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APOLIC 10: MAN'S NEAREST LUNAR APPROACH

Two Apollo 10 astronauts wilill descend to within eight
nautical miles of the Moon's surface, the clecsest man has

ever been to another celestial body.

A dress rehearsal for the first manned lunar landing,
Apollo 10 18 scheduled for launch May 18 at 12:49 p.m. EDT
from the Naticnal Aeronautics and Space Administration's

Kennedy Space Center, Fla,

The eight-day, lunar orbit mission will mark the first
time the complete Apollo spacecraft has operated around the

Moon and the second manned flight for the lunar module.

Pollowing closely the time line and trajectory to be
flown on Apollo 11, Apollo 10 will include an eight-hour
sequence of lunar module (IM) undocked activities during which
the commander and IM pilot will descend to within eight nautical
miles of the lunar surface and later rejoin the command/service

module (CSM) in a 60-nautical-mile circular orbit.

~-more -
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All aspects of Apollo 10 will dupllcate condltions of
the lunar landing mission as closely as possible--Sun angles
at Apollo Site 2, the out-and-back flight path to the Moon,
and the time line of mission events. Apollo 10 differs from
Apolle 11 in that no landing will be made on the Moon's sur-

face.

Apollo 10 1s designed to provide addltional operational
experlence for the crew; space vehlcle; and mission-support
facilities during a simulated lunar landing mission. Among
desired data points to be gained by Apollo 10 are IM systems
operations at lunar distances as well as overall mission
operational experlence., The IM was successfully checked-
cut in Earth orbit in Apollo 9, includling a rendezvous sequence

simulating lunar orbit rendezvous,

Space navigatlon experlence around the Moon 18 another
benefit to be gained from flying a rehearsal misslon before
making a lunar landing. More knowledge of the lunar potentlal,
or gravitational effect will provide additional reflnement of
Manned Space Flight Network tracking techniques, and broad
landmark tracking will bolster this knowledge.

-more-
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Analysis of last December's Apollo 8 lunar orbit mission
trackling has aided refinement of tracking and navigation tech-

niques and Apello 10 should reduce error margins still further,

Apollo 10 crewmen are Commander Thomas P, Stafford,
Command Moudle Pilot John W. Young and Lunar Module Pllot
Bugene A, Cernan, The mission will be the third space flight
for Stafford (Gemini 6 and 9) and Young (Gemini 3 and 10), and
the second for Cernan (Gemini 9). The three were recycled from
the Apollo 7 backup crew, The Apollo 10 backup crew is Com-
mander L, Gordon Cooper, Command Moudle Pilot Donn F. Elsele

and Lunar Module Pilot Edgar D, Mitchell,

Stafford is an Alr Force Colonel; Young and Cernan are

Navy Commanders.

If necessary, the backup crew can be substituted for
the prime crew up to about two weeks prlor to an Apollo launch.
During this period, the flight hardware and software, ground
hardware and software, flight crew and ground crews work as an
integrated team to perform ground simulations and other tests
of the upcoming mission. It 1s necessary that the flight crew
that will conduct the misslon take part in these activitiles,
which are not repeated for the beneflt of the backup crew, To
do so would add an additional costly two-week peri od to the pre-

launch schedule, which, for a lunar mission, would require

. rescheduling for the next lunar window,

-more-~
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The Apollo 10 rendezvous wlll be the fifth space
rendezvous 1in which Stafford has taken part--Gemini 7/6 and
the world'’s first rendezvous, and three types of rendezvous with

the augmented target docking adapter in Gemini 9.

The Apollo 10 mission time line can be described as
a combination of Apollo 8 and Apollo 9 in that it will be a
lunar orbit mission with a CSM-IM rendezvous. Apollo 8 was a
lunar orbit mission with the command/service module only, while
Apollo 9 was an Earth orbital mission with the complete Apollo

spacecraft and included a IM-active rendezvous with the CSM,

Apollo 10, after 1iftoff from Launch Complex 39B, will
begin the three-day voyage to the Moon about two and a half
hours after the spacecraft 1is inserted into a 1l00-nautical
mile circular Earth parking orblt. The Saturn V launch vehlcle
third stage will restart to inject Apollo 10 into a translunar
trajectory as the vehicle passes over Australia mid-way through

the second revelution of the Earth,

The "go" for translunar lnjection will follow a complete
checkout of the spacecraft's readiness to be committed for in-
jection., About an hour after translunar injection (TLI), the
command/service module will separate from the Saturn third
stage, turn around and dock with the lunar module nested in
the spacecraft LM adapter. Spring-loaded lunar module holddowns

wll]l be released to eject the docked sgpacecraft from the adapter.

-nore-
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Later, leftover liquld propellant in the Saturn third
stage willl be vented through the engine bell to place the stage
into a "slingshot" trajectory to miss the Moon and go into

solar orbit.

During the translunar cocast, Apollo 10 will be in the
so-called passive thermal conbtrol mode in which the space-
ceraft rotates slowly about one of its axes to stabllize thermal
response to solar heating. Four mldcourse correction maneuvers
are possible during translunar coast and will be planned in

real time to adjust the trajectory.

Apollo 10 will first be inserted into a 60«by-170-nautical
mile elliptical lunar orbit, which two revclutions later will
be cireularized to 60 nautical miles, Both lunar orblt inser-
tion buras (LOI) will be made when Apcllo 10 is behind the Moon

out of "sight" of Manned Space Flight Network stations.

Stafford and Cernan will man the IM for systems checkout
and preparatlions for an elght-and-a-half hour sequence that
duplicates--~except for an actual landing--the maneuvers planned
for Apollo 11, The IM twice will sweep within 50,000 feet of
Apollo Landing Site 2, one of the prime targets for the Apollo

11 landing.

-more-
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Maximum separation between the IM and the CSM during
the rendezvous sequence will be about 350 miles and will
provide an extensive checkout of the LM rendezvous radar as
well as of the backup VHF ranging device aboard the CSM, flown
for the first time on Apollo 10,

when the IM ascent stage has docked with the CSM and
the two crewmen have tranaferred back to the CSM, the IM will
be Jjettisoned for a ground command ascent engine burn to pro-
pellant depletion which will place the IM ascent stage into

solar oribt.

The crew of Apolle 10 will spend the remainder of the
time in lunar oribt conducting lunar navigational tasks and
photographing Apollc landing sites that are within camera range
of Apollo 10's ground track.

The transearth injection burn will be made behind the
Moon after 61.5 hours in lunar orbit. During the 54-hour
transearth coast, Apollo 10 again will control solar heat
loads by using the passive thermal control "barbecue" tech-
nique. Three transearth mlidcourse corrections are posslble
and will be planned in real time to adjust the Earth entry

corridor,

=-more-~
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Apollo 10 will enter the Earth's atmosphere {400,000 feet)
at 191 hours 51 minutes after launch at 36,310 feet-per-second.
Command module touchdown will be 1,285 nautical miles down-
range from entry at 15 degrees 7 minutes South latltude by
165 degrees West longitude at an elapsed time of 192 hours
5 minutes. The touchdown point 1s about 345 nautical miles

east of Pago Pago, Tutuila, in American Samoa,

(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS)

-~nore -~
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MISSION OBJECTIVES

Although Apollo 10 willl pass no closer than eight
nautical miles from the lunar surface, all other aspects
of the misslion will be simllar to the first lunar landing
mission, Apollo 11, now scheduled for July.

The trajectory, time line and maneuvers follow the
lunar landing profiie. After rendezvous is completed, the
Apollo 10 time line will deviate from Apcllo 11 in that
Apocllo 10 will spend an extra day in lunar orbit.

Additional IM operation in either Farth orbift or lunar
orbit will provide additional experience and confidence with
the IM systems, including various control modes of the IM

primary/abort guldance systems, as well as further assessment

of crew time lines,

The mission wlll also test the Apollo rendezvous radar
at maximum range {approximately 350 miles vs. 100 mlles during
Apollo 9). Apollo 10 will mark the first space flight test
of the IM steerable S-band antenna and of the LM landing radar.
The IM landing radar has undergone numerous tests in Earth en-
vironment, but thls mission will provide an opportunity to
check the lunar surface reflectivity characteriastics with the
landing radar.

Some 800 seconds of landing radar altitude-measuring
data will be gathered as the IM makes two sweeps elght nautical
miles above Apollo Landing Site 2.

This mission will also provide the first opportunity to
check the very high frequency (VHF) ranging device aboard the
CSM which serves as a backup to the IM rendezvous radar.,

The Apollo 10 misslon profile provides fuel and other con-
sumable reserves in the 1M that are greater than those planned
for the first IM to land on the Moon. The lunar landing mission
i1s the "design mission" for the Apollo spacecraft, and such a
mission has smaller although adequate margins of reserve con-
sumables.

From liftoff through descent orbit Iinsertion, Apollo 10
follows closely the trajectory and time line that will be flown
in the landing mission. Following the elght-mlle pericynthion,
the profile closely simulates the conditlons of lunar orbit
rendezvous after a landing.

-more-~
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The May 18 launch date will produce lighting conditions
on Apollo Site 2 similar to those that willl be present for the
landing mission. A%t the low inclination to be flown on Apollos
10 and 11 -- about 1.2 degrees relative to the lunar equator--
Apollo landing Site 3 can be photographed and optically tracked
by the crew of Apcllo 10 in addition to the prime Site 2,

Site 1 was photographed by Apollo 8 in last December's
lunar orbit missicon and, together with the two sltes to bhe
covered in Apclle 10, photographic, tracking and site altitude
data on three sites will be in hand.

Among the Apollo 10 objectives 1s the gathering of
additional Manned Space Flight Network (MSFN) tracking data
on vehicles in lunar orbit. Wwhile MSFN experlence in tracking
Apollo 8 will benefit Apollo 10, there are still some uncer-
tainties. For example, there 1s still some lack of knowledge
as to what the exact lunar potential or gravity field is and
how it affects an orblting spacecraft.

In tracking Apolloc 8, downtrack, or orbital timing errors
projected ahead two revolutlions were 30,000 feet, and orbltal
radius measurements relative to the center of the Moon were
off 5,500 feet, MSFN tracking can produce accurate position
and veloclty information in real time whille a spacecraft is
"in view" from the Earth and not occulted by the Moon, but
landing and rendezvous operations wlll requlre accurate pre-~
dictions of peosition and veloclty several revclutlions 1n advance
of the event.,

The lunar potential apparently affects an orbiting
spacecraft differently depending upon orbital inclination
and altitude. Apollo 10 will be flown on the same inclination
to the lunar equator as the landing mission and will provide
information for refining predictlion techniques.

Apollo 8B postflight analysis has produced modifications
to tracking amd position prediction technlques which should re-
duce downtrack errors to 3,000 feet and altitude errors to
1,400 feet. Apollo 10 will allow-mission planners to perfect
techniques developed as a result of Apollo 8 tracking analysis,

Other space navigation benefits from Apollo 10 will bs
gained from combining onboard spacecraft lunar landmark track-
ing data with MSFN tracking and from evaluating present lunar
landing site maps at close visual and camera ranges.

=-more-
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‘. Additionally, IM descent and ascent engine burns will

be monltored by MSFN stations for developing useful techniques
for tracking powered flight in future missions.

~more-



APOLLO 10 COUNTDOWN

The cloek for the Apollo 10 countdown will start at T-28
hours, with a six nour bhuilt-in-hold planned at T-9 hours, prior
to launch vehicle propellant loadlng,

The countdown is preceded by a pre-count operation that

begins some 4 days before launch,

During this period the tasks

include mechanical hbulldup of both the command/service module

and 1M,

fuel cell actlivatlon and servicing and loading of the
cuner eritical helium aboard the LM descent stage.,

A 53 hour

bullt-on-nold 1z scheduled between the end of the pre-count and
atavn of the final countdown.

rollowing are some of the highlights of the flnal count:

Te2t ars,

Tw27 hrs,

T2l Ars.

T=1% hrs,

T=10 nrs.

T-9 hrs,

Tes LIPS,

30 mins,

30 mins.

counting

290 mins,

15 mins.

Officlal countdown starts

Install launch vehicle flight batterles
(to 23 hrs. 30 mins.)
LM stowage and cabln closeout (to 15 hrs.)

Top off LM super critical helium (to
19 hrs.)

Launch vehicle range safety checks (to
15 hrs,)

Install launch vehlcle destruct devices
{to 10 hrs, 45 mins.)

Command/service module pre-ingress
operations

Start mobile service structure move to
park site

Start six hour bullt~in-hold
Clear blast area for propellant loading

Astronaut backup crew to spacecraft for
prelaunch checks

Launch Vehicle propellant loading, three
stages (liquid oxygen in first stage}
1iquid oxygen and liquid hydrogen in
second, third stages,.

Continues thru T-3 hrs. 38 mins.

=-Mmore-



T«5 hrs,
T-4 hrs,
T-4 hrs,
T=3 hrs,
T~3 hrs,

T"‘B hrs.
T~3 hrs,

45 mins,
15 mins.
45 mins,
30 mins,

14 mins.
10 mins.

T-2 hrs, 40 mins.

T=1 hr, 55 mins.

T=1 hr, 50 mins,

T=1 hr, 46 mins,

T=43 mins,

T=42 mins

T-40 mins, '

T-=30 mins,

T«20 mins. to
T=10 mins.

T-~15 mins,

T-6 mins.
T~5H mins,
T-5 mins,
T=3 mins,
T=-50 seec,

30 sec.

10 sec,

12

Flight crew alerted
Medical examinatlon
Breakfast

Don space suilts

Depart Manned Spacecraff Operations Bulld-
ing for LC-39 via crew transfer van

Arrive at LC-39
Enter Elevator to spacecraft level

Start flight crew ingress

Mission Control Center-Houston/spacecraf't

command checks
Abort asdvisory system checks

Space vehlcle Emergency Detection System
(EDS) test

Retrack Apollo access arm to standby
position (12 degrees)

Arm launch escape system

Final launch venicle range safety checks
(to 35 mins.)

Launch vehlcle power transfer test
LM switch over to internal power

Shutdown IM operational instrumentation

Spacecraft to internal power

Space vehicle final status checks

Arm destruct system

Apollo access arm fully retracted

Initiate firing command (automatic sequencer)

Launch vehicle transfer to internal power

~-Morem-
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T«8,9 sec, _ Ignition sequence start
T« sec, All engines running
Tet) Liftorf

*Note: Some changes in the above countdown are possible as g
result of experience gained in the Countdown Demonstration
Test (CDDT') which occurs about 10 days before launch.

«horea=-
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MISSION TRAJECTORY AND MANEUVER DESCRIPTION

Note; Information presented hereln is based upon a
May 18 launch and is subject to change prior (o the misslon
or in real time during the mission to meet changing conditions.)

