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SUMMARY
APOLLO/SATURN FLIGHTS

Miseion Launch Launch Payload Description
Date vehicle

AS=-201 2/26/66 SA-201 CSM-009 Launch wvehicle and CsSM
development. Test of CSM
subsystems and of the space
vehicle. Demonstration of
reentry adequacy of the M

at earth orbital conditions,

AS=203 7/5/66 SA-203 I.H2 in Launch vehicle development,
- S=IVE Demonstration of c. trol of
LH2 by continuous venting
in“orbit.

AS-202 8/25/66 SA~-202 CSM~C1l1 Launch wehicle and csM
development. Test of CSM
subsystems and of the
structural integrity and
compatibility of the space

K . vehicle. Demonstration of

‘ Propulaion and entry con-
trol by G&N system. Demon-
stration of entry at 28,500
fps.

APOLLO 4 11/9/67 SA-501 C3M-017 Launch vehicle and space-
LTA~-10R craft development. Demon-
atration of Saturn V¥ Launch
Vehicle performance and of
CM entry at lunar return

velocity,
APOLLO 5 1/22/68 SA-204 LM-1 LM development. Verified
SLA-7 cperaticn of LM subsystems:

ascent and descent propulsion
Byatems (lncluding rastart)
and structures. Evaluation
of LM staging. Evaluation
of 5-IVB/IU orbital perfor-
mancea,

APOLLO 6 4/4/68 SA~502 CM-020 Launch vehicle and sSpace-
SM-014 craft development. Demon-
LTA-2R stration of Saturn V Launch
SLA-9 Vehicle performance.



Mission

APOLLO

APOLLO

APOLLG

APOLLO

APOLLGO

APOLLO

APOLLOC

APOLLO

7

10

11

12

13

14

Launch
Date

10/11/68

12/21/64

3/3/69

5/18/69

7/16/69

11/14/69

4/11/70

1/31/71

N .
APOLLO/SATURN FLIGHTS

Launch

Vehicle

SA=205

S5A-5023

SA-204

SA-50%

SA=-506

SA-547

SA-508

SA-509

Payload

CM-101
SM=101
SLA=5

CM-1023
SM=103
LTA-B

SLA=-11

CM-104
SM-104
LM=-3

SLA-.2

CM-106
SM-106
LM-4

SLA-13

CM-107
SM-107
LM-5
SLA~14
EASEP

CM-108
SM-108
LM-6

SLA-15

ALSEP 1

CM=-109
SM-109
LM-7

SLA-16

ALSEP III

CM-110
SM-110
LM-18

SLA~17

ALSEFP 14

Description

Manned CSM operations. Dura-
tion 10 days 20 hours,

Lunar orbital mission. Ten
lunar orbits. Missicon dura-
tion 6 days 3 hours. Manned
C5M operations.

Earth orbital mission. Manned
CSM/LM operaticns. Duration
10 days 1 hour,

Lunar orbital mission. Manned
C5M/LM operations. Evaluation
of LM performance in cislunar
and lunar environment, follow-
ing lunar landing profile. Mis-
sion duration B days,

Firzt manned lunar landing
mission. Lunar surface stay
time 21.6 hours. Mission dura-
tion B days 31 hours.

Second manned lunar landing
miasion. Demonstration of
point landing capability,
Deployment of ALSEP I. Sur-
veyor III investigation. Lunar
surface stay time 31.5 hours.
Two dual EVA's (15.5 manhours).
89 hours in lunar orbit (45
orbita). Mission duration 10
days 4.6 hours,

Planned third lunar landing.
Mission aborted at approxi-
mately 56 hours due to loss
of SM cryogenic oxygen and
congequent loss of capability
to generate electrical power
and water.

Third successful lunar land-
ing mission. Landing at Fra
Mauro site. Deployment of

ALSEP. Extensive geclogy tra-
verse. Lunar stay time 34.5
hours. Two dual EVA's of 4 hr.

43 min. and 4 hr. 28 min.
Miszion durng;qn-ﬂ;days 2 min.



Mission

APOLLO 15

APOLLO 16

Launch

Date

1/26/71

/16712

KeWVises., 11

APOLIO/SATURN FLIGHTS

Launch

Vehicle

SA-510

SA~-511

Payload

CM-112
SM-112
LM=19Q
SLA-19
ALSEP 15
LRV~1

CM=-113
SM=-113
IM~11
SLA-20
ALSEF 16

2a

Description

Fourth successful lunar
landing misaion. Explora-
tion at Hadley-Apennine site.
Extensive geology traverses
with first lunar roving vehjc.
{27.9 km) Deployment of ALSEP
Lunar stay time 66.9 hours,.
Three dual EVAi's totaling
18.6 hours. 145.3 hours in
lunar orbit (74 orbitsg).
Mission duration 12 days 7.2
hours,

Fifth succesaful lunar land:-
mission. Exploration at
Descartes site. Deployment ot
ALSEP and other experiments.
Three extensive geoalogy
traverses on LRV.

Three dual EVA's totaling 20.?
houra. Lunar stay time 71
hours. 3econd use of scientif-
instrument module for orbital
sclence. 126.1 hours in lunar
orbit (64 orbits). Mission
duration 11 days 1.8 hours.



AS5-201 FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES ({(All Objectives Accomplished)

1.

2.

4.

6.

Demonstrate structuyral integrity and compatibility
of the launch vehicle and confirm launch leads.

Test the separation of:

a} S-IVB Btage, instrument unit (IU), and space-
craft from S-1B stage.

b) Launch escape system (LES) and boost protective
cover from command/service module {CSM} and
launch vehicle,

¢) C5M from S-IvB stage, IU, and service module-LM
adapter (sSLaA)-

d} Command module {(CM) from service module (5M) .

Obtain flight operation information on the following
subsystems: '

a) Launch vehicle: propulsion, guidance and control,
. and electrical systems.

k) Spacecraft: CM heat shield {adequacy for entry
from low earth orbit); service propulsion systenm
(SPS) (including restart); environmental controil
system (ECS) {pressure and temperature control}l;

SM RCS; stabilization control system (SCS); earth
land?ng system (ELS); and electrical power system

Evaluate performance of the space vehicle emergency
detection system (EDS) in an open-loop configuration.

Evaluate the CM heat ahiu}d at a heating rate of
approximately 200 Btu/ft.</sec, during entry at approx-
imately 28,000 fps.

Demonstrate the nission support facilities and cpera-
tions required for launch, mission conduct, and CM

rﬂﬂﬂvﬂrrl - . s o %ﬁ'z‘:- .
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DETAILED TEST OBJECTIVES (A1l Objectives Accomplished)

PRINCIPAL OBJECTIVES

Lauhch Vehicle:

1.

10.

Demonstrate compatibility and atructural ihtegrity
of the space whicle ([SV) during S-IB stage-powereu
flight and ce.firm structural loads and dynamic
characteristics.

Demoenstrate atructural integrity and compatibility
of S-IVEB and space vehicle during powered phase
and coast.

Demonstrate separation of;

a) S-IvB from S-IB.

) CSM from S-IVB/I1U/SLA.

Demonstrate S$-IVB propulsion system including
Program mixture ratio shift and determine system
performance parametars-

Demongtrate S5-IB propulsion Byatem and evaluate
subsystem performance parameters.

Demonstrate launch vehicle guidance system, achieve
guidance cutoff, and evaluate system accuracy.

Demonstrate LV control system during S-IVB-powered
phase, S-IVB coast Phase, and S-IB-powered phase,
and evaluate performance characteristics.

Demonstrate LV seguencing systetn,

Evaluate performance of the space vehicle EDS
in an open-loop configuration.

Demonstrate the mission support facilities required
for launch, miasion operations and CM racovery.
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Spacecraft:

l. Deturmine performance of the 5C5 and determine
its adeguacy for manned orbital flight,

2. Verify SPS operation for a minimum of 20 seconds
after at least 2 minutes in space environment
and verify restart capability.

J. Determine performance of the CM RCS and SM RCS
to determine thejr adequacy for manned orbital
flight,

4. Determine long duration {approximately 200 seconds )
SPS parformance including shutdown characteristics.

>. Obtain data on sps engine firing stability.

6. Determine performance of ECS (pressure and temp-
erature control) and its adequacy for manned
orbital flight.

7. Detearmine performance of the EPS and determine jts
adequacy for manned orbital flight.

8. Determine performance of the communication aystem
and determine its adequacy for manned orbital
flight.

9. Demonstrates compatibility and structural integrity
of CSM/Saturn 1B.

10. Datermine structural lmdin? of SLA when subjected
to the Saturn IB launch env ronment.

11. Demonstrate separation of the S-IVB from the 5~IB,
ths LES and boost protective cover from the CsM,
the CSM from the 5-IVB/IU/SLA, and the CM from
tha BM.

12. Determine CM adequacy for manned entry from low
earth corbit,

13. Evaluats thes CM heat shield ablator at a high heat-

ing rate of approximately 200 Btu/ft.2/sec. during
antry at 28,000 fpa,



AS=-201

14.

15.

16,

Demonstrate operation of the parachute recovery
subsystem and recovery aids following entry.

Evaluate space vehicle EDS in the ocpen-loop
configuration,

Demonstrate the mission support facilities reguired
for launch, mission operations, and CM recovery,

SECONDARY OBJECTIVES

Launch Vehicle:

1.

Confirm LV-powered flight external environment,

Evaluate LV internal environment,

Evaluate IU/S-IVB inflight thermal conditioning
System,

Demonstrate adequacy of S$-IVB residual propellant
venting system,

UNUSUAL FEATURES OF THE MISSION

1.

