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SOMHEENTIAY 1
APOLLC 8 TECENRICAL DEBRIEFLING
1.0 INGRESS AND STATUS CEECUS

1.13 Digtinction of Sounds — Seguence D.C. tc L/O

BORMAN “here are nc comments until we get to the dis-
tinctions of sounds and sequence prior the
vehicle checks Just prior to igrition. There
were no significant sounds, valve openings, cr
gimealing that weculd leaz to concern on the part

of the crew pricr to igriticonm.

1.14 Vehicle 3way Prior to Ignition

BORMAN Jo veklcle sway was notlced after the swing arm

was retracted.
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BORMAK

L2 List-0rff
LOVEL
AKDERS

3O MAN

ES D .

2o POWERZD FLIGET

“he 5-1 ignition seguence =tarts at T minus
9 seconds; aowever, the crow rneticed ro indice-
tion of ignition until about © minus 3 ==conds,

wiizn tae neolse level reaches the cockpit.

TLere was ne reason for cocorn on Lift-ofT.
oo was vibration until the held-down arm's

relecse, and then at 1ift-ofl, you got an sc-—-

celerastion gsimliar to the Titan.

T 's right, except it apreired that the sense
slowed down a little bit after 1t got off the

« ~ound, and 1 was watching the altimeter and

it didn't seem to go up as rapidly as the initial

ot odid.

1l was my recollecticn that the wvibration con-

tipued until slightly past "tower clear" call.

4Tver the vehicle was released, the noise in
the zockpit got wvery loud and effective crew

cornunication was impossible. The lasu call

wioANELD LS et



LOVELL

ANDERS

BORMAN
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that I neard was a faint "tower clear” call by
the LOM, Did you hear it very well, 3ill? 7You
neard it, Jim. Ail three of us neard that cally
however, it was really in the background. The
noise was loud, but the flight was smooth until
we went through MAX Q or Mach 1. After that it
smoothed out and the 5-1C gave a very stable,

smooth ride.

I den't think that the vibrations were any
greater than they were in the Titan. Although
there were a lot of small separate vibrations
and a lot of neise, I think the flight itself

was very smooth.

The thing that impressed me about the early
stages of lift-off was the very positive contrel
during the gimbaling cf the 5-1C engines. It

was very positive.

A1l the items on the Crew Debriefing Guilde
2.1 to 2.15 were all exactly nominal angd were
very well simulated by the DCPS. As a matter
of fact, the runs were very similar in every

way 1o a neminal run on the DCP3, except the

* M T -



5-1C noise level was higher.

I thought the sideways oscillations during the
early part of lift-off were a little bit greater
thnen the DCPS. In fact, it 'elt to me on the
first stage ride like an old freignt train golng

down a bad track.

"he 5-1C/8-I1 separaticn wus znominal; the crew
wii thrown forward In taneir scet, as you would
expect in a staging. Then Lhe g load was shifted
from 4 to about 1. Consecguently, you noticed

tne change in thrust guite distinctly.

I
ANDERS
2.1t 8-1C/5-I1 Sevaration
BORMAY
2.17 B5-I11 FEngine Ignition

BORMAN

The early stages of the 5-TI flight were nomi-
nal - very smooth and very guiet. However,

toward tae end of the 5-I1 fiight, we did pick

up a POGO oscillation. I would estimate the
fregquency to be on the crder of 12 cps, and
probably plus or minus 2.25g. Quite frankly,
it concerned me for a wnile, and I was glacé
to see 5~I1 staging. It never gave any
indication c¢f going undamped. It was &

noticeable oscillation.

wESTRErT
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2.21 LET & BPC Jettison

The LET & BPC jettison was nominal. The windows
were clear when the tower jettisconed. We had no
effect of retrorocket exhaust fumes on any of

the windows.

ANDERS These conditions are noted in the crew log book.

BORMAN There was some indication of light flash at
staglng through the hatch window. It was
noticeable, in fact, through the left-hand
window. 8-I1/38-IVB staging again was nominal.

The booster performed perfectly.

2.22 Guidance - Initiate

BORMAN The guidance initiate was just as simulated on
the DCPE. I noticed about a 20-degree pitch-
down; the g-level dropped off again, and there

was a smooth flight on the S5-IVB.
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3.0 FLIGHT OPERATIONS

3.1 Postinsertion To TLI

3.1.1 Evealuation of Insertion Parameters

BORMAN

3.1.4 SM/CSM RCS Check

EORMAN

Tuscertion parameters were ..ominal. We read
down the apogee and perigee to the Flight Con-
trol Center - I believe you read 96 by 101,

wasn't it, Jim?

We did an SM/CSM RCS check. It was nominal;
we did not fire the SM RC3 until after separa-

tion.

3.1.6 ORDEAL - Mounting and Initalization

BORMAN

The ORDEAL mcunting was accomplished with no
difficulty. The CMP unstowed the ORDEAL and
haended it up to the CDR. The ORDEAL was ini-

tiated and weorked perfectly in earth orbit.

3.1.7 COAS - Installation and Horizon Check

BORMAN

The COAS intallation and horizon check was

nominal.
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3.1.8 COptics Cover Jettisca

LOVELL

3.1.9 Optics Check

LOVELL

Tne optics cover jettison worked as advertised;
however, when they are Tirst ejected, there is

g0 much debris ejected with them (little
suarkles and floating cbjects in front of the
optics) it is hard to =ell exactly wha% cceurred.
Is is wvery difficult at first to see stars
through the optics bvecause of the jettisoning

of the covers and the putting out of quite a

bit of dust with them. As s matter of fact,

during tre entire mission some of this dust

would come cui every time we rotated the shalt.

Optics check was nomiral and easily accomplished

during the perioed pricr to TLI.

3.1.11 Comments on Bartk Orbit Operations

BORMAN

The Apollo 8 crew firmly wuelieves that TLI
should nov be attempted any earlier than we
attempted it on this flight, thkat is, on the
second rev cover the Fauoiice, 14 seems thas

we had a very good timeline, ample opportunity

to check tre systems witnout rushing. We were

SRS,



3.2 Fre-TLI

3.2.6

c=IVE Ullage and

BORMAK

3.3 TLI Te LOT

3'3!2

3.3.3

able 4o have that cne pass over the U.S. with

4 good systems check by MCC.

Tzni.icn

The 5-IVB ullage and ignition was exactly as
advertised. The S5-IVE started smoothly with
the buildup to lg. Guidance was very, very
smooth and followed the curve right down the
middle. There is just no corment other than
to say that the whole booster operation was
flown exactly as plarned with the exception
of the PCGO tkat I mentiored earlicr in the

laler stage cf the 3-TL.

B-IVE performance and ZCO

BORMAL

“he S-IVE performance and =00 was nominsl

again.

S—-IVB Maneuver To Separation Attitude

BORMAN

Thez 3-IVE maneuver to separation attitude was
az expected, with the vpossible exception that

the 5-IVS stopped 10 degrees short of the

final Fitch attitude. We had been given a
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pitch attitude of 91.7 degrees, and it stopped
at 81.7 degrees. This, of course, had no signi-
ficance, Lighting at separation was very ade-
quate for docking. The 5-IVB was stable. One
incident, on that I think is important on this
flight, was that the SLA panels Jettisoned
very, very well., We saw them floating to the
rear. There was no danger of recontact from

the SLA panels,

3.3.5 Separation

BORMAN Now one thing that we did notice at separation:
the EMS meter jumped to over 100 feet per sec-
ond due to the g administered by the separa-
tion of the CSM from the S-IVB. We were going
to use the EMS to monitor the velcocity, and we
did use it. But rather than use zero as the
basis, we decided to use a 100 feet per second

biags and then fly the veloeity from that point.

3.3.8 Transposition Maneuver
BORMAN The transposition and return to the S-IVB was
accomplished using the SPS. We used a VERB 62
end a NOUN L9 to give us steering signals, and

in my opinion, this gave no problem at all in
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3.3.9 Formation Flight

BORMAN

revTorming a docking maneuver. Heowever we
should point out that there would be a greater
ceagze of the SM/RCS fuel in an actual docking
maneuver. Since we did not have an TM, we did
not clese the deocking distance. We did close
close enough to evaluate the lighting, but we

did rnot perform the final maneuvers that would

be required for docking.

Formation flight, of course, was nothing dif-
ferent than we experienced in Gemini. The
control systems of the 5M are absolutely superb.
It was no problem to fly formation with the

5-1VE,

3.3.10 B-IVB Photography

ANDERS

The first photographic exercise was the 5-IVB
photography. Prior to TLI, the 1Tmm and 16rm
cameras were prepared for B5-IVE photography
according to the flight plan. The 16mm camera
wag started just after pitcheover was initiated,
and cone panel was photographed. Since the CEM
wag nct peinted with the 3-IVB on the X-axis,

the 1frm camera was stopped. Several pictures,

‘.!!‘i.‘IHF4i;4E¥NF¥4"aEi;
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using the TO0mm Hasselblad, were itaken of the
8-IVB. Later, 5-IV3 venting was photographed
with both the data acguisition camera and the
TOmm camera. Other photographic targets dur-
ing the translunar phase of the mission were
rare pictures of the earth, rare in the sense
that the passive thermal contreol attitude pre-
cluded seeing the carth more than half a dozen
to a dozen times through the good windows of
the spacecraft, windows oumber 2 and 4. The
window degradation was recorded by lémm camera
in the suggested procedures: holding the
camera with the bugeye lens 1 foot from the
window and exposing it at 5.6 f stop, that's
f/11. &Spotmeter readings were taken at the
various sequences to provide objective data
for correlation.. The moon was never seen from
TLY until LCI, so ro opportunity existed to
photograph the rmoon in route. Also, an effort
was made to conserve the highfSPeed film for
earthshine photograshy, to be mentioned later;
therefore, no dim-light vhenomena or space-
craft exhaust effects photography was made.

It was planned to do this on the return trip.

D I
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On S-IVB photography and on all photography,
we used the recommended exposures on the film

magazines.

3.3.12 CSM Evasive Maneuvers

BORMAN Orie item that we had a little difficulty with
wug evasive maneuvers. In crder to orient my-
self or the spacecraft, toward the center of
the earth, we lost sight of the S-IVB. When
we thrusted back 1.5 feet per second and re-
acquired the S-IVB, we found that we were not
separating from the 5-IVB as expected, This
resulted in some concern, and actually a delay
ir starting PTC as required by the flight plan
for the translunar porticn of the flight. We
ended up doing a 9-foot-per-zecond evasive
maneuver which was consideratbtly greater than
planned. But, this was effective in providing
separation between the BS-IV3 and the spacecraft.
The 3-IVB prior to the slingshot maneuver was
extremely stable during venting. It was very

apparent that the S-IVE did not move.

LOVELL A suggestion that we have concerning the eva-

sive maneuver appropriate for future spacecraft

PSSR



BORMAN

ANDERS
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is having the IM's attached. Get close enough
to the 3-IVB after the docking has been accom-
plished so that the earth and the S5-IVB are
both in sight. Then do your evasive maneuver
by backing away, say, from the center of the
earth and always keep the 5-IVB in sight. Then

you can assure yourself of adequate separation.

I think, in reality, it may be more appropriate
to just fly to a predetermined angle on the
eight ball, and provide DELTA-V in that re-
spect. When you have a LM on the front trying
to find the center of the earth is going to be
very impractical. So what you probably ought
to do is iy to a predetermined attitude and

apply the proper DELTA-V.

During the slingéhot maneuver venting was guite
noticeable from the IMP side of the spacecraft.
You could see the cone formed by the angles on
the engines, the propellant going out for
several miles behind the booster., The booster
was observed throughout the venting. There

did seem to be some slight attitude excursions

during the vent sequence.
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3.3.13 IMU and Engine Alignments

BORMAN

The IMU and engine alignments were nominal,
alithough I just practiced cne. Jim did all
the real alignments. ide found it easier than
the simulator, but, we'll gzet into that later

on when we talk about navigation.

3.3.14 PGA Doffing and Stowage

BORMAN

LOVELL

PCA goffing and stowage were eagier Iin zero g
on the ground. The stowage bag, and I must
stand corrected from a previous flight, the
stowage bag worked great, fine. It was a prop-
er way to stow the space suits. I would not
recormend siowing the space suits under the
irdividual couches because it would be too
cramped in there when you tried to sleep. The

stowage bag is by far the besi procedure.

Concerning PGA doffing and stowage: you have
to be careful not to maneuver too quickly

after you get out of the couch. Wnen you first
get into orbit, it takes z little while for
the body to become acclimated to the zero g
environment. You can easily become slightly

gueezy in the actlons il you are not careful

CTOTHBEAL .



BORMAN

ANDERS

BORMAN
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to move slowly before you become used to the

environment.

Prior to doffing the PGA, I had to use the UCD
and, as usual, the UCD did not work properly.
S0 I ended up urinating all over the space-
craft, my space suilt, and myself. T changed
the cundrum on the UCD on launch morning, and
I was assured it was the cne we had tried be-
fore, but the first cne felt large and the
other one felt large also. Unfortunately,

it turned out that it wasi too large.

Aleng those lines, we had the suits off with
filled UCDA's. We didn't have time to dump
the UCDA's before we had the suits off. We
were inhibited from dumping due to tracking
reasons., So, we.should be provided with a
fitting that will adapt the UCD to the normal
dump system so we won't have to use a suit to
do the urine dumping. We had to unstow a suit

te dump our urine the first time.

We should re-examine our position on requiring

pressure suits for flights that do not include

SOl -
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WA, T would not have hesitated to launch on

Apollo 8 without pressure suizs. I think that

we should. We wore thoem for abouat 3 hours and

stowed them for 141 hours. I sce ne reascn to

include the pressure suits an a spacecraflt
P P

that's been through

an altitude chamber, and

ANDERS

we have confidence in its pressure integrity.

© would like to insert one pre-TLI comment -

there were some unusual clcuds cbserved 10 to

15 degrees above the horizor while in earth

orbit. These are described in the crew log.

3.3,15 Cislunar Navigation and Navigational
LOVELL T'm going to repeat
log bock, and these

during the flight.

Bightings
notes that I have from the
are taken at various itimes

So I'11 just repeat them as

orie note after the next. UIirst sightings were

delayed because of the second 5-IVE evasive

maneuver. WNow, the

first thing I noticed was

that it was almost impossible to get a star

calibraticn, with the technique that we had

planned to uge, mainly because of the tremen-

dous verting of the

S5-TVR and the particlces

that left the optics wher we Jjettiscned the

COMEIDEN LM
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covers. I had to use Program 23 by turning
the shaft by trunnion to Sirius and then use
Sirius for the first sextant calibration.

There was a lot more light scatter in the
scanning telescope than I had believed there
would be prior to flight. At first this
appeared to be the case at almost any attitude.
In many occasions the light appears as a bar

or a shaft across the scanning telescope - a
horizontal shaft. At other times it appears as
random light, either on one portion of the
sextant or scanning telescope. During the
first star sightings, the earth had a very
indistinet horizon. The line-of-sight filter
appeared to help define it c¢learer, more than

T had been lead to believe. It appeared that
the sharpest line of the first sightings, about
4.1/2 hours from the earth, was actually the
Junction between the earth and the horizon area,
the atmospheric area. The area where the atmos-
phere fades Into space was very indistinet. It
was very difficult to find a good horizon to
place a star on. My first view of the moon

appeared as a light blue thin crescenl through
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the telescope which I happened to get by chance.
The space around the moon appeared light blue.