Launch

Apollo 10 will be launched froam Kennedy Space Center Launch
Complex 398 on a launch azimuth that can vary from 72 degrees to
108 degrees, depending upon the time of day of launch. The
azimuth changes with time of day to permit a fuel-optimum injection
from Earth parking orbit into a free-return circumlunar trajectory,
Other factors influencing thelaunch windows are a daylight launch
and proper Sun angles on lunar landing sites,

The planned Apollo 10 launch date of May 18 will call for
1iftoff at 12:49 p.m. EDT on a launch azimuth of 72 degrees,
Insertlion into a 100-nautical-mile circular Earth parking orbit
will occur at 11 minutes 53 seconds ground elapsed from launch
{GET), and the resultant orblt will be inclined 32,5 degrees to
the Earth's equator.

=nore ~
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SPACE VEHICLE LAUNCH EVENTS/WEIGHTS

Time ATtItude Veloclty welght
Hrs. Min., Sec. : Event : Naut, Mi,: Knots :+ Pounds
00 00 (-)08.9 Ignition 0,00 0 6,499,016
Q0 00 00 First Motion 0.033 *C 6,412,918
00 00 12 Tilt Initiation 0.1%2 *3 -
Q0 01 21 Maximum Dynamic Pressure 7 1554 -
00 02 15 " Center Engine Cutoff 24 3388 2,434,985
00 02 10 Outboard Engines Cutoff 35 5324 1,842,997
00 02 I S-1C/S~II Separation 36 5343 1,465,702
00 02 42 S-II Ignition 37 5335 1,465,123
00 03 11 S-II Aft Interstage Jettison 49 5581 -
00 03 16 LES Jettison 51 5642 -
00 03 21 Initiate IGM 53 5701 -
00 o7 39 S-1II Center Engine Cutoff a7 10977 blh,128
00 09 14 S-II Outboard Engines Cutoff 102 13k27 W71, 494
00 09 15 S-11/S~IVB Separation 102 13434 364,429
C0 09 18 S-IVB Ignition 102 13434 364,343
00 11 43 S=IVB First Cutoffl 103 15135 295,153
00 11 53 Parking Orbit Insertion 103 15139 295,008

*frirst two veloclties are space fixed., Others are inertlal velocities. Vehicle
on launch pad has inertial velocity of 408,65 meters per second (793.7 knots).

The above figures are based on a launch azlmuth of 72 degrees, Figures will vary
slightly for other azimuths.

ST




Event
Insertion

Translunar injectlon

CSM separation, docklng
Ejaction from SLA
SPS evaslve maneuver
U
§Hidcourle correction No. 1
1]
" Mldecourse correction No. 2

Mideourse correction Ko, 3

Midcourae oorrecilon No. 4
Lungy Orbit Ingertion No. 1
Luangr Orbit Ingertion No. 2

CSM-IN undocking; separation
(5™ RrCS)

Descent orbit insertion (DPS)

Apollo 10 Wission Evonts
Date & Time

Ground Elapsed Time
a: ssec

00: 1i:53
02:33:26
03:10: 00
Ol4:09: 00
04:29:00

+9 hrs.

I
TLI 424 hra,

LOI -22 hrs,

10I -5 hrs.
T5:45:43
80:10:45

98:10: 00
08: 35: 16

99:33:59

5/18
5/18
5/18
5/18
5/18
5/19
5/19

5/20
5/21

5/21
5/21

22
2

5/22

1:01 pm
3:23
3:55 m
B:58 rm
5:18 pm
12:22 am
3:23 m

6:35 pa
11:35 am

4:35 pm

Veloel e
feat/sec

25,593

10,058

19.7

55

2,974
-138.5

2.5

-1

Parpose and (Resultant Orbit)

Insertion into 100 nm circular
EPC.

Injection into free-return
translunar trajectory with
60 nn pericynthion,

Hard-mating of CSH and M.
gaparateu CSM-IM from S-IVB/

Provides separation prioer to
8~IVB propellant dump and
"slingshot" maneuver,

* These midoourss correctlona
have & nominal velocity change
of 0 fps, but will be cal-
oulated in real time to eor-
rect TLI dispersions, MNCC-3
will have a Plane change
component to achlevs desired
lunar orbit inclination.

Inserts Apollo 10 inte 60x170
nm elliptisal lunar orbit,

Circularizes lunar parking
orbit to 60 nm,

Establishes sqguiperdod orbit
for 2 nm peparation
{minifootball).

Lower LN perlcynthion to eight
nm {8x50)

1
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Event

DPS phasing burn
APS insertion burh

IM RCS eoncentric sequence
initiate (CSI} burn

IM RCS constant delta height
(CDH} burn

ig IM RCS terminal phase initiate
3 ('!‘PI) bum
1

Rendexzvous {TP?)
Docking

APS mra te depletion

Transsarth injection (PEY)
3PS burn

@round Elapsed Time

hra:min: sec
100:46:21

102:43:18

103:33:46

104:31:42

105: 09: 00

1051 54: 00

1061 20: 00

108: 38: 57

137:20:22

Date & Time

5/22

5/22

5/22

5/22

5/22
5/ee
5/e2

5/23

5/24

5:35 pm

7:32 pa

8:22 pa

9:20 pm

9:58 pm

10:43 m

11:09 pm

1:28 am

2:09 am

Velocl (]
j r«%%«
195
=207

59.5

3.4

2%.6

e

3,837

3,622.5

Purpose and (Resultant Orbit!

Ralses LM apcoynthicon to
194 nw, a)lows CSM to [
and overtake IM (8x194).

Simulates LM ascent into
lunar orbit after landing
(B8x43.6).

Raises IM perioynthion to
6.2 nm, adjusts orbital
shape for rendezvous sequencs
(42.9xk6.2}.

Radially downward burn ad-
Justs IM to constant 15 nm
below C3SM.

IN thrusts along line-of-
sight toward CSM, midcourss
and braking maneuvers as
necessary.

Completes rendezvous sequence.
Fly formation at 100 ft.
Transfer back to CSN (about
167 GET),

Posigrade APS depletion bura
near IR perieynthion injects
IM ascent atage into hello-
eentric orbit,

Injects CSM into S54j~hour
transsarth trajsctovy,

Ul
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Event

Midcourse correction Mo. 5
Mideourss correction Mo, 6

Midcourae correction No. T

CM/SK separation
Entry interface {400,000 feat)

fouchdown

dround Elapeed Time Date & Time
hrs:ain: sec (E‘?ﬁ

TEY +15 hra. 5/284  5:09 pm

Entry - 15 hrs, L/25 5:39 pm

Entry -~ 3 hrs. 5/26 5:39 am
191:35 5/26 B:24 am
191:50: 32 5/26 8:39 am
192: 04: 47 5/26 B:54 am

Velcelty €
feet/anac

Parpose and (Resultant Orbit)

® Transearth mideourse
corrections will be com~
puted in real time for
entry corridor control
and for adjusting landing
point to avoid recovery
area foul weather.

Reentry condition.

Command medule enters
Rarth's sensaible atmoz-
phere at 36,310 fps,

Landing 1,285 nm downrange
from entry. 15 degrees
seven minutes South
iatitude x 165 degrees
West longitude.

-.gt-
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The crew for the first time wlll have a backup to launch
vehlcle guidance during powered flight, If the Saturn instru-
ment unit inertial platform fails, the crew can switch guidance
to the command module computer for first-stage powered flight
automatic control. Second and third stage backup gulidance is
through manual takeover in which command module hand controller
inputs are fed through the command module computer to the Saturn
instrument unit,

Earth Parking Orbit (EPQ)

Apollo 10 will remain in Earth parking orbit for one-and-
one-half revolutions after insertlion and will hold a local
horizontal attitude during the entlre period. The crew will
perform spacecraft systems checks in preparation for the trans-
lunar injection (TLI) burn. The final "go" for the TLI burn
will be glven to the crew through the Carnarvon, Australia,
Manned Space Flight Network station.

Translunar Injection (TLI)

Midway through the second revolution 1in Earth parking
orbilt, the S-IVB third-stage engine will relgnite at two hours
33 minutes 26 seconds Ground Elapsed Time (GET) over #4ustralia
to inject Apollc 10 toward the Moon. The velocity will increase
from 25,593 feet-per-second éfps) to 35,651 fps at TLI cutoff =--
a velocity increase of 10,058 fps., The TLI burn will place the
aspacecraft on a free-return clrcumlunar trajectory from which
mideocurse corrections could be made wlth the SM reaction
control system thruster. Splashdown for a free-return trajectory
would be at 6:37 p.m. EDT May 24 at 24.9 degrees South latlitude
by 84,3 degrees East longitude after a flight time of 149 hours
and 49 minutes.

Transposition, Docking and Ejection (TD&E)

At about three hours after liftoff and 25 minutes after
the TLI burn, the Apollo 10 crew willl separate the command/
service module from the spacecraft lunar module adapter (SLA),
thrust out away from the S-IVB, turn around and move back 1n
for docking with the lunar module. Docking should take place
at about three hours and ten minutes GET, and after the crew
confirms all docking latches solidly engaged, they wlll connect
the CSM-to-LM umbilicals and pressurize the IM with the command
module surge tank., At about 4:09 GET, docked spacecraft will
be ejected from the spacecraft LM adapter by spring devices at
the four IM landing gear "knee'"attach points. The ejection
springs will impart about one fps velocity to the spacecraft.

A 19,7 fps service propulsion system (SPS¥ evaslive maneuver

in plane at 4:29 GET will separate the spacecraft to a safe
distance for the S-IVB "slingshot' maneuver in which residual
liquid propellants will be dumped through the J-2 engine bell to
propel the stage into a trajectory passling behind the Moon's
trailing edge and on into solar orblt,

~more-~
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VEHICLE EARTH PARKING ORBIT CONFIGURATION
(SATURN V THIRD STAGE AND INSTRUMENT UNIT, APOLLO SPACECRAFT)
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POST TLI TIMELINE
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Translunar Ceoast

Up to four midcourse correctlon burns are planned
during the translunar coast phase, dependling upon the accuracy
of the trajectory resulting from the TLI maneuver. If required,
the midcourse correction burns are planned at TLI +9 hours,
TLI +24 hours, lunar orbit insertion (LOI) -22 nours and LOIL
-5 hours.

During coast periods between mideourse corrections, the
spacecraft will be in the passive thermal control (PTC) or
"harbecue" mode in which the spacecraft will rotateslowly about
one axls to stabilize spacecraflt thermal response gpacs to the
continuous solar exposure,

Midcourse corrections 1 and 2 will not normally be made
unless the predicted Misslion Control Center 3 veloclity change
is greater than 25 feet-per=second.

Lunar Orbit Insertion (LOI)

The first of two lunar orbit insertion burns will be
made at 75:45:43 GET at an altitude of 89 nm above the Moon.
LOX-1 will have a nominal retrograde velocity change of 2,974
fps and will insert Apecllo 10 into a 60x170-nm elliptical
lunar orbit. LOI-2 two orbits later at 80:10:45 GET will cir-
eularize the orbit to 60 nm, The burn will be 138.5 fps retro-
grade, Both LOI maneuvers will be with the 8PS engine near
pericynthion when the spacecraft 1s behind the Moon and out
of contact with MSFN stations.

Lunar Parking Orbit (LPO) and IM-Active Rendezvous

Apollo 10 will remain in lunar orblt about 61,5 hours,
and in addition to the LM descent to elght nautical miles
above the lunar surface and subsequent rendezvous with the
CSM, extensive lunar landmark tracking tasks will be performed
by the crew,

Following a rest period after the lunar orblt clrcularl-
zation, the IM will be manned by the command and lunar module
pllot and preparations begun for undocking at 98:10 GET. Some
25 minutes of station keeping and CSM lnspection of the IM will
be followed by a 2.5 fps radially downward SM RCS maneuver, plac-
ing the IM and CSM in equiperiod orbits with a maximum separation
of two miles (minifootball). At the midpoint of the minifootball,
the IM descent propulsion system (DPS) will be fired retrograde
71 fps at 99:34 GET for the descent orbit insertion (DOI) to
lower IM pericynthion to eight miles. The DPS engine will be
fired at 10 per cent throttle setting for 15 seconds and at 40
per cent for 13 seconds.

-more-



-aJdom-
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LUNAR ORBIT ACTIVITIES

LM C. 0 LM ACTIVE
AND RENDEZVOUS
LANDMARK PREPARATION DOCKING
TRACKING UNDOCK APS
LOI-1  LD)I-2 { DOl NS Y BURN
LM :
HOUSE- - —REST —] B ,
KEEPING I
0 4 8 10 18 24 31 33
SEP PHAS
STRIP PHOTO | ANDMARK
PHOTO 3 TRACKING
1 AND 2 Tg. O. ]
| l
‘ LMK TRACKING ‘ ‘
| REST 3 LMK/REV REST }
34 A2 45 52 56 5859 | 61
TEL
STRIP
PHOTO
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BEGIN 0.3 DEG/SEC PITCH

DOWN AT ACS
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UNTIL AOQS

SXT FQV
VERTICALL™
DOWN

SCT FOV
) YERTICALLY
DOWN

HORIZGN

24,5 DEG PITCH DOWN
FROM LOCAL HORIZONTAL
OVER LANDMARK

PITCH DOWN 47 DEG FROM
| OCAL RORIZONTAL AT LOS

aT) = 296 SEC
&1y = 40 SEC
AT, =~ 25 5EC
AT‘EZSSEC

AQS TO LOS = 3 MIN TOTAL
HORIZON

CSM/LM TYPICAL LANDMARK TRACKING PROFILE
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APOLLO 10 RENDEZVOUS SEQUENCE

Y
[ |

-3JI0W~

MANEUVER G.E.T. | AV, FPS | ENGINE
SEPARATION|  98:35:23 2.5 | SM RCS
DO 99:33:59 | 71.0 | DPS

PHASING 100:46:21 | 195.0 | DPS

INSERTION 102:43:18 | 207.0 | APS

CS| 103:33:46 | 50.5 | LM RCS
CDH 104:31:42 3.4 | LM RCS
TP 105:09:00 | 24.8 | LM RCS
BRAKING |~ 105:55:00 | ~60.0 | LM RCS
DOCKING  |~106:20:00 | ~5.0 | SM RCS
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LUNAR MODULE DESCENT ORBIT INSERTION
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As the 1M passes over Apollo landing Site 2, the IM
landing radar will be tested in the altitude mode but not in
descent rate, About 10 minutes after the pass over Site 2,
the 195 fps DPS phasing burn at 100:46 GET will boost the LM
into an 8x194-nm orbit to allow the CSM to overtake and pass
the IM. The phasing burn is posigrade and the DP5 englne 1s
fired at 10 per cent throttle for 26 seconds and full throttle
for 17 seconds, The phasing burn places the LM in a "dwell"
orbit which allows the CSM to overtake and pass the 1M so that
at the second 1M passes over Site 2, the IM will trail the €SM
by 27 nm and will be in a proper position for the insertion man-
euver simulating ascent from the lunar surface after a landing
migsion,

Prior to the 207-fps IM ascent englne retrograde insertion
burn, the LM descent stage wlill be Jettisoned and an evasive
maneuver performed by the ascent stage to prevent recontact.
The insertion burn will be made at 102:43 GET and will lower
IM apocynthion to 44,9 nm so that the IM is 14.7 nm below and
148 nm behind the CSM at the time of the concentric sequence
initiate (CSI) burm.

