat we got 1L over
and done with because we all grew up again. You
know, vou don't cover your numbers by putting
the crew through their wpaces, and that's what
they were doing. T think we have that pretiy well
straightened out now., You have to see al]

the different motives. We dic that, and I think
we were well preparcd for any mode of cgross
from that svacecrafl. They resisted us on very
few things. I think Rocke's crew really turned
around backwards to get Things in There. The
Taunch complex down Shere was exactly the way

we wanted it wken we left. We bad the chemical
fire extinguishers up there that we wanted.
Wiring that was in the way whern we were up there;

that was out of the way. The egress training we

Fralat = =SS NRIV.NE
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hzve down here in cur training building was a
recl stroke of fortune; that helped us a lot,
That was used.

ETSELE In general, I'd say that you could knock off
the snirt-sleeve dry-run ecgress training exer-
cises; they don't prove a2 thing.

SCHIRRA Yes, the pecple down here didn't realize that
we knew what the entry irterior was like.

EISELE That's a good point.

SCLTRRA One point on which we differed from our backup
crew was in worrying sbout cur suits maintaining
their condition, and that pcint hasn't come up
vet. The suits, in fact, haven't even come up
in the debriefing. There were a limited number
of cycles on the zippers on the suits. At the
very end, Dornn's suit was facing a zipper change,
eand we left it the way it was. The leak rate
was marginal. I% hadn't gone yet, but I think
the zipper was about ready to be changed out,

Wo bit the bullet on that and went with it bhe-
cause we didn't have anvthing o do with the
sui% toe speak of. If we had had a hard cabin,
T'm sure Donn would have had a 1ittle bit bigger

lump in his threat than he had.
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YTeg, it was a leak slightly cver spec or some-
thing, Dut it really wesn't a bad leak.

The reason that I bring this up is that ycu don't
want to abuse your suit practicing egress, tut
you better do it witk a prime or backup suit,
rnot a training suit. We used our backup suits
orn the slideware, ané tiaey are and were very
different from the training suifs by Bulk and
sviffness or whatever.

I'd like to add one thing on this egress train-
ing. You're talking about pad and water. We
had teen through the water training in the tank
and in the Gulf or spacecraft 14 and irn space-
craft 101, and I feel that as a direct result
of that, there was absolutely no consternation
or corcern or anything when we ended up in
stablie II.

That's right. I thirk the world was worried
gbocut i+, but we were not,

In fact, it is surprising, and it's hard for
anybody to believe, buit there was nc concern.
It was just — well, I'li be damned; here we are

again.

¢ il
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SCHZRRA The only thing was getting sick.

EISELD 3ut ever that was practiced; I got out my barf
bag just like I always do, and everything was
normai .

CUNNINGHAM I guess the maln point is that I want to put

a pat on the back for those guys. There may be
scme mild shortecomings in serme of that training,
or maybe we reglected a couple of things because
of earlier seasick ecpiscdes, but the training
was Just damned good.

SCHIRRA Z've got & real big point I'd iike to bring
up, and that's right, it was that good. One
of the big flaws -— and I brougnt this up to
the doctor, I told Bil: Xarpendea about it,
and they understand fthis and I think it’s Just
golng to have to be a requirement: any time
vou do water egress training in the Gulf irn
the future, schedule in a flight surgeon likec
Bill Karpendea (whc was there when we got in
the cheopprer after the mission) to go down with
the crew to Lhe retriever. When the choppers
come by to pick them up cut of the water —
vke chopper ccmes by the retriever to pick up

their clothes, and tnen it goes over to pick

CPDE -
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Le the crew — the choprner should come by zand
vick up the flight surgecrn, and he shtould be

in there just like he's on recovery tay. They

go and pick un the crew ari the guy sees a

whole evelutiorn. The reascn I said i1 is hecause
we were really pooped irn ro time at gll, and
tkal's the same way we were afier the mission:

wo were pogped. Tne conly thing that kept us

Eal

up was that we were exultani abour the fact
that the damr 1C.8& days wore over at lass.
That's what was the variable.

What ycu're zaying is tkat Lhe guy that's going
to be in the recovery forces chould be in the

egress training exercise.

Trey were told this; they may have dcne It.

r*a

Xarperdea sgreed with me complielely, znd it was
ing tc see samecns you Xnew in that
ctoprer, but he can sec how we Jcok 1P he goes
whrough that exercise.