6.

7.

Firat flight of the Saturn IB Launch Vehicle with
both the S5-IB first stage and the S-IVH second
stage.

First non-orbital flight separation of the launch
vehicle and spacecraft in the Saturn IB configuration.

First CM recovery.
First SPS burn and restart.
First flight test of a Block 1 Apollo Spacecraft.

First employment of the Mission Director concept in
Apollao,

First employment of Mission Control Center - Houston
{MCC-H) for Apollo mission control.

iy
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GENERAL INFORMATION

Spacecraft: CSM-009

Launch vehicle: sSa-201

Launch Complex: 34

Launch Time: 11:12 a.m. EST, February 26, 1966
Launch Azimuth: 105°

Sub-orbital Flight - Maximum Altitude: 266 NM
Mission Duration: 37 minutes 19 seconds

Time of Landing: 11:49 a,m. EST

SEACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to Cape Kennedy: October 1965
c ‘i Launch vehicle delivered to Cape Kennedy:
Firat stage (S-~IB): September 1965
Second stage (S-1IVB): September 1965
Instrument unit {IU): October 1965
Spacecraft launch weight: 45,900 1b.
Space vehicle weight at liftoff: 1,317,900 1b.

Spacacraft differences from “operational” Block I
configuration:

* A developmental Block I heat shield was added.
* The guidance and navigation system was omitted,
* An open-loop EDS for the LES was added.

* Couches, space suits, and crew provisions ware
omitted.

* Battéries were substituted for fuel cells in
the EPS.




AS-201

* Biomedical instrumentation was omitted in the
instrumentation system.

* Certain displays and controls related to
astronaut operation were omitted,

* A CM control programmer and attitude reference
system was added,

* Additional research and development (R&iD)
instrumentation was included.

The 5A-201 Launch Vehicle was a standard Saturn IB design
with the following exceptions:

* RE&D instrumentation was included.,
* An open-loop EDS was added.

* R&D structure was used in the S~1IB stage.

RECOVERY DATA

Recovery Area: Atlantic Ocean
Landing Coordinates: 8°56'S,, 10°43'w.
Recovery Ship: USS Boxer

Spacecraft Recovery Time: 2:13 P.m. EST, February 27, 1966
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A5-203 FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Obijectives Accomplished)

1.
2.

Evaluate the S5-IVB LH, continucus venting system,

Evaluate S-IVB engine chilldown and recirculatian
system.

Determine 5-IVB tank fluid dynamics,

Determine heat transfer into liquid hydrogen (Lis}
through tank wall, and obtain data required for
Propellant thermodynamic model.

Evaluate S5-IVB and IU checkout in orbit.

Demonstrate orbital operation of the launch vehicle
attitude control and thermal econtrol systems.

Demonstrate the ability of the “aunch vehicle
guidance to insert a payload into orbit.

Demonstrate operational structure of the launch
vehicle,

Demonstrate the mission support facilities and
operations required for launch and mission control.

DETAILED TEST OBJECTIVES (All Objectives Accomplished)

PRINCIPAL OBJECTIVES
Launch Vahicle:

1.

3.

Evaluate the J-2 engine LH., chilldown and re-
clrculation aystem, and uliaga requirements for
simulated engine reatart.

Determine cryogenic liquid/vapor interface
configuration and £Iuid dynamics of prepellants
in near zero-g environment.

Demonstrate the S-IVB auxiliary propulsion system
operation and evaluate performance parameters.



e

s PTG

AS=203

4. Demonstrate the adeguacy of the S-IVB/IU thermal
control system,

2. Demonstrate the launch vehicle guidance system
operation, achieve guidance cutoff, and determine
system accuracy.

6. Demonstrate the structural integrity of the launch

vehicle and determine its dynamic characteristics.

SECONDARY OBJECTIVES

Launch Vehicle-

l.

Evaluate the launch vehicle-powered flight
external environment.

2. Verify the launch vehicle sequencing system
operation.

3. Evaluate performance of the EDS in an open-loop
configuration,

4. Evaluate separation of S=IVEB/IU/nosecone from S-IB.

5. Verify launch wvehicle propulsion systems' operation
and evaluate system performance parameters.

6. Evaluate the MSC suberitical cryogenic experiment.

UNUSUAL FEATURES OF THE MISSION

l. Simulated S-IVB engine restart in orbit,

2. Use of hydrogen continuous vents to accelerate
payload in orbit for settling S-1va LH,.

3. First orbital flight for S-IvVp stage.

4. Insert most weight to date in orbit by the United

States (28 tons).

=T e mca
PR T -

5. Television feedback on behavior of LH2 under orkital
conditions.

6. PFirst flight for redesigned, lighter weight 5=-1IB stage.

10
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GENERAL INFUGRMATION

Launch Vehicle: SaA=-203

Launch Complex: 317

Launch Time: 9:53 a.m. EST, July 5, 1966
Launch Azimuth: 72¢

Apogee: 101.8 NM

Perigee: 101.6 NM

Revolutions: 4 (Vehicle broke up during pressure test
above design value.)

Vehicle recovery was not planned.

SPACE VEHICLE AND PRE-LAUNCH DATA

No spacecraft was carried on this mission. An derodynami ¢
fairing (nosecone) weighing 3700 1b. was attached to the
instrument unit and contained an MSC subcritical cryogenic
experiment.,
Launch vehicle delivered to Cape Kennedy:

First stage (S-IB): April 1966

Second stage (S-IVB): March 1566

Instrument unit (Ip): April 1966
Space vehicle liftoff weight: 1,187,000 1b.
Total weight in orbit: 58,500 1b.

The SA=203 Launch Vehicle differed from the 5A-201
vehicle as follows:

* The 5-IB stage weight was decreased by 28,500 1b,

* +The 5-IB stage had a redesigned propellant con-
tainer, barrel asgexbly, outriggers and gaseous
oXygen intercnnnaqt and vent system. o

* The S-IE stage outboard engine skift_yas remﬁ?ed[

79
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AS-202 FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Objectives Accomplished)

1. Demonstrate Structural integrity and compatibility
©f the launch vehicle and spacecraft and confirm
launch locads.

2. Demonstrate separation of:
a) S-IVB/IU/spacecraft from S-IB.

b) LES and boost Protective cover from
CSM/launch vehicle.

c) CSM from S-IVB/IU/5LA.
d) CHM from sSM.
3. Verify operation of the following subsystems:

a) Launch vehicle: propulsion, guidance and
control, and electrical Systems.

h) Spacecraft: M heat shield {adequacy for
entry from low earth orbit);: SPS {including
multiple restart); guidance and navigation,
environmental control system; communications;
CM reaction control system; SM reaction
control system; stabilization control system;
earth landing system: ang electrical power
system.

4. Evaluate performance of the space vehicle EDS jin
closed-loop configuration.

3. Evaluate the heat shield at high heat load during
entry at approximately 28,000 fps .

6. Demonstrate the mission sSupport facilities andg

operations required for launch, mission conduct,
and CM recovery,

DETAYILED TEST OBJECTIVES (Al1l Chjectives Accomplished)

PRINCIPAL OBJECTIVES
Launch Vehicles |

1. Demenstrate structural integrity and campatihiiity
of the space vehicle during S-IB stage~powered

12
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AS5=-202

flight and confirm structural loads and dynamic
characteristics.

Demonstrate structural integrity and compatibility
of the space vehicle during S=-IVR stage—powered
flight and coast.

Demonstrate S-IVB propulsicn system operation
including program mixture ratio shift and evalyate
syatem performance parameters.

Demonstrate S-IB Propulsion system operation and
evaluate system performance parameters.

Demonstrate launch vehicle gulidance system
operation, achieve guidance cutoff, anad
evaluate system agcuracy.

Demonstrate launch vehicle control system oper-
ation during S-IB-powered phage, S-IVB-powered
phase, and S-IVB coast Phase; and evaluate
performance characteristics,

operation.

Demonstrate the inflight performance of the 5-IH
and S-IVB secure range command systems.

Spacecraft:

1.

Determine performance of guidance and navigation
subsystem and its adequacy for a manned orhital
migsion.

Evaluate guidance and navigation performance during
boost and clesed-loop entry,

Determine performance of the 5CS and determine
its adequacy for manned orbital flight.

Demonstrate multiple SPS restart {(at least three
burns of at least three-second duration at ten-
second interwvals,)

Evaluate performance of the CM RCS and the SM RCS
to determine their adequacy for manned orbital

13
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10,

11.

12,

13.

14,

15.

lé.
17.

18.

1%.

20.

Verify SPS standpipe fix (minimum of 198 seconds
of SPS burn reguired.)

Determine long duration (approximately 200 seconds)
SFS performance inecluding shutdown tharacteristics.

Obtain data on 5PS engine firing stability,.

Determine performance of ECS and its adequacy for
manned orbital flight.

Determine performance of the EPS and determine its
adeguacy for manned orbital flight.

Determine performance of the communication System
and determine its adequacy for manned cerbital flight,

Verify S-band communications operations for turn-
around ranging mode and downlink modes .

Demonstrate compatibility and structurajl Integrity
of CSM/Saturn IA.

Determine separation of the 5-IVB/IU from the S-IB,
the LES and boost protective Cover (BPC) from the
CSM/SLA/LV {nominal mode) , the CSM from the 5~-IVB/
IU/SLA, and the CM from the oM.

Determine CM adequacy for manned entry from low
earth orbit.