Following IM radar tracking of the CSM and onboard
computation of the C3I maneuver, a 50.5 {ps 1M RCS posigrade
burn will be made at a nominal time of 103:33 GET at apocyn-
thion and will result in a 44,9x44.3-nm IM orbit., The LM RCS
will draw from the LM ascent propulsion system (APS) propellant
tanks through the interconnect valves.

A 3.4 fps radially downward IM RCS constant delta height
(CDH) maneuver at 104:31 GET will place the IM on a coelliptic
orblt 15 nm below that of the CSM and will set up conditions
for the terminal phase initiate (TPI) burn 38 minutes later.

The TPI maneuver will be made when the CSM is at a 26,.6-
degree elevation angle above the IM's local horizontal following
contlinuing radar tracking of the CSM and onboard computations
for the maneuver. Nominally, the TPI burn will be a 24.6-fps
IM RCS burn along the line of slight toward the CSM at 105:09 GET,
Midcourse correction and braking maneuvers will place the IM and
CSM in a rendezvous and station-keeping position, and docking
should take place at 106:20 GET to complete a eight-and-a-half
hour sequence of undocked activitiles,

After the commander and lunar module pilot have
transferred into the CSM, the IM will be jettisoned and the
CSM will maneuver 2 fps radially upward to move above and
behind the IM at the time of the IM ascent propulsion system
burn to propellant depletion at 108:39 GET.

-more-
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The burn wlll be ground-commanded. An estimated 3,837-fps
posigrade velocity will be imparted by the APS depletion burn
near LM pericynthion to place the IM ascent stage in a helio-
centric orbit.

An additicnal 29 hours will be spent In lunar orbitg
before transearth injection while the crew conducts lunar
landmark tracking tasks and makes photographs of Apollo land-
ing sites.

Transearth Injection {TEI}

The 54-hour return trip to Earth beglns at 137:20 GET
when the SPS engilne is fired 3622.5 fps posigrade for the TEI
burn. Like LOI-1 and LOI-2, the TEI burn will be made when the
spacecraft is behind the Moon and out of touch with MSFN stations.

Transearth Coast

Three corridor-control transearth mldcourse correction
burns will be made if needed: MCC-5 at TEI +15 hours, MCC-6
at entry interface (EI=400,000 feet) -15 hours and at EI -3 hours.

Entry, lapding

Apollo 10 will encounter the Earth's atmosphere (400,000
feet) at 191:50 GET at a veloclty of 36,310 fps and will land
some 1,285 nm downrange from the entry-interface polnt using
the spacecraft's l1lifting characteristices to reach the landing
point. Touchdown will be at 192:05 GET at 15 degrees 7 mlnutes
South latitude by 165 degrees West longltude,

=Rore-
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®
EARTH ENTRY

@® ENTRY RANGE CAPABILITY - 1200 TO 2500 N. MI.

® NOMINAL ENTRY RANGE -1285N. Ml

@® SHORT RANGE SELECTED FOR NOMINAL MISSION BECAUSE:

- gaa-

® RANGE FROM ENTRY TO LANDING CAN BE SAME FOR
PRIMARY AND BACKUP CONTROL MODES

® PRIMARY MODE EASIER TO MONITOR WITH SHORT RANGE

® WEATHER AVOIDANCE, WITHIN ONE DAY PRIOR TO ENTRY, IS
ACHIEVED USING ENTRY RANGING CAPABILITY TO 2500 N. Mi.

@ UP TO ONE DAY PRIOR TO ENTRY USE PROPULSION SYSTEM

TO CHANGE LANDING POINT
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VELOCITY AT ENTRY INTERFACE

36.5x 10

36.4 +

VELOCITY
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LAUNCH WINDOW OPEN

]
20 23 24
LAUNCH DATE (MAY)
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RECOVERY OPERATIONS

The primary recovery line for Apollo 10 is in the mid-
Pacific along the 175th West merldilan of longitude above 15
degrees North latitude, and Jjogging to 165 degrees West
longitude below the Equator. The helicopter carrier USS
Princeton, Apollo 10 prime recovery vessel, will be stationed
near the end-of-mission aiming point,.

Splashdown for a full-duration lunar orbit mission launched
on time May 18 will be at 5 degrees 8 minutes South by 165
degrees West at a ground elapsed time of 192 hours 5 minutes.

The latitude of splashdown depends upon the time of the
transearth Injection burn and the declination of the Moon at
the time of the burn. A spacecraf't returning from a lunar
flight will enter Earth's atmosphere and splash down at a point
on Earth directly opposite the Moon.

This peint, called the antipode, 18 a projection of a line
from the center of the Moon through the center of the Earth to
the surface opposite the Moon. The mid-Pacific recovery 1iine
rotates through the antipode once each 24 hours, and the trans-
Earth injection burn will be targeted for splashdown along the
pPrimary recovery line.

Other planned recovery lines for a deep-space misslon are
the East Pacific line extendling roughly parallel to the coast-
lines of North and South America; the Atlantic Ocean line run-
ning along the 30th West meridian in the northern hemisphere
and along the 25th West meridian in the southern hemisphere;
the Indian Ocean line along the 65th East meridian; and the
West Pacific line along the 150th East meridian in the northern
hemisphere and Jogging to the 170th East meridian in the
southern hemisphere.

Secondary landing areas for a possible Earth orbital
alternate mission have been established in twe zones--one in
the Paclfic and one in the Atlantic.

Launch abort landing areas extend downrange 3,400 nautical
miles from Kennedy Space Center, fanwise 50 nautical mlles above
and below the 1imits of the variable launch azimuth (72 degrees -
107 degrees). Ships on station in the launch abort area will
be the destroyer USS Rich, the insertion tracking ship USNS
Vanguard and the attack transport USS Chilton.

In addition to the primary recovery vessel steaming up and
down the mid-Pacific recovery line and surface vessels on the
Atlantic Ocean recovery line and in the launch abort area, 14
HC~130 aircraft will be on standby at seven staging bases around
the Earth: Guam, Pago Pago, American Samca; Hawall, Bermuda;
Lajes, Azores; Ascension Island; Mauritius and the Panama Canal
Zone,

~MNore-
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Apollo 10 recovery operations will be directed from the
Recovery Operatlons Control Room in the Mission Control
Center and will be supported by the Atlantiec Recovery Control
Center, Norfolk, Va., and the Pacifle Recovery Control Center,
Kunia, Hawali,

The Apollo 10 crew will be flown from the primary re-
covery veasel to the Manned Spacecraft Center after recovery.
The spacecraft will recelve a preliminary examination, safing
and power-down abcard the Princeton prior to offloading at
Ford Island, Hawail, where the spacecraft will undergo a more
complete deactivation. It 1s anticipated that the spacecraft
will be flown from Ford Island to Long Beach, Calif., within
T2 hours, and then trucked to the North American Rockwell
Space Division plant in Downey, Calif., for postflight analysis,

-Aore-
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APOLLO 10 ALTERNATE MISSIONS

Five alternate mission plans have been prepared for the
Apollo 10, each depending upon when in the mission time line
it becomes necessary to swltch to the alternate. Testing of
the lunar module and a IM-active rendezvous 1n Earth orbit
are preferred over a CSM-only flyby mission., When it is
impossible to return to a low Earth orbit with rendezvous,

a high-ellipse IM teat 138 preferred over a low Earth orbit
test,

Where possible, Apolle 10 alternate missions follow the
lunar orbit mission time line and have a duration of about 10
days.

Apollo 10 alternate misslons are summarized as follows:

Alternate 1l: Early shutdown of S-IVB during TLI with
resulting apogee less than 25,000 nautical miles, or failure
of S-IVB to insert spacecraft into Earth parking orbit and
subsequent SPS contingency orbit insertion {(C0I)}, and 1n both
cases no LM extraction possible, Alternate maneuvers would
include:

* SPS phasing burn to obtain ground coverage of simulated
lunar orbit insertion,

*# Simulated 10T burn to a 100x400 nm Earth orbit.

* Midcourse corrections to modify orbit to 90x240 nm
end-of-mission ellipse and to complete SPS lunar mission duty
¢ycle during remainder of ten-day mission.

Alternate 2: S-IVB falls during TLI burn and resulting
apogee 18 between 25,000 and 40,000 nautical miles; no IM
extraction, Maneuver sedquence would be:

* SPS phasing burn to obtaln ground coverage of simulated
lunar orblt insertion.

* Simulated LOI burn to a semi-synchronous Earth orbit,

¥ SPS phasing maneuver to place a later perigee over or
opposlte deslred recovery zone.

* SPS maneuver to place C3M in seml-synchroncus orblt with
a lZ2-~hour period.

* Deorbit directly from semi~-synchronous orblt into Pacific
recovery area (ten-day mission).

-more-
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Alternate 3: No TLI burn or TLI apogee less than 4,000 nmi
but LM successfully extracted.

#  Simulated LOI burn to 100x400~rm orbit,

* Simulated descent orbit insertion (DOI) maneuver with LM,

*  Simulated IM powered descent initiation (PDI) maneuver.

* Two SPS burns to circularize CSM orblit to 150 nm.

* [Me~active rendezvous,

*  Ground-commanded LM ascent propulsion system (APS) burn
to depletion under abort guldance system (AGS) contrel, similar
to APS depletion burn in Apollo 4.

* Additional 8PS burns to place CSM in 90x240-nm end-of-

mission ellipse and to complete SPS lunar mission duty cycle
during remainder of ten«day mission.

=MOTEe =
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Alternate 4: Early S-IVB TLI cutoff with resulting
apogee greater than 4,000 nm but less than 10,000 nm, and
capability of SPS and LM descent propulsion system together
to return CSM-IM to low Earth orbit without compromising
CSM's ability to rescue LM.

* SPS phasing burn to obtain ground coverage of simulated
lunar orbit insertion.

#  Firat doclited DPS burn ocut-of-plane simulates descent
orbit insertion.

* Second docked DPS burn simulates power descent Inlitiation.
* 8PS simulated LOI burn,

* Phasing maneuver to obtaln ground coverage of simulated
powered descent initiation.

* SPS burns to circularize CSM orbit at 150 nm.
* IM-active rendezvous.

* Ground-commanded LM ascent propulsion system burn to
depletion under abort guidance system (AGS) control, similar to
APS depletion burn in Apollo 9.

* pdditional SPS burns to place CSM in 90x240 nm end-of-
mission ellipse and to complete SPS lunar migsion duty cycle
during remainder of ten-day mission.

Alternate 5: SPS and DPS jointly cannot place CSM~IM in
low Earth orbit without compromising abllity of CSM to reacue
IM in a rendezvous sequence, and SPS fuel quantity is too low
for a CSM-IM circumlunar mission.

#* SPS phasing burn to obtain ground coverage of simulated
lunar orbit insertion.

* Simulated lunar orblt insertion into semisynchronous
orbit.

# SPS phasing burn to obtain ground coverage of simulated
power descent initlation,

* Tirst docked DPS burn out of plane simulates descent
orbit insertion,

* Second docked DPS burn simulates power deacent lnitiation
and is directed cut of plane,

-more ~
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* SPS phasing burn to place a later perigee over or
oppeslte deslired recovery zonhe,

* SPS maneuver to place CSM-LM in semi-synchronous orbit
with a 1i2~-hour perilod.

* Qround-commanded LM ascent propulsion system burn to
depletion under abort guldance system control; posigrade at
apogee.

¥ Additional midcourse corrections along a lunar mission
time line and direct entry from high ellipse.

-more -
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ABORT MODES

The Apollo 10 mission can he aborted at any time during
the launch phase or terminated during later phases after a
successful insertion into Earth orbit,

Abort modes can be summarized as follows:
Launch phase =«

Mode I - lLaunch escape (LES) tower propels command module
away from launch vehlcle. This mode is 1in effect from about
T-l45 minutes when LES is armed until LES jettison at 3:07 GET
and command module landing point can range from the Launch
Complex 39B area to 520 nm (600 sm, 964 km) downrange,

Mode I1 - Begins when LES 1s jettlsoned and runs until
the SPS can be used to lnsert the CSM into a safe Earth orbit
(9:22 GET) or until landing points threaten the African coast.
Mode II reqguires manual separation, entry orientation and full-
1ift entry with landing between 400 and 3,200 nm (461-3,560 sm,
T41~5,931 km) downrange,

Mode IITI - Begins when full-lift landing point reaches 3,200
nm {3,560 sm, 5,931 km) and extends through Earth orbital insertion.
The CSM would separate from the launch vehicle, and 1f necessary,
an SPS retrograde burn would be made, and the command module would
be flown half=1ift to entry and landing at approximately 3,350
nm (3,852 sm, 6,197 km) downrange.

Mode IV and Apogee Kick -~ Begins after the point the SPS could
be used to insert the CSM into an Earth parking orbit -- from about
9:22 GET. The SPS burn into orbit would be made two minutes after
separation from the S-IVB and the mission would continue as an
Earth orbit alternate., Mode IV is preferred over Mode III, A
variation of Mode IV is the apogee kick in which the SPS would
be ignited at first apogee to ralse perigee for a safe orbit,

Deep Space Aborts

Translunar Injectlon Phase --

Aborts during the translunar injectlon phase are only a
remote possibility, but if an abort became necessary during the
TLI maneuver, an SPS retrograde burn could be made to produce
spacecrafe entry., This mode of abort would be used only in the
event of an extreme emergency that affected crew safety. The
spacecraft landing point would vary with launch azimuth and length
of the TLI burn. Another TLI abort situation would be used if a
malfunction cropped up after injection. A retrograde SP35 burn
at about 90 minutes after TLI shutoff would allow targeting to
land on the Atlantic Ocean recovery line,

-ore—-
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Translunar Coast phase ==

Aborts arising during the three-day translunar coast phase
would be similar in nature to the 90-minute TLI abort, Aborts
from deep space bring 1nto the play the Moon's antipode (line
projected from Moon's center through Earth's center to opposite
face) and the effect of the Earth's rotation upon the geographical
location of the antipode. Abort times would be selected for land-
ing when the antipode crosses 1659 West longitude, The antlpode
crosses the mid-Pacific recovery line once each 24 hours, and if
a time-critical situation forces an abort earlier than the selected
fixed abort times, landings would be targeted for the Atlantic
Ocean, East Pacific, West Paciflc or Indian Ocean recovery lines
in that order of preference., Wnhen the spacecraft enters the Moon's
sphere of influence, a circumlunar abort becomes faster than an
attempt to return directly to Earth,

Iunar Orbit Insertion phase =--

Early SPS shutdowns during the lunar orbit insertion burn (LOI)
are covered by three modes in the Apollo 10 mission. All three
modes would result in the CM landing at the Earth latitude of the
Moon antipode at the time the abort was performed.