Yes, he was sayng thet he stayed awsnke Lhe
wanie night before figuring out how he woutld
handle a brokoen arm or troken back. Fe was
rerl .y prepured to Zeup in and taze carc ol

things.
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1.6 Planetarium
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He was all rigged up with a wat sult, Deke,
probably for the first time in years, anrd all
sorts cof stuff, They guy 18 very devoted, a
rezl nice becy. One of the first cnes I've

seen {n a long time that was really in there
pusning. He saw the sherteomings of not cover-
Ing the egress training. I think you just have
o schedule that <hing oul, that's z2l11. They've
g3t tc be there, That's ore of the things T
want Lo talk over with Chucx and rmake him under-

stand thls problem.

Walt and Donn, I guess whet you're saying is
probably right. When you first come to bat,
you're familiarized with “he planetarium, bui
ycu don't train.

You have general trairing, not specific mission
training.

I weuld not waste my time going invo planetariumg
vou'd gel better resulls using the star tall and
the simuiztor.

You mighkt leave it becauss we do have access

to CGriffin Observatory, ard if there 1s ever a

quiet time and you're in Los Angeles, it's
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available. But I wouldn't try to schedule it
in the training schedule.

I'd cut down the time on that planetarium on

the training plan.

I would say for assigned flight crews in general
that MIT tralining is a waste of time and a dead
loss. You get next to nothing out of going up
there because their simulation is not that good.
It doesn't run most of the time. If it does
run, it's not wvery realistic. It's a part-task
trainer, at best. Thelir training discipline, I
found, was always lax and just not up to speed.
They look upon it as a laboratory exercise,

such as flying a bodaclious rate command. I

just don't think it's worthwhile going up there.
There's nothing unique about their hybrid. It's
nice to know that they do or can verify certain
programs or procedures on it, but as far as

the flying crewmen having to go up there and
actually taking part in that —

That falls in exactly the same category as the
MU trainer at North American. They have the

tool for validating programs.
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Y Fhex the first course, you don't need a week

et MIT

[N

¢ what we're saying.

How about the navigator ard just the briefings
up there?

He's mentioning specifically the hardware, and
I personally felt tkat I hzd about 2 days worth
of benefit tc be gained during our training
schedule from the briefings up there.

Wrereas 6 days were invested,

There are some things I did get from listening
to them, and I think we made = lot of ecriticism
up there zimed at cutiing it down.

I think the briefings are worthwhile, but you
don't need a whole week of it. There's some-
thing unigue sbout going up there where all the
reople are who actually did the coding arnd did
the detailed writing oul of all that program;
you cen listen to them, and you can ask guestions.
You don't get that anywhere else, but it doesn't
take a whele weex of that,

Couldn't you wack off and do fust as well if
you nad somebcdy like Frank Hughes spoon-feed

you on the CMS?

NI iinksine



CURNINGHAM Trank Hughes is a good simulator man, but frankiy
I thing Donn and Frank saved time by sitting
and listening to MIT as they did in that Donn is
removing one layer of filtering cut of the sys-
tem. Perscnzlly 1 felt geod that Donn gon up
there and talked to them himselif instead of
getting it all frem a simulator.

SCHIRRA Than again, that was develeping. We were develop-
irng the tregram in a sense.

EISELD I would say 2 cr 3 days at the most are all you
need al MIT for an assigned f1ight crew. Go up
there, get that time tlock done, learn the details,
and ask the_questions. Pror then on, you don't
have tc go up there anymore. 1f you have any
questicns, you cell fhem or the phone or have
one of your sapport Lwesm call them.

SCHIERRA Wrat I'm trylng tc peint out here to Walt and
Donr is that we can face that. T think in part
I 2an provide scme heln in scme arcas. For
instance, what can we out ous of this thing
that isn't worth deveting a lot ¢f time to, since

we're trying to abbreviate scme cf this.