I could not see the night side of the moon. 1
might add that the light blueness of the area
around the moon was due to the sun which was
near viecinity and caused scattered light through
the optics and caused the space around the moon
to appear blue. We started out with Program 23
using a DAP load of 11102. We soon found out
that for automatic maneuvers it is much better
fuelwise to use 11101, We did use the smaller
rates for navigation and we recommend this as
standard. Program 23 and cisiunar navigation
seemed to do quite well, OSpacecraft maneuvers
from the substellar points to the stars occurred
as planned. The impulse control is a fine de-
vice to uge once you get used to the offset

axis compared to the spacecraft. At no time

did I think that I should he using the regular
hand controller by bringing it down to the LEB.
T think the minimum impulse controller is
sufficient for the work invelved in the cislunar
navigation. I was impressed, also, by the fine

contrel it gave when the spacecraft was very

= Y
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heavy (full of fuel). Later on I found that
the impulses of the minimum impulse control
were a lot more effective with a light space-
craft and made tracking and star navigation a
little bit more difficult. There's been a lot
of discussion concerning what you can see
through the scanning telescope as far as recog-
nizing stars and constelilations. During the
early part of the flight I could not see any-
thing through the scanning telescope that I
could recognize, for instance - a constellation.
I could see several stars, but I couldn't pin-
point them because I didn't know the surround-
ing stars. As long as we did not move the
spacecraft around, got some distance from the
earth and its light, it was possible to see
constellations in the scanning telescope.
Several factors are involved here. One, of
course, is that you must become dark-adapted.
You must be dark-adapted before you can sgee
stars. When you first loock through the scan-
ning telescope, you see nothing but blackness.
A second factor is the spacecraft attitude with

relationship to the sun and/or the earth and
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the roon. VWhen we're close o the earth zand
we're maneuvering near Lho earth, there's
enough reflected Iight in the scanning teie-
scope Lo make stars not visible Ir the scanning
Lelescope. This is wvery similar tc earith or-
2ital flights. As we moved away from the earth,
abouv haelfway between tae ezrth znd the moon
cr a iittle bit less, it was very =asy Lo ses
censtellaticns or stars in lhe darx areas of
the sky. As scon as we got clese to the sun
then sur shafting was very notlceable, and
light in the sextart was noticeable and the
stars arc washed out. Ther we had to rely on
the auto opties to minpoint the proper star,
wnich we could easily s=e ir the sextart. I
had no problem in almost any sttitude seeing
stars 1n the sextanf, wne bright ones. Eul
I did have a znard time identifying the stars
in the scanning telescoue. Eeveral times the
scanning telescope eyepiecve unscrewed Itself

in zero g and was found floating in the cabin.
It is very loose and shculd be tightened up.
Throughout most of the iranzlunar phase of the
mission, I noticed that ecvery time the shaft

wag rotated, particles floasted out into view



of the scenning telescocve, which wero about

the same magrnitude as Zirius znd affect star
recognitiorn. The use of Frogram 30 and Pro-
grar. 21 in determinirg pericynthian zltitude
seemed tc work quite welli. Depending con the
accuracy of our state vector, we could detor-
mine very closely wiaat the ground determiration
of our pericynthian altitude was. Aside Irom
the particles shaken locse Irom the spacecraft
due to shaft rctation of tae coplics, there was
alsc regular ventirg which hindered star sight-
ing through the telescone. On my first iniiial
roon sightings, we had a thin crescent moon.
The moen was very nard lc distingaish because
the area around it was a whitishk color due to
proximity agein of the sun. The stars that
were plcked were so cicse to the very edge of
the crescent that T zimost had to Imuaglne where
the moon horizomn was located. Conseqguently,
this probably affected the accuracy of these
measurenents. The stars were star 33 znd star
LO approximately b4 hours GET. Another interw
esting aspect of the lurar sightings was tiaat no

durk side of the mocn was visibkle through the
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geanring telescope or the sextant, 1 could
see the crescent, a ot of waliish area be-
cause of the eclipse of the sun, tut I could
wl see the dark side. Agzin, I thraght it
was very 4lfficult to use theo scanning tele—
scove in the ciglunar work and that the sex-
vant was almost completely wnite when we looxzed
through it with very little distincticn of
the crescent. It was poosible to always see
the star in the scanning tel eccope. [ might
asid that refleciion of tl: sun itnrough the
sextant almost washed oul Lhe orange dimrer
that we had for the lendmark line of sight.
At this point in the Tlight, sboub 52 hours,
it would be helpful to perform the optics
calibration just after Prograsm 52 when the
sracecraft has been sicpped from its passive
thermal control rcli in zn area where the
scarning lelesccpe deoes ret have any Iight
scaller. This i= prelly iImportart., Then we
g0 through Program 52, and after that we zerco
the optics arnd pick one for cur optics cali-
braticn. We nad no troublec at &ll doing the

optics aligrments with ithe REFSHMAT cption.

AEShsLEMT -



The optics worked gquite well. With the star
in the sextant field of view it was eagsy to
move the star into the renter and get good
alignment, One glitch that we did see con-
cerned getting the preferred aligmments jJust
prior to MCC-4, This was an area which we had
never duplicated in the simulator. We had
always, in the simulatcr, started out at that
particular spot with tiun: alignment for LOI #2
and we had always ended up in the simulater
with the alignment for the REFSMMAT. We have
never gotten to do cne. It turned out when
we went through the perferred alignment tech-
nigue, fired MCC-L, we got a program alarm
401. Wow, we kept the spacecraft from rolling.
We rolled up again until we ... the alarm.

The course alignﬁent which we did fineline to
the capella, and at least that was in the sex-
tant field of view. We ... and noticed on
Aldebaran and Rigel that a big change was re-
quired. The star was very large, and we did
not accept this. We again selected the P57,
and at the same time we cycled the optics to

ZERC pitch. I think we came up with number 10



and 1t drove t.: the cithor ziz~ of tho coninass

i.n praper aspot.  Chon owe olso gol number 32

o

ara woe flgured that the EepFSMMAT and cillies weare
cperating correctly, and - did gnt our pre-
orred siignment. One mos.s amelt: o ine
DV problenm and the lack o7 me genting stars
i the sextaznt, or, more ool Tically the
senoning telescover it 30w criniorn Lhat
the light transmission to lne zcanning tele-
zxono iz too small.  wo glboe oo D nave ful:l

v o bBIlIty there o idunti s nonstellations.
Juring trznslursr sighiiass, soveral other
items were no' iccd. Pirst of all, Just az ic
i cn earih the moor washes oul stars arcund
It. Pricr Lo the moon gettling into the scan-
ning teiescepe you can scee olars.  Bubt onne
the moon gets in the telescope it ig very
difficult teo recognize rdividual stars

cr corslaollalicns. Ln sisling ca the nocn,

a dilficulty arcse, e

[}
bl
T
I
b
-
=
I}
—
£
[}
(T
=
[
M

wis the irregularity of t:. moen horizon.

When you took your first sightings, you could
bury the star -sprletely ‘n s nil or o part

ti the herizen that 1s actially ret tre average
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horizon. During the transearth phase I
noticed that the sextart reticle was very hard
to see against space here and the earth's
horizon. The reticle light was not bright
enough when we were very near the earth at
approximately 130 hours, there was too muca
light around the earth to see the reticle,
And, actually, the way we had to do It was to
superimpose the reticle ontc the earth. Then

you could see the black reticle against the

light earth background.
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3.3.16 Navigation Housekeeping Operations

LOVELL

The way we planned to ao the cisiunar navigation
gightings was to have one perscon in the LEE take
the sightings with one other crewman recording.
We recorded our DELTA-R, DELTA-V, tTrunnicn angles
and the time as read up by the computer for each
mark. A good idea would ke to have a sheet cf
paper taped next to the optics with the stars,
the horizon data end the number cf

sets located right next to it so you could
gquickly run thrcugh the program. It becomes
gqiite rapid after you get used to doing cislunar
or Preogram 23, but you must be carsful that you
dor't occasionally punch the wrong button like

I happened tc do one time.

3.3.17 Mideourse Corrections

LOVELL

During the translunar phase of course, naviga-
tion precluded any correction or any opportu-
nity to determine midcourse corrections.
Eowever, during the transearth phase using
Progran 37 we were able to do our own midcourse
eorrections end we then compared it with the

ground, I am personally pleased with the

SO,
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results of P37. I think the workarcund proce-
dures completed by MIT shortly before the flight
for the fast return worked guite well, The re-
sults that we got from P37 would have safely
brought us home had not the ground communication

and uplink been available to us.

Cur mideourse correctiorns were done using the

G&N external DELTA-V mocde. The first mideourse,
we had no ullage. Accuracy was recorded at MCC.
We shut down 4.4 feet per second short, and con-

sequently we had to trim out 4.4 feet per second.

3.3.18 Passive Thermal Control

BORMAI

We found the barbecue mode tc be the mos+
acceptable using a wide deadband for pitch and
yaw and minimum impulse for roll. We estab-
lished a roil raté of abcut 0.2 degrees per
second. It worked very well, and the spacecraft
;ould usually stay in a plus or minus 20-degree
cone for half an hour or so before requiring
trimming o get back to PTC gimbal angles. We
tried passive thermal control without using any

rate or attitude hold damping and the spacecraft

diverged very rapidly. I believe this would be

Sathiibipigd...
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ureceptable, rarticular witk the LM/CSM com-

binczion.

LOVELT, Congidering passive thermal contrel, cne other
rmethod should be considered in setting up the
vaw and pltch angles is the ability of the op-
tics to see through an area of the sky that is
unencumbered by reflective iizght from the sun.
''his, in most cases, was done on Apcllo 8, +that
is, in some modes and some atuitudes. We spent
much of the time rolling and then it was im-
rozsitle to see stars in the scanning telescope.

Also, 1t appears that it would be highly advan-

sagecas for future crews in the translunar and

trarsearth areas of the flight to set up normal
deylight cycles such that passive thermal con-
trol cculd be more or less automatic. We cught
t0o nave ground control awaken us in case of
gimbal lock during passive thermal contrel rather

Lnan have gomeone on wateh all the time.

3.3.19 TV Camera Operatiocn
LIDERS The TV camera operated well, but we did not have
the proper filters for the lenses. The TV camera

should have a Zens with = stop setting on it very

iy



similar to camera 1 so thet we can take a spot-
meter reading of the light and set the lens
gecordingly. We werce able to salvage the out-
side plctures by takirg lenses that were do-
signed for the camerszs znd taping bthem onto the
TV lenses., T am a little bit surprised that we
were not aware before launch that this light
situatior might be bad. Perkaps, nocw that we
have discevered this, the future TV's will have
the prover lenses on therm. Other than that, the
™V operaved very well, and Trom what we under-—

stand, the gquality of the pictures was good.

The TV camera bugeye lers lnside the spacecraft
wes most satisfactory and easy to operate.
Piesure quality was good, but an effort should
be made by future crews to hold the camera more
steady in one position for longer times due tco
the slow scan rate of this camera., The tele-
rhoto lens was most urcssisfactory in that it
was difficult to peint. A sight must be pro-
vided on the camera if this lens is intended for

further use. A lens of thre "eyeball" calibver,

g
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3.3.20 Communicat

SCRMAN

LOVELL

lons

that is, one thkat will see on the screen about
what the eye sees, should be provided Tor cut-
the-window views. Alsc, some sort of AGC or

filter arrangerent to cut dowr saturation from

uright surfaces must be vrovided.

If vhere was corne thirng that surprised me consid-
erably it was the excelleni guality of the comn-
rarications throughcout the mission. The OMHI's
worked very well for voice transmission at luner
distances and the high-gain antenna worked well
throughout the flignt. Tae clarity ir ihe gspace-
craft was outstanding. Thne few times that we
did break S-bard lock, we were notified by the
ground and the lack of squelch was not cbhjec-
tionable. As = matter cf fact, it was desirable
because 1t gave you =n indication that you had

broken lock.

dy only comment concerning tke OMNI switching
artennss concerns the work/rect cycle. I would
be highly advantagecus in the future If the

ground had the capability to switch tc =211 four

CMNI antennas.

.imd'
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3.3.21 GO/N0O-GO for LOI

BORMAN

Ll

BORMAIN

GO~NO/GO for LOI was given promptly as planned

ard as simulated.

.3.22 Pre-L0I Bystems Caeck

The Pre-LOI system checks same way.

3.3.23 Prethrusting Programs and Maneuvers

BORMAN

3.3.24 8PS Burn for LOI

BORMAN

PLES 22 Program 3C, Jim has already talked about,
but Program 30 worked Fine, and there was no

problem.

Ko. 1

We performed the LOI number 1 B8P3 burn with no
ullage using Prograr LC, G&N external DELTA-V.
We started the engine on bank A, and after
approximately 2 seconds I threw on bank B. When
we threw it on therec was a notlceable surge, but
the engines from ther on were extremely smooth.
The guidance was smocth and the cut-off was very
accurate., I don't have the specific details cof
the cut—-off now, but it reguired no trimming.
There was no cscillation or swaying of the space-
craft at the initiation of the burn. It seems

that the gimbal angles that were called up from
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3.4 LOI to TEI

3.4.1 Rev Jumber 1

BORMAN

the ground nust have veen very close to the
center of gravity because we had no initial

oscillation at all.

We have slready discussed the service propulsion
BECO. The systems verification of burn param-
evers, in general, were very well worked out and
the gimulations worked very welil. MBFN acqui-
sition with high-gain antennas was never a prob-
lem. We used VERB 6k, acqguired wide beam, and
then switched to narrow beam. Comm operation
performance during lunar operation was nominal.
The OBDZAL was a great help in lunar orbit. I
am very glad we had it on board. COAS ground
track determination ﬁnd gstar tracking in lunar
orbit is even easier than it is in earth orbit.
The minimur impulse was adequate for the track-
ing we reguired. I hope we got some good film
of the COAS tracking determination. T picked

a landmark with a high spiral on one side. It
was very cbvious, and we should have some good

film on that.
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General comments or .0I: we should pcint cut
that we never even saw the mcon until we hagd
corp.eted burning LCI. When we saw 1t, we were
in exactly the right pozition. I don't know
the exact gltitude. T'he orboard computer read
£9.5 as I recall, whichk is very, very close tc

vwhat was given to us.

One problem - the windows hampered our lunar
orbit operations. The haich window was frosted
over completely. Tae number 1 and number 5 win-
dows were useless for photogravhy, although you
could see out of them if the sun wasn't shining
or. them. We did take pictures of the windows.

I hope this will help in solving the problem.
The two rendezvous windows were clear through-
out the flight and were entirely acceptable for
the whele 6 days. The condensation on the hatch
window appeared tc be on the inside of the outer
window, which I ar convinced was frost and
moisture coming out of the area between the two
panes., The cecating on the 1 and 5 windows was
again a whitish coat, trarslucent, that was more

like & light foggirg or moisture than I saw oan
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LOVELL
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the Gemini VII windows, which were mcre amber

in color. Due to the fact that we could not

use the hatech window for landmark familiariza-
ticn, Jim Lovell was forced to share the rendez-—
veus window number 1 with me. It made the first

rey difficult as far as determining landmarks.

Concernirg landmark familiarization, I might

add that the Lunsr Orbiter phctographs which we
hed on board were guite adequate. There was no
problem at all in determining objects particu-
larly on the near side of the moon. There are
suitable landing sites. They are very easily
distinguished. We could pick them up. We could
work our way in. The landing site itself was
quite visible, and a little bit later on I will
talkx about the lighting conditions. On the

tack side of the moon, the Lunar Orbiter photos
agair were helpful, alcng with the map which

was a composile of the photographs. During the
first pass, it was possible to check the craters
on the back side, especially those that had some
distinctive feature to them. The altitude we

were at was lower than what the photographs
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showed. Consequently we saw what was large
craters in the photographs whereas we were
actually, almost inside them so that the major
features were smaller craters. They were guite
familiar and it was possible to chart our posi-
tion on the back side by referring to onboard

Orbiter photographs and maps.

Now, begin the discussion of the photography

in lunar orbit, starting with Rev number 1.
Frior tc the LOI burn, the data acquisition
camera and the TOmm camera were configured for
Rev 1 targets of opportunity. Target 20 was
accomplished at the end of the rev, and possibly
target T2, though this 1s not logged on the

map. Several other targets, prior to target 90,
unlisted on the map, were photographed and can
be recovered from the onboard tape recorder.

It was most difficult to do piloctage along the
track due to the errors in the mapping on the
backside. Therefore, the delta time past the
prime meridian technique was used and found to
be reasonably acceptable in locating targets.

In lunar orbit, an attempt was made to use the

e _ T .
-
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Rev Number 2

ANDERS

recommended exposures of the particular photo-
graphic task as shown on the side of the photo-
graphic map. These f stops were based on 2
250th second exposure and were a function of
longitude. ©Some errors were made in using the
wrong film or the wrong f stop, but it was found
that this technique was generally sacceptable
and superior snd easier than using the spot-
meter. Spotmeter readings in lumens were

taken at several positions when time permitted
and logged on the map at the appropriate longi-

tude.