Verify astrosextant thermal Protection subsystem.
Evaluate the heat shield at high heat load during
entry at approximately 28,000 fps , including

the thermal protection of the CM  heat shield ablator
during a high heat lcad (20,000 Btu/sq. ft.} entry,

Demonstrate operation of tha pParachute recovery
subsyatem and recovery aids following reentry,

Evaluate the space vehicle EDS in closed-loop
configuration.

Demonstrate the mission Support facilities required
for launch, mission cperations, and CM racovery.

14
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SECONDARY OBJECTIVES
Launch Vehicle:

l. Confirm launch vehicle-powared flight external
environment.,

2. Evaluate IU/S-IVB inflight thermal conditioning
syatem,

3. Verify adequacy of S-IVD residual propellant
vanting,

4. Evaluate the 5~IVR cormon bulkhead reversal test.

UNUSUAL FEATURES OF THE MISSION

l. First use of fuel calls in the gsarvice module on
an Apollo/Saturn flight.

2, PFirst flight of the emergency detection system in
closed-loop configuration.

3. Pirst recnvar} of Apollo spacecraft in Pacific area,
4. First test of uniried S-band communications.

5. Repeat of the second staga (5-IVB) common bulkhead
pressure tast.

6. "Black Out" communication test.

7. First flight of Apollo gquidance and navigation aystem,

GENERAL INFQORMATION
Spacecraft: CSM-01l1
Launch Vehicle: 5A-202
Launch Complex: 234
Launch Times 12:15 p.m. EST, Augquat 25, 1966
Launch A:iimuthz 105°
Apogee: 617.1 NM

Hn-ﬂrbitﬁl Insartinn'blnnnnﬂ.

13
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Mission Duration: 1 hour 33 minutes

Time of Landing: 1;:48 p.m. EST

SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to Cape Kennedy: April 1966
Launch vehicle delivered to Cape Kennedy:
First stage (S5-IB): February 196és6
Second stage (5~IVB): January 1966
Instrument unit (IU): February 1966
Spacecraft launch weight: 56,900 1b,
Space vehicle weight at liftoff: 1,312,300 1b.

Spacecraft 011 differences from the “"overational®™ Block I
configuration:

* A developmental Block I heat shield was added.

* Couches, space suits, and crew provisions were
omitted,

* A tie-bar to replace a lunar medule was added.
* The S~band in the communication system was omitted,

* Biomedical instrumentation was omitted in the
instrumentation system.

* Certain displays and controls related te astronaut
cperation were omitted,

* A CM control programmer and attitude reference
system was added.

* Additional R&D instrumentation was included.

The SaA-202 Launch Vehicle differed from the standard
Saturn IB design as follows:

*  R&i instrumentation was included.

16
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* R&D structure for S5-IB stage was included.

* TV camera was included in the 1U to view ccpm separation

RECOVERY DATA

Recovery Area; Pacific Ocean
Landing Coordinates: 16°7'N., 168°S54'E.
Recovery Ship: USS Hornet

Spacecraft Recovery Time: 10:10 P.m. EST, August 25, 1966

17



APOLLD 4

APOLLO 4 (AS-501) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Objectives Accomplished)

1. Demonstrate the structural and thermal integrity
and compatibility of the launch vehicle and space-
craft, Confirm launch loads and dynamic character-
istics.

2. Demonstrate separation of:

a) S-II from S-~-IC (dual FPlane}.
b} 5-IVB from S~II.

3. Verify operation of the following subsystems:

a} Launch vehicle: propulsion {including 5-1VB
restart), guidance and contrcl, and electrical
System.

b) Spacecraft: CM heat shield, (adequacy of Block II
design for entry at lunar return conditions);
and selected subsystems.

4. Evaluate performance of the space vehicle EDS in an
Qpen-loop configuration.

3. Demonhstrate mission support facilities and operations
required for launch, mission conduct, and CM recovery.

DETAILED TEST OBJECTIVES

PRINCIPAL OBJECTIVES

Launch Vehicle:
l. Demonstrate the S$=IVE stage restart capability,

2. Demonstrate the adequacy of the 5-IVB continucus
vent system while in earth orbit.

3. Demonstrate the capability of the S-IVB auxiliary
propulsion system during S-IVB-powered flight and
orbital coast pericds to maintain attitudae control
and perform. required maneuvers. T

L
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APOLLC 4

4. Demonstrate the 5-1VB stage propulsion system,
including the propellant management systems,
and determine inflight system performance
pParameters,

3. Demonstrate the S-II Stage propulsion system,
including programmed mixture ratio shift and
the propellant management system, and determine
inflight performance parameters.

6. Demonstrate the S-IC stage propulsicn system,
and determine inflight system performance
parameters.

7. Demonstrate S-IC/S-II dual Plane separation,
B. Demeonstrate $-I1/5-1VSB separatiocn.

9. Demonstrate the mission support capability
required for launch and mission operations
te high post injeection altitudes.

10. Demonstrate structural angd thermal integrity
of the launch vehicle throughout powered and
coasting flight, and determine inflight struc-
tural loads and dynamic characteristics.

1l, Determine inflight launch vehicle internal
environment,

12. Demonstrate the launch vehicla guidance and
control aystem during S5-I1C, 5=-II1, and S-IVB-
powered flight; achieve guidance cutoff; and
evaluate system acguracy.

13. Demonstrate launch vehicle sequencing system,

14. Evaluate the performence of the emergency
detaction system in an open-loop configuration.

15. Demonstrate compatibility of the launch vehicle
and spacecraft.

16. Verify prelaunch and launch support equipment
compatibility with launch vehicle and spacecraft
systams,

Spacecraft: _

l. vErifyfpperétinn of the guidaﬁ:a and navigation
system after subjection to the Saturn Vv boost
environment. | -

A0
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2. Verify operation of the guidance and navigation
system in the space environment after 5=-IVB
separation.

3. Verify operation of the guidance and navigation/sScCs
during entry and recovery.

4. Gather data on the effects of a long duration Sps
burn on spacecraft stability.

2. Demonstrate an SpPs no-ullage start.

6. Determine performance of the Sps during a long
duration burn.

7. Verify operation of the CM RCS during entry and
throughout the mission.

8. Verify operation of the heat rejection system
throughout the mission.

7. Verify operation of the EPS dfter being subjected
to the Saturn V launch environment.

10. Verity nperatinn of tha primary guidance system {PGS)
after being subjected to the Saturn V launch environment.

ll. Verify operation of the EPS in the space environ-
ment after S-IVB separation.

12, Verify operation of the PGS in the space environ-
ment after S-IVB separation.

13. Verify operation of the EPS during entry and IeCOVery.

l4. Demonstrate the performance of CSM/MSFN S=band
communications.

15, Demonstrate satisfactory cperation of CsM Communi-
cation subsystem using the Block II-type VHF omni-
directional antennas.

16. Obtain data via CSM-ARIA comnunicaticns.

17. Demonstrate CEHVSLAJLTA{Saturn V structural compati-
bility and determine Spacecraft loads in a Saturp Vv
launch environment.

18, Determine the dynamic and thermal responses of the
SLA/CSM structure in the Saturn V launch envircnment,
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19. Evaluate the thermal and structural performance
of the Block II thermal Protection system, including
effects of cold soak and maximum thermal gradient
when subjected to the combination of a high heat
load and a high heating rate representative of
lunar return entry.

20. Verify the performance of the SM RCS thermal control
subsystem and engine thermal response in the deep
Space environment.

21, Verify the thermal design adequacy of the CM RCS
thrusters and extensions during simulated lunar
return entry.

22. Ewvaluate the thermal performance of a gap and seal
configuration simulating the unified craw hatch
design, for heating conditiens anticipated during
lunar return entry.

23. Perform flight test of low density ablator panels.

24. Determine the force inputs to the simulated LM from
the SLA at the spacecraft attachment structure in a
Saturn V launch envirconment.

25. Obtain data on the acoustic and thermal environment
of the SLA/simulated LM interface during a Saturn V
launch.

26. Obtain data on the temperature of the simulated LM
skin during launch.

27. Determine vibration ITesponse of LM descent stage
engine and propellant tanks in a Saturn V launch
environment.

28. Evaluate the performance of the spacecraft emergency
detection system in the open-1oop configuration.

283, Verify operation of the ELS during entry and racoveary,

30. Mesasure the integrated skin and depfh radiation dose
within the CM up to an altitude of at least 2000 NM,

3l. Determine the radiation shielding effectiveness of
the command moduyle.

32. Determine and display, in real time, Van Allen Belt
radiatinn'dase data at the Mission Control Center,
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Obtain motion pictures for study of entry horizon
reference, boost protective cover jettison, and
orbit insertion: cbtain photographs for earth land-
mark identification.

SECONDARY OBJECTIVES

Launch Vehicle:

1.

2.

Determine launch vehicle-powered flight external
environment,

Determine attenvation effects of exhaust flames
oh RF radiating and receiving systems during main
engine, retro and ullage motor firings.

UNUSUAL FEATURES OF THE MISSION

12.

First space vehicle launch from LC- 19,

First flight of Saturn Vv Space Vehicle,

First flight of S-IC launch vehicle stage.

First flight of S-II launch vehicle stage.,

First flight of a lunar module test articlie (LTA).
First orbital restart of S-IVB stage.

First SPS no-ullage start.

First simulated Block II heat shield,.

First lunar return velocity CM reentry.

First command and communication system flight test,

First use of Apocllo Range Instrumentation Aircraft
(ARIA).

First use of Apollo-configured ships.