PPN
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I would say take the week at MIT and cut it in
kalf; take only briefings, and don't bother
with the gimulatcers. 'Ll tell you one thing
that you certainly don't reed 1f it's not al-
ready cut out from the MIT briefings, and that
is a briefing on the nonflight rcpes, particuwlarly
the ones that are used for checking cut the
spacecraft. Our crew managed successfully to
get arcund this every time we've been there, but
they usually wanted a day cor a day snd a half
¢ talk about the test ropes. However, we're
Just working in OCP, ard I don't think it was
necessary.
I think the peoint is thsi when you firally get
to flight ropes, then you can start piaying
nard nese about seeirg things that you expect
to see. Until then, just assume the test
engineers Know more than you do about it. If
you see anomalies, asXx a gquestion and put it
ir the hoXe. I?f they explain it as a flight
rope thing, then say "okay" and keep your
ghost book geoing; that's the thing 4o do. We
had ghosts ard they were coming up all the time.

That's a good point.

L JeTU=2 e g
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Jonn, do you think it is required {(and I krow
what your answer is going to be} to go out to

tke desert to loock througa a sextant?

Or gc up on the roof to look through the sextant,
or should you just do it with the CMS?

No, I'd do it in the CMS. The one thing you

can do on the roof at MIT is put a‘star on a
lurar landmark. Having done it on the roof and
kaving done it in orbit, I can cay that it's a
very simple task, and there is no need to go up

there and do 1t.



CUNNINGHAM Systems briefing, I already cocvered that on

12,8 System Briefing

that, Launch vehicle, S-IVE, S-Il are going to
bte coming up. “he review at Hunisville that

I think is now worthwhile going to is the one
day-long review. I knew more about certain
~hings than a lot of pecple in that room did,
for example, the lunar landing. )

EISELE That was the one subject that ail three of us
went for cne day.

SCHIRRA Yes, we covered it the whoie day. That is the
ore briefing in which the crew should devote a
day and leave them clesr; that is all they should
need,

SLAYTOR What about the gpacecraft DCRY Would you say
the same thing ahout thal?

SCETREA We're better prepared than anybody else down
here to hit the gpacecralt. I don't think it
necessary that we should go to Downey for these
big NASA reviews.

TISELE Again, it's a question of priority and how much
time you have.

CUNNINGHAM That's right.
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EIZELE Z weuld say the DCR, particularly the ones at
Downey, are probably pretty far down on the
pricrity list.

SCHIRRA Yes, you should know what you spacecraft is
like by that time.

CUNININGHAM Yeu've got to keep in mind that the crews coming
along are not going to know it like we did, cr
hkow the spacecraft is at that time. T'm saying
that my feeling would hold only if you felt
very seriousliy on certain specific Items.

SCHIERA T hope that isn't true, Walt; I hope that some-
where in their team somecne does ¥now; like Al
Warden knows how that command module iz golng
for that crew, and Fred Hayes knew how a LM
wag doing because he lived with It. &o the
crew that's assigned to it individually, that's
gcing to fly it may not, but they hed represen-
taticr. Those are the guys that go to the DCR's.

CUNNINGEAM 1 agree on that.

SCHIERA That's what I'm trying tc get at. I'm not s=aying
to ignere the DCR's. T think cne thing we can
say orn the spacecraft systems briefing 1s that
the Lorth American systems briefings were the

best we can get. They're getting updated. I'm

SSniitabiidn
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not sure how good they are now, but they were
being left out of loop as time went on, I sus-
pect North American cut back in that area. They
were always tempted tc cult vack in those auxillary
efforts because they're cutting back. The same
point: the simulator kids are coming along
pretty well. In Houston, particularly, they
didn't come on too well here. There may be a
way of looking at something we den't know encugh
about to discuss, but I'm predicting thaet North
American's systems briefing experts are going to
start being cut off the vine.

CUNKINGHAM Well, there a shortage in both ends there. I
feel as if they complement each cther. The
Jorth American systems people know nit picking
engineering detaiis, but a lot of them also feed
a ccempany line, I thirk. On the other hand, I
feel like the simulator people can tie in the
operations, but they cften don't know all the
details. I guess I'm not that strong = fan of
getiing all my briefings from the simulator people
at all.

SCHIRERA Ho, but I'm saying the world has changed rapidly

since we've flown.

GiEniine |
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I find I have to answer simulator people's
questions more often than they answer my ques-
tions on systems.

Yes, we've go to move ahead. I do believe that
North American's personnel are going to be cut
back.

Well, they prcbably will.

We always get whatever we need from them.