Pricr to Rev number 2 on the dark side, the TOmm
camera was configured with the high-speed film
for pessible earthshine targets of opportunity,
none of which appeared. Prior to sunrise, the
camera was reconfigured according to the flight
plan, and preparations were made to pick up more
opportunity targets on the south side of the
track. Also, the TV camera and equipment was
unstowed for the television pass during the

latter part of the dayside, Rev 2 pass. The

A fehet el
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16mm camera was started at the terminator;

Tdmm camera was used Yo photograph targets num-
bers 10, 12, 1L, 16, 19, 71, 20, 23, 26, 28,
and LO, Photography was then stopped tc pre-
vare for the TV cperation. Effort was made tc
log target rumber versus cemera film frame on
the DSZ for later ccrrelation. During the re-
configuration of the careras, it was found thaw
the high-speed film for the night pass had
inadvertently been used tc photograph some of

the initial targets, using Lhe 250mm lens.

Therefore, zn sttemst cn the rnext rev was made
to rephotograph thesc lLargets using the proper
film. And targets 10, 1L, 16, 19, 21, 23, 2€,
and 28 werc renhotogradned using the ASA 6LBO
film. Also, targets 58 and €3 were acquired,
as were 65 and 65. Preparations were made to
accomplisn the Trainirng photography using the

T stop schedule determined preflight. This was
utilized for beth the 16mm camers and the

TOmm camera. Tracking wes made on the target

recar the terminator and followed through until

SO
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past 90-degree pitchdown. Again, the cameras
were reconfigured for possible nightside tar-
gets of opportunity on earthshine photography,
but it became apparent that the spacecraft
attitude for the P52, coupled with the poor
quality of the windows and spacecraft internal
lighting, would preclude satisfactory earth-
shine photographs until a definite effort was
made towards this task. It was therefore de-
cided to suspend reconfiguration of the cameras
for the nightside pass until one pass later in
the flight where nightside vertical strip pho-
tography could be made of Copernicus, and other
targets of opportunity could be taken with the
spacecraft blacked out. It probably should be
mentioned at this time that the conditions of
windows number 1 ana 5 indicated that poor
quality photos would be obtained using these
windows for chblique shots. Therefore, an at-
tempt was made to restrict photography to the
rendezvous window, but when tempting targets
went by, these were photographed, accepting
the haze condition on the window. This haze

can be described as purpiish smears, as if a
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service statlon attendant had attempted to

clean a windshield using an oily rag. The sun
was shining on the window. During the nightside
of Rev number 3, cameras were prepared to do
vertieal strip sterec photography. The [ stops,
according to those recommended on the maps were
to be utilized, and the cameras were started at
the terminator spacecraft sunrise plus 6 minutes
with the lémm camera running at 1 frame per sec-
ond and the 70mm camera running at 1 exposure
per 20 seconds, driven by the intervelometer,
The intervelometer worked magnificently through-
out the flight, was a very useful item, and
freed the crew from a very tedious task., Extra
rhotographs were taken on roughly S5-minute
basis, but in the confusion, the times were not
recorded. It will require working back from a
known peint, in order to determine positions
accurately. It also shculd be noted that about
this time, during Rev 3, I believe, the crew
was advigsed that the voice quality of the DSE
was NO-GO, and that only high bit rate voice

was intelligible. Becauge of this, it was de-

termined that all photography would have to

Sl
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speak for itself, in that locations and targets
would have to be identifiea “rom the picture.
There was not enough time toe paotograph the
Largets as they became available at a rapid

rate and also log in the appropriate informa-
ticn. General comment was that the recommended
exposures would be used and that recommended
techniques would be employed. I might =zlso

note that on Rev number 3 the terminator photog-
raphy, both the nearside and the farside termin-

ators to the south, were photographed.

4t the beginning of Rev 4, the farside termina-
tor to the north was photographed, all on the
gix-exposure series of 1l0-degree increments
towerds the horizon. During the vertical strip
pase, additionzl targets of opportunity were
Laken as were on all previous revclutions. No
attempt was made to record position of these
targets due to difficulty of pilcotage alcong the
track and the lack of time for handwritten
recording. It was quite evident as the space-

craft looked into zero phase that there was

PO DL
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some obscuration of detsil, bput this obscura-
tion was not as great as had beern anticipated

cr had been simulated at the Boeing simulation.
It was estimated thst deiail could be seen quite
well by the eye within severzl degrees of zero
phase, particularly at lcw sun angles. Another
phenomena noted was that near the subsclar point,
it was more difficult to see detail even away
from zero phase than it was where shadows were
longer towards either terminatcr. Revs num-
vYers 4, 5, 6, and 7 all involved landmark track-
ing with spacecraft heads up, slightly pitched
up, and operations using the optics. Thig pre-
cluded using the rendezvous windows for photog-
raphy and put the ILMP cn the south side of the
spacecraft with sun shining on window number 1
in a positicn fof possible targets of opportu—
nity. It was determired that prcbably this
window would be unéc:eptable for detail resclu-
tion photography, and, therefore, the additional
target photography was postponed until the con-
vergent stereo revolution photography planned
for Rev number 9. 16mm photographs were made

on most revolutions of the various sites, but

| R
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Rev Number T

ANDERS

will be commented in more dezell by the

CMP.

A%t the end of revolution number 7, the CMP was
becoming gquite fatigued from looking into the
optics for s¢ long. The CDR attempted to sleep
prior to that without much success; therefore,
th= commander made the decision to terminate

21l lunar orbit activities in preparation for
rest prior to TEI. Tt was suggested by the LMP
that the 70mm and 16mm cameras be run on auto-
ratic at a medium f stop level. This suggestion
wag accepted and the cameras were set for £/5.6
and the COR activated the intervelometer and
started the 16mm cameras with these settings at
the 8th rev sunrise terminator on the far side
and ran them to the darkeside terminator on the
near side with the spacecraft pointed straight
down and heads forward. No attempt was made to
adjust the f stop, and the spacecraft was essen-
tially quieted down for a rest period. This
decision precluded any further darkside or

earthshine photography or zodiacal light
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Kodachrome photography and the convergent stereo
photography. Also, any further target of oppor-
tunity activity was precluded including red/
blue filter work in lunar orbit. Because of
the location of the IMP on the scuth side of
the track, very few, if any, targets of oppor-
tunity to the north of the track were photo-
graphed creditably except targets number 51,
55, and 57. One point missed: 1in one of the
earlier revs, a few zero phase photographs were
taken from a position of about TO east longi-
tude, taken to the west locking into zero phase
in the area of the Sea of Fertility. After the
TEI maneuver, the CDR gave the go shead to
unstow the camera equipment, and a concentrated
effort was made by the whole crew to expose the
remaining film as we departed the moon. Our
altitude rate was pretty great at this time;
therefore, the number of pictures taken during
this periocd was very great. Unfortunately, the
rate was such that some confusion existed, and
again, the high-speed film was Inadvertantly

exposed at the normal ASA black and white

‘et
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settings and scme red/bluc

were conducted using cclcr

filter experiments

film.



4.4.2 Rev Number 2

BORMAN

AKDERS

The G0-KO/GO feor LOI 2 was given as advertised,
and the LOI 2 burn was a G&N/SFS with no ullage.
fAgain, the system worked perfectly and reguired
g minimum amcunt of trimming. The barn report

was given to the grcund, sc it's availabley; we

have it ir the flight plan aliso.

Corcerning the primary evarorator znomaly on
Rev 2 after passing the subsclar poinl: the
MCC-H advised us that our radistor cutlet tem-
peratures and evaporator outlet temperatures
were abcocut egual running atout 30 degrees
Tahrenheit. I checked the steam pressure then
at that time noticed that it had droppred to
full-scaie low, which indicated that the primary
evaporator was not.boiling. The back pressure
valve waz closed manually and weter serviced
for 2 minutes, After thisg, the evaporator was
rat back on into AUTO and the water control

rut to AUTO. The steam pressure was observed
tc go up during the water charging process.

But once that thing was back in order, the
steam pressure agsin dropped, throwing the tem-

rerature down somewhst. The steam vressure



did rot stabilize and corntinued a fuli-scele
low indicating encther evaporator aryocut, The
back pressure velive was agsain closed manuvally,
and since & pesalitle over sorvvice and freezing
was a4 possibility, a l-minute water service
was attempted late o the dayside pass with

zimilar results. The back precrsure aga’n

0

Zzrerved to zerc, and during the nigrtside pas
wne ground advised us Lo reservice the evaporstor
again for 2 mirutes and et it sit, whith we did.
It worked fine on the next revelution and sub-—

.

segquent revolutionz. We recocrded residuszls for

I0T 1, the burn was minus 1.4 V3 Va., ,
X, zero Y
and 2,2 VGZ, the DELTA—?P nirus 2C0.2. The ro-

_, minus 1.8 VG

siduals fcxr LOI 2, plus 2.6 "J'G) v

minus 0.2 VG, and minis g.L “or DELTA-V,. The
Ls

VERR 82 perigee and apoegee determination after

LCT 2 gave us a 62-mile spcgee and a 6C.8-mile

perigee.  The lunar surface 'rom earthshine was
read by about a two-thirds eartn. It waz very

possible to determine lunsr Teatures, craters,

and terrain in the Iight available from the

earth provided you were darx adapted. IHowever,

T would definitely say thet the night larnding
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or Ianding on the mocn In an earthshine condi-
tion would be unaccepteble from a visibility
standpcint. One cother comment that T had or
lunar lighting is: T thought that the shadows
were rnet nearly as black ss there appeared to
be in the simulations that I've seen on earth,
particularly the Boeing simulaticn. We could
even see the features tnat were con the shadow-
side of some rills and rims. BSo, although it's
dark, it's not = caomplete black and white

situation,

Again, considering lighting conditions on the
lunar gurface from the optics peoint of view,
the best control point for optics tracking were
the conditions abeout 30 degrees cn the light-
side of the terminators. Once you got to the
subsolar point as had been explained before

the mission, the carth seems to disappear in

4 haze, and it's harder to see distinct fesa-
tures from small ccontrecl peoints on which to
track. This proved to be the true case in

nest of cur orbits

il
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that the control point 3, for example, was more

difficult to track than 1 or 2.

ANDERS Zerc phase elimination appeared to be much less
a problem than the Boeing simulation would lead one
tc believe. I think there was some washout at
zoro phase, but detail was possible within at
least plus or minus 5 degrees. I think the
eyeball could handle it in even c¢loser than
that. And this was particularly cbserved at
the low sun angles for LM landing, so I do not
feel that the lighting problem is as great as

we had thought it was in the beginning.

BORMAN General Systems Operations in lunar orbit were
excellent. I might point ocut there that we
did notice a considerable cycling of the ther-
mil system, but the spacecraft was able to cope
with it very well. There was a definite heat-
ing and cooling trend during day and night
around the lunar surface. As a matter of fact,
1t was remarkable that the radiators and ECS
system could handle the wide range of tempera-

tures.
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me, and zlso control points that could be easily
relocated or subsequent revclutions. With
these centrol points, I did the orbit tracking

with the Program 22.

General landmark observations: I wasg surprised
by the relative eagse in distinguishing terminal
landmarkxs. I thought it was a much simpler
task than indicated by the maps. Even though

I was not trained in this the way that Bill

and Jim were, I thought that there would be no
problem to pick a lendmark that is readily
discernible on the lunar surface for use as an
IP or any other immediate thing you want for

a lunar landing. TI'd rather let Bill Anders

comment a little kit ahout gerneral landmark

observation.

One thing that I noticed concerning pilotage
during the initial revs in determining space-
craft position with respect to the map on the
back side was that the map made it scmewhat
difficult with the visibility available out of
the spacecraft to pick up craters that were

not particularly prominent. Some of the larger
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3.4,5 Rev Number 5

LOVELL

ones, the one called America, were so big that
we really couldn't distinguish it. And since
it didn't really fit right on the place that

I thought it was, we missed a lot of the fea-
tures around it. I think the vertical strip
photography, though, will tend to pin this down

a lot better for future maps.

The sextant camera adapter was sufficient. The
cord was long enough, and the results of such
photography will only be known after the devel-
opment of the pictures. 1 might add after -

I took about two revs of sextant photography,

I teook off the camera and again put on the
sextant, There was no requirement on this
flight to track the landmarks by sextant. The
scanning telescope only was to be used. How-
ever, I felt that the tracking task was so
smooth and easy and since the point on the
surface could be more easily distinguished by
the sextant I tried to track with the sextant.
I found cut it was a more superiocr method of

tracking than was the scanning telescope. You

Pr-r-NrRSRE P
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can see 8 lot smaller cobjects with the sextant.
You still Have the fine control and resolves

at medium speed, at lunar orbitael speeds, to
gccurately pinpoint the object you were sight-
ing on through the sextant. I highly recommend
that this procedure be investigated in pin-
peinting the lunar module for sightings on
subsequent missions. The only problem I fore-
see is the initiel acquisition of the lunar
module in the sextant. One more comment to
reiterate what I have said before: +the photog-
raphy and the meps, especially the photography
of the landing area landmark which we were to
track on, were guite adeguate for training
prior to the mission and for actual use in the
flight. The bagkside crbital maps were for
orbital rhotography and were not good enough

to pinpoint the conirol place which was desig-
nated to me. However, they were good enough

tc point out big craters and general areas of
interest. They are not good enough to look at, fo
find, small cbjects like contrel points desig-
nated, but they are good to find the big cra-

ters with which to point your path to the back

Gl
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side. I might add that for visual cobservations
the scanning telescope and the sextant was
superb, and it was possible to see the terrain
features of the moon through these instruments.
A few further general comments concerning lunar
surface cbservations as I saw them through the
optics and through my window: first of all,
there is to my knowledge absolutely no color

to the lunar surface. There are various shades
of gray; the maria on the lip of the near side
are not quite as dark as they appear from the
earth. There are a tremendous amount of cre-
ters that are not picked up in easrth-based or
earth orbital-based photography. There are
many more new craters to be seen in lunar orbit.
The new craters are we think new craters.

Their characteristics are g large amount of this
fresh white materisl around the eraters with
the rims and some of the interior of the cra-
ter shelf showing black streaks. There were
quite a few of these craters in the area. Most
of the ares, though, was a rounder appesrance,
of many, many years of erosion. I did notice,

in passing through the control peoint, near the
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crater designated America, a sort of larger crater
whose rim seems to have collapsed showing

Jagged areas of what appear to be rock of some
sort that were sticking out, And throughout

many Of the areas I saw whaf appesred to be
terraced craters and rims and hills of material

that had slid down through some manner.

The craters appeared Lo me to be almeost uni-
versally impact craters. There were some that
were very, very bright, indicating that they
were probably new. The surface, except for the
dark maris region, appeared to be homogeneous.,
T would expect you would find the same surface
any place on the moon. In other words, it would
appear, at least over the orbit that we trav-
eled, that these surface materiels were the
same throughout the mcon. General gualitative
assessment of the lunar surface it appeared
like a great glob of ..., You could, of course,
see that it wasn't. But the appearance, the
color, and the struetural appearance gave that
impression. You could see walls, terracing,

evidences of large fragments, everything that



we had seen from studying the Orbiter photo-
graphs were very clear. And, of course, the
terrain evaluation and sighting was much better

than studying cthotographs.