GENERAL INFORMATION

Spacecraft: CSM-107, LTA-10R

Launch Vehicle: 8a-501
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Launch Complex: 39a

Launch Time: 7:00:00 a.m. EST, November 9, 1967
Launch Azimuth: 72°

Apogee: 9767 NM

Perigee: 100 NM

Revolutions: 3

Mission Duration: 8 hours 37 minutes 0B seconds

Time of Landing: 3:38:09 P.m. EST, November 9, 1967

SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to KSC:
Command/service module: December 1966
Lunar module test article: September 1966
Launch vehicle delivered to K5C:
First stage (5-1C): September 1966
Second stage (S-1II): January 1967
Third stage (S-IVB): August 19¢€6
Instrument unit (IU): August 1966
Spacecraft weight at liftoff: 93,700 1b,
Space vehicle weight at liftoff: 6,121,466 1b.
Spacecraft differences from Previous Block I flights:
* The EDS system operated in open-loop configuration.
* Block II thickness, thermal coating, and manu-
facturing technique for the CM heat shield ablator

was used.

* A simulated Block II umbilical was added on CM
in additiﬂn to active Blnck I umbilical.

* An Apnlln Hissinn Ebntrnl Programmer with speclal
interface equipment for operation with CSM sub-
‘systems was. installeﬂ in in placa of craw cnuahe

i
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APOLLO 4

* All S5-band transmissions and receptions were
rerformed by four S~band omnidirectional antennas
modified to reflect Block IT canfiguration,

* Flight gqualification tape recorder and associated
equipment for R4D measurements were acdded .

* Couches, crew restraints, crew provisiors, instru—
ment panel {partial), SCS (partial), and ECS (par-
tial) were deleted from Block I configuration.

* M hatch window was replaced with instrumentation
test panel containing simulations of flexible
thermal seals designed for the developmental quick
operating hatches.

* Selected S water-glycol joints were armor-plated
to evaluate their behavior during a space vehicle
launch,

* The CM calin was filled with Jasesus niltrogen 1G]
at liftcff to preclude the possibility of cabin
fire. :

* CM underwent extensive inspection and rework of
its wiring to provide bhetter wiring protection.

The lunar module test article (LTA-10R}was a "beoiler-

plate” LM test article instrumented to measure vibration,
acoustics, and structural integrity at 36 points in the
spacecraft-LM adapter {SLA). Data was telemetkered to the
ground stations during the first 12 minutes of flight,

The LTA-10R used a flight-type descent stage without

landing gear. Its propellant tanks were filled with water/
glycol and freon to simulate fuel and oxidizer, respectively.
The ascent stage was a ballasted aluminum structure contain-
ing no flight systems.

Launch vehicle differences from lunar mission configquration:

* The second stage (S=II) did not have the light
weighF structure to be used for the lupar missicn.

* The F~1 and J-2 engines were not uprated versions,
* The EDS system was in cpen-loop configuration.

* The O,H, burner, used as helium heater on 5~1IVH,
2.
was hnot“installed.
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RECOVERY DATA

Recovery Area: Pacific Ocean
Landing Coordinates: A0°N., 172°W,.
Recovery Ship: Uss Bennington

Spacecraft Recovery Time: 5:52 p.-m. EST, November 9, 1967
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AFOLLO 5 {SA-204/LM-1) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Primary Dbiectives Accomplished)

1.

Verify operation of the following LM subsystems:

Ascent propulsion system and descent Propulsion
system (including restart), and structure,

Evaluate LM staging.

Evaluate the S-IVB/TU orbital rerformance.

DETAILED TEST QBJECTIVES

PRINCIPAL AND MANDATORY OBJECTIVES

Spacecraft:

1.

Verify descent engine gimballing response to control
signals. ({(Accomplished )

Demonstrate PGNCS thrust vector control and attitude
control capability and evaluate the performance of
the DAP and IMU in a flight environment. (Partially
Accomplished )

Determine DPS and APS start, restart and shutdown
charactexistics in a space environment. {Accomplished )

Verify OPS thrust response to throttling control
signals, {Partially .Accomplished )

Determine that no adverse interactions exist between
propellant slosh, vehicle gtability, engine vibration
and APS5/DPS performance. (Partially Accomplished )

Determine that no vehicle degradation exists whiech would
affect crew safety during APS burn to depletion.
{(Partially Accomplished.)

Verify the ﬁparatiun of the DPS propellant feed and
pressurization sections. (Partially Accomplished )
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SECONDARY OBJECTIVES

Launch Vehicle:

1. Evaiuate the launcn vehicle attitude control System
cperation and maneuvering capability. (Accomplished )

2. Verify the S5-Iva LH, and LOX tank pressure rise rates.
{(Accomplished )

3. Demonstrate nosecone separation from the S~-IVB/IG/SLA.
(Accomplished )

4, Evaluate the cperational adequacy of the launch vehicle
systems, including guidance and gontrol, electrical,
mechanical, and instrumentation. {Accomplished }

Spacecraft:

1. Verify satisfactory operation of portions of the LM
ECS equipment. (Accomplished )

2. Evaluate the performance of the apacecraft jettison
controller (SJC) and pyrotechnical devices in the
execution of nose cap separations, SLA panel deployment
and LM/SLA separation functions, {(Accomplished )

3. Verify performance of portions of the LM S=band
communications subsystem and its compatibility with
MSFN. (Accomplished )

4. Evaluate the performance of the instrumentation sub-
system during boost and LM propulsion subsystem cperations.
{Accomplished )

5. Demonstrate the operation of the explosive devices.
{Accomplished )

UNUSUAL FEATURES OF THE MISSION

1. First flight to verify operation of LM subsystems,
2. First firing in space of LM descent engine.
3. Firat firing in space of LM ascent engine.,

4. First test of LM fire-in-the-hole fFITH} staging
capability. . Lo,
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GENERAL INFORMATION

Lunar Mcdule: LM=1
Launch Vehicle: BSA=-204

Launch Complex: 37B

APrOLLO S

Launch Time: 5:4B:08 p.m. EST, January 22, 1968

Launch Azimuth: 72°
Apogee: 519 NM
Perigee: BE NM

Mission Duration: 7 hours 50 minutes

SPACE VEERICLE AND PRE-LAUNCH DATA

Spacecraft delivered to KSC:

Lunar module (LM): June 19§7

Spacecraft-LM Adapter (SLA): October 1966

Launch wehicle delivered to ESC:
First stage (S-IB): July 1966
Second stage (5-IVB): August 1966
Instrument unit (IU): August 1966

Spacecraft launch weight: 31,700 1b.

Space vehicle weight at liftoff: 1,285,400 1b,

Lunar module differences from future LM'a:

* An LM mission programmer (IMP) was added to

from the IM guidance computer {LGC), ground
controller or its component program reader
asgembly (PRA). The PRA contained 64 tapad
contingency programs to be used in event of
LGC fallure. The digital command assembly
{DCA) provided an uplink capability for
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APOLLO 5

routing of ground signals to the LGC for the
PRA. The program coupler assembly {PCA)
Provided coupling of the LGC and PRA commands
te the subsystems,

Developmental flight inscrumentation {DFI} was
within the LM-1 to supply operational data for
flight conditioning electronics, modulation

packages, VHF transmitters, and C-band beacons.

The lunar mission erectable S=band antenna was
not used.

The mission did not employ a tape recorder for
either systems, data, or voice.

Cable and reel assemblies were used to verify

and evaluate (post-flight) the ascent/descent
stage separation.

No EVA equipment was used or tested.

LM guidance was active at liftoff, Normally,
this is crew-initiated in a later flight phase.
Because this equipment was active at liftof £,
the cocling system was also active.

This mizsion employed a spacecraft-LM adapter
(SLA) umbilical, The LM and SLA were closad
out several hours before launch.

Because LM guidance was activated at liftoff,

a guidance rxeference release signal (GRRS) was
transmitted from MCC at approximately T-3
minutes {before automatic countdown sequencing).
Landing gear was not attached.

No crew provisions were included.

Partial deletions were made in the environmental
control system (ECS).

The rendezvous radar was incperative.
The two LM cabin windows and the overhead

docking window were replaced by aluminum
panels.

The SA~204 Launch Uéﬁiﬁ;e was similar to the previous
Saturn IB vehicles. BRI
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RECOVERY DATA

N¢ recovery was planned.

REMARKS

An unscheduled hold of 3 hours 48 minutes occurred during
the countdown at T-2 hours 30 minutes. The hold was caused
by two problems: a failure in the freon supply in the ECS
ground support equipment, and a power supply failure in the
DDAS .

The fiight of the SA-204 Launch Vehicle was according to
plan. The LM-1 spacecraft also performed according to

plan until the time of the first descent Propulsion engine
burn. The engine started as planned but was shut down

after slightly more than four seconds by the LM guidance
subsystem when the velocity did not build up at the predicted
rate. The problem was analyzed and was determined to involve
guidance software only, and the decision was made to go to

an alternate mission plan that provided for accomplishing

the minimum reguirements necessary to meet the primary
objectives of the mission. The major difference between

the planned and alternate missions was the deletion of a

long (l12-minute) DPS burn and the subatitution of pProgram
reader assembly (PRA) control for primary quidance control
during the propulsion bumns. During all burns conducted
under PRA control, there was no attitude control; only rate
darping was provided. The alternate plan was successfully
éxecuted by the flight operations team.