The peoint is do you need a healthy major of
systems briefings, particularly if this is your
first go at a command module? Crews recycle;

or whatever happens, maybe you can cut back on
some of those. But I found that our sessions
briefings were invaluable. We learned a tre-
mendous amount during those periocds. The subject
is people that consult for special areas, and I'd
like to register the fact that Bob Shane who
works on the North American evaluator 1s probably
the best one-man source of G&N information that
you'll find any place because he either knows

the answer right off, of If he doesn't, he can
find it within an hour or so by digging through
his data. I would just like to register that

if any crews have any questions as long as Bob

b -
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is out there ir that capacity — now, of course,
un.css he gets transferred —

Part of the problem is that when peoople move

uo, they're nct irn that capacity any mcre.

I'=m gort of handing nir a btouguet of roses.

in gets promoted cut of there.

Interestingly encugh, though, I rotlce what he's
saying. HKe's not talking atout anybedy here
witlk simulators or anybody in Houston or anybody
at MIT; here's 2 guy with North Americar who

has nothing to do with the darmm thing like put-
ting it in the spzcecrartt,

Yes, and I'd say the same thing on the systenms.
There are z couple cf aystems here like fuel
cells ECS, DPS that when I really wanted infor-

mation, I called North American or cur FID guys.

We had a lot of time for a limited number of
experiments. We did talk 5005 and 3006, that
target of opportunity. It's always going to be,
and I don't think we need to devote all that
time to it. Initially, 1 asked for one man to
come down here with s capsule digest, and a

whole batch of people came down. It was nice

PO |



to socialize, and we discussed zl1l that stuff.

But it afe us up; it tock toc much time. Clouds

Juv]

rez clouds, and we know what they are.

CUNNINGIAM Training equipment not real’y very applicable;
wee 21l have EBasselbhlads and shkot them with 16mm
film., T will say I did get scmething cut of
shocting the pictures that [ £id. I got a lot
out of shocting the pictures T cid.

SCUIKRA ) 2 tkink, Deke, that the way tc get guys to play
with tkis Hasselblads 1In trairing is the real
pcint. They are cutting bacx on budgets. You've
2ot ta give the guy the fun of realizing that
ne's going tc get & picture wack from it. Then
he'll play with it some more.

CUNNINGHAM I don't know how ycu're going to feed that be-
causc I tried religiously for a long time to
taxe at least a roll a week on the weekends,
and there was nothing slightly akin *o the feel-
ing 1 felt after I tock the pictures in flight.

SCHIZEA No, but your attention is brought to the camera
if you can shoot a picture and expect toc get

it back, if it's your kids cr your now car or

U
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or broken pipe in the house. You anticipzate
seeing that picture come back. And that's the

reyard for playing with the camera.
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STHTRRA

CUNNTINGHAM

Incidently, Dick Thompscon dewn there did a nice
ok, I felt, on looking at cach slide and
aritiquing each exposure, and T got something
out of 1t. All you rezlly have to dc is keep
thaet ioon tight so that they get a crioriiy;
they zot developed, and thev get the feedback
right away before you've taken a couvle of cther
rcils of pletures and lose signt of it. What

we really ougat to push is everybody should be
taking pictures with their 1light meter, as far
az 1'm concerned.

What we should push is to get nmore light in the
C¥S. We know what the numbers were in flight
now. The lowest we got were zixes and sevens

in thai spot meter. Get that light level in the
CM3 and sheot some IVA movie in there, If we

need to. Even that's not a requirement anymore.

On the movie cameraz, be familiar with the conirols

and be able to ge*t it out. I'm hoping that the
controls from the new camera - the new 16rm
camera - are hetter than the ones that T wad.

I think, and T haven't loggmed this any clace
else, but when that camera was mounted In the

window, I couldn't really sec tne index for the
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COMRRELLA

f stcoos, and I scratched znother arbitrary
index halfway around it ardi scratched some

i

rore narks around the lense for the stops.
T woald hewne that the new camcra hns that in
clear position to see when It's mcunted.
Uxay, Let's make a capsule digest for future
flights. The movie camcra is only usable for
rphotogranhing another objeoci nearby, I don't
think I would waste ry time taking movies of the
moon.

1 agree with you, with your ccrnclusion. I[4's
just not that good & nlecs of equipment.

You really need a bigger lens, and you can't

afTord to have that 25mm movie cameora.