3.4,6 Rev Number 6
BORMAI It is important to note that we were able to
track the landmarks without ever pitching the
spacecraft. We found that the best attitude
for landmerk tracking was about 10 degrees
pitehup, using the CRIEAL. The man that was
operating the telescope had a very good field
of view and he was able to track very well.
£ course, this ig fortuitous from a LM/CSM
standpoint because it should be very easy to
obtain this tracking attitude and fly to it.
The entire lunar orbit tracking operation was
accomplished very successfully using minimum

impulse,

LOVELL In our discussion of lunar tracking operations
with the optics, it was noted that manusl op-
tics were used on the control points quite
successfully. After we initially got the co-

ordinates of the contrcl point; the auto optics
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worked perfectly to reposition the scanning
telescope reticie to pick up the target as

the landing site came around for the second
time. Again, the mode was resolve and medium,
This appeared to be the best mode for geod
tracking. We originally started with a pitch-
down of 5 degrees which we found is difficult
from the navigator's point of view for the fact
that he did net see the horizon. The horizon
is a good indicator of what's coming up, and
the coptics angle capability is such that it is
perfectly acceptable to have the horizon in

the field of view. The only comment I do have
about the landmark ground track determination
program is that it combines the computer pro-
gram and optics tracking which is sometimes dif=-
ficult to do since you're punching the computer
at the same time you are trying to track a
landmark, and since, there are three different
procedures which we had onboard: 1i.e., manual,
landing site, code tracking, autc tracking, and
landmark auto tracking. It got to be a little

bit difficult there for a while.

wiehidieiiniiiniees
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3.4.8 Rev Number 8

3.4.9 Rev Number 9

BORMAN

3.4.10 Rev Number 10

BORMAN

The operations to be performed on these revo-
lutions were deleted because of the crew rest
considerations, and we toock a break here and

prepared for TEI.

A little while after the beginning of Rev 10,
the TEI checks were nominal ... throughout the
flight. P30 FMS tests and Program L0 all
worked nominally. The TEI burn was executed

on time, the residuals were minus 0.5 VGX,

plus 0.k VGY, minus zero VG,, and the DELTA-V,

73
meter was minus 26.4. We did use a 15-second
Jet four ;ilage on this ullage burn, and the
guidance and the engine performance was superb.
I don't believe that the spacecraft varied a
hundredth of a degree, and the engine was
smooth as glass throughout the entire burn.

The engine was started on ball valves A,

bank A, after 4 seconds ... bank B was switched

CONFIDEM¥ 4w
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in, and there was no surge noticeable this

time. It was a remarkably smooth engine.

TEI presents a particular problem for getting
the sextant star check because you are behind
the moon for most of the fipal rev. That stage
in the checklist where we came up to a sextant
star check, I dialed in the trunnion and shaft
in our computer, the optics program spotter, T
Just sat down with the optics. T could see
through the scanning telescope the lunar dark
horizon. I could watch the stars come up, and
I counld then tell exactly when the star, which
was Peacock, had come up and then checked it
with the sextant. I think that's probably a

pretty good procedure,
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3.5 TEI tc Reentry

3.5.1 B8PS Performance

BORMAN Another comment on TEL, it's extremely doubtful
to me that we could successfully monitor a TEI
burn by using the lunar horizon. If you had to
do a manual TVC I think you would be better off

)

using an alternate ball and flying off the ball.
The position of the windows and the horizon view
in this spacecraft make it very difficult to
monitor out the window and the gimbals and the
rates at the same time. The comments on the TEI

burn: It certainly i1s a fine system and a won-

derful engine, completely nominal in every respect.

3.5.2 Acguisition of Moon in Window
The acquisition of the moon in the window, as
I mentioned before, was exactly as predicted.
We then pitched up after TEI and acquired the
moon, watched it separate, and took some pictures

as per flight plan.

As the sctivity quieted down, and during the
transearth phase of the flight, sequential

photos were made of the earth whenever it was
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cbserved in the rendezvous window. The PTC
attitude during initiai phase of the return was
such that the earth was seen & considerable
number of times and during scme of the star
horizon navigation sightings; the moon was alsc
seen, and additional red/blue filter =znd polar-
izing filter experiments were conducted. Un-
fortunately, the PTC attitude was changed 2 day
or so prior to entry, and the earth was not seen
until after the cameras had been stowed; s0
additional sequence photcgrapny on the TOmm
camerza could not be conducted. During the re-
turn voyage, & series of IVA 16émm reels were
exposed at /2.8 using the S5mm lens, showing
the crew during various activity.sucn as lithium
nydroxide canister changes, sighting thrcough
the telescope, zéro g maneuvering in the space-
craft, and cther activities. All of the fiim
was eXpcsed, OUr Magazlnes were exposed or
partially exposed except for five reels of 16mm
film which n=d been planned for use during

the latter revolutions of lunar orkit for gen-—

eral lunar landscape vista-type vhotography.

R NN



3.9.3 =stablisning PTC

BCORMAN We then went to the PTC. PTC attitudes as
given from MCC were adeguate. It's difficult
to establisth, in my mind, any better way of
doing it than just using gimbal angles. It
would be impossible to rmonitor out the window
on a star and continue tc maintain an initial
position with any degree of precision out the
wl.ndow because as you rotate cr revolve, first
the moon, the sun, and the earth wipe out a
considerable portion cof the sky. It i1s true
you can see stars out the window in the day-
time, but this is only when the window 1s
snielded from the sun, the ncon, or the earth,
and when you are guite a distance Irom tne

earth.

3.5.5% Midcourse Correction Humber 5, 6, and 7
At TET mideourse rumber 5. It was a S5-foot-
per—-second burn and the VGX was plus 0.3.
VGY was minus 0.1, VGZ was zero. A4 good thing

to note is that was the only midecurse taat

Wwas reguired in the entlre transearth pertion

of riight.
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3.5.9 Caution and Warnings During Coast
The only ceution and warning lights that we
had on the entire flight wag the high-gain

gcan limit, the O, high-rate during water

2
dump, and the fuel cell 2 during 02 purge,
and one crew alert light thet worked quite
well., It indicated to the crew that they had
to check their COMM leads. Their COMM leads

were checked and one was found to be locse

and communications were reestabliished.

3.5.11 Pyro Battery Check
Pyrc batiery check: We did not have the pyro
batteries hooked up. We had the circuit
breskers pulled on them for the entire flight
priocr to entry. We had a new system using
the pyros in order to prevent inadvertent M/
SM SEP or SM JC problems. That worked out
fine. Even though it was a change relatively
late in the game, we had no problem in handiing

tnis situation.

3.5.12 Final Stowage
Pinal stowage was accomplished by putting a

helmet in the food ccmpartment and two suits



ander the left and right hand coucancs wiith
helmets avcard. We puat twoe suits in thes khammock
znd stirapped taem down. ‘‘ke third zuit re-
mainod In the LK bag under the cernter couch.
Arother anomaly we had on o system thal was
noted on the wey back. We nad ased the cabin
Jar. once during tae transiunar perticn of “the
Might in order to warm Lhe cockpit up. On

the way tack we jusi turnsd therm on To cocld

it down prior to reeatry. Cablin fan rnumcer

My

nad a nigh scueal to it and = bad boaring znd

numter 1, wnen it revved down, sounded llke 1%
haa washers cor bolts logse in Thne fan blacde,
One comment, the cabin Tans ore axtromely
nolsy. They =dd iittle ©o the clrewviation in
the czbin, and we certain.y ctroved on this

he

fas

Tlight taat they are rct needed to keep

zpacecraft cool during entry. I kaow that

they znould never be used in Tlight, The Tirnal

stowege then was acconpliished as merticned.

Zan cthree temvorary stowasges vags
filled witn weste, dispcsab.e waste paper,

film, and irritates. ‘he entire preperaticns,

final preparaticns for entry and stowage took
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approximately 1 hour and were accomplished
without any problems.

3.5.13 EMB
EMS DELTA-V counter, when they were place in a
DELTA-V position and the switch was turned on
automatic, occasicnally you would get a jump
in DELTA-V indication as high as 29 or 30 feet
per second. This problem could be averted
by taking & switch ... to the automatic posi-
tion. The tie for the EMG was exceptional,
The self-test on the scroll worked out perfectly.
We had one the night before entry and two prior
to entry. OS¢ we went past the first test prior
to entry and it was within the paﬁtern because
the Commander forgot to align the scroll for the
10 position, so I ran another test on it and
it tracked in beautifully. RSI to GDC align-
ment worked out fine. It was exactly as the
flight plan indicated and exactly as the sim=

ulator simulates.

3.5.1% Entry Corridor Check
The entry was accomplished exactly according

to the procedures that were written by the

iy
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procedures boys and they went with a lot of
good., It's interes+ting <o note that the norizon
was visible. PFirst it was lignhted, then it was
unlighted, nevertheless, they were able to

monitor the norizon in the view of the window.

3.5.17 Maneuver to Entry Attitude
The oniy control nmode required was minimum
imputlge as far as keeping ftne acrizon in the
top portion of the window untii we got the
error needle zerced., At thes time the dump
was given control and performed the entry
perfectly. Let me get shead of myself here.
The maneuver to entry attitude was done using

a VERB 49 as planned.

3.5.18 CM/3M Separation
CM/EM separatior was done in the proper atbi-
tude. It was not a great jar, as s matter of
fact, the pyros were not as Zoud on this crne
as ithey were on Gemini, in =y copinicn. We
were unable to see any of the service mciule
ard were, of course, unable TSo tell whether

the 5M JC operated properly.

USSR
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LOVELL Before we enter any Turther into the earth's
atmosphere, let me fall back and talk about
P37 and the return to earth program to get
the spacecraft back to a good entry attitude.
We ran several P37 program cycles after c¢is-
lunar navigation to compare onboard navigation
with what the ground gave us. It appears the
more sightings you take, the better off you
are in P37. You should take sightings just
pricr to doing P37, which would then lead into
a burn. For example, when we first determined
the MCC-6 maneuver for 122 hours, it came up
with a change of about 2 feet per second.
After tsking some more sightings and a lot closer
to the proposed planned burn times, it came
out to 0.2 foot per second and, consequently,
we did not feel on board that it required a
burn, neither did the ground, and consequently
we didn't. The only big difference we had
with P37 with the ground was at 14k hours and
46 minutes when the MCC-7 was proposed and
we consistently came up with a DELTA—VX at
plus 2.8 feet per second. It turned out that

the ground came up with a considerably smaller

. SNy
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3.5.19

Lad

W

BCRMAN

N,

value than that and we decided not burn.

GO for Pyro Arming

The GO for pyreo arming prior to TM/SM SEF and
also for the RCS activaiion was properly given
by MSFN, as 2 matter of fmect, it was given at

the same time it was reguested.

.20 Entry Interface Check

The entry interface check, monitoring the
norizon, was beautiful. It came right at the

31.7-degree line as expected,.

.21 0.05%g EMS & Corridcor Check

Reentry

.1 Reertry Parameters

BORMAN

The 0.05g EM8 and corridor check was exac:tly

on time again, just perfect.

Our entry, of course, was made entirely at
night and I can say that it was very well sim=
ulated by our simulator. It was very well sim-
ulated by the centrifuge, it was very well
simulated by the MELO3 simulater et North

American. Of course we had practiced this

N
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many times. 1 can also say that it is impos-
sible to monitor your entry attitude out the

window.

3.6.2 Ionization
The ionization on these high-speed entries is
fantastic. The whole spacecraft was 1lit up in
an eerie irridescent light very similar to what
you'd see in a science fiction movie. I re-
member locking over at Jim and Bill cnce and
they were sheathed in a white glow. It was
reglly fantastie. The lighting was much, much
greater than the night entry that we experienced

in Gemini.

3.6.3 Attitude Contrcl Modes
The attitude contrel mode, as I mentioned before,
was minimum impuise, so I gave 1t to the DAP
at just asbout entry interface when the DAP in-

dicated zero attitude errors.

3.6.4 Cuidance
The guidance was sbsolutely beautiful. The EMS
scroll worked perfectly. It was the most useful

monitoring device of the guidance and it was

YO
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very weol simulated in the CMPS anc all the

ocuner simulations that we kad done.

Visual ZSighting anc Oscillation

_ think it would be irmpcssible to use the acri-
zon feor s night entry reference. I szlsc wonder
sbout using it during the dzy bBecause the lon-
ization on these hign-speced entries is 4remen-
dous. Guldance, as I said, worked exaclly zs
simulzted. When we weont tarouga G0 J00 fent
Wwe started picking up an couscllileiion, = slight
oscillation, but it was damped. The thrusters
started firirg more freguently tc damp cut the

retes. Alsg, 31i11's metshed of checking the

93 030 feet worked ocut right to the second.

Tne Apex cover jetiisoconed automatlically.

3.6.6 Drogue Chute Derloyment

“ne drogues went automatically. Tnc ride on
tne drogues was swoother Lhan it was on Zemin?
tut with o ncticeavle cscillation on the

drogues. We couid nct sue the drogues oocause

it was dark.

L
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3.6.7 Main Chute Deployment

3.6.8 Communications

3.6.5 ECS

The mains went autcmaticslly and were backed
up by a mzrnual deployment right on the money
at about 10 300 feet. Tne ride on the mains
was very smooth and we cculd not of course,
see the mains because of the darkness until we
started dumping the fuel. When we dumred the
fuel, we got a good chute check, bul there was
so mucn fire and brimstorne arcund those risers
we were really glad to sce the fuel dump stop.
However, there is nc indication, cf course,

thnat anything was aurt by the fuel cumrp.

The communicaticns wiaile we Wwere an the chute
were excellent. We heard Air Boss 1 while we
Wwere still on the cautc. We cven talkea to

Houston cnce while we were on the chute.,

I think it's worthy of note that the ECE per-
formed beéutifully. We noted the temperature
in the spacecraft never got hot even though

we had no real cooldown. And even though we
were unsuited the spacecraft temperatures were

always cool, even after we were on the water.

, Nkl
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L,7 Touckdown
BORMAL
ANDERS

4.0 LAYDIKG ANC RECOVERY

“he one item that we were perhaps nct exvecting
was the impact at touchdown. There was a severe
jolt and we got water in through the cabin re-
press valves even though they were closed. A
gocd deal of water - 2 to 3 quarts came in the

cabin pressurc reilef wvalive,

One slight ancmaly during entry was asscciated
with the cabin fan prcblom; we elected nct to
uge the cabin fans for the cold soak, and thcre-
fore had both primary and secondary locps going
through the suit heat exchanger. The primary
loop was not of sufficiently high temperaturc

on the radiators to activate the primary hboiller,
50 we did not know whether it would function
rprior tc separation. After separaticn, the
primary boiler dried out as it had once in

lunar orbit. It was reserviced in the pre-
scribed mznner and worked but when observed
again during entry at about 2 g's, it scemed tc
bte dried cut again. The LMP tried to reservice

it during the g buildup, but was unsuccessful.



In any event, the suit loop was ccoled by the
BORMAN secondary loop. The touchdown was much more
severe than we eXpected, and was accompanied
by & lot of water coming in the lert hand side
of the spacecraft. The commender was diverted
by the water drenching him or the left side
Just lcong encugh that ne didn't get the chute
release off jn time to prevent the spacecralt

from going to the stavle I1 pozition.

L.2 Postlanding Checklist

In the stable II position, we immediately
started the postlanding bag deployment ani we

were uprighted in about U4-1/2 minutes,

4.3 Communications

Communications were good, with the helicorters
and the Air Boss airplanes, but the swirmer's
Jack did not work and I don't know if this was a
spacecraft problem or the swimmer's equipment
problem. The dye marker was actuated =o that

they should have been able tc plug in.

4.5 Battery Power The pocwer was adeguate. OFf course we were only

in the spacecraft about 45 minutes and we had

only one battery on.

' Oy
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4.6 Postlanding ECS System

L7 Ventilation

4,14 Egress

The postlanding ECS system worked fine, The
first time we actuated after uprighting we got
a great deal of water in on the CMP's face,
but we turned it off and actuated it again.

It worked fine, and the little ball valve

worked properly from then on out.

Incidentally, the cocling and ventilation was
good and there was no real requirement for
those postlanding ducts; we never put them up.
Bill Anders makes a point that we did get a

few more drops of water later on, but I really
don't think you could design a system any better
than that. Bill doesn't think you can elther -
he just wanted to mention it. The checklist
was figured in error on hatch pressurization.
It said "pressurize the hatch, pull inboard" -
we pulled inbcard and promptly vented the cyl-
inder. The c¢ylinder was recharged manually

and the mistake was not made again.

Egress was accomplished nominglly., The swimmers
were well trained, there was no water introduced

to the spacecraft during egress, and the hatch
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was closed before the helicopter pickup was
made. Manual pressurization of the hatch cyl-
inder was about as difficult or slightly more
difficult than we had found in spacecraft test-
ing. We suggest that a different kind of &
knob or a tool be provided. We used the drive
screwdriver but that didn't seem te help much,

with wet hands.