Although not all spacecraft detailed test objectives were

fully accomplished, sufficient data were obtained to proceed
with the mission schedule.
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APOLLO & (AS-502) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES

l. Demonstrate the structural and tharmal integrity
and compatibility of the launch vehicle and space-
craft. Confirm launch loads and dynamic character-
istics. (Partially Accomplished )

2. Demonstrate separation of;

d. S5-I from S5-IC (dual Plane). ({(Accomplished ]
b. S5=IVE from S-II. (Accomplished )

3. Verify operation of the following launch wvehicle
subsystems: propulsion (including sS-IVE restart},
guidance and control {optimum injection), and
electrical system. (Partially Accomplished )

4. Evaluate performance of the Space wvehicle EDS in
a closed~loop configuration. (Accomplisheqd )

3. Demonstrate mission support facilities and operations
required for launch, mission conduct, and CM recovery.
{Accomplished )

DETAILED TEST OBJECTIVES
PRIRCIPAL AND MANDATORY OBJECTIVES

Launch vehiclea:

1. Demonstrate structural and thermal integrity of
launch vehicle throughout powered and coasting

flight, and determine inflight structural loads
and dynamic characteristics, {Partially Accomplished )

2. Determine inflight launch vehicle internal
environment. (Accomplished )

3. Verify pre-launch and launch support equipmant
compatibility with launch vehicle and spacecraft
systems. {Acnnmp}iahad } . ' o

F '?.;5'.::}'1': .
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APOLLO &

4. Demonstrate the S-IC Stage propulsion system

ard determine inflight System performance parameters.,
(Accomplished )

5. Demonstrate the S-II stage propulsion system,
including programmed mixture ratio shift and the
propellant management Systems, and determine in-
flight system performance parameters. {Partially
Accomplished )

6. Demonstrate the launch venicle guidance and contral
S¥stem during S~IC, 5-II, and S5-1IVB~-powered flight.
Achieve guidance cutoff and evaluate system accuracy.
(Partially Accomplished. )

7. Demonstrate S-IC/S-II dual Plane separation.
(Accomplished )

8. Demonstrate S-II/S-IVB Separation. (Accomplished )

3. Demonstrate launch vehicle sequencing system.
(Accomplished }

10. Demonstrate compatibility of the launch vehicle
and spacecraft. (Partially Accomplished )

11. Evaluate performance of the emergency detection
system (EDS} in a closed-1lcop configuration.
(Accomplished )

i2. Demcnstrate the capability of the S-IVm auxiliary
propulsion system during S-IVB-powered flight ang
orbital coast pericds to maintain attituge control
and perform required maneuvers, (Accomplished )

13. Demcnstrate the adesquacy of the 5-IVB continuous
vent system while in earth orbit. {Accomplished )

14. Demonstrate the S-~1vm stage restart capability,
(Not Accomplished )

15. Demonstrate tha.miasicn Support capability Iequired
for launch and mission operations to high post-
injection altitudes. {Partially Accomplished )

16. Demonstrate the S-IVBE Stage propulsion system
including the propellant management system, and

determine inflight 8ystem performance parameters.
(Partially Accomplished )
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Spacecraft:

1.

10.

11.

the Block II tharmal protectien 8ystem, including
effects of cold socak and maximum thermal gradient
when subjected to the combination of a high heat
load and a high haating rate representative of lunar
return entry. (Accomplished }

Evaluate the thermal performance of a gap and seal
configuraticon simulating the unifjied Crew hatch
design for heating conditions anticipated during
lunar return entry. {Accomplished }

Demonstrate CSM/SLA/LTA/Saturn V structural
compatibility and determine spacecraft locads in
a Saturn V launch environment. (Partially
Accomplished )

Determine the dynamic and thermal responses of the
SLA/CSM structure in the Saturn V launch environment.
(Accomplished )

Determine the force inputs to the simulated LM from
the SLA at the spacecraft attachment structure in a
Saturn V launch environment. {Accomplighed )

Evaluate the performance of the gpacecraft emergency

datection subsystem (EDS) in the cpen-lcop configuration.

{Accomplishad )

Obtain data on the acoustic and thermal environment
of the SLA/simulated LM interface during a Saturn Vv
launch. (Accomplished )

Detexmine vibration response of LM descent stage
engine and propellant tanks in a Saturn V launch
environment. {Accomplished )

Demonstrate an SPS no—ullage start. (Accomplished )
Verify the performance of the SM RCS thermal cemtrol
subsystem and engine thermal response in the deep
space environment. (Accomplished )

Verify the thermal design adequacy of the CM RCS
thrusters and extensions during simulated lunac
return entry. [5ccnmplished }
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12. Verify operation of the heat rejection system
throughout the mission. {Accomplished )

13. Measure the integrated skin and depth radiation
dose within the command module up to an altitude
of at least 2000 nautical miles. (Accomplished )

l4. Determine performance of the SP5 during a long
duration burn, (Accomplished )

15. Demonstrate the performance of CS5M/MSFN S-band
communications. (Partially Accomplished )

SECONDARY QBRJECTIVES
Launch Vehicle:

l. Determine launch vehicle-powered flight external
environment, (Accomplished )

2. Determine atfenuatinn effects of exhaust flames
on RF radiating and receiving systems during main
engine, retro, and ullage motor firings. (Accomplished )

Spacecraft:

1. Determine and display, in real time, Van Allen
belt radiation dose rate and integrated dose data
at. the Mission Contxol Center, Houston, Texas.
(Accomplished )

2. Verify operation of the PGS in the space environment
after S-IVB separation. {Accomplished. )

3. Demonstrate satisfactory operation of CsSM commun i-
cation subsystem using the Block II-type VHF omni-
directional antennas. {Accomplished }

4. Verify operation of the GaN/SCS during entry and
recovery. (Accomplished )

5. Verify cparation of pcs after being subjected to
the Saturn V launch environment, {Accomplished )

6. Gather data on the effects of a long duration SpS
burn on spacecraft stability. (Accomplished )

7. Verify operation of the CM RCS during enfry and recovery.
(Accomplished )
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AFOLLO &

Verify operation of the ELS during entry and
recovery. {Accomplished )

Wwrify operation of the electrical power system
in the space environment after S-IVB separation.
{(Accomplished )

Verlify operation cof the G&N system after subjection
to the Saturn V boost environment. {(Accomplished )

Verify operation of the electrical power system
during entry and recovery. {Accomplished )

Verify operation of the GaN in the Space environment
after 5-IVB separation. (Accomplished

Verify operation of the EPS after being subjected
to the Saturn V launch environment, {Accomplished )

Determine the radiation shielding effectiveness
of the CM. (Accomplished )

Obtain data on the temperature of the simulated
LM skin during launch. (Accomplished )

Obtain data via CSM-ARIA commv.ications.
(Accomplished )

UNUSUAL FEATURES OF THE MISSION

1.

2.

3.

Pirst flight of the emergency detection system (EDS)
in a closed-loop configuration.

First mission where flight controllers were not
deploved to remote sites.

First flight of CM unified hatch.

GENERAL INFORMATION

Spacecraft: CM=-020, SM-014, ILTA-2R

Lauhc¢h Vehicle: SA-502

Launch Complex: 332
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Launch Time: 7:00:00 a.m. EST, April 4, 1968
Launch Azimuth: 72°

Apogea: 12,010 NM {highest)

Revolutions: 3

Mission Duration: 9 hours 57 minutes

Time of Landing: 4:57 P-m. EST, April 4, 1968

SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to KSC:

Command/service module (CSM): November 1967

Lunar module test article (LTA): February 1967

Launch vehicle delivered to RSe-

First stage (S5-IC): March 1967

Second stage (S5-II): May 19¢7

Third stage (S=IVB): February 1967

Instrument unit (IU): March 1957

Spacecraft weight at liftoff: 93,885 1b.
Space vehicle welght at liftoff: 6,108,128 1b.
Spacecraft changes from Apocllo 4:

* The emergency detection system (EDS) was flown in
its normal or "closed-loop” configuration with
automatic abort capability.

* Tha command modula contained the ﬁew unified, quick

operating crew hatch.

dant battery added in parallel in order to eliminate
a single-point failure mode.
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On the CM, the thermal coating used on Apollo 4
was replaced with a high emissivity paint in order
to simulate the structural temperatures that will
be encountered on a lunar mission.

The micrometeoroid protection windows were removed
from the CM.

Five of the seven operational Block II EVA handrails
were installed on the CM. Only two handrails were
installed on Apollo 4.

Five test samples of low-density ablative heat shield
materials were flown to test materials which may re-

sult in weight savings on future Block II CM's.

Three samples were mounted in place of the left side

window and two samples were mounted in the simulated

Block IT umbilical cavity.

A lbmm movie camera was added to the CM, positioned
to sight out the left rendezvous window to record
LES jettison, and to determine visibility of the
horizon, window degradation,and p’asma brilliance
during entry. The 70mm sequence camera used on
Apollo 4 was relocated to sight out the crew hatch
window for earth landmark photography.

Dosimeters were added in the CM to provide evaluation
cf the operational system for determining crew radia-
tion dose rate and displaying this data in real time
at the Mission Control Center,

A microphone was installed to determine the noise
level in the CM during Saturn V launch with the
unified crew hatch installed.

The CM postlanding vent valve was replaced with the
Block II wvalve.

The ECS 2.40 controller was replaced with an improved
unit having reduced EMI susceptibility, improved
potting, and circuitry changes for increased relia-
bility.

The instrumentation siqnal mechanical commutators

used on Apollo 4 were replaced with solid state commuy-
tators having a higher reliability.
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* Electrical bonding straps were installed across
the CM/SM and LTA/SLA interfaces to provide
electrical bonding without special preparation of
mating structural surfaces.

* The SM aft bulkhead was strengthened to have a
safety factor of 1.5 at 4.58 gq.

* The 5PS propellant tank skirt in the SM was streny-
the=d .