Mode I would be a IM DPS posigrade burnh into an Earth-return
trajectory about two hours {at next pericynthion) after an LOI
shutdown during the first two minutes of the LOI burn,

Mode 1I, for SPS shutdown between two and three minutes after
ignition, would use the LM DPS engine to adjust the orbit to a
safe, non-lunar impact trajectory followed by a second DPS posigrade
burn at next pericynthion targeted for the mid-Paciflc recovery
line.

Mode 1II, from three minutes after LOI ignition until normal
cutoff, would allow the spacecraft to coast through one or two
lunar orbits before doing a DPS posigrade burn at pericynthlon
targeted for the mid-Pacific recovery line,

Lunar Orbit Phase ==

If during lunar parking orbit i1t became necessary to abort,
the transearth injection (TEI) burn would be made early and
would target spacecraft landing to the mid-Pacific recovery line.

Transearth Injection phase -~

Early shutdown of the TEI burn between ignition and two mi-
nutes would cause a Mode III abort and a SPS posigrade TEI burn
would be made at a later pericynthion, Cutoffs after two minutes
TEI burn time would call for a Mode I abort---restart of SPS as
soon as possible for Earth-return trajectory. Both modes produce
mid-Pacific recovery line landings near the latitude of the anti-
pode at the time of the TEI burn,
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Transearth Coast phase ~-~

Adjustments of the landing point are possible durlng the
transearth coast through burns with the SPS or the service
module RCS thrusters, but in general, these are covered in
the discussion of transearth mldcourse corrections. No abort
burns will be made later than 24 hours prior to entry to avold
effects upon CM entry velocity and flight path angle,

-Moreg-
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APOLLO 10 GO/NQ-GO DECISION POINTS

ILike Apollo 8, Apollo 10 will be flown on a step~by-siep
commit point or go/no-go basis in which the decisions will be
made prior to each major maneuver whether to continue the mission
or to switeh to one of the possible alternate missions, The
go/no-go decisions will be made by the flight control teams in
Mission Control Center,

Go/no=-go decisions will be made prior to the following events:

* Ifaunch phase go/no-go at 10 min. GET for orbit insertion

* Translunar injection

¥ Transpositlon, docking and LM extraction

* Each translunar midcourse correction burn

* Lunar orbit insertion burns Nos. 1 and 2

* Crew intravehicular transfer to 1M

* CSM-IM undocking and separation

* Rendezvous sequence

* IM Ascent Propulsion system burn to depletion

* Transearth injection burn (no-go would delay TEI one or

more revolutions to allow maneuver preparations to be

completed., )

* Each ftransearth midecourse correction burn

~MOYC=
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ONBOARD TELEVISION

On Apolio i), onboard video will origlnate from the CM;
there will be no TV camera in the M. Plans call for both black
and white and color TV to be carried.

The black and white camera 1is a 4,5 pound RCA camera equipped
with a oC-degree fileld of view wide angle and 100mm nine-degree
tield of view relephoto lens, attached to a 1l2-foot power/video
cable, It produces a black-and-white 227 TV line slignal scanned
at 10 frames a second, Madrid, Goldstone and Honeysuckle Creek
all will have equipment to make still photographs of the slow
scan signal and to convert the signal to commercial TV format.

The color TV camera ls a 1l2-pound Westinghouse camera with a
zoom lens for close-up or wide angle use and a three-inch monltor
which can be mounted on the camera or in the CM, It produces a
standard 525=1line, 30-frame-per-second signal in color by use of
a rotating color wheel, The signal can be viewed 1n black and
white, Only MSC, receiving the signal througn Goldstone, will
have equipment to colorize the signal,

Tentative planning is to use the color camera predomlinately,
reverting to the black and wnite camera if there is difflculty with
the color system but requiring at least one black and white trans-
mission to Honeysuckle Creek, The following 1s a prelimlnary
plan for TV passes based on a 12:49 May 18 launch:

GET DATE/EDT EVENT

3:00 - 3:15 18 -~ 3:48p Transposition & dock Madrid

3:15 = .?5 18 - Goldstone
27 :15 = I 19 - 4:03p Translunar coast Goldstone
54:00 - 20 -« 6:48p  Translunar coast Goldstone
72120 = 7“ 35 21 - 1:08p Fre-L0I=-1 Goldstone/Madrid
80:45 - 80:53 21 - 9:33p Post LOI-2 Goldstone
98:15 ~ 98:20 22 - 3:01p Post undock; formation  Goldstone
108:35 - 103:45 23 - 1:23a APS Burn to Depletion Goldstone
126:20 - 127:00 23 = 7:08p Landmark Tracking Goldstone
137:45 - 137:55 24 - 6:33a  Post=-TEI Honeysuckle¥*
152:35 - 150:45 24 - 9:23p  Transearth coast Goldstone
186:50 - 137:00 26 - T:33a  Transearth coast Goldstone

*Transmission from RCA black and white camera, All others planned
to be from color camera,

=MNOore=
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APOLLO 10 PHOTOGRAPHIC TASKS

S¢ill and motion pictures will be made of most spacecraft
maneuvers as well as of the lunar surface and of crew activities
in the Apollo 10 cabin.

The transposition, doecking and lunar module ejection
maneuver will be the first major event to be photographed, In
iunar orkit, the 1M-active rendezvous sequence wlll be photo~
graphed from both the command and the lunar module,

During the period between the 1M DPS phasing burn and the
APS insertion burn, the commander and lunar module pilliot will
make stl1ll photos of the lunar ground track and of landing Site
2 from the elght-mile low point of the IM's flight path.,

After rendezvous 1s complete and the LM APS depletion burn
nas been photographed, the crew will make stereo strip s8till
photographs of tne lunar surface and individual frames of targets
of opportunity. Using the navigation sextant's optlcs as a
camera lens system, lunar surface features and landmarks wlll be
recorded on motion picture {ilm, Addlitionally, the camera-
througn-sextant system will photograpn star-horizon and star-land-
marik combinazions as they are superimposed in visual navigation
signtings,

The Apolio 10 pnotography plan calls for motion plctures
of crew actlivities such as intravehilcular transfer through the
CSM=LiM docking tunnel and of other crew activities such as
pressure cull Jdonning.

Long=-distance Eartn and lunar terrain photographs will be
shot with tne 70mm still cameras,

Camera eauipment carried on Apollo 10 consists of two TOmm
Hasselblad still cameras, each fitted with 80mm /2.8 to f/22
7elss Planar lenses, a 250mm telepnoto lens stowed aboard the
command module, ani assoclated egaipment such as filters, ring-
sight, spobtmeter and an intervalometer for stereo strip photography.
One Hasselblad will be stowed in the IM and returned fto the C%M
alfter rendezvous, Hasselblad shutter speeds range from one second
to 1/500 sec,

For motion pletures, two Maurer data acquisition cameras
(one in the CSM, one in the ILM) with variable [rame speed
selection will be used.,. Motlon picture camera accessories
include vayonet-mount lenses of 75, 18, and S5mm focal length,
a rignt-angle mirror, a command module boresignt bracket, a
power cable, and an adapter for shooting through the sextant,

Apollio 10 fiim stowage includes six 7Omm Hasselblad
magazines-~-two exterior cclor reversal and four fine-grain
vlack and white; and 12 l40-foot 16mm magazines of motion
picture filme--eight exterior color and four interior colore--
for a total 1630 Ifeet,
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LUNAR DESCRIPTION

Terraln - Mountainous and crater-pitted, the former
rising thousands of feet and the latter ranging from a few
inches to 180 miles in dlameter. The craters are thought
to be formed by the impact of meteoprites. The surface is
covered with a layer of fine-grained material resembling
silt or sand, as well as small rocks and boulders.

Environment - No air, no wind, and no moisture. The
temperature ranges from 243 degrees in the two-week lunar
day to 279 degrees below zero in the two-week lunar w=ight.
Gravity 1s one-sixth that of Earth. Micrometeoroids pelt the
Moon (there is no atmosphere to burn them up}. Radiation
might present a problem during periods of unusual solar activity.

Dark Side - The dark or hidden side of the Moon no longer
1s a complete mystery. It was first photographed by a Russian
craft and since then has been photographed many times, particu-
larly by NASA's Lunar Orbiter spacecraft and Apollo 8.

Origin - There 18 still no agreement among sclentists
on the origin of the Moon. The three theories: (1} the Moon
once was part of Earth and split off into its own orbit, (2)
it evolved as a separate body at the same time as Earth, and
(3) 1t formed elsewhere 1n space and wandered until 1t was
captured by Earth's gravitational fileld.

Physical Facts

Diameter 2,160 miles {about # that cof Earth)

Circumference 6,790 miles (about % that of Earth)

Distance from Earth 238,857 miles {mean; 221,463 minimunm
to 252,710 maximum)

Surface temperature +243°F (Sun at zenith)} -279°%p (night)

Surface gravity 1/6 that of Earth

Mass 1/100th that of Earth

Volume 1/50th that of Earth

Lunar day and night 14 Earth days each

Mean velocity in orbit 2,287 miles per hour
Escape velocity 1.43 miles per second

Month (period of rotation
around Earth) 27 days, 7 hours, 43 minutes
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Apollo Lunar Landing Sites

Possivle landing sites for the Apollco lunar module have
been under study by NASA's Apollo Site Selection Beoard for more
than two years. Thirty sltes originally were considered, These
have been narrowed down to four for the first lunar landing.
(Site 1 currently not considered for first landing.)

Selectlion of the final five sites was based on high resolution
photographs by Lunar Orbiter spacecraft, plus close-up photos
and surface data provided by the Surveyor spacecraft which soft -
landed on the Moon.

The original sites are located on the visible side of the
Moon within 45 degrees east and west of the Moon's center and
5 degrees north and south of its equator,

The final site cholces were based on these factors:
*Smoothness (relatively few craters and boulders)

*Approach (no large hills, hligh cliffs, or deep craters
that could cause incorrect altitude signals to the lunar
module landing radar)

*Propellant requirements (Selected sites require the least
expenditure of spacecraft propellants)

*Recycle (selected sites allow effective launch preparation
recycling if the Apollo Saturn V countdown 1s delayed)

*Free return {(sites are within reach of the spacecraft
luanched on a free return translunar trajectory)

*Slope {there is little slope -- less than 2 dezrees in
the approach path and landing area)
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The Five Landing Sites *inally Jelected Are:

‘. Designations

Site 1

Site 2

Site 3

Site 4

Site 5

Center Coordinates

latitude 2° 87' 54" North
longitude 34Y 0O1' 31" East

Site 1 1s located on the east central part
of the Moon in southeastern Mare Tran-
quillitatis. The site is approximately 62
miles {100 kilometers) east of the rim of
Crater Maskelyne,

latitude 0° 43' 5" North
longitude 239 38' 51" East

Site 2 is located on the east central part
of the Moon in southwestern Mar Tran-
quillitatis. The slte 1is approximately

62 miles (100 kilometers) east of the rim
of Crater Sabine and approximately 118
miles {190 kilometers) southwest of the
Crater Maskelyne,

latitude 0° 22! 27" North
longitude 1° 20t 42" West

Site 3 1s located near the center of the
visible face of the Moon in the southwestern
part of Sinus Medii. The site is approximately
25 miles (40 kilometers) west of the center

or the face and 21 miles (50 kilometers)
southwest of the Crater Bruce.

latitude 3% 38' 34" South
longitude 360 411 53" wWest

Site 4 is located on the west central part
of the Moon in southeastern QOceanus
Procellarum. The site is approximately 149
miles (240 kilometers) south of the rim of
Crater Encke and 136 miles (220 kilometers)
east of the rim of Crater Flamsteed.

latitude 1°. 46' 19" North
longitude 41° %6' 20" West

Site 5 is located on the west central part

of the visible face in southeastern Oceanus
Procellarum. The site is approximately 130
miles (210 kilometers) southwest of the rim

of Crater Kepler and 118 miles (190 kilometers)
north northeast of the rim of Crater Flamsteed.
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COMMAND AND SERVICE MOUDLE STRUCTURE, SYSTEMS

The Apollo spacecraft for the Apollo 10 mission is comprised
of Command Module 106, Service Module 106, Lunar Module 4, a
spacecraft-lunar module adapter (SLA) and a launch escape system,
The SLA serves as a mating structure between the instrument unit
atop the S-1VB stage of the Saturn V launch vehicle and as a
housling for the lunar mcdule.

Launch Escape System (LES) -- Propels command module to
safety in an aborted launch. It 1s made up of an open-f{rame
tower structure, mounted to the command module by four frangible
bolts, and three solid-propellant rocket motors: a 147,000 pound-
thrust launch escape system motor, a 2,400-pound-thrust pitch
control motor, and a 31,500-pound-thrust tower jettison motor.
Two canard vanes near the top deploy to turn the command module
aerodynamically to an attitude with the heat-shleld forward.
Attached to the base of the launch escape tower 1s a boost pro-
tective cover composed of glass, cloth, and honeycomb, that
protects the command module from rocket exhaust gases from the
main and the Jettison motors, The system is 33 feet tall, four
“eet in diameter at the base, and weighs 8,848 pounds.

Command Module (CM)} Structure -- The basic structure of the
command module 18 a pressure vessel encased in heat shields,
cone~-shaped 11 feet 5 inches high, base diameter of 12 feet 10
inches, and launch weight 12,277 pounds.

The command module consists of the forward compartment
which contalns two reaction control engines and components of
the Earth landing aystem; the crew compartment or lnner pressure
vessel containing crew accomodations, controls and displays, and
spacecrafl't systems; and the aft compartment housing ten reactlion
control engines and propellant tankage. The crew compartment
sontains 210 cubic feet of habltable volume,

Heat-shields around the three compartments are made of
brazed stainless steel honeycomd with an outer layer of phenolic
epoxy resin as an ablative material, Shield thickness, varying
according to heat loads, ranges from 0.7 inch at the apex to
2.7 inches at the aft end.