The IMP and the CMP performed admirably after
we were on the water, and the commander was

taking a vacation,

The CMP struggled with the valve and cculdn't
handle it and said, "I would be a better man

than he was if I got it,” and I did.

I want FKorth fAmerican teo check and see whether
the second bottle was really pressurized cr

not. T have a sneaky suspicion it wasn't.
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5.1

cuidance srd Ha

5.0 SYSTEME CFERATION

5.1

I5E

Moces

LOVRLL

we nad the MU con for tho entire mission, did
net wura 1t off at ail. We had it continuslly
running ana fcund ne prouiems in M) operation.

we 2id et cne tirme Inadvorlontly £o0 fto a pro-

gram wnick removed the atlitudie from the o
inis was Zregrem Cl. Thnis was an lnacsversent
input into the computer wnich got the no-
attivuge light., 1'11 discuss The recovery from
that here in a 1littie bit. Crarse and Jine
a’igning: c¢f coursc, most of ocur wrograms
alignrents were the option 3 for nwstly Tine
aligning. We did two ehorges, and both of

ther proved to pe afeguate. Coarse a.ign werked
fine. The fine aligning program was very oecl-
rate. Our gimbal arglc orrors were gmail., The

frequency of aligning Las IMU was sulficient.
As g matter of fuct, 1t could 2ave veen lenghh-
ered scmewkat. | think that we rather overdid

program siignrernts, esvecially in luner orbit.

d0 comments on 1MU temperature cconurol cother
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than the fact there was a possibility of losing
the primary evaporator which, of course, would
have affected IMU temperature, but we recovered

that sufficiently in lunar orbit.

5.1.2 Optical Subsystems
The scanning telescope light transmittance to
my knowledge now appear to be less than desired.
There are a lot of factors that affect the
amount o©of stars and star patterns that you can
gee in the scanning telescope. Frimarily, the
factor that affects it most is the spacecraft
attitude with relationship tc the sun and,
secondary, is the amount of dark adaptation
the eye has prior to loocking at the stars. In
any case, it was difficult to distinguish other
than very prominent constellations of four iden-
tifying stars. And, in most casez of the
REFSMMAT alignment, the option 3 aligrment, we
did not readily identify the star that appearead
in the sextant, but took it on the face of the
computer and waited until we got the angle -—
star angle difference to determine whether they

were the two correct stars or not. Eextant

. kit



mecnanical drive was very smocth, very Lilstic
hysterisis and completely adcouste for its
purpcse.  Again, that's the scanning telezcope
mecnanical drive, The sextznl optics mechanical
Srive was very muceh the ssme, much irproved
over what we nad been accustomed to In the gim-
alator, I noticed that 1t was very essy Lo
cerier the star in the corter of the reticlie

in tne sextant. I do have ore comment cnothe
scextant reticle itsel”. 2 think that the 1ires
in the reticle are too short, thal longer Iirnes
would have made finding lhe substellar umoinlz

in the stars a much essier task. ©On the optical
sutsystemr moding the zerc optics mode was zoe-
guate. One area that T guess did rot fully
reallze during my training cyele was the real
necescity for cycliing the zero cptics switch,
especiglily whern you pul cptlcs power tack on

whe lirne again. Several times after optics

=]
[a8

power was reinitialized and a PS8 aligrment

el
\’_

ve started the computer would not drive the
optics t©o the star. When this first neppercd,
I was very muca concerned becsuse I cculdn't

identify stars in the scanning telescope, and

Sl L il g
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I had no star in the sextant in which to mark
on. After I recycled the zZero optics switch
we got proper drive mechanization to the star.
This is something that should be brought ocut
for future crews. Manual modes were adequate,
I found that for cislunar navigation, the best
mode to fly in manual was the resolved and low
speed of the mechanical drive. I tried also
to use the direct mode of drive in order to
find the substellar point by driving the shaft
back and forth. This proved to be fairly good
with a heavy spacecraft, but in a light space-
craft, motions of the spacecraft made it almost
impocssible to do this. It wouldn't stay in

one spot long enough and I had to go to a re-
solve mode to make the mark. My comments con-
cerning the CMC are strictly from an operator's
point of view. I found nc tasic faults with
the CMC. There is an awful lot of programing
and DSKY punching required, and I think that

in future development programs and future fiight-
crew training programs, every effort should be
made to streamline the checklist to eliminate

as much DSKY work as possible. It is very easy

L VN



to make mistakes, and several times I punched
the wrong button which required quite a bit of
backpedaling to reacquire the program again

and get back on course. t one time, we lost
the IMU attitude because of a wrong DEKY punche
ing. Therefore, in this respect, it is a wvery
complicated system and should be simplified as
much as possible. In the course of the flight,
we've had several progran alarms. Several of
them were self-induced by improper procedures.
Several of them were expected because of stars
or landmarks that were out of the angle of
capability of the cptice, and we were Just
waiting for the angle to get lowered so that we
could use them. One was rather unexpected and
that was program alarm L01. This is a case
that prior to midcoﬁrse correction 4, the last
midcourse prior to LOI burn required changing
the REFSMMAT to the LOT 2 REFSMMAT. When we
first went through the procedure, ingtead of
getting the nominal coarse alignment no-attitude
coarse alignment procedure, we got a program
alarm 401 which indicated that by trying to

drive to the gimbal angles that were reguested
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by the ground, we'd drive through gimbal lock.
Qur procedure for workaround on this was to
keep rolling the spacecraft until we did not
get the alarm indicating the attitudes to be
driven so we would miss gimbal lock, This was
not done in our training cycle, Our training
cycle always, in this particular aspect, had
the new alignment in when we got in the simula-
tor. And we missed this particular aspect of
going from cne REFSMMAT to the next, especially
with such a change in the attitudes. 4And I
suggest that in the future that we change the
reset points to include major changes in
REFSMMATS to get the crew used to seeing the
variocus options that might come up in this
particular procedure. We received one computer
restart during the mission, which happened
almost instantaneously and of course, the com-
puter corrected itself. That happened when
entering VERB 3b in a Program 22 displsy, and

I believe it was requesting a marking system
which is a no-no and would result in a computer
restart. After that we had no more problems

with the computer restarts. One controller

b Y
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winilch werked out much better then T expected
was the mirimum impuise contrcller. I had, al
one time, thcught sericusly zooutl taking ihe
right-nand hand contrcller down into the iower
equipment bay. We had a bracket to use that con-
vreller down there for stecceraft aftitude
contrcl for ecislurnar snd carth or lurar orbit-
ing ravigation prceedures. The minimum impulse
controllier proved guite sicquate to corntrol

tae spacecraft. It was = well-desligred — thic
human engireering on thal was gocd, ard I see

ne reascn for ever having <o Lring the stace-
craft hand coatroller down into the lewer eguip-
ment ey wiless you want to use sometning
besides minimum impulse cerntrcl ok tae space-
craft. In regards to the minimum impulse corn-
troller, tnere is some training reguired, since
spacecraft mcotiorns locking through zn axis

50 degreces offset from ihe X-axis reguires scme
cnange rn thought of how to rmaneuver thc space-
cra’t. IZgsentially, for lateral mction, tae
roll mode was used; pitch was ratural ard, alsc,
yaw would glve you some left laterzl motiocn,

Yaw 1g Zesg effective than roil. In going back
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over some systems operations — guidance and
navigation discussion, my comment on the manual
mode operation for lunar landmark tracking
again: it appesars that with the orbital alti-
tude of Apollo 8, combined with the speed over
the ground says that the best mode of operation
for tracking ground landmarks is a combingtion
of resolve and medium speed. This appeared to
be very adequate. The drive in the optlcs was
very smooth. It was possible to take either
the scanning telescope or the sextant, place
the center of the reticle on an object and
hold it here. I highly recommend that we inves-
tigate the use of_the sextant for fine tracking
on the lunar surface or of objects on the lunar
surface, for instance, the IM, because once the
IM is acquired in the sextant, it would be very
easy to hold the reticle on the IM itgelf. It
was possible to track within about 8 degrees

of trunnion drive without having any abnormal

operation in the tracking procedures.

5.1.3 Computer Subsystem
Several comments on procedural data on the com-

puter subsystem: with Program 37 with minus MA,

\
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had a procedure that was developed by MIT close
1o the mission launch time, which proved en-
tirely adequate for high-speed reentries and
eliminated the constraint of reentry velocity
which prevented us from using the straight P37.
P37 modified: it was used several times and
agreed closely with ground computations. One
comment concerning the computer adapt load: we
again found that the combination of 11101 with
the lower rates than we have been flying in

the simulator, proved to be & very adequate mode
to maneuver for cislunar or passive thermal con-

trol or particular VERB hg spacecraft attitude.

5.1.4 G&N Controls and Displays

BORMAN

The entry monitering system worked perfectly.
The EMS self-check went fine. The first time
we checked 1t was the night before the entry
and then twice the day of entry. Tke reason
we checked it twice wag the first time I had
neglected to slew the test pattern under the
arrow. However, the one item that I would
like to mention about the entry monitoring
system was that the lighting was very bright

and unable to be dimmed in this particular
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system, and I strongly recommend that we have

a recstat so that we can get a controllable
light situvation in the EMS5, The entry monitor
system was the most valuable monitcr of the
automatic guidance, and I thought it was entirely
satisfactory for performance. The FDAI's worked
nominally throughout the flight. They are very
well simulated in the simulator, and there was
no problem with the FDAT. The gimbal position
and fuel pressure indicator again worked nomi-
nally and are well simulated. One thing we &id
notice was that when the TVC switches were in
the OFF position, and the servo power switches
are in the OFF position, and if you move the
hand controller, you do get a Jjiggling on the
gimbal position indicators. We had been briefed
that this would happen, and it did happen.
Attitude set contrel panel rotational hand
controllers all opersted perfectly throughout
the flight, as did the G&C switching and GE&N

power switch which was never turned off.

LT
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5.2 ©Stabillization and Control System

5.2.1 Control
The BCS control rotation was almost exclusively
used in the minimum impulse position, This was
the basic contreol mode for flying the spacecraft,
and it worked wvery well. Prior to separation
when we were pitching down for the horizen check
was the only time that I used the rate command
control mode, and it's exceedingly accurate,
very easily handled. You could tell the jets
were firing and firing a great deal, and 1
imagine it would use a lot of fuel. Except for
the docking and the rendezvous, the entire mis-
cion could be flown in the minimum impulse posi-
tion. Translations were made without difficulty, and
all the translations were made using the G&N
control meode, that is, with the exception of the
separation. The separation and translations
worked fine; in the 3CS they were just small
magnitude. When you are in the CM mode only,
the spacecraft suffers somewhat from the lack
of control harmony in that the pitch jets are
much more responsive than the roll or yaw jets,

however, this was no great problem once you
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became accustomed to it. We flew the CM again
using the minimum impulse nmode, and we were able
to track the horizon very well. The nominsa.
rode for accomplishing PTC was to fly tc a pre-
deternined gimbal angle in piten and yaw and
kill all the rates; establiish maximum desdband
srd mazximum rate, pitch, z2nd yaw; minimur Im-
ruise in roll,; anag thern start a lij—degree—per—
second rolil rate. This worked fine, and 1<
asually teck some time belore the initial coup-
ling had caused the gimbals to drift more thzn
20 degrees from their predetermined vaZues.

The hold/rate command worked fine. Channel
selecticn was no problem. Minimum impulse was
tne primery ccentrol mode. 5C5 was never powered

GOWI.

5.2.2 Thrust Vector Cecntrol
Thrust vector control: <“he DELTA-V's contrel
was outstanding for the longer burns: for in-
stance, on the TEI burn waich wazs cver 3000 feet
per second, the residuals were lesg than a half
a oot per seccnd. We did have cne high residual

on opur Iirst burn. It was a burr of around

er seco

some ogdd feet , &nd we had to Turn
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out an additional L feet per second in order to
trim it out. This was minimum impulse burn with

the S5PS.

5.2.3 Displays in Loop Control Functions

Displays in loop control functions: nothing

of any significance.

5.3 Service Fropulsjon System

5.3.1 DELTA-V Thrust Switches

The DELTA-V thrust switches worked properly.
All of our burns were started on the A-bank,
and then with the longer burns the B-bank was
brought in 2 to 5 seconds later. This was &
perfectly acceptable operational way of doing
things and supposedly cuts down the chamber

pressure excursions in the engine at start.

5.3.2 Engine Thrust Vector Alignment

ANDERS

In discussing the gimbal motor's switches, a
note for the simulator pecple is that the start-
ing current shown in the fuel cells was less
obvious than that simulated and the stopping

current transient was more obvious.

WSS



5.3.8 PUGS

BORMAN
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Just for information, the PUGS was deactivated
(both primary and auxiliary system) for the
entire flight. We felt on this particular flight
there was no requirement to have the PUGS. It
might be a requirement in the situation where

you have a critical fucl situation.

5.4 Reaction Control System

5.5 Electrical Power

5.5.1 Fuel Cells

ANDERS

A11 the items on page 18 of the crew debriefing
guide, that's paragraph 5.4 and 5.5, worked as
advertised. They are zall well simulated in the
simulator, and the training that we received
there was adequate. Now on the fuel cells: we
never had any of the prcblems that are noted
here. On ocagsion, during fuel cell 3 purging,

we did get a high C. indicaticn, but that's the

2
only problem.

Fuel cells worked magnificently. The only minor
anomaly noted was that each fuel cell was at a

slightly different gas consumption rate and
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5.5.3 Battery Charger

5.5.10 Cryogenic System

ANDERS

[

current output rate; fuel cell number 1 was
siightly lower than 2 which was slightly lower
than 3. Purging was accomplished nominally;

the kitchen timer was found to be most satisfac-

tory.

The battery charger worked fine and the batteries
were charged prior to SEP. The powerup and
powerdown prior to CM/SM BEP worked very flne.
The batteries were approximately 27 volis immed-
iately after separation. One slight suggestion
is possibly the secondary loop should be leit on
during the SEP rather than having to power it

up and power it down. All other electrical com-
ponents worked as advertised. I noticed approxi-
mately plus or minus. Y4 volts ac difference in the

varicus inverter phages,

Cryo system worked fine. The fans were running
on manual and cyecled with the pre~lift-off deter-
mined schedule. They were cycled prior to long
burns and there was no cryo caution warning indi-

cations.

SRSmiiiaiiiivivied
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.6 Envirommentsal Contrel

5.6.2 Water Suprly Syster

ANDERS Lo anomalies with the water syster excent that
spproximately 1 acur prior to CM/S8M SEP, the
potable water tank gquantity began to decrease.
Due to the concern for waste water loss during
entry, the potable inlct valve was closed to
l1zsolate the waste system. The guantity indica-
ticn continued to decresse snd was last remembered
at approximately 10 percent. No water was
observed in the CM. Sore water samples were
removed afier recovery, but we have not heard
what the total guantity Irn the tank was, sc,
we can't tell whether it's the indicatcr or an
actaal leak. We got 4-1/2 gallons of water in
the spacecraft, but most c¢if it was —— ilhal was
salt water, yes. Chklorire procedure was a pain
in the neck and I thirk o dangercus cone in that
you might squirt chicrine around. There was
spme chlorine on our hands. It is unfortunate
we have to do this. The injection port adapter
seems Lo be loose in the pipe neck and was tight-
ened once by the IMP. Water remcval after chlo-

rine injecticn worked satisfactorily and the

AL,
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taste of the water was reasonably good, though
there was considerable gas in the water. Drink-
ing water supply at the food preparation unit

in the water gun worked quite well though, again,

there was gas.

LCVELL At one time we did get a little leakage when I
put in the buffer ampule, and the smell of chlo-
rine permeated the spacecraft for a short period
of time. It wasn't too bad, but it should be
eliminated in the future. The drinking water
shutoff wvalve was opened during earth orbital

operation and never shutoff.