* The titanium lines connected to the cryogenic
hydrogen tanks in the SM were replaced with
stainless steel line and bi-metallic adapters.

* The Block I SM RCS engines in Quad B were replaced
with Block II1I engines.

* The 5M had the standard Block I white paint whereas
the Apollo 4 SM was painted with the Block I1I
aluminized paint.

* The LTA had the landing gear installed permanently
in the retracted position.

Launch vehicle differences from the lunar configuration:
* The second stage (5-II} did not have the lightweight
structure which will be used with the lunar con-
figuration.

* Neither the F-1 nor the J-2 engine was the uprated
version.

* The O2Hs burner used as a helium heater on the
5-IVB was not installed.

* R&D instrumentation was installed on all stages.

* The 5-IC had two TV cameras looking at the F-1
engines.

* Recoverable cameras were mounted on the S-IC and
S5-I1 stages.
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RECOVERY DATA

Fecovery Area: Pacific Ocean
Landing Ccordinates: 27°40'N, 157%59°'W.
Recovery Ship: USS Okinawa

Spacecraft Recovery Time: 5:55 p.m. EST, April 4, 1968

REMARKS

During the first stage burn a propulsion structural longi-
tudinal coupling (POGO effect) was noted. At approxi-
mately 134 seconds GET all LTA instrumentation showed a
sudden unexpected change in dynamic characteristics and
airborne lightweight optical tracking system (ALOTS)
piotos showed debris coming from the SLA area. The S=-1IC/
5-1I dual plane separation occurred normally.

APproximately 260 seconds after S-II ignition, engines
$2 and ¥3 cut off prematurely. The remaining engines
maintained vehicle control through the subsequent por-
tion of the S-II burn. This malfunction caused the 5-I1
stage to burn approximately 5B seconds longer than the
nominal time. The S-IVB/5-II separation therefore
occurred approximately 59 seconds later than nominal.,
The first S-IVEB burn was approximately 29 seconds longer
than nominal due to the $-II malfunction and the sub-
sequent automatic attempt to achieve the proper oxbit
conditions, Despite the unplanned usage ©of propellants
during the first $-IVB burn, the vehicle loading had
sufficient margin that the planned full duration trans-
lunar injection burn was still possible. The S5~IVB
restart sequence was initiated at the end of the second
revolution, but the stage failed to complete the
ignition sequence.

Due .to the failure of the 5~-IVB to reignite, an alternate
mission was selected. This mission consisted of firing

‘the service propulsion system (SFS) to attain the FPlanned
apogee of approximately 12,000 NM. To achieve this

altitude a burn duration of 445 seconds was required, leaving
residvals sufficient for a second burn of only 23 seconds.
Because of this low propellant quantity, the planned second
burn was not performed. The command module landed within

50 miles of the onboard targeted landing point and was
recovered in good condition by USS Okinawa. '
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APOLIO 7 (AS-205) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Primary Objectives Accomplished)

l. Demonstrate CSM/crew performance.

2. Demonstrate crew/space vehicle/mission support
facilities performance during a manned CSM mission.

3. Demonstrate CSM rendezvous capab1lity.

DETAILED TEST OBJECTIVES

PRINCIPAL AND MANDATORY OBJECTIVES
Launch Vehicle:

1. Demonstrate orbital safing of the S5-1VB.
(Accomplished )

2. Demconstrate launch vehicle attitude control.
(Accomplished )

3. Qualify J-2 engine augmented spark ignition (ASI)
line modification. (Accomplished )

Spacecraft:

i. Obtain data on the environmental control system
primary radiator thermal coating degradation.
{(Accomplished )

2. Obtain data on the Block II forward heat shield
thermal protection system. (Accomplished )

3. Perform an inertial measurement unit orientation
determination and a star pattern daylight
vigibility check. (Accomplished )

4. Perform inertial measurement unit alignments using
the sextant. {(Accomplished )

5. Perform guidance navigation control system-
controlled SP5 and RCS velocity maneuvers.
(Accomplished )

6. Demonstrate guidance navigation control system
autematic and manual attitude-controlled RCS .
maneuvers. (Accomplished ) I
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APOLLG 7

7. Evaluate the ability of the guidance navigation
control system to guide the entry from earth
orbit. {(Accomplished )

8. Demonstrate the stabilization contrel system
automatic and manual attitude-contrelled RCS
maneuvers, {(Accomplished )

9. Demonstrate CSM stabilization control system
velccity control capability. {Accomplished )

10. Verify the life support functions of the environ-
mental control system throughout the mission.
{Accomplished )

il. Demonstrate the water management subsystems
operation in the flight énvironment. (Accomplished )}

i2. Moanitor the entry monitoring system during SP5
velocity changes and entry. (Accomplished )

13. Perform star and earth horizon sightings to
establish an earth horizon model. (Accomplished )

l14. Obtain data onh all command/service module
consumables, {(Accomplished )

15. Demonstrate fuel cell water operations in a
zero- g environment, {Accomplished )

l6. Perform a service propulsion system performance
burn in the space environment. (Accomplished \

17. Demonstrate the performance of the command/ser-
vice module - Manned Space Flight Network
5-band communication system. (Accomplished )

18. Verify the adequacy of the propellant feed line
thermal control system. {Accomplished )

13. Obtain inertial measurement unit performance
data in the flight environment. (Accomplished )

20. Demonstrate the service propulsion system minimum
impulse burns in a space environment. (Accomplished )
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21.

22.

23.

24.

253,

26.

27.

28,

29.

30.

31.

32.

33,

34,

APQLLO 7

Perform onboard navigation using the technique
of the scanning telescope landmark tracking.
(Accomplished )

Obtain data on the stabilization control systems
gapability to provide a suitable inertial reference
in a flight environment. (Accomplished }

Verify automatic pressure control of the cryogenic
tank systems in a zero-g environment. {(Accomplished )

Cbtain data on thermal stratification with and without
the crycgenic fans of the cryogenic gas storage system.
(Accomplished )

Demonstrate S-band updata link capability.
{Accomplished }

Obtain crew evaluation of intravehicular activity
in general. (Accomplished }

Cbtain data on operation of the waste management
system in the flight environment. ({Accomplished )

Operate the secondary coclant loop. ({(Accomplished )

Perform a command/service module-active
rendezvous with the 5-IVB. (Accomplished )

Accomplish the backup mode of the gyro display
coupler~flight director attitude indicator
alignment using the scanning telescope in
preparation for an incremental velocity maneuver.
{Accomplished }

Demonstrate the postlanding ventilation circuit
operation. {Accomplished }

Perform optical tracking of a target vehicle
uaing the sextant. (Accomplished )

Perferm a command/service module - S~IVB separation,
transposition and simulated docking. {Accomplished )

Perform a manual thrust vector control takeover.
(Accamplished ) o
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35. Monitor the primary and auxiliary gauging system.
(Accomplished )

6. Demonstrate a simulated command/service module
overpass of the lunar module rendezvous radar
during the lunar stay. (Accomplished )

SECONDARY OBJECTIVES
Launch Vehicle:

l. Evaluate lauﬁch vehicle orbital lifetime,
{Accomplished )

2. Demonstrate CSM manual lauwnch vehicle orbital
attitude control. {Accomplished )

Spacecraft:

1. Obtain data on initial coning angles when in
the spin mode as used during transearth flight.
(Accomplished )

2. PDemonstrate command/service module VHF voice
communications with the Manned Space Flight
Network. (Acccomplished )

3. Obtain data on the service module reaction control
subsystem pulse and steady state performance.
(Accamplished )

4. Obtain data on propellant slosh damping following
5PS cutoff and following reaction control subsystem
burmns. (Accomplished )

5. Verify that the launch vehicle propellant prassure
displays are adequate to warn of a common bulkhead
reversal. (Accomplished }

6. Obtain photographs of the command module rendezvous
windows during discrete phases of the flight.
{Accomplished )

7. Evaluate the crew optical alignment sight for
docking, rendezvous and proper attitude verification.
(Accomplished ) '

8. Perform manual cut-of-window command/service module
attitude orientation for retroc fire. {Accomplished )
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12.

13.

14,

15.
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Monitor the guidance navigation control systems
and displays during launch. (Accomplished )

Obtain data via the command/service module -
Apollo Range Instrumentation Aircraft communications
systems, ({Accomplished |

Perform crew=-controlled manual B-IVB attitude
maneuvers in three axes. (Accomplished )

Obtain data on the spacecraft-LM adapter
deployment system opexation. (Accomplished )

Obtain command/service module vibration data.
(Accomplished )

Obtain selective, high guality photographs with
color and panchromatic £ilm of selected land
and ocean areas. (Accomplished )

Obtain selective, high quality, color cloud
photographs to study the fine structure of the
earth's weather system. (Accomplished )

UNUSUAL FEATURES OF THE MISSION

First manned Apolle flight.
First flight of Block II Apeollo Spacecraft.
First flight of thea Apollo space suits.

Firat flight with full crew support equipment.

Firat live national TV from space during a manned
space flight.