Spacecraft Systems test

fal
o

HIRRA

on the spacecraft systems tests: at Downey, the
vhilezphy was very good. They were a little
worried about this; they ked dry runs. They
wanted the spacecraft to look goed before we
played with it. We had good suvprort from the
ATO rosearch pilots. When we got to the Cape,
they were not prepared to test the spacecraft
well, They had a long, long arducus learning

neriod, and they goofed many times. The

AR |
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reason for this is that tney were completely
and totally dependent upon the OCP because they
never rehearsed. They sat down and worked paper,
and tnat's what the Cape's problem is. They worxk
veper; they don't work equipment. As a result,
if the equipment doesn't follow the vaper, they
are completely togged down. 1 thing that's
vhie difference vetween Downey and the Cape.
CUNNINGEAM We did learn something here, too, as we
tendsad to back off in particivpation in the OCP
from what we had at one time thought we wanted
to. I'm talking about prime crew or backup
erew participation. T think that's very
sprronriate. The support crew did take part
in some other tests which Is appropriate also,
tut T think there is a tendency on the support
crew to wani to get the inside time, and there
may be more emphasis than is neccssary cven
on their part in sowe of those tests. 3Bul
when the crew starts pulling out on some of
whose tests, we'wve got to have enought suppors
from guys like the ATO pilots out at Yorth
Agerican.

SCITRRA We'lve got it.
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SCHIRRA

CURNINGIAM

SCHIERA

¢ thirk they're spread zind =7 thin right now.

Pl .

~r instance, when they camoe dowa ndors, they
nad two wecpie to cover Za-bour shills,

Yes, but we've had cnly two teonles dowr nere
"or scme of these combined zystems fest.

T dor't know that you necd thalt much coverageo.
Z gucss 1'm saying that when wo're not there T
iike to have those guy. wila thelr nosc on
those critical tesis.

I think the werld hasz leonr@omed moro aboul wiosh
wo logk for. You have toc do that tLho Tirs.
Lime around, bub yeou dea't nzed - In airplsne
worids, you can use crew chiefz: vou don't need
a pllot in there to test the alrcralt every
time vou west it becauss yol Know more aboutv
“he alreraflt, I think we xnow more abeut

the conmand module now, and woe can back of T

I agree. But the guy cbserving the test ouu
“here - you can have 2 critical anomziy not

ce noticed from the Jact Lhan you'wve got a

200 WY slitting there insteas of 2 belter
guaalified zerson.

You're thinking back; I'm ftrying to think ahead.

Trnat's the difference. You're right. Tn those
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days, you had to have somebody.

CUNHINGHAM An anocmaly can come up and be discovered ear-
lier by a more informed person. While I think
the crews should be opulling cut from some of
those, I den't think we ought to change the
intent of that memo that the ATO pilots still
rarticipate. I'm not asking them to go partic-
ipate 1n more tests.

BI5ELE True; T agree. T think we can keep essentially
the same ground rules that you have right now,
and maybe make a little more use of the ATO's.

SCEIRBRA The real point that I'm trying to get across is
that the Cape has got to practice these OCP's
more because they're changing all along. New
equipment is coming down there, and we're
moving faster. We had one session which paid
off, and Skip thanked me for it. BSkip went
down to the simulator with us one day, and they
got on the panel; and we went through another
ingress together, and Bkxip said it really helped.

CUNNINGHAM Prelaunch count, and we actuslly found things -

SCHIRRA That was not a scheduled exercise. That was

one we Jjust covied. Both at Downey and the

et
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CAane LS00 many ComDONenti Wers running lnor-
dinately long during testing periods.

rtezrzl lignting,

nzin fans, sait fans,

Mandlighting, inverters, IMU, moving commo-

£3 %

rontzs thmat wore just volaln way cas in Shie carb.

SR TR Laverwers - I don't xnow, lots and lots of hours
oo daverters. IS you ended up rolding and going
e oa wroukle shooting routine, they were alwuvs

on for long veriods of maper work and X numbor

¢ M oaours for troablezbooiing.