5.6.3 Water-glycol System

ANDERS The cabin fans were quite noisy during the
initial part of the flight and were turned off.
The cabin temperature was quite stable. On the
translunar phase of the flight, it became rather
chilly in the CM, and manual diverting of the mix-
ing valve was attempted with good results.
Later on, possibly not connected to this, con-
siderable water was noted on the hatch and on
the cecld pipes in the oxygen supply and glycol

systems. When the cabin fans were turned on,

coSnikibhhiiidiit
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Suit

Circuit
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crn the transearth phase of the flight, there
was & considerable amount of noise in the unit.
Hoth fens were turrned off immediately and
gelected one at a tirme. Cabln fan number 2
appeared tc¢ kave a very nolsy bearing. It wes
immediately turned off again and was not usec
during cola scak. The return temperaiturcs were
very comfortasble and tne cabin was guite dry.
ECE radiators perforred nominally. We did not

ase the secondary proportioning system,

The suit heau exchanger secondary valve and
primary valve worked zs advertiscd. The pri-
mary and secondafy locp were run through the
suit hest exchanger for entry due to problems
wivn the primary evaporator experienced in
lunar orbit. OSecondary ewvapcrator worked wvery
well; the primary ecvaporator nad a tendency to
dry out. Cabin air return valve collected con-
glderable lent and trash; 1t was cleaned approxi-
mately once every 12 hours with & pilece of tape.
Towaerds the end of the mission, the cleaning
rate was reguired to increase due to additiconal

food particles in the cabin., LiOH canister




removal was satislactory and ro sparks were
ovserved. We feel thal cur tecnnigue of re-
cording LiCH canister usage and stowage worked
rosl satislactorily , snd we recommend this pro-
cedare to future crows, in orcder To keep track
of what the ?002 level waz ut the time of can-
igter removel. The used carister was then
stowed in the event that +he uscd carister mlight
nave to be reselsctec for use l=iter cn in the

i
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The only gaging systern arcmaly was anl arparent
fallure of the primary radiater outlet teompera-
ture ‘ndication whien rpegged Iull scale high

durirg the Zlight.

5.6.6 Waste Manzgemenl System

LOVELL Some comments on the waste mansgement system,
flrst of =11, we kad no provliems with the waste
managgement syster:  as we krow, we went btack to
a Gerini-tyre waste management syster for the
urine collecticrn. It is stlll a very compli-
catee syster, cverly comnlicated for whalt we

nave. We fcund out that by ieaving the urine
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heater on at all times, we did not have a urinc
nose freezeup cor & line freezeun,; tue systeon
worZed perfectly eacn Lime we dumped urizae ard
waste water. We daumped both through the norma’
system. We never had teo use the aatceh dump sys-
ter, We 4id use u system where we purged the
lines after dumping the ligquid, then we allcwed
cabin air to flow througa the lines for a while
to purge any of the roisture in the line anmd
make sure we had a dry sysitem. Tiae procedure
Tor dumping urine would te f{o urinate inic the
ccilection device then put the device on the
system, put first of all, venting tre waste
stowage area and the battery vert, making sure
that they were down, aré then going to dumsn.
It is & complicatec one, and we feel that we
should attermpt fo Ly Lo go back to the Myrtle
gystem of direc. overbeard dump through the
waste managemert system. I feel now that we
probably could utilize the systemr and make it

a simpler wasto manzgement systemn.

ORI iy



96

5.7 Telecommunications

5.7.2 Individual Audio Center Controls

Lcme comments concerning the audio center con-
trels for the command module pilot dn lift-off
are warranted here. Essentially we had the
problem of nct being able to get to the audio
center once the center man is strapped in.
Consequently, our final technique congisted of
being on intercom and press-to=talk during the
reriod when the backup IMP was in the spacecraft,
and prior to his egressing, he pushed the inter-
com system to press-to-talk only. For the CMP
the S-band was turned way down. The volume on
the S-band was turned way down and the CMP had
VEF only with press-to-talk on intercom. This
worked gquite well for the launch phase and pre-

sented no problems.,

5.7.4 Operation of S~band hLigh Gain Antenna

ANDERGS

We recommend the same technique for use in the

future. The 3-band high gain antenna worked

much better than expected.

]
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5.7.5 Antenna Pointing Angles
The manual tracking was very easy and lockon
using DSKY suggested pitch and yaw worked quite
well. The auto mode performed as expected, but
the re-acq mode did not. Re-sacqg was used on
geveral occasions, and it was found that the
antenna would continue to attempt to track the
earth even though the one-way lock had been
broken and the antenna was up against a mechan-
ical stop. The antenna was allowed to ride
against the mechanical stop for one complete
revolution of PTC. The antenna on its own
followed the earth as best it could through the
spacecraft and reacquired back on the other
side without ever going to the re-acq positions
on the reostats. Tracking and — lockon and
narrow heam widﬁh on geveral occasions reguired
assistance by going to medium to get the fine
pointing and then back to narrow, but if left

there it woculd eventually home in on the target.
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5.7.6 S-band
The television camera functioned properly and
all modes in which it was used, with the excep-
tion that premission planning had not included
the proper filters for either the high-gain or
wide angle lenses when viewing out the window.
This problem was circumvented in flight by taping
fi1lters designed for the Hasselblad onto the
lenses of the television. I recommend strongly
thet future flights be sure that they have
either proper filter for the television or some
system so that you can insure the proper light

levels into the TV.

ANDERS Another problem with the television was that we
had either a bugeye or a very high power lens.
There was no ncrmal lens that would give you
eyeball views of the items that were being tele-
vised. We need some sort of a sight on the
television camera for better aiming. Also we
should work ocut a system prior to launch with
the ground control so that the crew can properly
maneuver the camera with respect to the receivers

on the ground. We had some difficulty when they

ST



5.7T.7 Tape Recorder

ANDERS

AP HAT 99

sald that the image was up tc the right - whether
To move the camera up Lo Tthe rignt cor down to

tle left - and we ought to wors thkis cut prior to

The tape recorder, the [ .2 was used during the
initiaZ Zunar crbits az a data recording device
ir arn zttermpt to record the consideraclie guantity
c? photogravhic and observation data. The ground
gave uz a KC/GC on the low bit rate volce; there-
Tore, nce further attempt wss made to record data
at low bit rate. The recorder was turned on in
Tow bit rate at 205 to rocord systors values.

Tt was lster founad and advised from the ground,
el the return leg cof the "light, that acitually
the low ©it rate voice during these and cther
times was of sulficient gquality “or comprehensicn,
but that the problem was on the grournd playback
between Madrid and MCC-E. It 1s strongly urged
that some method of determining veice guality,
real time for each rev, be worked out for the
arcund, An effort was mede to aveid power ampli-

o

fler switching in order to preciude failures that
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ANDERS

have boen experienced proflight in this mode,

“he backup COMM cheex was conducied con the mest
poweriul power amplifier and the system was left
i z<kis configuration. Tilt-off was mnde cn the
rzast powerlful traznsponder und switched to the
rast powerful one in croit and that cornfiguration
warn maintained througn the flight. The conly time
The power amplificr was switched was pricr to
CH/8M 3FE? where the primary gower amplifier was

put Into low.

Corcerring the 8-band anternsz seleoctor switceh,
ry only cormment i1s that T fec> fthat we zhould
give Lhe ground the cavability of zelecting any
one of the four S-band CMNI znternas. 'Thils way
the ground can maintaln condirucus communication

with the spacecraft without thne necessity cf the

erew naving to switch antennas.

S-bard antenna tuning capability was reasonably
easy to accomplisnh, tubt for Tuture spacccraft,
sorme offori should be made Lo make the yaw peint-
ing indicator more meznirgful with spacecraft

adirection.
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BORMAN In comparing USB and VHF upvoice quality, the
VHF wag good and the S-band was good. The VHF
faded quite rapidly, but we expected that. The
other item that we should mention here on the
S-band iz the fact that the breaking lock did
cause a8 noise in the headset. This was not
part%pularly objecticnable, particularly on the
translunar flights, because MCC always gave us
& warning when they were going to break lock and
switch antennas. Also, it is a very accurate
indication that you are locked on. When you
hear the noise, you know that you have broken
lock, and it gives you a clue to start looking
for the reasons. I don't believe that we need
to put an S-band squeleh on the spacecraft. I
don't feel that the tape recorder situation
where we are putting veice comments from crew
log-type datse on the tape recorder and then
dumping it is resally an acceptable mode. We
should have a onboard tape capability that remains
with the spacecraft, similar to the one we had
in Gemini but with a better tape recorder than

we had in Geminil.

Sl DNl
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5.7T.11 Voice Recorder Indicator

There 1s undue concern and urdue commert back

and forth about who has the tape reccrder and
wnether it's been rewound and the positicn of

the tape recorder and sc on, I firmly recommend
that future spacecra®™t have onboard Lape record-
ers where the crey can reccrd the items that thoy

wart to much the same as they would lcp Lhen in

a lLog.

5.6 Miscellaneous Systems, G70's and GFE

5.8.1 Cabin Lighting

Minority opinion on the cabir lighting is thas
during phases of the missicn when the spacecraft
should be darkened %o assist other crewrmen in
their functicns, the [M? or checklist reeder
needs some kind of a small maplight, possibly

ore that cculd plug inte the power switeh and be
fastensd to one c¢f the mirrer mounta. Alsoc, it's
difficult for the LMP Lo use a checkliszt thas is

orientated to elapsed time, since he haz no

elapse timer that he can see.

ST



a4 103
5.8.2 Clocks

£.8.3 Event Timers and Controls
The event timers and control worked fine. The

accelercmeter worked great.

5.8.5 FElectrical Cables and Adapters
The umbilical cables are really massive and
they tend to horse you arcund. The Y adapter
failed with an open COMM circuitry for the CMP.
I realize that there is nothing that we can do
about this for the rest of Apollo, but there
certainly should be some effort to avoid this
type of situation on future spacecraft. That
umbilical must be at least a 1/2 inch in dismeter.
The Y adapter is g grotesque thing that could

be used better as a blackjack, it's so heavy.

LOVELL The line that went down to the Y adapter from
the helmet was overly long. It bunched up and
Just got in the way of everything during move-

ments in the spacecraft.

5.8.6 Crew Compartment Configuration
BORMAN We thought there was ample storage provisions

and that the spacecraft was well suited to the

AT Dinhiivinly
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5.8.7 Mirrors

ANDERS

5.6.8 COAS

BORMAN

5.8.9 C(lothing

o

storage regquired for a lanar missieon.

The small chufte observaticr mirror cn the LMP
side of the spacecraft wero esserntially werth-
less. Weight there mignt well bes invested in

a mepllight.

The CCAE wcrked prorerly. OF course In this
?light it had little function other ~har ground
tracking around the moon but it was a very
acceptable positicn. It stcwed well gt launch.
The lamp successfully survived tne Zaunch vibra-

ticn.

I believe all of us tacught the PGA was wccopt-
able a= is for missionsz Involving zZVA. I
recormend that on mizsionrns in wiaica no EVA is

rlanned and the svececraft has successiully ocom-

]

pleted an altitude chamber, that FGA's nct be

¥

worn. One problem that's been a continual cne
in the constant wear garments is that in meas-

uring them it seems that they never take inio
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account the bulk added by the blomead harness.

Conseguently, *the walsl reasurementis are always

il

rall. I noticed this or ry flight one even
tnoagh we had mentlioned this to the poople when

they were measuring u: for them.

D
I
by
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T
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With respect to the biomed , Sihe ampli-

fler asscmbiy leads ccming cut of the bottom

c? the pack 1t rigat over tne zroteh srea and

are most lanconveniernt wiaern yod uwrinate.

The cecnstant wear gurmert and leong underwear
fit fine. They were fancticrnal except for the
fact that the trap door 7 bowel movements was
not large encugh. In order to rake a large
eannuga asres, [ had tc rip mine cornsiderably in
order %o get the Tecal collection device on.
Cne other item that T roticed was = considerable
fraying on my left tcotie. The fraying was sc
tad that I removed boith my bootits snd placed
them in the temporary siowage bag tc keep
frayed material from filling the =pacecraft.
Lovell's sheulder corn his flight coveralls was
quite badly frayed. The iighitweight headsets

were completely unsatisfactory. Due tc problems

* AN ivivs



with the new lightweight headsets, we had to

?ly the older lightweight headsets. They were

[

o unsatisfactory that afier one short trial
they were never worn during the flight. We

wore the Oroopy helmets. A groblem with the
Zncopy helmet is that thke sweat bands orn the

Jorchead sre sewn so there s a seam con egach

sice of the forehead. + resulted ir lacera-
ticns and very uncomfeortapiec fi4ting after 3

or 4 days. This needs to be corrected belore
the next flight., The ligntweight neadset did
not fit our heads very well. The weight and
the stiffness of the Y sdapter made it wvery

difficult to keep the lightweight headset on

your head.

ANDEES Adso, with the weight of the amplifier assem-
2lies on the lightweight headsets, there was
sufficient inertis that sny reasonably quick
head movement would leave the headset in one
vlace and the kead in arother. The positicning
¢? the ear tube and the mouth piece was more

diffieult than it ought to have Tteern.
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Tre urine ccllection device worked adequately
Tor this mission and 1 don't recommend that
you change it for operational Apollo fiights.
1t's cbvicus to me tnat it's completely unac-
ceptable for long Suration flights. The cun-
drums bhecome extremely messy and dirty and it's
ifficult te clean them. A terrible cdor per-
rlates the entire device, and I certainly
recomrend that we devise some better methed of
collecting urine. I was taiking there about
the wrine ccllecticn device in the spacecraft
rather than the UCD which is worn under this
pressure suit. FHowever, with the UCH I had
the same pretlem that was mertiored esrlier
where on the morning of lzunch, the cundrum on
my LCD was too large, although I was assured
that it was the.same size I had been wearing.
wWe changed it, and it remained too large, and
as o result, I urinanted all over ry suit.
liogw ancother item cn the UCD. If you are lucky
erough tc fill the UCL, and thken, ir the normal
sequence of events you get out of the suit
prior to being able to dump the UCD, you have

ne method cn board for dumping it, unless ycu

LR
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unstow the suit, plug it back in thrcugh the
adapter, and the suit leg, and then dump over-
boerd. This i1s exactly what we had to de.

It's recommended that the crews in the future
carry a fitting that will cornect to the UCD
hose and then mate with the overboard dump sys-
temm of the spacecratt so that the UCD's can

te dumped withcut using the suits. Alsc, the
cundrums on koard were old; they stuck together,
they were difficult tc unpeel; and most of the
ones that I loocked at were extra large and were

not usable.

5.8.10 PGA Deonning and Dofing

5.8.12

Crew Couches

The PGA's were never donned ard doffing was
gccomplished with no problem. We have already
covered the L-shaped bag and it was an effec-

tive means for storing the PGA.

I theught they were very functional. They
operated without difficulty. They moved easily:
in zero g. They were adequate, very good for

the G forces, both in launch and entry.

SOOI



LOVELL

5.8.13 Eestraints

BORMAN
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Trhere were cases though of the armalon on the
couches beginning to rip after a T-day flight,
and this again is a ccntinuing problem. All

taree couches had evidence of armalon tearing.

The rubber restraints for the heads that were
provided worked fine with the exception that

the CMP's restralint ripved and had to be tapec

in place.

Crewman restraining harness worked fine; its
rather stiff, but it seemed to work properly
without any great difficulty. The hand straps
in the spacecraft are fine even thcough there
had been scme discussion abcut deleting them.
I recommend that all the straps be left as is
in the spacecraft. The heel restraints were
very satisfactory, and heid the feet in place
very well for entry. The booties with the
Velcro on the bottom of them for use during
the flight were really rct a great deal of
help. We already mentiocned this, one of them
frayed, and the Velcroc was reaily not effective

in maintaining positicn.

A o mieaan
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LOVELL The best method to work with the optics in the
LEER is to lower the center couch to a horizontal
position, then strap yourself loosely into the
seat in a sitting position, Then you can work
the entire optics with no problem and also
all of the food preparation because you are

right next to the water supply system.
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5.8.14 Flight Data ¥ile

LOVELL

Flight data file for cur missicn worked well.