The spacecraft i1nner structure is of sheet-alumlnum honey-
comb bonded sandwhich ranging in thickness from 0.25 1nch thick
at forward access tunnel to 1.5 inches thick at base.

CSM 106 and LM-4 are equipped wlth the probe-and-drogue
docking hardware. The probe assembly is a folding coupling and
impact attentuating device mounted on the CM tunnel that mates
wlth a conical drogue mounted on the LM docking tunnel, After
the docking latches are dogged down following a docking maneuver,
both the probe and drogue assemblies are removed from the vehlcle
tunnels and stowed to allow free crew transfer between the CSM
and LM.
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Service Module (SM) Structure -~ The service module Is a
cylinder 12 feet 10 inches in dlameter by 24 feet 7 inches high,
For the Apollo 10 mission, it wiil weligh, 51,371 pounds at launch.
Aluminum honeycomb panels one inch thick form the outer skln, and
milled aluminum radial beams separate the interior into six
sections containing service propulsion system and reaction control
fuel-oxidizer tankage, fuel cells, cryogenlc oxygen and hydrogen,
and onboard consumables.

Spacecraft-LM Adapter (SLA} Structure -- The spacecratt LM
adapter is a truncated cone 26 feet long tapering irom 200 inches
diameter at the base to 154 inches at the forward end at the
service module mating line. Aluminum honeycomb 1.7% lncnes thick
1s the stressed-skin structure for the spacecrail't adapter. The
SLA welghs 4,000 pounds.

CSM Systems

Guildance, Navigation and Control System (GNCS} -- Measures
and controls spacecraft position, attitude, and veloclty, cal-
culates trajectory, controls spacecraft propulsion system thrust
vector, and displays abort data. The guildance system consists ol
three subsystems: inertiai, made up of an inertial measurement
unit and associated power and data components; computer which
procesgses information to or from other components; and optics,
including scanning telescope and sext=nt for celestial and/or
landmark spacecraft navigation., C3SM 106 and subsequent modules
are equipped with a VHF rangling devlice as a backup to the LM
rendezvous radar,

Stabilization and Control System ($CS) -- Controls space-
craft rotation, tTranslation, and thrust vector and provides
displays for crew-initiated maneuvers; backs up the guldance
system, It has three subsystems: attitude reference, attltude
control, and thrust vector control,

Service Propulsion System (SP3S) ~- Provides thrust for iarge
spacecraft velocity changes througn a gimbal-mounted 20,500~
pound-thrust hypergolic engine using a nitrogen tetroxlde oxidizer
and a 50-50 mixture of unsymmetrical dimethyl hydrazine and
hydrazine fuel. Tankage of thls system 1s in the service module.
The system responds to automatic firing commands from the guld-
ance and navigation system or to manual commands from the crew,.
The engine provides a constant thrust rate. The stabllization and
control system gimbals the engilne to filre through the spacecraft
center of gravity.

Reaction Control System (RCS) -- The command module and the
service module each has its own independent system. The SM RCS
has four identical RCS "quads mounted around the SM 90 degrees
apart. Each quad has four 100 pound-thrust engines, two fuel and
two oxidizer tanks and a helium pressurization sphere. The SM RCS
provides redundant spacecralt attitude control through cross-coupling
logic inputs from the stabilization and guldance systems,

-more-
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Small veloeclty change maneuvers can also be made with the
SM RCS., The CM RCS consists of two independent six-engine suo-
systems of six 93 pound-thrust engines each, Both subsystems
are activated after CM separation from the SM: one is used for
spacecraft attitude control during entry. The other serves Iln
standby as a backup. Propellants for both CM and SM RCS are
monomethyl hydrazine fuel and nitrogen tetroxide oxidizer with
helium pressurlzation, These propellants are hypergolic, 1.e,,
they burn spontaneously when combined without an 1lgniter.

Electrical Power System (EPS} -- Consists of three, 31~
cell Bacon-type hydrogen-oxygen fuel cell power plants in the
service module which supply 28-volt DC power, three 28-volt DC
zlnc-silver oxide main storage batteries in the command module
lower equipment bay, and three 115-200-volt 400 hertz three-
phase AC inverters powered by the main 28-volt DC bus. The
inverters are also located in the lower equipment bay. Cryogenic
hydrogen and oxygen react in the fuel cell stacks to provide
electrical power, potable water, and heat. The command module
main batteries can be switched to fire pyrotechnlcs in an
emergency. A battery charger restores selected batteries to
full strength as required with power from the fuel cells,

Environmental Control System {ECS) -~ Controls spacecraft
atmosphere, pressure, and cemperature and manages water. In
addition to regulating cabin and suit gas pressure, temperature
and humidity, the system removes carbon dioxide, odors and
particles, and ventilates the cabin after landing. It collects
and stores fuel cell potable water for crew use, supplles water
to the glycol evaporators for cooling, and dumps surplus water
overboard through the urine dump valve., PFProper operating temp-
erature of electronics and electrical equipment is maintained
by this system Through the use of the cabin heat exchangers, the
apace radiators, and the flycol evaporators.

Telecommunlications System ~-- Provides voice, television tele-
metry, and command data and tracking and ranging between the space-
craft and Earth, between the command module and the lunar module
and between the spacecraft and the extravehicular astronaut. It
also provides intercommunications between astronauts. The tele-
communications system consists of pulse code modulated telemetry
for relaylng to Manned Space Flight Network stations data on
spacecraft systems and crew condition, VHF/AM volce, and unified
S-Band tracking transponder, air-to-ground voice communications,
onboard television, and a VHF recovery beacon. Network stations
can transmit to the spacecraft such items as updates to the
Apollo guldance computer and central timing equlpment, and real-
time commands for certaln onboard functions.

-More-
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The hign-gain steerable S~Band antenna consists of four,
3l-inch-diameter parabolic dishes mounted on a folding boom at
the aft end of the service module., Nested alongside the service
propulsion system engine nozzle until deployment, the antenna
swings out at right angles to tne spacecraft longifudinal axis,
with the boom pointing 52 degrees below the heads-up horizontal.
Signals from the ground stations can be tracked either automat-
iecally or manually with the antenna's gimballing system. Normal
S-Band voice and uplinkdownlink communications will be handled
by the omnl and high-gain antennas,

Sequential System -- Interfaces with other spacecraft systems
and subsystems fo iniftiate time ecritical functions during launch,
docking maneuvers, sub-orbital aborts, and entry portions of a
mission, The system also controls routine spacecraft sequencing
such as service module separation and deployment of the Earth
landing system,

Emergency Detection System (EDS) =-- Detects and displays to
the crew launch vehicle emergency conditions, such as excessive
pitch or roll rates or two engines out, and automatically or
manually shuts down the booster and activates the launch escape
system; functions until the spacecraft is in orbit.

Earth Landing System (ELS) ~-- Includes the drogue and main
parachute system as well as post-landing recovery aids, In a
normal entry descent, the command module forward heat shield
is Jettlisoned at 24,000 feet, permitting mortar deployment of
two reefed 16.5-foot diameter drogue parachutes for orlenting
and decelerating the spacecraft, After disreef and drogue re-
lease, three pllot mortar deployed chutes pull out the three
main 83,3-foot dlameter parachutes wlth two-stage reefing to
provlide gradual inflation in three steps., Two main parachutes
out of three can provide a safe landing.

Recovery aids include the uprighting system, swimmer Iinter-
phone connections, sea dye marker, flashing beacon, VHF recovery
beacon, and VHF transcelver., The uprighting system conslists of
three compressor-inflated bags to upright the spacecraft 1f 1t
should land in the water apex down (stable II position),.

Caution and Warning System -- Monitors spacecraft systems for
out~-of-tolerance condlitions #nd alerts crew by visual and audible
alarms so that crewnen may trouble-shoot the problem.

Controls and Displays ~=- Provide readouts and control functions
of all other spacecralt systems in the command and service modules,
All controls are designed to be operated by crewmen in pressurized
sults. Displays are grouped by system and located according to the
frequency the crew refers to them,
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LUNAR MCDULE STRUCTURES, WEIGHT

The lunar module i1s a two-stage vehlcle designed for
space operations near and on the Moon. The LM is incapable
of reentering the atmosphere. The lunar module stands 22
feet 11 inches high and is 31 feet wide (dlagonally across
landing gear).

Joined by four explosive bolts and umbilicals, the as-~
cent and descent stages of the LM operate as a unlt until
staging, when the ascent stage functions as a single space-
craft for rendezvous and docking wlth the (CSM.

Ascent Stage

Three main sectlons make up the ascent stage: the crew
compartment, midsection, and aft equipment bay. Only the
crew compartment and midsection are pressurized (4.8 psig;
337.4 gm/sq cm) as part of the IM cabin; all other sectlons
of the LM are unpressurized. The cabln volume is 235 cublec
feet (6.7 cubic meters). The ascent stage measures 12 feet
4 inches high by 14 feet 1 inch in diameter.

Structurally, the ascent stage has six substructural
areas: crew compartment, mldsection, aft equipment bay, thrust
chamber assembly cluster supports, antenna supports and thermal
and micrometeorcid shield.

The cylindrical crew compartment is a semlmonccoque
structure of machlned longerons and fuslon-welded aluminum sheet
and is 92 inches (2.35 m) in diameter and 42 inches (1.07 m)
deep. Two flight stations are equlpped with control and dis-
play panels, armrests, body restraints, landing aids, two front
windows, an overhead docking window, and an allgnment optilcal
telescope in the center between the two flight stations. The
habitable volume is 160 cubic feet,

Two triangular front windows and the 32-inch (0.81 m)
square inward-opening forward hatch are 1n the crew compartment
front face.

External structural beams support the crew compartment
and serve to support the lower Iinterstage mounts at their
lower ends. Ring-stiffened semimonocoque construction 1is em-
ployed in the midsection, with chem-milled aluminum skin over
fusion-welded longerocns and stiffeners. Fore-and-aft beams
across the top of the mldsection Joln with those running across
the top of the cabin to take all ascent stage stress lcads and,
in effect, isoclate the cabin from stresses.

~-more -
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The ascent stage engine compartment is formed by two
beams running across the lower midsection deck and mated
to the fore and aft bulkheads. Systems located in the
midsection include the LM guldance computer, the power and
servo assembly, ascent englne propellant tanks, RCS pro-
pellant tanks, the environmental control system, and the
waste management section.

A tunnel ring atop the ascent stage meshes with the
command module latch assemblies. During dockling, the ring
and clamps are aligned by the LM drogue and the CSM probe.

The docking tunnel extends downward into the midsection
16 inches {40 cm). The tunnel is 32 inches (0.81 cm) in dia-
meter and is used for crew transfer between the CSM and LM by
crewmen. The upper hatch on the inboard end of the docking
tunnel hinges downward and cannot be opened with the LM pres-
surized and undocked.

A thermal and micrometeoroid shield of multliple layers
of mylar and a single thickness of thin aluminum skin encases
the entire ascent stage structure,

Descent Stage

The descent stage conslsts of a cruclform load-carrying
structure of two pairs of parallel beams, upper and lower decks,
and enclosure bulkheads -- all of conventlonal skin-and-stringer
aluminum alloy construction. The center compartment houses
the descent engine, and descent propellant tanks are housed
in the four square bays around the engine. The descent stage
measures 10 feet 7 inches high by 14 feet 1 inch in diameter.

Four-legged truss outriggers mounted on the ends ©f each
pair of beams serve as SLA attach points and as "knees’ for the
landing gear main struts.

Triangular bays between the maln beams are enclosed into
quadrants housing such components as the ECS water tank, helium
tanks, descent engine control assembly of the guidance, navi-
gation and control subsystem, ECS gaseous oxygen tank, and
batteries for the electrical power system. Llke the ascent
stage, the descent stage 1s encased in the mylar and aluminum
alloy thermal and micrometeoroid snield,

The LM external platform, or "porch", 1s mounted on the
forward outrigger Just below the forward hatch, A ladder ex-
tends down the forward landing gear strut from the porch for
crew lunar surface operations.

-Hore-
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In a3 retracted position until after the crew mans the
LM, the landlng gear struts are explosively extended and
provide lunar surface landing impact attenuatiocn. The main
sdtruts are filled with crushable aluminum honeycomb for
absorbing compression loads. Footpads 37 inches (0.95% m) in
dlameter at the end of each landing gear provide vehicle
"floatation” on the lunar surface,

Each pad 1s fitted with a lunar-surface sensing probe
which signals the crew to shut down the descent engine upon
contact with the Junar surface.

LM-4 flown on the Apollo 10 mission will have a launch
weight of 30,849 pounds. The weight breakdown 1is as follows:

Ascent stage, dry 4,781 1bs,

Descent stage, dry 4,703 1bs.

RCS propellants 612 1bs.

DPS propellants 18,134 1bs.

APS propellants 2,619 1bs. 3
30,849 1bs.

Lunar Module Systems

Electrical Power System -- The IM DC electrical system
ocongists of six silver zinc primary batteriles -- four in the
descent stage and two in the ascent stage, each with 1ts own
electrical contrcl assembly (ECA), Power feeders from all
primary batteries pass through circult breakers to energilze
the IM DC buses, from which 28-volt DC power id distributed
through circult breakers to all 1M systems. AT power
(117v 400Hz) is supplied by two inverters, either of which can
supply spacecraft AC load needs to the AC buses.

Environmental Control System -- Conslsts c¢f the atmosphere
revitalization section, oxygen supply and cabin pressure control
section, water management, heat transport secticn, and outlets
for oxygen and water serviclng of the Portable L1fe Support
System (PLSS).

~more -~
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Components of the atmosphere revitalization sectlon are
the sult circult assembly which cools and ventilates the
pressure garments, reduces carbon dioxide levels, removes
cders, noxlous gases and excessive molsture; the cabin re-
clrculation assembly which ventilates and controls cabin
agtmosphere temperatures; and the steam flex duct which vents
to space steam from the sult clreult water evaporator.

The oxygen supply and cabln pressure section supplies
gaseous oxygen to the atmosphere revitallzation section for
maintalning suit and cabin pressure. The descent stage
oxygen supply provides descent flight phase and lunar stay
oxygen needs, and the ascent stage oxygen supply provides
oxygen needs for the ascent and rendezvous flight phase.

Water for drinking, cocling, fire fighting, food pre-
paration, and refilling the PLSS cooling water servicing
tank is supplied by the water management section, The water
is contained in three nitrogen-pressurized bladder-type tanks,
one of 367-pound capacity in the descent stage and two of
47.5-pound capacity in the ascent stage.