SCETERA D made thig ples =2t tho

and T jJjust ask

Lrhat 1t be fellowed un:  Lhat gcomsbhody learn
how Lo power down when Lhere's a dlscussion
gocing on, and we could povwer the spacecraft
dowr:. We had the Crilting flight; wo werc
nowered down In aboubt 2 minutes. We dida't
have to roate CCF feor trat. We followend ihe
normal checklist, but it was 2 rapid power
down.  Woe were consorving the very smmo thlings

P

woe o were Laliing aboun. 'rat's how we surelched

1L Dnve nzn Lo lesrn mow
oo do, 'vasT tre Tact Lhnt the damn Lest

comnectors know now Lo wpower down, and ws'1°

vt tro BMAGE {n warm up: even that will holo.

bbbkl b ¢



o R

11.1]1 Launch Simulations

Get the ID off the line, keep the heaters on,
and this kind of stuff, and I think we can end
up with even more highly reliable spacecraft

than we have, which is very reliable.

11.12 Reentry Simulatiocns

11.13 BSim Net Sim

SCHIRRA

SLAYTON

SCHIRRA

SLAYTON

SCHIRRA

Launch sims, reentry sims, and sim net sims were
all discussed very thoroughly, and they're the
best part of the whole training program. That's
when the CM3 does become & mission simulator by
name, Up until then, it's a part task trainer.
I've said that for years, and if you recall, T
came to you, Deke; 1 was a little worried about
180 hours, and I think we as a crew probably

got & good 100 hours cut of that.

Excellent. You got more than that.

Yes, and it's the best thing that ever happened.
That was really good.

No doubt about it. I think my feeling about
this is that you essentially have to be fully
trained when you get to here.

You have to be, or you can't move with it.

ST TN
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SLAYTOT

SCHIRRA

14 Wockups

SCHIRRA

Thet's right. But then you really integrate.
That's what I was tryirg to say irn arswer tc
your and Riley's suggesiicon tazat the threce of
48 get together. That's when the three of us
5ot together,

Yes.
I think you're going to find thsat it's even
rmore appropriate, bocause your twa LM guys

ere going to be off in the LME and your CMS
puys are going to te Inn the CME. You're going
to be forced ftogether on Thesze simulations,

ard that's The time tc tring thnem tozether.

Thkat's fine.

I think we finially taiked NHorth American into
what a mockup is for, and we learned a lot from
it. We solved lots of problems with that
mockun down here, and we saw Zots of problems
thnat Fortn American made. You also have to
have a full scale high fidellty mockup. When
¥ou make o change, you've got to see 14 from
threoe dimengions. I gus3s the best examcis

af tnat is that the 352 natch counterbalance

did not it the real sgacecralt. If thoy had



done that properly in mockup, we would have
discovered it there, As it was, we threw it
away; that whole piece of hardware wag thrown
away becsuse it wouldn't work.

EISELE Yes, I think as far as training value rather
than put a fixed number of hours - you could
do that for planning, but mockup is something
that you like to have available as things come
up that you need to ring out or check in there.
Just like we found out: we rehearsed in great
detail ocur suiting and unstowing routine, and
then at the other end of the flight the stowing
and suiting up =again for entry.

SCHIRRA I don't know if you realize it but when we're in
real time - In the simulator over here, both
the mockup and the CM3, you can go through your
time line to where we had things stowed, the
gloves, the helmets, the suits, all of that.
That helped us a lot; there were no surprises
on that., The one thing T do recall when we gave
up that mockup here because of the urgency,
was that & lot of new things came down here
all of a sudden that we needed to mockup, and

we didn't have any place to do it but the real

VNSRS T T
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spacecraft. That's kind of awkward to go =all
the way down there to get your badges, put

your little white suit on, climb up there, slip
in there, and get inside time. We did, but

the =ockup would have been the thing to solve

it for us. The mockup followed behind us right
at the end, way behind. 1I'm talking about the
hatech urine dump, waste water management change,
the foot pan change that iﬁplemented unfortunate-
ly right in the command mocdule because we have

a high fidelitv couch in there in the CM5. The
meckups were falling way behind us toward the

end there.

11.16 Sextant training equipment

SCHIRRA

CUNNINGHAM

SCHIRRA

On thing I would like to get on record here:
I understand that you are finially going to
do 1t; they are going to have a camera on the
sextant.

Great.

Remember I asked for that up at MIT 3 years
ago? TLast year, they finially moved out and

got one. We were really crying up there for

something like that.

it o
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Planning of Training

CUNNINGHAM

SCHIRRA

CUNKINGHAM

SCHIRRA

SCHIRRA

EISELE

I'd like to make a negative comment on planning
and training. A lot of effort was put into
trying to get us to go use the water tank for
example for IVA.