Cne of the items thaet we thought was particularly
important for the entry was that each crewmember
nave an erntry checklist; although we had not
planned tc do this, we did have i1 and it was
very effective in speeding up the entry timeline.
Arctner thing that all crewmembers =zgree on is
that launch through TLI checklist that was flight
rlan oriented seemed tc work quite well and did
not require a vreaking cof the light plan, but
took us all the way through 5-IVE evasive maneu-
ver without a problem.

My only comments concerning the flight plan is
the fact that when we finally got our onbeoard
flight plan together, they were of sufficient
size where I thought that we could ccmbine both
lunar orbit cperations and “ranslunar arnd trans-
earth intc one Ilight plen., Ir future work, I
thirk that tkis will probabliy wecome more impor-
tant. Mincrity report — scme corments about

the star charts: I fel® that the charts that we

had developed the mcon ard the earth positicning

SR
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o worked oul guite well. I compared them with
vhe flight vlan as far =5 what stars to use for
rav sightirgs. We used Aldrin's chart a little
pit, concerning the 9C-degree sunline for PTC,
buat mainly we used it crly as a comparisor of
wnat the ground gave us for PTC attitudes, but
it turned out to coincide with what the ground
gave us. 1 used, basiceally, Tor star chart -
for lighting dewn in the LEB, lighting control,
tne twe black star charts, b&t they are nominal
ores, the ones we've had before, but they turred
gut to be harder to put on the lights than we
4id in the simulator and, corsequently, they
ended up fleating up ir the tunnel most of the
time and this particular procedure didrn't work
out tce well. I used, fust briefly, the lunar
crzit star chart that nad teen develcred with
the lunar equator and 1t, again, was very ade-

quate for the reed.

“ne systems book and malfunction book were
excellently prepared by many pecple. Fortunately,

we Aidn't nave to use them.

el i
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5.8.15 In-Flight Tool Set
BORMAN The inflight tool set furctioned properly and

seemed adequate for our flight.

.8.16 Food

1

The food: I think by and large, although we
agree that the foocd is acceptable for the rest
of the operational Apcliic flights, we feel that
there has to be & defirite improvement in the
food for the long-duration missions. By and
large, the bite size items were not eaten, the
rehydratables take toc much time to rehydrate,
all of them taste the same exceplt for the sirong-
er items like the fish meal. They seemed to all
adopt the taste of the wrapping they are in.
They were, in my crirnior, very unappetitizing.
The one item that I thought was particularly
good was the turkey that we had on board for
Christmes that was evidently an Air Force func-
ticn - that was chunk turkey chunks that were
eaten witn a spoon. This was very good; there
was no problem as far as rehydrating and it
tasted great. It's probably a good idea to

inelude a spare packege of fruit juices and
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drinzs. The grape punch was good and some

other drinks that are little different so that -
the grapefruit drink was good - so that you end
up with a more consumable drinks that could be
used at any time during the day rather than

Just at a mealtime. We did that by raiding

the extra food we had cnboard and taking the

drinks out of 1t.

5.8.17 Personal Eygiene FZguipment
'ne personal hygiene eguipment: we already
discussed the fact that the urine collection
device really 1s unacceptable for long duration
fligkts, and although it will be, of course,
it's operaticnally feasible for the Apcllo
flight. The fecal collecticn system, again,
1s unacceptable for the long duration flights.
I thirk, prcbably other than worrying about
analyzing thke hormones in a 25-hour postflight
urine sample, the people inveclved with the
urine cught tc be figuring out a better way to

get rid of it 1n flight.

LCVELL One rore item on the perscnal hygiene eguipment:

the little wipes that we get in the food

g =
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packages to cleer up with nas the lousiest
otor, and it seems %o me thalt we could pat =

little pleasant odor In with them to make it

mocre paiatable when zlsansing curselves.

ANDERS The valve nomenclature cn the UCTA also is
rather peoor and Is scrt of a 5C-50 operaticn
as to which way the wvulve ought to be, and at
one time the valve was malpositicned and the
condrum was sucked in and z slight hole was
punched In the side of the condrum with the
Zittle veinted heud of the yellow valve inside
the UCTA and this created some confusion and

disconsternation Irn the cockplit.

BORMAN 411 in all, the personal hygiene equipment, in

my opinion, is sutstandard and unsatisfactory.

5.8.18 In-Flight Fxerciser
LCVELL In generzal, the inflight exerciser worked as
we expected it tc. We did feel that the overall
lengtk cof the lines was long, suach that I ended
up grasping the cylinder of the device to sheorten
the distance between the end of my leg and my

arms to get btetter operztion of it. Other than

SOk
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5.8.21 Data Collection

BORMAN

ANDERS

that, though, it worked as we expected it

to.

The data collection: It would be good to have
an onboard tape recorder that was fed with tapes
o board and could be used as a log and would
be far better. Even if we had to use a separate
microphone to transmit inte it rather than put-
ting it into the spacecraft system, it would

be very useful tc have a small tape recorder

on board.

The problem with the DSE is that the wvoice
quality is coupled with the telemetry bit rate
required. An individual tape recorder without
this coupling would be much easier to use by

the crew. There is not really any great require-
ment for real-time read-out of recorded data,

and I think it's felt by all hands that recorded
data is important, and it was & real pain in

the neck to try to cycle in with telemetry

requirements.

R,
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5.8.22 Thermal Control c? Spacecraft

BORMAN

5,8.23 Medical Ki%

rhermal control of the spacecraft has already
ceen discussed. I guess we should mention again
that the spacecraft remiined cool and comfertable
during entry even though the cabin fans were

not on and there was ro extended heat cold soszk

cprovided.

The medical kit seemed to be adeguate for this
rission. I want to talz asbout the Seconal. I'm
convinced that, even thoush I tried it out cn
<he ground and I got a rot too unacceptable
rezction ‘rom the Seconal, I'm convinced that
tnis 1s what made me nauscous earlier in the
fligkt. I tried it szgrin later with a hall a
dose and got nauseous again. Now, BiLll Anders
usei the Seconal gquite effectively for inducing
s_eep, and it may be that ve will want to carry
some of this in the future, but it seems to me
that we ought to make sure, pernaps with a more
extensive evaluaticn of the pilis, before com—

mitting the crew to use them.

)
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5.8.24 Camera Equipment

BORMAN

ANDERS

The 100-milligram Secconal was the one that

caused the problems.

Our camera eguipment: we will let Bill Anders
comment mostly on the camera equipment. I

would like to say one thing. The film magazines
required some manual manipulation before we

could get the cameras to initiate each time we
brought them out. Now I've discussed this with
the camera people, and they feel that it is a
vibration during launch that causes the magazines
tu back off. I do think that we would be Dbetter
off exposing one or two shots on the ground prior
tc loading the thing, so when you grab a camera
in the alr, you don't have to fool around and
manually manipulste the magazine in order to

get it to start.

I've already commented on the marking of film
magazines, but one general comment I think for
possible future flights is that the Hasselblad
cameras and the data acquisition cameras

seem to be most adequate for what we are using

them for now. I think that they are toc nolsy

W NATNTIISEENET
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and some work should be done either to make
them guieter or to look 2% a new camera, because
there is some inhibiting of photographs during
crevw rest periods in order to avoid awakening

other crewmen.

Another item along the camera: in reality, it's
aimost ridiculous - ludricrous that we're using
a camera without a Iight compernsation on it.

The faci that we have tc use & spoimeter io
determine a light setting, and then go to a
camera - you have missed the photograph mest of
the time. It seeuns to me that with aill the other
things that we can develop, such as a communica-
tions system that operated a lunar distances and
a TV that can transmit from there, we ought to
have a hand-held camera that doesn't require
marusl manipulation cf the light settings. I
think that it is absclutely ridiculous that we
are stuck with this type of situation, and I
strongly urge that KASA go cut on & contract or
scrething and get it out of the personal know-
ledge business. Everybody that has ever taken

a& picture seems tc he a camera expert, and I
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think we ought go out with some knowledgeable
people and develop a camera that all you have

to do is point and click.

Also, with reference to filters for the camera,
the polarizing filter, if it's goling to be used
again, it ought to have detents and much better
marking in order to bhe abkle to tell exactly

what position it's in. Also, the red and blue
filters tended to fall off the camera at regu-
lar intervals. The following will be some
general comments on photography from the photo
log. 1 feel very strongly that the film maga-
zines should have super obvious coating to pre-
clude even the slightest possibility of hecoming
confused as to which magazine is on and which

f stop to use. I suggest something like having
2ll color film magazines of Some particular ASA,
all one color on the outside and black and white,
possibly black and white striped, something even
mdre obvious than the tsags presently on the
magazines, Mistakes were made at least two or
three times on this flight at the expense of &

good number of nice targets, and probably the

Mt
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same riistake will be made again, sc it might

be worth the trouble. Alsc, the film codes on
the magazires were rnct completely standardized
with the data carried in the M2 log. Inventory
coding, et cetera, was slightly different, and
it's suggested that a simplified code be estab-
lished for all films and used throughout the
flight for onboard data and magazine marking.
Another area of concerrn is the use of calibra-
tion strips at the end of the availakle film in
a magazine. The magazines without the cal strips
have an autcmatic stop feature that will alert
the crew that the magazine is empty or depleted.
Wwith the cal strip on, there were some 30 expo-
sures at the end of twec magazines which had the
net effect of (1) decreasing number of exposures
avallable and (2j ruaining the cal strips when
the intervelometer actuated the camera right
cver the top of them. I think that a much
better method could be thought of in this area.
Alsc, the Velcro available at the IMP's side of
the spacecraft is inadeguate to adeguately handle
the photographic tasks of this nature. More

Velero should be added in the area where the gas
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ara_yzer used tc ve lccated, arnd the camersa

ghould T

(T

inspected to see 17 the Velerc patches
that are in existence now are actuially usable.
FYor instance, camers number 1 has Velerc neor
the automatic sctuation plug which rakes the
Yelero patch unusable since the plug will aot
allow the camera to be put fliush on any mating
Veleoro surface. T would alszo 1like 1o reiterate

that, in oy cpinicon, It is irpessible to make

o

kzndwritten logs of targots tazken at the raze
which they become svailable cn the macn. There-
fecre, a grezt effort should be made o irnsure

that the ground canr play back snd cvaluate the
onvogrd reccordea data =g soon as possitle in
order tc advise the crew If tne guality 1is
satisfactory for data reccrding. Tt is my under-
standing on this flight tnat the datsn actually was

available tut = HO-GO was giver on the DIE due

i

tc scme ground confusion, snd therefore, scae
amount of photograpnic detz and pessible geologie
commenteary wes not atterzted. With respect Lo
cther targets suggested 1r the photo plan, no

dim light pheromena was cbserved or photograrhed,

except a possible cloud noted during

@O e
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Rev 10 just prior to TLI. A star map was made
from memory and this clcud noted for possible
correlation. Cameras were stowed; tnerefore,
photograpny was not possitle. Aurora: ezsrth
was studied through the binceculars at various
ranges in an attempt To see if any aurora was
vigible. The brightness of tke spacecraft
atmosphere, coupled with the earth's brightness,
made this ghenomena virtually, in my opinion,
impossible to see. Camera callbration: due

to the use of all the high-speed film in lunar
orvit, there was nc film for the camera calibra-
tion. It could be said that there were consid-
erable ice particles breaking off the vent lines
continmuously from the spacecraft, in that during
water and urine water dumps the stars are cbscured
oy the reflected light from the frozen fluid.

I would like to state that the photo targets
indicated on the map were ambitious, but I don't
think necessary overly so, had the crew been
sufficiently rested prior fto lunar orbit irser-
tiorn. The map information was well done, and

I would like to congratulate those people who

prepared the data and codified it and the way



Lnes they 2id. As & master of Tzcw, the tar-
gets were actually accomrplished In about nall
the time that was origirslly articivated scuth
¢l the trmck and unforturats’y the copoortunity
north of the track 4id rnet exist due to crew
rost considerations. The method of using the
prime meridian, so-called, pluzs delts time {rom
te determire positicns wasn't
quite satisfactory for the photesraphic task
and made piloting much ezslier than 14 might

have been from landmarik resopgnition.
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Zarth Orbit
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6.0 VISUAL SIGHTINGS

In earth crbit, the only manmade objects that we
saw were tne 3-IVBE and the panels. The panels
were jettisoned off the S~-IVB and as we mentioned
earlier, they went in a retrograde motion. The
only time we saw the 35-IVB was after TLI. We
were able to see it for some time after it had
completed its slingshot maneuver. The geocgraph-
ical landmarks, cloud covering, and horizons
were no different on the earth orbit of this
flight than on any other of the earth orbital
missions. One thing I think is very important
as far as land marks go is that is probably un-
realistic to expect any particular success with

star leandmark sightings in earth orbit.

We did an IMU realinement in earth orbit during
lececal horizorntal mode of the S-IVB, and this
presented no preoblems. It was there, though,
that we jettisoned the covers for the optics and
got quite a bit of debris that floated around and

cbsured some of the scanning telescope view.

ORI, .
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To repeat sorme ccrments thst were
lunar flight in the navigsticn phase, the
greatest problem we had wag the Immediste nav-

igation sightings. Thnis was affected by sever—

zl things: (1} Clcse aboari the earta, the
norizon 1s indistinect. Tt requires more
obzervation to get a good definiticn of where
Ze pat the star. (2} We were still in the

vicinity of the verting 5-2V3, and 1v puts out

z tremerdous armount of particles whick sre all

illurinated by the sun znd vrevent recognizing
the stars cr the constellations tc ldentifTy
stars. As you get farther on cus belween earth
and moon, the stars become more visible, depend-
ing on the attitude of the gpacecraft, and the
earth beccries more like a mocn as far as dre-—

venting sightings of slars.

>

ADERS Tre only manmade ctjiccts oboerved trarslunar

arid Junar orbit and transearth were the urine

dump ice partizles.

6.5 Lunar Orbvit

o

T

o]

LOVELL one commen®t con using the lunar horizon

PO R—
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cislunar: shortly after departure, the horizon
is quite irregular due to the crators and the
crests that are on the horizon, and it presents
a little problem of exactly where to put the
star. In observing landmarks from the lunar
surface in lunar orbit, we found no difficulty
in the area of the landing site. The onboard
charts, maps, and photographs presented clearly
the initial points that we were to see; they
were very distinct and easy to recognize. The
speed across the terrzin was such that we could
track very easily, and our landing site area
that has been designated was easy to spot; that
was Bl. On the back side of the moon, our
charts and our photographs were less accurate
mainly because of the height of Lunar Orbiter
in getting the photographs. It was a case of
having to try to match the photographs with
what we were seeing out the window. Alsc,
spacecraft attitude had some affect of which
way the terrain was passing below us, and we
had a more difficult time determining our actual
position. The terminator did help. It is more

difficult to spot things on the back side
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because of the sameness of the back side =as
compared to the front side. We don't have any
very prominent features on the tack side that

allows us easier tracking.
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T.C PREMISSICN PLANNING

Premisssion planning the mission plan: one of
the beauties of thils mission was the fact that

most of the mission plan was decided on

August 19 in about 3 hours, and it didn't wvary

greatly from that time. When you plan and fly

a2 mission in 4 months, you don't run across the
optimization changes that are inherent in most

long drawn-cut mission plans.

I thought that the mission plan was a good one
and it was not changed. We had a series of
meetings, the data pricrity meetings, and pro-
cedures board meetings, which lead to developing
the means for flying the mission, and by and
large, I thought they were all very successful
and, certainly, the mission plan was an entire-

ly feasible and an operational one,

The flight plan was again developed, of course,
with the normal changes that come in any flight
plan; however, basically, the tenets of the

flight plan did not vary. However, I would
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like to point out that in one area I think we
were too asmbitious, and this was the flight plan
involving cperations in lunar orbit. We really
¢id not allow enough time for rest; there were
too many detailed photo objectives put in re-
quiring too many changes of film, too much re-
cecrding. By and large, I think that this phase

of the flight plan was too ambitious.

I think one of the areas in the flight plan that
can be utilized for future planning is to re-
evaluate our work/rest cycles, especially trans-
lunar, in regards to the hesvy workload that is
going to face the crew in lunar orbit to accom-
plish the nominal Apollo IM landing-type of a
flight plan. We ought to lock at minimizing
workleads, too, to keep up the sleep of the

crews, and to make this possible in lureaer orbit.