GENERAL INFORMATION

Spacecraft: CM-101l, SM-101

Launch Vehicle: B8Sa-205

Launch Complex: 34
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il
Flight Crew: Commander (CDR) Walter M. Schirra, Jr.
b Cocmmand Mcdule Pilot (CMP) Donn F. Eisele
Lunar Module Pilot {LMP) Walter Cunninghar

Launch Time; 11:02: 45 a.m. EDT, October 111, 19648
Launch Azimuth: 72°

Apogee: 245 NM

Perigee: 90 NM

Revolutions: lﬁ3l

Mission Duration: 10 days 20 hours

Time of Landing: 7:11 a.m. EDT, October 22, 1968

SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivaréd to KSC: May 1968
Launch wvehicle delivered to Cape Kennedy:
First stage (5-IB): March 1968
Second stage (S-IVB): April 1968
Instrument Unit (IU): April 1968
Spacecraft weight at liftoff: 45,374 1b.
Space vehicle weight at liftoff: 1,277,742 1b.
Significant spacecraft changes from Block I:
* A uniflied hatch assembly was incorperated.
* S-band equipment was added.
* Unitizeﬂ'crew'cuuches were incorporated.

* Flight'qualificatinn and coperational instru-
| mentatinn'wera increased.

.#fﬁﬁFull crew suppart.ﬂfstams were annrpnrated.

*Fﬁfﬂsage nf nnnrmﬂtﬂllic materials was mndified
o and dacraased.,}
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APQOLLO 7

* A 60% oxygen/40% nitrogen cabin environment
was used during pre-launch and early boost
phases of the mission.

* There was an increased use aof stainless steel
tubing in place of aluminum.

* Armoring of sclder tubing joints was increased,

* Fire extinguisher and emergency oxygen masks
were incorporated in the M.

o An nnbua;d TV camera was added.

* The capabilities of components of the earth
landing system were improved.

* Communication system modifications were
incorporated,

* A redesigned cobra cable was incorporated.

RECOVERY DATA

-~

Recovery Area: West Atlantic Ocean

Landing Coordinates: 27°33'N., 64°04'W, (Stable II)
Recovery Ship: USS Essex

Crew Recovery Time: #8:08 a.m. .EDT, October 22, 19&58

Spacecraft Recovery Time: 9:03 a.m. EDT, October 22, 1968

REMARKS

All primary Apollo 7 Mission objectives were successfully
accomplished. In addition, all planned detailed test
objectives plus three that were not originally scheduled
were satisfactorily accomplished.

As part of the effort to alleviate fire hazard prior to
liftoff and during initial flight, the command module
cabin atmosphere was composed of 60% oxygen and 40%
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nitrogen. During thig Period the crew was izolated from
the cabin by the suit circuit, which contained 100%

CXygen. Shortly after liftoff, the cabin atmosphere was
gradually enriched to Pure oxygen at a Pressure of 5 psi,

the spacecraft enhanced crew comfort over previous Mercury
and Gemini flights, The service module SP5 main engine
proved itself by accomplishing the longest and shortest
manned S5PS burns and the largest number of inflight
restarts. The s5pg5 eéngine is the largest thrust engine to
be manvally thrust vector-controlied. Manual tracking,
navigation, and control achievements included full optical
rendezvous, daylight platform realignment, optical plat-
form alignments, Pilot attitude contrel of launch vehicle,
and orbital determination by sextant tracking of another
vehicle by the Spacecraft. The Apollo 7 Mission also
accomplished the firgt digital auto pilot-controlled
engine burn and the first manned S-band communications.

All launch vehicle Systems performed satisfactorily
throughout their expected lifetime. A1l] spacecraft
systems continued to function throughout the mission
with some minor ancmalies. FEach anomaly was countered
by a backup subsystem, a change in pProcedures, isolation,
or careful monitoring such that no leoss of System
Support resultad, Temperatures and consumables usages
remained within Specified limits throughout the mission,
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APOLLO 8 (AS-503) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Primary Objectives Accomplished)

1. Demonstrate crew/space vehicle/mission support
facilities performance during a manned Saturn V
mission with CSM.

2. Demonstrate performance of nominal and selected
backup lunar orbit rendezvous {(LOR) mission
activities, including:

d. Translunar injection;:

2. CS5M navigation, communications, and mideourse
corrections;

c. CSM consumables assessment and passive thermal
control,

DETAILED TEST OBJECTIVES

PRINCIPAI, AND MANDATORY OBJECTIVES
Launch Vehicle:

1. Verify the capability of the launch vehicle to
perform a free-return translunar injection (TLI).
(Accomplished }

2. Demonstrate the capability of the 5-IVR to restart
in earth orbit. ({(Accomplished }

3. Verify the modifications made to the J-2 engine since
the Apollo 6 Flight. (Accomplished )

4. Confirm the J-2 engine environment in the S-II and
5-IVB stages., (Accomplished )

+:. Confirm the launch vehicle léngitudinal oscillation
environment during the S-IC stage burn. {(Accomplished )

6. Verify that the modifications incorporated in the
' S-IC stage since the Apolle 6 flight suppress low
frequency longitudinal oscillations (POGO}.

(Accomplished }
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7. Demonstrate the operation of the S—IVE helium heater
repressurization system. (Accomplished )

8. Verify the capability to inject the S-IVB/IU/LTA-B
into a lunar "slingshot" trajectory. (Accomplished }

9. Demonstrate the capability to safe the S-IVB stage
in orbit. (Accomplished )

1G. Verify the onboard command and communication system
(CC5) and ground system interface and the operation
of the CC5 in a deep space environment. [(Accomplished )

Spacecraft:

1. Perform a quidance, navigation, and control System
[GNC5) -controlled entry from a lunar return. (Accomplished )

2., Perform star-lunar horizon sightings during the
translunar and transearth phases. (Accomplished )

3. Perform star-earth horizon sightings during translunar
and transearth phases. (Accomplished )

4. Perform manual and automatic acquisition, tracking,
and communication with MSFN using the high-gain CSM-
S-band antenna during a lunar mission. (Accomplished |

3. Obtain data on the passive thermal control system during
a lunax orbit mission. {Accomplished.)

6., Obtain data on the spacecraft dynamic response.
(Accomplished )

7. Demonstrate SLA panel jettison in a Zzero-9 envirconment.
(Accomplished )

8. Perform lunar orbit insertian SP5 GNCS=-controlled
burns with a fully loaded CSM. {Accomplished )

3. Perform a transearth insextion GNCS~contrcolled SES
burn. {Accomplished )

10¢. Obtain data on the CHM crew procedures and timeline
for lunar orbit mission activities. {Accomplished )

1l. Demonstrate CSM passive thermal control (PTC) modes

and related communication procedures during a lunar
erbit missicn. (Accomplished )
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13.

14,

15.
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Demonstrate ground operaticnal support for a CSM
lunar orbit mission. (Accomplished )

Perform lunar landmark tracking from the CS5M in
lunar orbit. (The intent of this objective was
tc establish that an onboard capability existed
Lo compute relative position data for the lunar
landing mission. This mode will be upsed in
conjunction with the MSFC state-vector update.)
(Partially Accomplished }

Prepare for translunar injection (TLI}, and
monitor the GNCS and LV tank pressure displays
during the TLI burn. {Accomplished )

Perform translunar and transearth midcourse
corrections, (Accomplished )

SECONDARY OBJECTIVES

Spacecraft:

1. Monitor the GNCS and displays during laurch,
{Accomplished )

2. Obtain IMU performance data in the flight
environment. (Accomplished )

3. Perform star-earth landmark sighting navigation
during translunar and transearth phases. (The
intent of this objective was to demonstrate
onboard star-earth landmark optical navigation.)
{Partially Accomplished )

4. Perform an IMU alignment and a star pattern
visibility check in daylight. (Accomplished )

5. Perform SPS lunar orbit insertion and transearth
injection burns and monitor the pPrimary and
auxiliary gauging systems. {(Accomplished )

€. Obtain data on the Block II ECS performance during
manned lunar return entry conditions. (Accomplished )

7. Communicate with MSFC using the CSM S—band omni-
antennas at lunar distance. (Accomplished )

8. Demonstrate the parformance of the Block Ir

thermal protection system during a manned lunar
return entry. {Accomplished )

23



APQLLO 8

9. Perform a C
position on
plished )

10, OCbtain data
orbit missi

l1l1. Obtain phot
lunar and 1

and scienti

12. ©Obtain data

SM/S5-IVE separation and a CSM trans-
a lunar mission timeline. (Accom-

on CSM consumables for a CSM lunar
on. (Accomplished )

ographs during the transearth, trans-
unar orbit phases for gperational
fic purposes. {(Accomplished )

to determine the effect of the tower

Jettison motor, 5-II retro and SM RCS5 exhausts

and other s

ourrces of contamination on the CM

windows. (Accomplished |

UNUSUAL FEATIIRES OF

THE MISSICN

1. First manned Saturn V¥V flight.

2. First manned flight to the lunar vicinity.

i. Highest wvel

4. First live

ocity yet attained by man - 16,228 fps,

TV coverage of the lunar surface.

5. Deepest penetration of space by a manned space-

craft.

6. First space flight on which man escaped earth's

gravity.

GENERAL TNFORMATION

Spacecraft:
Launch Vehicle;
Launch Complex:

Flight Crew:

Launch Time:
Launch aAzimuth:

Earth Orhit:

CM-103, SM-103, LTA-B

SA~-503

39A
Commander [(CDR) Frank Borman
Command Module Pilot (CMP) James A. Lovell, Jr.
Lunar Module Pilot {LMP) William A. Anders

7:51:00 a.m. EST, December 2}, 1968
72°

Apogee 103.3 HM, Perigee 98.0 NM
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Lunar Orbit: Initial Apocynthion 168.5 NM, Pericyn-
thion 59.7 NM

Circularized Apocynthion §0.7 M,
Pericynthion 59.7 NM

Migssion Duration: 146 hours 59 minutes 49 Seconds

Time of Landing: 10:50:49 a.m. EST, December 27, 1968

SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to KSC:
Command/service module (CSM): August 19&8
Lunar module test article (LTA): January 1968

Launch vehicle delivered to K5C:

First stage {5-IC): December 1947
Second stage (S5-II): June 1968
Third stage {S—I?E}: December 1967
Instrument unit (1IU): January 1968
Space vehicle weight at liftoff: 6,133,880 1b.
Weight placed in earth orbit: 282,237 1b.