The heat transport section has primary and secondary
water-glyecol solution coolant loops. The primary coolant
loop circulates water-glyccl for temperature control of ecabin
and suit circult oxygen and for thermal control of batteries
and electronlc components mounted on cold plates and rails.
1f the primary lcop becomes inoperatlive, the secondary loop
circulates coolant through the ralls and cold plates only.
cult elircuit cooling durlng secondary coolant loop operation
is provided by the sult loop water boller. Waste heat from
both loops is vented coverboard by water evaporation or sub-
limators.

Communication System -~ Two S-band transmltter-recelvers,
two VHF transmltter-receivers, a signal processing assembly,
and assoclated spacecraff antenna make up the LM communications
system. The system transmlis and receives volce, tracking
ard ranging data, and transmits telemetry data on 281 measure-
ments and TV signals to the ground. Vclce communications be-
tween the IM and ground stations is by S-band, and between the
LM and CSM voice 1s on VHF.

~mere -
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Real~time commands to the lunar module are received and
encoded by the digital uplink assembly--a black box tied in
to the S-band receiver. The digiftal uplink assembly will be
used on Apollo 10 to arm and fire the ascent propulsion
system for the unmanned APS depletion burn following final
docking and IM jJettison. LIM-4 will be the last spacecraft to
e fitted wlth equipment for acceptling real-time commands f{rom
the ground.

The data storage electronics assembly {(DSEA) is a four-
channel voice recorder with timing signals with a 10-hour
recording capaclty which will be brought back into the CSM
for return to Earth. DSEA recordings cannot be "dumped” to
ground stations.

IM antennas are one 26-inch diameter parabolic S-band
steerable antenna, two S-band inflight antennas and two VHF
inflight antennas,

Guidance, Navigation and Control System -- Comprised of
six sections: primary guidance and navigation section (PGNS),
abort guldance section %AGS), radar section, coniroel electronics
gection (CES), and orbital rate drive electronics for Apollo
and IM (ORDEAL).

* The PGNS is an inertial system aided by the alignment
optical telescope, an lnertlal measurement unit, and the ren-
dezvous and landing radars. The system provides inertial
reference data for computations, produces lnertial alignment
reference by feeding optical sighting data into the IM guidance
computer, displays position and velocity data, computes LM-CSM
rendezvous data from radar inputs, contrels attitude and thrust
to maintain desired IM trajectory, and controls descent englne
throttling and gimbaling.

* The AGS is an Independent backup system for the PGNS,
having its own inertial sensor and computer,

* The radar section is made up of the rendezvous radar
which provides CSM range and range rate, and line-of-sight
angles for maneuver computation to the LM guidance computer;
the landing radar which provide altitude and velocity data to the

IM guidance computer during lunar landing, The rendezyous radar
has an operating range from 80 feet to 400 nautical miles,

The range transfer tone assembly, utllizling VHF eiectronlics,
is a passive responder to the CSM VHF ranging device and 1s a
backup to the rendezvous radar,

-more -



~47~

®  The CES controls IM attitude and translation about all
axes. 1t also controls by PGNS command the automatle operation
of the ascent and descent englnes, and the reactlion control
thrusters. Manual attitude controller and thrust-translation
contreller commands are also handled by the CES.

* (ORDEAL, displays on the flight director attitude in-
dicator, 1s the computed local vertical in the pitch axis
during circular, Farth or lunar orbits.

Reaction Control System -- The IM has four RCS engine
alusters of four 100-pound (45.4 kg) thrust engines each which
use helium-pressurlzed hypergolic propeliants. The oxidizer
18 nitrogen tetroxide, fuel is Aerozine 50 (50/50 blend of
hydrazine and unsymmetrlcal dimethyl hydrazine). Propellant
plumbing, valves and pressurizing components are in two
parallel, independent systems, each feedling half the engines
in each cluster. Eilther system is capable of maintaining
attitude alone, but if one supply system faills, a propellant
erossfeed allows one system to supply all 16 engines.
Additionally, interconnect vaives permit the RCS system to
draw from ascent engine propellant tanks.

The engine clusters are mounted on outriggers 90 degrees
apart on the ascent stage.

The RCS provides small stabllizing impulses durling ascent
and descent burns, controls LM attitude during maneuvers, and
produces thrust for separation, and ascent/descent engine tank
ullage, The system may be operated in elther the pulse or
steady~-state modes.

Descent Propulsion System -- Maxlmum rated thrust of the
descent engine 1is 9,870 pounds (4,380.9 kg) and is throttleable
between 1,050 pounds (476.7 kg) and 6,300 pounds (2,860.2 kg).
The engine can be gimbaled six degrees in any dlrectlon for
offset center of gravity trimming. Propellants are helium-
pressurized Aesrozine 50 and nitrogen tetroxide,

Ascent Propulsion System -- The 3,500-pound (1,589 kg)
thrust ascent engline 1s nct gimbaled and performs at full
thrust. The englne remalins dormant untll after the ascent
stage separates from the descent stage. Propellants are the
same as are burned by the RCS engines and the descent engine.

Caution and Warning, Controls and Displays -- These two
systems have the same function aboard the lunar module as they
do aboard the command module. (See CSM systems section.)

-more -
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Tracking and Docking Lights -- A flashing tracking light
(once per second, 20 miliiseconds duration)} on the front face
of the lunar module 1is an ald for contingency CSM-actlve
rendezvous IM rescue. Visibility ranges from 400 nautical
miles through the C3SM sextant to 130 miles with the naked eye.
Five docking lights analagous to airecraft running lights are
mounted on the IM for C¢SM-active rendezvous: two forward
yellow lights, aft white light, port red light and starboard
green light, All docking lights have about a 1,000-foot

visibility.

~-more-
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SATURN V LAUNCH VEHICLE DESCRIPTION AND OPERATION

The Saturn V, 363 feet tall with the Apollo spacecraft
in place, generates enocugh thrust to place a 125-ton payload
into a 105-nm circular orbit of the Earth. It can boost
about 50 tons to lunar orbit. The thrust of the three pro-
pulsive stages range from almost 7.6 million pounds for the
booster to 230,000 pounds for the third stage at operating
altitude. Including the instrument unit, the launch vehicle
without the spacecraft is 281 feet tall.

First Stage

The first stage (S-IC) was developed jointly by the
National Aeronauties and Space Administration's Marshall
Space Flight Center, Huntsville, Ala. and the Boeing Co,

The Marshall Center assembled four S-IC stages: a
structural test model, a static test version, and the flrst
two flight stages. Subsequent flight stages are assembled
by Boeing at the Michoud Assembly Facility, New Orleans.

The S-IC stage destined for the Apollo 10 mission was the
gsecond flight booster statlic tested at the NASA-Misgsisslippil

l' Test Facility. The first S-IC test at MTF was on May 11,
13967, and the test of the second S-IC there -- the booster
for Apollo 10 -- was completed Aug. 9, 1967. Earlier flight
stages were static fired at the Marshall Center.

The S-IC stage boosts the space vehicle to an altitude
of 35.8 nm at 50 nm downrange and increases the vehicle's
velocity to 5,343 knots in 2 minutes 40 seconds of powered
flight., It then separates and falls into the Atlantic Ocean
about 351 nm downrange (30 degrees North latitude and 74 degrees
West longitude) about nine minutes after 1iftoff.

Normal propellant flow rate to the flve F-1 engines is
29,522 pounds per second. Four of the engines are mounted
on a ring, each 90 degrees from 1lts neighbor. These four
are gimballed to control the rocket's direction of flight.
The fifth engine 1s mounted rigldly 1n the center.

Seccnd Stage

The second stage (S-II), like the third stage, uses
high performance J-2 engines that burn liquld oxygen and
liquid hydrogen. The stage's purpose 1s to provide stage
boost nearly to Earth orblt.

—-more -
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SATURN V LAUNCH VEHICLE

SPACECRAFT 82 FT,—

CM
ISM

LM | INSTRUMENT

SATURN V LAUNCH VEHICLE -28I FT.

~ UNIT
JJMII

THIRD STAGE

imm (S-1VB)

SECOND STAGE
(S-11)

FIRST STAGE
(S-IC)

NOTE: WEIGHTS AND MEASURES GIVEN ABOVE ARE FOR THE

FIRST STAGE (5-1C)

DIAMETER
HEIGHT

WEIGHT

ENGINES
PROPELLANTS

THRUST

33 FEET
138 FEET

5,031,023 LBS . FUELED
294,200 LBS ,DRY

FIVE F-I

LIQUID OXYGEN (3,258,280
[8S.) RP-1 (KEROSENE) -
(1,417,334 LBS.)

7,680,982 LBS.

SECOND STAGE (5-11)

DIAMETER 33 FEET
HEIGHT 8l.5 FEET
WEIGHT 1,074,590 LBS . FUELED
84,367 LBS. DRY
ENGINES FIVE J-2
PROPELLANTS LIQUID OXYGEN (829,114
BS.) LIQUID HYDROGEN
(158,231 LBS,
THRUST 1,163,854 LBS.
INTERSTAGE 8,890 LBS.
THIRD STAGE (S-1VB)
DIAMETER 21.7 FEET
HEIGHT 58.3 FEET.
WEIGHT 261,836 LBS. FUELED
25,750 LBS. DRY
ENGINES ONE J-2
PROPELLANTS LIQUID OXYGEN (190,785
1BS.)  LIQUID HYDROGEN
(43,452 L8S.)
THRUST 203,615 LS.
INTERSTAGE 8,08l LBS.
INSTRUMENT UNIT
DIAMETER 21.7 FEET
HEIGHT 3 FEET
WEIGHT 4,254 LBS,

NOMINAL VEHICLE CONFIGURATION FOR APOLLO 10. THE
FIGURES MAY VARY SLIGHTLY DUE TO CHANGES BEFORE
LAUNCH TO MEET CHANGING CONDITIONS.
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. At outboard engine cutoff, the S-II separates and,
following a ballistic trajectory, plunges into the Atlantice
Oeean about 2,400 nm downrange from Kennedy Space Center (31

degrees North latitude and 34 degrees wWest longitude) about
20 minutes after 1iftoff.

Five J-2 engines power the S-II. The outer four engines
are equally spaced on a 17.5-foot dlameter circle., These
four englines may be gimbaled through a plus or minus seven-
degree square pattern for thrust vector control. As on the
first stage, the center engine {number 5) is mounted on the
stage centerline and is flxed in position.

The S-1I carries the rocket to an altitude of about
101,656 nm and a distance of some 888 nm downrange. Before
burnout, the vehicle will be moving at a speed of 13,427
knots. The outer J-2 engines will burn 6 minutes 32 seconds
during this powered phase, but the center engine will be cut
off at 4 minutes 59 seconds of burn time.

The Space Division of North American Rockwell Corp.

puilds the S-II at Seal Beach, Calif. The cylindrical vehlcle
is made up of the forward skirt to which the third stage
attaches, the 1liquid hydrogen tank, the liquid oxygen tank

. {separated from the hydrogen tank by a common bulkhead), the
thrust structure on whlch the englines are mounted and an inter-
stage section to which the first stage attaches. The common
bulkhead between the two tanks 1s heavily insulated.

The S-II for Apollo 10 was static tested by North Amerilcan
Rockwell at the NASA-Mississippl Test Facility on Aug. 9, 1968.
This stage was shipped to the test site via the Panama Canal
for the test firing.

Third Stage

The third stage (S-IVB) was developed by the McDonnell
Douglas Astronautlcs Co. at Huntington Beach, Calif. At
Sacramento, Calif., the stage passed a static firing test on
Oct. 9, 1967 as part of the preparation for the Apollo 10
mission., The stage was flown directly to the NASA-Kennedy
Space Cenfer,

Measuring 58 feet 4 inches long and 21 feet 8 inches in
diameter, the S-IVB weighs 25,750 pounds &ry. At first ignition,
it weighs 261,836 pounds. The interstage sectlion weighs an

additional 8,081 pounds. The stage's J-2 engine burns liquid
oxygen and liquid hydrogen.

-more-
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The stage provides propulsion twice during the Apollo
10 mission. The first burn occcurs immedlately after separa-
tion from the S-II. It will last long enough (156 seconds)
to insert the vehlcle and spacrcraft into a circular Rarth
parking orbit at about 52 degrees West longitude and 32 degrees
North latitude.

The second burn, which begins at 2 hours 33 minutes 25
seconds after liftoff (for first opportunity translunar in-
Jection) or 4 hours 2 minutes 5 seconds (for second TLI oppor-
tunity), will place the stage, instrument unlt, and spacecraft
into translunar trajectory. The burn will continue until
proper TLI end conditions are met.

The fuel tanks contain 43,452 pounds of 1iquid hydrogen
and 190,785 pounds of liquid oxygen at first ignition, totalling
234,237 pounds of propellants. Insulation between the two
fanks is necessary because the liquld oxygen, at about 293
degrees below zero F, 1s warm enough, relatively, to heat the
liquid hydrogen, at 423 degrees below zero F, rapidly and cause
it to turn into gas.

Instrument Unit

The instrument unit (IU) is a cylinder three feet high
and 21 feet 8 inches in diameter, It weighs 4,254 pounds and
contalns the guldance, navigation, and control equlpment which
will steer the vehicle through its Earth orbits and into the
final translunar injection maneuver,

The IU also contains telemetry, communications, tracking,
and crew safety systems, along with 1ts own supporting electrical
power and environmental control systems.

Components making up the "brain" of the Saturn V are
mounted on cooling panels fastened to the inside surface of
the instrument unit skin, The "cold plates" are part of a
system that removes heat by circulating cocled fluid through
a4 heat exchanger that evaperates water from a separate supply
into the vacuum of space.

The six major systems of the Instrument unit are
structural, thermal control, guldance and control, measuring
and telemetry, radio frequency, and electrical,

The instrument unlt provides navigation, guidance,
and control of the vehlcle; measurement of vehicle performance
and environment; data transmisslon with ground stations; radlo
tracking of the vehlcle; checkout and monitoring of vehilcle
functions; inltiation of stage functional sequencing; detection
fo emergency situations; generation and network distribution of
electric power system operation; and preflight checkout and
launch and flight operations,

-more-~



-52=

A path-adaptive guidance scheme 1s used in the Saturn
V instrument unit., A programmed trajectory is used in the
initial launch phase with guidance beginning only after the
vehlcle has left the atmosphere, This is to prevent movements
that might cause the vehicle to break apart whille attempting
to compensate for winds, Jet streams, and gusts encountered
in the atmosphere.

If such alr currents dlaplace the vehicle from the
optimum trajectory in climb, the vehicle derives a new tra-
Jectory. Calculations are made about once each second through-
out the flight. The launch vehicle digital computer and
data adapter perform the navigation and guidance computations.