It was turned off?

Yes, and I think appropriately so. I just
think for the future crews coming on, they
should have no concern at all about IVA,

What we're getting at - we have zero g airplanes?
orget it.

Right.

Right.

Water tank, forget it. If somebody from the
old EVA club tainks that water tanks are great,
nave him go play water tanks for EVA, but don't
waste your time on IVA. We're here to say that
IVA is no problem at all. We gave it every
effort we could.

There is no requirement for zero g aircraft or
underwater training for IVA. I would say that
ineludes going from the command module into the

IM, It is geoing to be so easy in a shirt sleeve

CQUBDENFRT
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or sultcase 1f you have a reasonable cabin,

1% iz a waste of time.

CUNNTRGHAN Absclutely correct.

EISELE I don't understand whaot the traoblems are with
JA.

SCHIRRA The suit, the suit is the basic problem.

CUNK INGHAM That's a probliem.

EISELE 1T ycu have enough nandhclds, I think you

shouid be in good shape for it. Incidentally,

nandholds do not have tc hoe battleshin type

kandholds.
SCHIRRA That's right.
wI3ELE You mentioned about goling from the command

riodule, to the LM. I know they are going to
corment on the fact that you have to clear the
docking tunncl., I don't thinx that's golng *c
be a problem, either.

SCHIRRA It can't be any worse thaa our putting = 1id
or. that 1lithium hyaroxidec stowage box where 1
cractically pushed tac coucn through the cover-
nead.

EISELE You are going to be zble tec do it just fine

a3 long &g you have s nzndle so you can apnly

(AT S
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the torgue to unlceck it, ard as long as it will
meet all the interfaces for stowege or what
you're going to do with it when you remove it.
I guess I'm saying that I don't think you need
any zero g training on that either.

SCHIRRA What we're ssying is that all IVA is so easy
that there's no sense doing - underwater or
zero g training.

SLAYTON We have a lot of EVA.

SCEIRRA EVA: That's where your bucking the suit, That's
tne only variable, and shouldn't ve hard if you
can get around. You don't need batileship hand-
holds. This idea of picking up 400 pounds or
sometning like that: you don't have that load
on you, suit or no suit., The whole thing is
that you move slowly. A1} T can say is that the
film didn't work out as well as we expected on
this canister change. I had two canisters belng
keld by me, two ... held by me, two spacers held
by me, and this grounding cord all at once, and
I was still maintaining my positicn. That's a
lot of things to hold on to, It didn't bother

me one bit.

(bl BreTYRY? o
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CUNNINGHAM mven going into the LM from the command module
should be no problem. As long as you can un-
fasten the tunnel, you can do it fine without

water training.

SLAYTON There are some things that you do want to train
Ol
CUNNINGHAM We discusged this in flight, and we figured it

would be hard to convince pecple how easy it is.
EISELE I just wanted to mention that the first attempt
at landmark tracking didn't work out too well,
partly because there was no way to train for it
adequately before the flight. There were some
pieces of data that I thought I didn't need and
found out that I d4id: mainly, how far north
or south of track the target was; and also, the
fact that I could run the trunnion angle out
manually to around 35 degrees rather than wait
for the computer drive to run it out there and
the target came into view. Once we got the
procedural wrinkles ironed out and found that
we did want to know how far north or south the
target was, the next time we itried landmark
tracking everything worked ocut fine. I think

we got a whole series of good landmarks. Some
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of them turned out tc be occluded by clouds,
and when that happened, we went ahead and did
unknown landmarks on a cloud bank or something.
In fact, it was very curious that for the first
set of good landmarks we did, the DELTA-R/
DELTA-V updates were zero, and yet the computer
would always turn around and update the target.
I thought this was kind of presumptious of it,
to think that the target must have moved from
what the map coordinates were. I think that
was a function of the W matrix they put in.

The second day we did landmarks, we did get
some DELTA-R/DELTA-V updates, small ones. I
guess the main point is that it is a fairily
simple and straightforward task to do. At
least for earth landmarks, recognizing the tar-
get wasn't any problem at all.

I might add that it was essentially what you
would call no training at all. I hadn't really
been able to dc any tracking at the simulator.
After Donn had worked out the procedure the
first day, I was able to track landmarks with
no problem,

Yes.

GRS