One of the difficulties with the plan arcund the
earth, was the complicated and in my opinion,
unworkable photo plan we had — I mean, pardon
me, around the moon. We got up there and actu-
ally, at some times, avoided cr 2id not negiect,

but did not take photographs of interesting

.,
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objects because they were not included in the
photo plan. In all reality, when you are ex-
ploring or looking at a new area, it seems to
me that we should have just taken as many pic-
tures as possible and then brought them back for
people to evaluate rather than go after specific
items and hence overlook or neglect to take
pictures of items that were interesting in real
time. The photo plan was complicated; the
changes of films required in just taking one
picture from the next, the magazine changes,

and so on, and then trying to log it with a
manual procedure rather than having a good on-
board tape setup, in my opinion, were overly
ambitious and although there was an awful lot

of work dene on it, I think that we probably
would have been better off Jjust to go up and
take as many pictures as possible. In the
funnel, another item that bothered us, of course,
in conducting the photography around the moon
was the frosting on three of the windows. This
has already been noted and this hindered great-
ly, and I'm sure it will degrade from the photos

that were taken through those windows.
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T.3 BSpacecraft Changes

BORMAN

Biil Anders has already menticned that he filed
a minority report on the yhoto pian and, cer-
tainly, there was a lot of premission planning
that went into that and - lot of nard work.

I'm sure that the photos we got will be worth-

while.

Tl spacecraft changes, again, were a result

of flying a mission in relatively short tine;

I really liked the way thie crneorated. We had
cbout two or three meetines where we declded
what we needed to change on the spacecraft.

The decisions were made and kept, things like
we put a new SPS engine in, we made some changes
to provide an alternate means for dumping waste
water that we did not need to use; vut all the
basic decisions to prepare 103 for a lunar mis-
sion were made in about three meetings with

Mr. Low and Mr. Slaytcon and then down at the
Cape with Mr. Petrone. So, I must say that the
management system operated very effectively
along those lines. Every significant change
that was requirea for the lunar mission was

made, and it was done swifEﬁp. In other words,



7.4 Mission Rules

GG, - 133

the normal procedures for soliciting changes

were bypassed in this case.

Mission rules: T thought that they were evolved
very well; we had no haggling nor formal kiiches
about the mission or complaints about the mis-
sion rules, and we didn't even have any heated
emotional discussions. The FOD was very easy to
work with, and I ended up being completely
satisfied with the mission rules. Bill Anders
did most of the work as far as the systems GO/
W0-GO decisions and, of course, since we didn't
have to evoke any of the mission rules, we

don't really know whether they are good ones

or bad ones, but certainly they did not require
a lot of time. T think they were all coordinat-
ed and agreed on in 2 daylong sessions, Bill
peints out they were agreed to in 2 daylong
sessions, but they were evolved over a periocd

of 2 months.

|
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€. MISSION CONTROL

8.1 GO/NO-GO's

Vission Control, GO/NO=GO's: Everything down

there was nominal and Jjust the way we'd planned.

.3 Consumables

Oxygen, electrical power, RCS fuel and EPS fuel,
ai course, were no concern in this flight. They
rlotted out very well., We devizied from the
flight plan mainly for crew rest provisicons,

Tt was cktvious the last three revs in iunar
orbit thet we were getting behind the power
erale, and sc we completely eliminated the
activities planned for the last three revs,

The real-time scheduling, again, involved moest-
ly the crew rest/work cycle; the burden of
keeping one man awake at a3l times to mcritor
the PTC mode made ug aware of the fact that it's
probably better to use shorter sleep cycles

than we had evolved and, consequently, what

it really amounted tc in the real time was that
any time a person wasn't needed tc perform a
duty, he was asleep, and this was the way it

worked out, varticularly on the transearth portion,
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G.C TRAINIKG

The M5 was our primary lraining device. Iz
was used extensively L1n thlis missicon, particu-
lerly with Zarge doszes of It in the last

2 morths., We nad scmoe derarture from rnormal
procedure in that we spent mueh !ess time with
the spacecraft, WwWo didn't even see the space-
craft in the factory, ara the on.y things that
we did at the Cape that interfaced with the
spacecraft were the mandetory checks. Eo cur
primary tralining device was the CMS. In gen-

eral, the CHM3 worked well, considering the time
tnet they had to get it ready Tor the flight
and the change in the flight. The visual was

o problem throughout most of our treining cycle
but, nevertheliess, the CWM3 was adeguate for
vroviding the preoper training. The instructors
here in Houston and st the Cape were good. 1
thought tnat the CME wes the primary ftrairing

cevice we nad.

We snould peint out that when the visual was

working, it was wvery accurate. Now we were

EOMEBAALAL"
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ccnecerned ore time in the CMS when, during
entry, we savw g2 meon come ~hrough the window,
ard we didn't understand how that could bpe,
But, lo and behold, furtner studies showed

Fad

Tney were right, and it was confirmed on

actual reentry beczuse thers came the moon.

As was expected, CMS trainiing with regards to
cisiunar navigation was fair. When the sex-
tant cpties were working, we were able to
develcp techniques that were required in
fiight. The CME *traininsg for landmark track-
ing was essentially nonexistent, and we do nci
have ir existence any simulator that will give

us adequate landmark tracking at present,

Now the Zasunch simulations: the entry simula-
tions and neitwork sﬁmula:ion were all conducted
during the jast 3 weeks cf thne fraining cycie,
and they went fairly well., In Zociing back now
with a more unprejudiced eye, I think that tre
sirmulations worked very well, and they proved
themselves out in the flight. The Ilight went
Just the way the simulations went. NLow, one of

the problems that we did have were some comm
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CMS, between CMS and MCC-H. We alsc had some
timing problems with the CMS5 and MCC-H, but
these were, I think, the type of problems you
would expect in any operation. Although all
they resulted in was loss of training in some
instances, the overall effect of the simila-

tions was very beneficial,

The DCPS was particularly effective for launch
and abort trainings, and I think it represents
an accurate simulation of the Saturn I-C or
the Baturn V launch with the exception that
the noise level in the first 20 seconds of the
flight is not loud enough. Also, there were
some more chances - perhaps more transverse
oscillations noticed in flight than are appar-
ently scheduled in the DCPS. Going back to
integrated SIMS, I thought that the number of
SIMS was Just about adegquate for this mission.
Now it is obvious that when we have a rendez-
vous mission you are going to require more,
but for this mission, I thought we had done

about right.

=SOMEIDENTLA-e
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9.3 CMPS

.4 NR Evaluator

CRHDENTIAT

The CMPS was very valuable in the entry train-
ing. I thought the best part of the entry
training came on the CMFS, not only because of
the experience, but in talking with the people
like Will Hinton who had helped develop the
entry procedures. Now, one of the problems
with entry training on the EMS: the cathode
ray tube 1sg a kind of a marginal display and
we had a lot of difficulty in the initial
stages of getting the EMS up to snuff. However,
in the last 2 weeks of training, the EMS and
the CMS worked well with the handicaps that I
have already mentioned, of having to use ths
cathode ray tube. The best actual training
with an EMS was in the centrifuge where we had
a regular prototype unit and we were able to

train with a regular scroll.

The North American evaluator was only used for
this mission for entry simulations and, by and

large, from a training standpoint, it was

SOOI FITRAL,



9.5 Egress Training
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probably not worth the time going out there to

use it.

The egress training went well — the Gul?f
exercises one on time mockup egress. One com-
ment on the egress training at the Cape: it
cccurs early in the time we got to the Cape
and, actually, by the time we launched, the
training that we had had during the initial
phase was almost outdated., I think that per-
haps on future flights the egress training
should be included closer tc the actual launch
date. There is really no need for the egress
training unless you are going to enter the
spacecraft in a suit. Part of the reason they
had for naving us 4c¢ this training so early -
on our time at the Cape - is that we would be
in the spacecraft, and we needed to know how
to get out of it. But I really think that we
were a little bit too early on that. On this
egress training, I wasn't talking about the
mockup exercise; I was talking about the emer-
gency egress test that was run out at the

launch umbilical tower.
~ih
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9.6 {Centrifuge

3.7 Planetarium

ARttt ddbivan.

“he centrifuge was used In this flight for
entry simulations. I thought it was a worth-
while training device, &g I mentioned, it had
a prototype EM3 on it, and it was the best time
we had to use the scroll., I recommend that
anybody who 1s going to ve ilnvolved with super-
circular entries run some profiles on the
centrifuge. Now this doesn't mean you have go
over and run S50 1Z2g rrofiles, but you ougnt to
look at both ends cof the corrider, and since

it is a closed leoop simulation, you can manu-
ally control-fly the EMS to the splashdown

point.

We did nct use the planetarium for this par-
ticular flight and, provided the crews have an
adequate background of knowledge in the stars,

I don't think that you need to use it. However,
in my opinion, the single best return per hour
invested is in a planetarium if you don't have
a pasic knowledge of where the stars are.

However, we have been studying them for several

SCOTHD RN



9.8 MIT

LOVELL
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years now, and the star simulations in the CMS

were adeguate.

MIT was very cooperative and very effective in
providing training and sending people down to
help us in systems training at the last. DNow
there is some guestion about whether the LMP
in this case needed to participate in the
training, since he didn't have a G&N system to
work with., However, when Qe went to MIT

the first time, we still had an LM, Bill, and
then you would have needed to participate in
the G&N training. But for the one-vehicle-
type operation, ﬁe did specialize considerably
and it probably would have been better if we
didn't even bother taking the LMP to MIT. Whsat
I meant to say is we probably should not have
required the LMP to sit in on G&N briefings

+that were conducted here.

Brief comment concerning the two MIT trainers
which were utilized for this flight: the roof
trainer for tracking was okay for some basic

lock-see's at stars, but the area being
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9.9 Systems Briefing:s

BORMAN

g

problems with Boston - the center of Boston -
made sight observations, at best, nzphazard. I
think that we can simulate the same thing bac
here in Texas. As a matter of fact, T suggesh
strongly that we get an optics system in some
2lear area where we can train peocrle to actu-
ally view the stars Lhrougih the optics as they

will see it in %wne spacecraft. This 13 one
arez that has been sort ¢f laexing irn cverail
training. The kybrid traziner up there was
utilized to do the last particlie of manual
maneuvering for system navigation, and it
appeared and turred cut toc be adeguate o give
the navigator some idea of spacecraft mctions,

gl

spacecraft-to-control and star motion for
determining <he substellsr points for raviga-

tion.

Systems briefing were czonducted adequateliy on
both Iaunch vekicles, Thne 5-IV3, and the space-

eraft, We found that the system utiiized to
set up these Triefings was adeguate and prompt.

The people were competent and were willing <o
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travel and do it at the spacecraft crew's con-
venience., HNothing but praise for the way all

these briefings were conducted.

As far as the IMF in this flight was concerned,
the North American briefings were good but a
littie too black-box oriented, and the FOD
briefings and study sessions were very superior.
i would urge all further crews to participate
as much as they could with the FOD Systems'
people in their briefings and alseo to try to
bring these people in, if they have time, into

CMS systems training prior to simulations.

The final systems briefing conducted with per-
sonnel from the Cape was very good. We pointed
out the little ancmalies and characteristiecs in
the simulator of actual spacecraft. One of the
ones I wasn't aware of which showed up which

we were worrying about ahead of time was the
motion of the GFI when the hand controller was
actuated with the TVC servo power switches off,
Just little items and characteristics of indi-
vidual systems that we had talked about, such

as which transponder was the most powerful



and little iterms lize that, wers very, very

valuanle.

.10 BSpacecraft Systems Tesus

Jow manned spacecraft systems test: as I

rointea out before, we nrcuscly spent less

X -

time in this spacecraft prisr to launcn than

zny other crew In ths sproe orogramn.  osee

notning wrong with conuliriaing this tyre of
approach in the Tubture, The suppoert crew ai-l
yeoman work and covered most of the Lasie; Lae
vrime crew participated oriy irn those tesis
considered mandatory such as CLOT, #ET, arnz
Lhen, of course, Thne launch z=nd the altltade
chamver. Thne backup crew, of coursc, partici-

pated in the same series of tests.

3.1l Moczups and Stowage Training Eguipment

Tne mockun and stowage training ecuipment were
adeguate., They were proviied wien we wanbezd
them. 32y and large, the =ralining eculzment,
although 1t was cruie sy Timez, zufllized, and
the meckup back here in liouston was well up o
Zate for our purpeses. The people that heiped

ag did an excellent joo. Fow we did rnot miss



9.15 Photo Tralining
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not having a mockup at the Cape. As s matter
of fact, with the DCPS being back here in
Houston and the regquirements to come back
periodically for data priority meetings, the

mockup here worked in very well.

Photography and camere training was adeguate,
Personnel inveolved were mest helpful, although
the one thing I noted was that the photo ops
plan seemed to be generally outdated with the
whatever plan was currently in vogue for pho-

tography.

9.16 Sextant Training Equipment

BORMAN

LOVELL

Okay. Bextant training equipment:

Well, I think sextant training eguipment has
already been discussed as equipment that we
had set up at MIT, and their space navigator
and the equipment in the CMS, and at the state
of the art we have in the CMS right now, it

was adequate. There are improvements that

could be made,
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9.17 General Support

BORMAN

SRR

One thing on the general support procedure,
data priority meetings, and so on: I think
that the data priority meetings, the procedure
board meetings, were very important. They
helped formulate the procedures to Tly this
flight and hopefully t¢ fly the rest of the
lunar flights. I do think it is important,
though, not to drag the whole six peopie on
both crews intoc these meetings. It seems to
be accomplished with representation of one
person cr one person from each crew. We did
this generally, and I think it worked out very
well., If you try to bring six pecple into
these formative meetings, you just waste an
awful lot of time, It's far better to send
one representative in and then distribute the
procedures and have the whole crew study the
procedures that they have evolved. Now, the
publications that come cut of data priority
meetings, I thought, were very helpful and

formed the background for flying the flight.

SR ¢
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9,18 Planning of Training and Training Program

The planning of the training snd the training
program, I felt, went real well. We used John
Van Bockley extensively on that, and he did an
excellent job. And as a matter of fact, from
the CDR stantpoint, I didn't even get involved
in most of the planning. We discussed with
him when and what we wanted, and he set it up
and then carried it through and did a fine job
of planning and coordinating the training
Program. This again is something that future
crews are going to have to get used to, that
they don't do all the business themselves, but

use the help that is available.
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BORMAX
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10.0 CONCLIDING COMMENTS

I believe we met all the missicn cbjectives.
“he crev did no negotiating on the nmedirzl
reguirements, We just amccepted the medlcal
rejguirements from the protocel listed and
signed off by the directorate, ard - Tteliiecve
that it is acceptable for the future fliights.
Cortainly, we would like tc see any of Lie
medical regquirements thas don't suand up be
ciiminated, Tui ir thae real worid, I have scme
dourot about whether thisz will ever happen. 1T
nope that as the flights progress the medical
reguirements will be eliminated. OJkay. The
PAD requirements, again, were only met tharoudgh
the crnes that determined by the directicrate,
and I thcught, by and larze, they were accept-
abile, I didn't feel they detracted frcm the
crew training at all. The participation by
John Stonesifer and Ben James abcard tne car-
rier was excellent. They were there; they
obvicusly had a good rapport with the crew of
the ship, and we were not subjected to any

sort of undue demands. Most of the time was
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cur cwn to sleep or dc what we wanited to do.
As far as the participation with tae crew,
thought it was done real well. COkay. Just
picking up odds and ends here, during the
initial part of the flight, tae CMP was man-
cuvering underneath the seats with his suit on
and inadvertently snagged = lifevest nflation
device znd one side of the _llevest inflaled,
We didn't dc anyvthing about it at the time,
but later on in the flight, we bled the 002

cut througn the urine dump system.

Une change in the checklist in that portion of
the flight: the first thing the CMF shourd do,
since he is the first one out and has to move
around, Is to take cff those lifevests which
we forgot volunterily. It wasn’'t until the

CMP pcpped his lifevest that it dawned or hinm
that that was the first thing he should have

done.