The ST-124M inertial platform -- the heart of the naviga-
tion, guldance and control system ~- provides space-fixed
reference coordinates and measures acceleration along the three
mutually perpendicular axes of the coordinate system.

International Business Machlnes Corp., is prime contractor
for the instrument unit and is the supplier of the guildance
signal processor and guldance computer, Major suppliers of
instrument unit components are: Electronie Communicatiocons,
Inc., control computer; Bendix Corp., ST-124M inertial platform;
and IBM Federal Systems Division, launch vehlcle digltal com-
puter and launch vehicle data adapter.

Propulsion

The 41 rocket engines of the Saturn V have thrust
ratings ranglng from 72 pounds to more than 1.5 million pounds.
Some engines burn 1iquid propellants, others use solids,

The five F-1 engines 1n the first stage burn RP-1
{kerosene) and liquid oxygen. *ngines in the first stage
develop approximately 1,536,197 pounds of thrust each at 1ift-
off, bullding up to 1,822,987 pounds before cutoff. The
cluster of five engines gives the first stage & thrust range
from 7,680,982 million pounds at 1liftoff to 9,114,934 pounds
Just before center engine cutoff,

The F-1 engine welghs almeost 10 tons, is more th=an 18
feet high and has a nozzle-exit diameter of nearly 14 feet.
The F-1 undergoes static testing for an average 650 seconds
in qualifying for the 160-second run during the Saturn V first
stage booster phase., The engine consumes almost three tons of
propellants per second,

-more-



The first stage of the Saturn V for this mlssion has
elght other rocket motors. These are the solid-fuel retro-
rockets which will slow and geparate the stage from the second
stage. Each rocket produces a thrust of 87,900 pounds for 0.6
second,

The maln propulsion for the secend stage 18 a cluster
of five J-2 engines burning liquid hydrogen and liquid oxygen.
Each engine develops a mean thrust of more than 205,000 pounds
at 5.0:1 mixture ratio (variable from 184,000 to 230,000 in
phases of flight), giving the stage a total mean thrust of
more than a million pounds.

Designed to operate in the hard vacuum of 8space, the
3,500-pound J-2 is wmere efficient than the F-1 because 1t
burns the high-energy fuel hydrogen. F-1 and J-~2 engines
are produced by the Rocketdyne Division of North American
Rockwell Corp.

The second stage has four 21,000-pound-thrust solid
fuel rocket engines. These are the ullage rockets mounted
on the S-I1C/S3-I1 interstage section. These rockets fire to
settle liquid propellant 1n the bottom of the maln tanks and
help attain a "clean" separation from the first stage, they
remain with the Iinterstage when it drops away at second plane
separation. Four retrorockets are located 1n the S-IVB aft
Interstage {which never separates from the S-II) to separate
the S~II from the S53-IVB prior to S-IVB ignition.

Eleven rocket engines perform varlous functions on the
third stage. A gingle J-2 provides the main propulsive
force; there are two Jettisonable main ullage rockets and elght
smaller engines in the two auxiliary propulsion system modules,

Launch Vehicle Instrumentation and Communieation

A total of 2,342 measurements will be taken in flight on
the Saturn V launch vehicle: 672 on the first stage, 986 on
the second stage, 386 on the third stage, and 298 on the instru-
ment unistc.

The Saturn V has 16 telemetry systems: six on the first
stage, six on the second stage, one on the third stage and
three on the instrument unit, A C-band system and command
system are alsc on the instrument unit. Each powered stage
has a range safety system as on previous flights.

-fore -
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S-IVR Restart

The third stage of the Saturn V rocket for the Apollo 10
mission will burn twice Iin space. The second burm places the
spacecraft on the translunar trajectory. The first opportunity
for this burn i1s at 2 hours 33 minutes and 25 seconds after
lauach.. The second opportunity for PTLI begins at 4 hours 2
minutes and 5 seconds after liftoff,

The primary pressurization system of the propellant
tanks for the S~IVB restart uses a helium heater. In this
sytem, nine helium storage spheres in the liquid hydrogen
tank contain gaseous hellum charged to about 3,000 psi. This
helium is passed through the heater which heats and expands
the gas before it enters the propellant tanks. The heater
operates on hydrogen and oxygen gas from the main propellant
tanks.

The backup system consists of five ambient helium
spheres mounted on the stage thrust structure. Thls system,
controlled by the fuel repressurlzation control module, can
repressurize the tanks 1ln case the primary system falls., The
restart will use the primary system. If that system fails, the
backup system will be used.

The third stage for Apollo 10 will not be ignlted for a
third burn as on Apolloc 9. Following spacecraft separation
in translunar trajectory, the stage will underge the normal
J-2 engine chilldown sequence, stopping Just short of reignition.
On Apollo 10 there is no requirement for a third burn, and
there will not be sufficient propellants aboard, most of the
fuels having been expended during the translunar injection man-
euver,

Differences in Apollo 9 and Apollo 10 Launch Vehicles

Two modifications resulting from problems encountered
during the second Saturn V fllight were incorporated and proven
successful on the third and fourth Saturn V missions. The new
helium prevalve cavity pressurization system will agaln be
flown on the first (S-IC) stage of Apollc 10. New augmented
spark igniter lines which flew on the engines of the two upper
stages of Apollo 8 and 9 will again be used on Apollo 10.

-more-



The major first stage (S-IC) differences between
Apollo 9 and 10 are:

1. Dry welght was reduced from 295,600 to 294,200
pounds.

2., Welght at ground ignition increased from 5,026,200
to 5,031,023 pounds.

3. Instrumentation measurements were Ilncreased from
666 to 672,

S-II stage changes are:

1. Nominal vacuum thrust for J-2 engines increasge
will change maximum stage thrust from 1,150,000 tc 1,168,694
pounds,

2. The approximate empty welght of the S-II has been
reduced from 84,600 to 84,367 pounds. The S-IC/S-1I inter-
stage welight was reduced from 11,664 to 8,890 pounds.

3. Approximate stage gross liftoff weight was 1ncreased
from 1,069,114 to 1,074,590 pounds.

82' Instrumentation measurements lncreased from 975
to 906,

Ma jor differences on the S-IVB stage of Apollo 9 and
10 are:

1. S-IVB dry stage weight increased from 25,300 to
25,750 pounds. This does not include the 8,084-pound inter-
stage sectlion.

. gross stage weight at 1liftoff increased from
259, 337 to 261 36 pounds.

3, Instrumentation measurements were lncreased from
296 to 386,

-more-
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APOLLO 10 CREW

Life Support Equipment - Space Suilts

Apollo 10 crewmen will wear two versions of the Apollo
space suit: an intravehlcular pressure garment assembly
worn by the command module pllot and the extravehicular pres-
sure garment assembly worn by the commander and the lunar
module pillot, Both versions are basically identical except
that the extravehicular version has an integral thermal/
meteorcoid garment over the basic suilt.

From the skin out, the baslc pressure garment conslsts
of a nomex comfort layer, a neoprene~coated nylon pressure
bladder and a nylon restraint layer. The outer layers of the
intravehicular suilt are, from the lnside out, nomex and two
layers of Teflion-coated Beta cloth. The extravehicular inte~
gral thermal/meteoroid cover consists of a liner of two layers
of neoprene-coated nylon, seven layers of Beta/Kapton spacer
laminate, and an outer layer of Teflon-coated Beta fabric.

The extravehicular sult, together with a liquld cooling
garment, portable life support system (PLSS), oxygen purge
system, extravehlcular viscor assembly and other components
make up the extravehicular mobility unit (EMU). The EMU pro-
vides an extravehicular crewman with life support for a four-
hour mission cutside the lunar module without replenishing
expendables. EMU total weight is 183 pounds. The intra-
vehicular sult weighs 35.6 pounds.

Liquid cooling garment--A knltted nylon-spandex garment
with a network of plastic tubing through which cooling water
from the PLSS is circulated. It is worn next to the skin and
replaces the constant wear—garment during EVA only.

Portable 1life support system--A backpack supplylng oxygen
at 3.8 psi and cooling water to the liguid coocllng garment.
Return oxygen 1s cleansed of solid and gas contaminants by a
lithium hydroxide canister, The PLSS includes communications
and telemetry equipment, displays and controls, and a main
power supply. The PLSS 1s covered by a thermal insulation
jacket. (One stowed in IM),

Oxygen purge system--Mounted atop the PLSS, the oxygen
purge system provides a contingency 30-minute supply of
gaseous oxygen in two two-pound bottles pregsurized to 5,880
psia. The system may also be worn separately on the front of
the pressure garment assembly torsoc, It serves as a mount for
the VHP antenna for the PLSS. (Two stowed in LM).

-more-
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Extravehlcular visor assembly--A polycarbonate shell and
two visors with thermal control and optical coatings on then,
The EVA visor is attached over the pressure helmet to provide
impact, micrometeorocid, thermal and light protection to the
EVA crewman.

Extravehicular gloves--Built of an outer shell of
Chromel-~R fabric and thermal insulatlon to provide protec-
tion when handling extremely hot and cold objJects. The finger
tips are made of silicone rubber to provide the crewman more
sensitivity.

A one-piece constant-wear garment, similar to "long
Johns", 1is worn as an undergarment for the space sult in intra-
vehicular operations and for the inflight coveralls. The
garment ig porous-knit cotton with a waist-to-neck zipper for
donning. Blomedlcal harness attach points are provided.

During periods out of the space sults, crewmen will wear
two-plece Teflon fabric inflight coveralls for warmth and for
pocket stowage of personal items.

Communications carriers {"Snoopy hats") with redundant
microphones and earphones are worn with the pressure helmet;
a lightweight headset is worn with the inflight coveralls.

Meals

The Apollo 10 crew has a wlide range of food items from
which to select thelr dally missilon space menu. More than
60 items comprise the food selection list of freeze-dried
rehydratable foods. In addition, one "wet pack" meal-per-man
per-day wlll be stowed for a total of 27, These meals, con-
sisting of foll-wrapped beef and potatoes, ham and potatoes
and turkey chunks and gravy, are s3imilar to the Christmas
meals carried aboard Apollo B and can be eaten with a spoon.

Water for drinking and rehydrating food is obtained from
three sources in the command module ~- a dispenser for drinking
water and two water spigots at the food preparation station,
one supplying water at about 155 degrees F., the other at about
55 degrees F. The potable water dispenser squlrts water con-
tinuously as long as the trigger 1s held down, and the food
preparation spigots dispense water in one-ounce increments.

-more-
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Command module potable water 1s supplied from service
module fuel cell byproduct water. Three one-pint "picnic
Jugs", or plastic bags, willl be stowed aboard Apollo 10 for
drinking water. Each crewman once a day willl fllil a bag
with water and then spin 1t up to separate the suspended
hydrogen gas from the water so that he will have hydrogen-
less water to drink the followlng day. The suspended hydrogen
in the fuel cell byproduct water has caused intestinal dis-
comfort to crewmen in previous Apollc missions.

A continuous-~feed hand water dispenser simllar to the one
in the command module 1is used aboard the lunar module for
cold-water rehydration of food packets stowed aboard the LM,

After water has been Injected into a food bag, 1t is
kneaded for about three minutes. The bag neck is then cut
off and the food squeezed intoc the crewman's mouth. After a
meal, germicide pills attached to the outside of the food bags
are placed in the bags to prevent fermentation and gas formation.
The bags are then rolled and stowed in waste disposal compart-
menta,

The day-by-day, meal-by-meal Apollo 10 menu for each crew-
man for both the command module and the lunar module is
lilsted on the following pages.

-more-
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MEAL Dsy 1%, 5, 9

A Peaches
Bacon Squares (8)
Cinn Tstd Bread Cubes {4)
Grapefruit Drink
Orange Drink

8  Salmon Salad
Chicken & Rice**
Sugar Cookie Cubes (4)
Cocoa
Grape Punch

C (Beef & Potatoes ~ Wet Pack)
Cheese Cracker Cubes {4)
Chocolate Pudding
Orange-Grapefruit Drink

CALORIES/DAY 2172

¥Day 1 consists of Meal C only
*#New spoon-bowl package

APOLLC 10 (STAFFORD)

Day 2, 6, 10

Frult Cocktail

Sugar Coated Corn Flakes
Bacon Squares (8)
Grapefruit Drink

Grape Drink

Potato Soup

Chicken & Vegetables
Tuna Salad

Pineapple Fruitcake (4)
Orange Drink

Spaghetti & Meat Sauce¥*®
(Ham & Potatoes ~ Wet Pack)
Bsnana Pudding
Pineapple-Grapefruit Drink

279

Day 3, 7, 11

Peaches

Bacon Squares (8)
Strawberry Cubes (4)
Cocoa

Orange Drink

Cream of Chicken Sou

(Turkey & Gravy - Wet Pack)

Butterscotch Pudding
Brownies (4)
Grapefruit Drink

Pea Soup

Beef Stewk*
Chicken Salad
Chocolate Cubes {4)
Grape Punch

P

2530

Day 4, 8

Fruit Cocktsail
Sausage Patties
Bacon Squares (8)
Cocoa

Grape Drink

Potato Soup

Pork & Scalloped Pciatoes
Applesauce

Orange Drink

Shrimp Cocktail

Chicken Stew**

Turkey Bites (4)

Date Fruiteake (4)
Orange-Grspefruit Drink

201




MEAL Day 1%, 5, 9
A Peaches
Bacon Squares {8)
Cinn Tstd Bread Cubes (4)
Grapefruit Drink
Orange Drink

B Salmon Salad
Chicken & Rice®*
Sugar Cookie Cubes (4)
Cocoa
Grape Punch

C {Beef & Potatoes - Wet Pack)
Cheese Cracker Cubes (4)
Chocolate Pudding
Orange-Grapefruit Drink

CALORIES/DAY 2172

®Jay 1 consists of Meal © only
¥#Nev spoon~bowl package

APOLLO 10 (YOUNG)

Dey 2, 6, 10

Frujt Cocktail

Sugar Coated Corn Flakes
Brownies (4)

Grapefruit Drink

Grape BPrink

Potato Soup

Tuna Saled

Chicken & Vegetables
Pineapple Fruitcake (4)
Pineapple-~Grapefruit Drink

Spaghetti & Meat Sauce**
(Ham & Potatoes - Wet Pack)
Banana Pudding

Orange Drink

2145

Day 3, 7, 11

Peaches

Bacon Squares (8)
Strawberry Cubes (4}
Cocoa

Orange Drink

Cream of Chicken Soup
(Turkey & Gravy ~ Wet Pack)
Butterscotch Pudding
Grapefruit Drink

Beef Stewh#
Chicken Ssalad

Corn Chowder
Chocolate Cubes {4)
Grape Tunch

2389

Day 4, 8

Fruit Cocktail
Sausage Patties
Bacon Squares {(8)
Cocoa

Grape Drink

Fea Soup

Fork & Scalloped Petatocs
Applesauce

Orange Drink

-09-

Shrimp Cocktail

Chicken Stew¥**

Turkey Bites {(4)

Date Fruitcake (4)
Crange~GrapelTult Urink

ZC
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ME.A.L L)ay }.*, 5, 9

Peaches
Bacon Squares (8)
Cinn Tstd Bread Cubes (4)

APOLLO 10 (CERNAN)

Day 2, 6, 10

Fruit Cocktail
Sugar Coated Corn Flekes
Bacon Squares (8)

Crange Drink Orange Drink
Orange~Pineapple Drink Grape Drink
Salmon Salad Potato Soup
Chicken & Rice## Tuna Salad

Sugar Cookie Cubes (4)
Cocos
Grape Punch

Cream of Chicken Soup

(Beef & Potatces - Wet Pack)

Cheese Cracker Cubes (4)
Fruit Cocktail
Orange-Grapefruit Drink

Chicken & Vegetables
Brownies (4)
Orange~Grapefruit Drink

Spaghetti & Meat Sauce®*
(Ham & Potatoes - Wet Pack)
Banana Pudding

Orange Drink

CALORIES/DAY 2026 2040

-

*Day 1 consists of Meal C only
®x*New spoon-nowl package

Day 3, 7, 11

Peaches

Bacon Squares (8)
Strawberry Cubes (4)
Cocoa

Orange Drink

Cream of Chicken Scup
(Turkey & Gravy - Wet Pack)
Cinn Tstd Bread Cubes (4)

Butterscotch Pudding

Pineapple-Grapefruit Drink

Pea Soup
Chicken Salad
Beef Stew*#
Grape Punch

2298

Day 4, 8

Frult Cocktail
Sausage Patties
Bacon Squares (8)
Cocea

Grape Drink

Potato Soup

Pork & Scalloped Potatoes
Applesauce

Qrange Drink

—‘[9-

Shrimp Cocktail

Chicken Stew¥**

Turkey Bites (6)
Chocolate Cubes (6)
Orange~Grapefruit Drink

2021
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APOLLO 10 LM MENU

day 1
Meal A

Fruit Cocktail
Bacon Squares (8)
Brownies (4)
Orange Drink
Grape Punch

Meal B

Beef uand Vegetables
Pineapple Fruitcake (4)
QOrange-Grapefruit Orlok
Grape Punch

Meal C

Cream of Chicken Soup

Beef Hash

Strawberry Cubes (4)
Pineapple-Grapefruit Drink

2 man-days only
£ meals per overwrap
Red and Blue Velero

=MOTE -
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Personal Hygiene

Crew personal hyglene equipment aboard Apcilo 10 in-
c¢ludes body cleanliness ltems, the waste management system
and one medleal kit.

Packaged with the food are a toothbrush and a two-ounce
tube of toothpaste for each crewman., FEach man-meal package
contains a 3.5~by-four-inch wet-wipe cleansing towel.
Additionally, three packages of 12-by-12-inch dry towels are
stowed beneath the command module pillot's couch., Each package
contains seven towels., Also stowed under the command module
pllot's couch are seven tissue dispensers containing 53 three-
ply tissues each.

Solid body wastes are collected In Gemini-type plastic
defecation bags which contaln a germicide to prevent bacteria
and gas formation. The bags are sealed after use and stowed
in empty food contailners for post-flight analysis.

Urine collection devices are provided for use while
wearing either the pressure suit or the inflight coveralls.
The urine is dumped overboard through the spacecraft urine
dump valve in the CM and stored in the 1IM.

The 5x5x8-inch medical accessory kit is stowed in a com-
partment on the spacecraft right side wall beside the lunar
module pilot couch. The medical kit contains three motion
sickness injectors, three pain suppression injectors, one two-
ocunce bottle first aid ointment, two one-ounce bottle eye
drops, three nasal sprays, two compress bandages, 12 adheslive
bandages, one oral thermometer and two spare crew blomedlcal
harnesses. Pills in the medical kit are 60 antibioctic, 12
nausea, 12 stimulant, 18 pain killer, 60 decongestant, 24
diarrhea, 72 aspirin and 21 sleeping. Additionally, a small
medical kit containing four stimulant, eight dlarrhea, two
sleeping and four pain killer pills, 12 aspirin, one bottle eye
drops and two compress bandages is stowed in the lunar module
flight data file compartment,

Survival Gear

The survival kit is stowed in two rucksacks in the right-
hand forward equipment bay above the lunar module pillot,

Contents of rucksack No. 1 are: two combination survival
lights, one desalter kit, three pair sunglasses, one radio
beacon, one spare radio beacon battery and spacecraft connector
cable, one knife in sheath, three water containers and two con-
talners of Sun lotilon,

~Mere-
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Rucksack No. 2: one three-man life raft with CO
inflater, one sea anchor, two sea dye markers, three gun-
bonnets, one mooring lanyard, three manlines, and two attach
brackets.

The survival kit is designed to provide a 48-hour
postlanding (water or land) survival capability for three
crewmen between 40 degrees North and South latitudes.

Bicmedical Inflight Monitoring

The Apollo 10 crew biomedical telemetry data recelved
by the Manned Space Flight Network will be relayed for in-
stantanecus display at Mission Control Center where heart
rate and breathing rate data will be displayed on the {iight
surgeon's console. Heart rate and respiration rate average,
range and deviation are computed and displayed on digital TV
screens.,

In additlion, the 1instantaneous heart rate, real-time and
delayed EFKG and respiration are recorded on strip charts for
each man.

Biomedical telemetry will e simultanecus from all crew-
. men whille in the CSM, but selectable by a manual onboard
switch in the IM,

Biomedical data observed by the flight surgeon and
his team in the Life Support Systems Staff Support Room will
be correlated with spacecraft and space sult environmental
data dlsplays.

Blood pressures are no longer telemetered as they were
in the Mercury and Geminl programs. Oral temperature, how-
ever, can be measured onboard for diagnostic purposes and
volced down by the crew In case of inflight 1llness,

Regt-Work Cycles

All three Apollo 10 crewmen will sleep simultaneously
during rest periods. The average mission day will consist of
16 hours of work and elight hours of rest, Two c¢crewmen normally
will sleep in the sleep stations (sleeping bags) under the
couches, with the third man in the couch. During rest periods,
one crewman will wear hls communicatlions headset.

The only exception to this sleeping arrangement will be
during the rest period on lunar orbit insertion day, when two
crewmen will sleep in the couches since the docking probe and
drogue assemblies will be stowed in one of the sleep stations.

. When possible, all three crewmen will eat together in one-

hour eat periods during which other activities wlll be held to
a minimum,
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Tralning

The crewmen of Apollo 10 have spent more than five hours
of formal crew training for each hour of the lunar-orbit
mission's eight-day duration. Almost 1,000 hours of trailning
were in the Apcllo 10 crew tralning syllabus over and above
the normal preparations for the mission--technical briefings
and reviews, pllot meetings and study.

The Apollo 10 crewmen also took part in spacecraft manu-
facturing checkouts at the North American Rockwell plant in
Downey, Calif., at Grumman Alrcraft Engineering Corp., Bethpage,
N.Y., and in prelaunch testing at NASA Kennedy Space Center.
Taking part in factory and launch area testing has provided the
crew with thorough operational knowledge of the complex vehicle.

Highlights of specialized Apollo 10 crew trainlng toplcs
are:

* Detailed series of briefings on spacecraft asystems,
operation and modifications,

*# Saturn launch vehicle briefings on countdown, range
safety, flight dynamlcs, fallure modes and abort conditions.
The launch vehlcle brlefings were updated periodcally.

* Apollo Guidance and Navigatlon system briefings at the
Massachusetts Institute of Technology Instrumentation Laboratory.

# Brilefings and continuous training on misslon photo-
graphic objectives and use of camera equipment.

* Extensive pllot participation in reviews of all flight
procedures for normal as well as emergency situations,

* Stowage reviews and practice In training sessions in
the spacecraft, mockups and command module simulators allowed

the c¢rewmen to evaluate spacecraft stowage of crew-assoclated
equipment.

* More than 300 hours of training per man in command module
and lunar module simulators at MSC and KSC, including closed-
loop simulations with flight controllers in the Mission Control
Center. Other Apollo simulators at various locations were
used extensively for speclalized crew tralning.

* Entry corridor deceleratlion profiles at lunar-return
conditions in the MSC Flight Acceleration Facility manned
centrifuge.

-more-
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#*# Zero-g aireraft flights using command module and lunar
module mockups for EVA and pressure suit doffing/donning
practice and tralning.

% Underwater zero-g training in the MSC Water Immersion
Facility using spacecraft mockups to familiarize further crew
with all aspects of CSM-LM docking tunnel intravehlcular
transfer and EVA in pressurized suits.

* Water egress training conducted in indoor tanks as
well as in the Gulf of Mexlco, included uprighting from the
Stable II position (apex downi to the Stable I position
(apex up), egress onto rafts and helicopter pickup.

#* TLaunch pad egress training from mockups and from the
actual spacecraft on the launch pad for possible emergencies
such as fire, contaminants and power fallures.

* The training covered use of Apollo spacecraft fire
suppression equipment in the cockpit.

# Planetarium reviews at Morehead Planetarium, Chapel
Hill, N.C., and at Griffith Planetarium, Los Angeles, Calif.,
of the celestlal sphere with special emphasis on the 37
navigational stars used by the Apollo guidance computer.

~more-
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Crew Biographles

NAME: Thomas P. Stafford (Colonel, USAF) Apollo 10 commander
NASA Astronaut

BIRTHPLACE AND DATE: Born September 17, 1930, 1n Weatherford,
Okla., where his mother, Mrs. Mary Ellen Stafford, now
resldes,

PHYSICAL DESCRIPTION: Black hair, blue eyes; helight: © feet;
weight: 175 pounds.

EDXUCATION: Graudated from Weatherford High Schoocl, Weatherford,
Okla.; received a Bachelor of Science degree from the
United States Naval Academy in 1952; reciplent of an
Honorgry Doctorate of Science from Oklahoma City University
in 1967.

MARITAL STATUS: Married to the former Faye L. Shoemaker of
Weatherford, Okla. Her parents, Mr. and Mrs. Earle R.
Shoemaker, reside in Thomas, Okla.

CHILDREN: Dionne, July 2, 1954; Karin, Aug. 28, 1957.

OTHER ACTIVITIES: H1s hobbiles include handball, welght 1ifting
and swimming.

ORGANIZATIONS: Member of the Socilety of Experimental Test
Pilots.

SPECIAL HONORS: Awarded two NASA Exceptional Service Medals
and the Air Force Astronaut Wings; the Distingulshed
Flying Cross; the AIAA Astronautics Award; and co-re-
cipilent of the 1966 Harmon International Aviation Trophy.

EXPERIENCE: Stafford, an Air Force colonel, was commissioned in
in the United States Air Force upon graduation from
Annapolis., Following his flight training, he flew fighter
interceptor alrcraft in the United States and Germany
and later attended the USAF Experimental Flight Test
School at Edwards Air Force Base, Calif.

He served as Chief of the Performance Branch at the USAF
Aerospace Research Pilot School at Edwards and was re-
sponsible for the supervision and administration of the
flying curriculum for student test pilots. He was also
an instructor in flight test training and speclalized
academic subjects--establishing basic textbooks and
directing the writing of flight test manuals for use by
the staff and students. He is co-author of the Pllot's
Handbook for Performance Flight Testing and the Aero-
dynamics Handbook for Performance Flight Testing.

-HOore-
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He has accumilated over 5,000 hours flying time, of
which over 4,000 hours are in jet aireraft,

CURRENT ASSIGNMENT: Colonel Stafford was selected as an
astronaut by NASA in September 1962. He has since
served as backup pillot for the Geminil 3 flight.

On Dec. 15, 1965, he and command pilot Walter M. Schirra
were launched into space on the history-making Gemini 6
mission and subsequently participated in the first
successful rendezvous of two manned maneuverable space-
craft by Joining the already orbiting Gemini 7 crew,
Gemini 6 returned to Earth on Dec, 16, 1965, after 25
hours 51 minutes and 24 seconds of flight,

He made his second flight as command pilot of the Gemini

g mission. During this 3-day flight which began on

June 3, 1966, the spacecraft attained a circular orbit of
161 statute miles; the crew performed three different
types of rendezvous wlth the previously launched Augmented
Target Docking Adapter; and pilot Eugene Cernan logged

two hours and ten minutes outside the spacecraft in
extravehicular activity. The flight ended after 72 hours
and 20 minutes wlth a perfect reentry and recovery as
Gemini 9 landed within 0.4 nautical miles of the de-
signated target point and 1% miles from the prime recovery
ship, USS WASP,

-more-
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NAME: John W. Young(Commander, USN) Apolle 10 command module
pilot
NASA Astronaut

BIRTHPLACE AND DATE: Born 1n San Franclsco, Callf., on Sept.
24, 1930, His parents, Mr., and Mrs, William H. Young,
reside in Orlando, Fla.

PHYSICAL DESCRIPTION: Brown hair; green eyes; height: 5 feet
9 inches; weight: 165 pounds,

EDUCATION: @raudated from Orlando High School, Orlando, Fla.;
received a Bachelor of Scilence degree in Aeronautical
Engineering from the Georgia Institute of Technology in

1952.

MARITAL STATUS: Married to the former Barbara V, White of
Savannah, @a. Her parents, Mr. and Mrs. Robert A, White,
realde in Jacksonville, Fla.

CHILDREN: Sandy, Apr. 30, 1957; John, Jan., 17, 195G,
OTHER ACTIVITIES: His hobbles are bleycle riding and handball,

ORGANIZATIONS: Member of the American Institute of Aeronautics
and Astronautics and the Society of Experimental Test
Pillots.

SPECIAL HONORS: Awarded two NASA Exceptional Service Medals,
the Navy Astronaut Wings, and three Dlstinguished Flying
Crosses,

EXPERIENCE: Upon graduation from Georgla Tech, Young entered
the U.3. Navy in 1952 and holds the rank of commander.

He was a teat pillot at the Naval Air Test Center from 1989
to 1962, MTest projects included evaluations of the F8D
and FUB fighter weapona systems, In 1962, he set world
time-to-climb records to 3,000 and 25,000-meter altitudes
in the FU4B., Prior to his assignment to NASA he was
Maintenance Officer of All-Weather-Fighter Squadron 143
at the Naval Air Station, Miramar, Calif.

He has logged more than 4,500 hours flying time, including
more than 3,900 hours in jet alrcraft.
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