Weight placed in lunar orbit: 46,743 1b.

Significant spacecraft differences from Apolle 7:

* Forward hatch was modified to a combined
forward crew hatch. 4

* The 8M aft bulkhead structure was modified
to assure a 1.4 factor of safety.

* The CM-SM tension tie thickness was
increased.

* The SM/SLA interface was redesigned to
install bolts from outside.
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* Couch strut lcad/stroke criteria were reduced
and lockouts added.

* A change to foldable crew couches was incorp-
orated.

* The spacecraft ground intercom was converted
from a two-wire to a four-wire system.

* An S-band high-gain antenna was ihcluded.

* A high-gain antenna automatic reacquisition
system was added.

* The ECS radiator flow proportioning valve was
redesigned.

* Aluminum EDE absorber elements were added,
* The Collossus onboard scoftware was installed,

* A change to jettisonable SLA panels was incorp-
orated.

* The Van Allen Belt deosimeter was added.
* POGQ instrumentation was added.
* A nuclear particle detection system was added.

* The right-hand crewman's right-hand arm rest
was deleted,

* A redundant launch vehicle attitude error dis-
play was added.

Significant launch vehicle changes from Apcllo 6:

* The ASI's in the J-2 engine were modified.

* The 5-1IC stage was medified to suppress low
frequency longitudinal oscillations.

RECOVERY DATA

Recovery Area: Pacific Ocean

Landing Coordinates: 165°1'W. B°B'N, (Stable II1}
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Recovery Ship: USS Yorktown
Crew Recovery Time: 12:20 p.m. EST, December 27, 1968

Spacecraft Recovery Time: 13:20 p.m. EST,
December 27, 1968

REMARKS

All primary Apollo 8 missicn cbjectives were completely
accemplished. Every detailed test objective was accom-
plished as well as four which were not originally planned,

The AS-501 Space Vehicle featured several configuration
details for the first time, inecluding: a Block II Apolla
Spacecraft on a Saturn V Launch vehicle, a manned space-
craft on a Saturn V Launch Vehicle, an OzH, gas burner
on the 5-IVE for propellant tank repressurization prior
to engine restart, open-loop propellant utilization
systems on the S-IT and 5-IVB stages, and jettisonable
SLA panels.

For this first Apollo flight to the lunar vicinity, Mission
Operations successfully coped with lunar launch opportunity
and launch window constraints and injected the S-IVB into

a lunar "slingshot" trajectory to prevent recontact with
the spacecraft or impact on the moon or earth. Apollo B
provided man his first copportunity to parsonally view

the backside of the moon, view the moon from as little

as 60 NM away, view the earth from over 200,000 NM away,
and reenter the earth's atmosphere through a lunar return
corridor at lunar return velocity.

All launch vehicle systems performed satisfactorily through-
out their expected lifetimes. All gpacecraft systems
continued to function satisfactorily throughout the mission.
No major anomalies occurred. Those minor discrepancies
which did occur were primarily procedural and were corrected
in flight with no mission impact. &all temperatures and
consumables usage rates remailned within normal limits
throughout the mission.

j
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APOLLO 9 (AS-504} FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES {(All Primary Objectives Accomplished)

1,

4.

Demonstrate crew/space vehicle/mission support faciii-
ties performance during a manned Saturn V mission with
CS5M and LM.

Demonstrate LM/crew performance.

Demonstrate performance of nominal and selected backup
LOR mission activities, in¢luding:

a. Transposition, decking, LM withdrawal:
b. Intervehicular crew transfer:

c. Extravehicular capability;

d. 5PS5 and DP5 burns:

2. LM-active rendezvous anpd docking.

C5M/LM consumables assessment.

DETAILED TEST QBJECTIVES

PRINCIPAL AND MANDATORY OBJECTIVES

Launch Vehicle:

l. Demonstrate S-IVB/IU attitude control capability during
transposition, docking, and LM ejection {TDEE) maneu-
ver. (Accomplished ) '

Epacecraft:

1. Perform LM-active rendezvous. (Accamplished )

2. Determine DPS duration affects and primary Propulsicn/
vehiclea intaractinns._ {Accomplished. )

3. Verify satisfactory performance of passive thermal sub-

system. (Accomplished )}
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4. Demonstrate LM structural integrity. {Accomplished }

3. Perform DPS burn including throttling, docked; and a
short duration DPS burn, undocked. (Accomplished )

6. Perform long duration APS burns. [(Accomplished

7. Demonstrate environmental control system (ECS) per-
formance during all LM activities. [Accomplished )

8. Obtain temperature data on deployed landing gear re-
sulting from DPS operation. (Accomplished )}

3. Determine electrical power system (EPS) performance,
primary and backup. (Accomplished }

10. Qperate landing radar during DPS burns. (Accomplished °

11. Perform akort guidance system {AGS)/control wvlectronics
system (CES)-controlled DPS burn. Accomplished )

i2. Perform primary guidance, navigation, and control
system {PGNCS)/digital auto pilot {DAP)-controlled
long duration APS burn. {(Accomplished }

13. Demonstrate RCS control of LM using manual and auto-
matic PGNCS. (Accomplished )

14. Demonstrate S-band and VHF communication compatibility.
(Partially Accomplished )

15. Demcnstrate RCS control of LM using manual and automatic
AGS/CES. [Accomplished )

16. Demonstrate C5M attitude control, docked, during SPS
burn. (Accomplished )

17. Demonstrate LM-active docking. {(Accomplished )

18. Demonstrate LM ejection from SLA with CSM. {Accomplished |
15%. Demonstrate CSM-active docking.,  {Accomplished )

zu; Demonstrate CSM-active undocking. {Accomplished )

21. Verify inertial measurement unit (IMU) performance.
{Accomplished )

22. Demonstrate guidance, navigation, and control system
(GNCS) /manual thrust vector control (MTVC) takecver. (ﬁﬁ
(Accomplished )
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24,

25.

26.

27.

48,

29,

4.

3L.

32.

33.

34.

35.

APOLLO 9

Demonstrate LM rendezvous radar performance.
(Accomplished )

Demonstrate LM/Manned Space Flight Network {(MSFN)

S-pband communications capability. (Partially

Accorplished )

Demonstrate intervehicular transfer (IVT). [(Accomplished }

Demonstrate AGS calibration and cbtain performance
data in flight. (Accomplished )

Perform LM IMU alignment, (Accomplished )

Perform LM jettison, (Accomplished )

Obtain data on reaction control system (RCS) plume
impingement and corona effect on rendezvous radar

performance. (Accomplished )

Demonstrate support facilities performance during
earth orbital missions. (Accomplished )

Perform IMU aligrment and daylight star visibility
check, docked. (Accomplished )

Frepare for CSM-active rendezvous with ILM. {Accom-
plished )

Perform IMU alignment with sextant (5XT), docked.
{Accomplished )

Perform landing radar self-tast. (Accomplished )

Perform extravehicular activity. (Accomplished )

SECONDARY OBJECTIVES
Launch Vehicle:

1.
2,
3.

4.

Verify S-IVB restart capability. (Accomplished )
Verify J-2 engine modification. (Accomplished }'

Confirm J-2 engine environment in S-II stage,
{Accomplished )

Confirm launch vehicle longitudinal oscillation en-
vironment during sS-IC stage burn peried. {Accamplighed )
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5. Demonstrate QO2H burner repressurization system opera-
ticn. ({Ac¢complished }
&. Demonstrate S$-IVB preopellant dump and safing. (Not
Accomplished }
7. Verify that modifications incorporated in the 8-IC
stage suppress low-frequency longitudinal cscillations.
(Accomplished )
8. Demonstrate 80-minute restart capahiligﬁ. (Accomplished )
9. Demonstrate dual repressurizaticon capability.
(Accomplished )
10. Demonstrate O2H2 burner restart capability. {Accomplished )
1l. Verify the onboard command and commur.ica*tions system
(CCS) /ground system interface and operacion in the
5pace environment. (Accomplished )
Spacecraft:
l. Obtain exhaust effects data from launch escape tower
(LET}, S-II retro, and SM RCS on CSM. {Accomplished )
2. Evaluate crew performance of all tasks. (Accomplished )
3. Perform navigation by landmark tracking. (Aceomplished )
4. Perform unmanned APS burn-to-depletion. (Accomplished )
5. Obtain data on DPS plume effects on visibility,
{Accomplished )
€. Perform CSM/LM electromagnetic compatibility test.

{Accomplished )

UNUSUAL FEATURES OF THE MISSION

Largeat payload yvet placed in orbit.

Firat launch of Saturn ?}Apnlln Spacecraft in lunar
mission configuration.

First demonstration of 5-IVB second orbital restart
capability. '

Fir#t.EEH—activﬁ docking.
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5. Pirst manned LM gystems performance demonstration.

6. First inflight depressurization and hatch opening
of LM and CM.

7. First Apcllo extravehicular activity.

8. First intervehicular transfer between docked inter-
face of two wehicles in shirt sleeve environment.

9, First docked SPS burns with CSM guidance and docked
DPS burns with LM guidance.

1¢. First demonstration of lunar module TV camera
[(black and white).

11. First LM TV.
12. First LM-active repndezvous and docking.

13. First time one spacecraft was configured from
annther spacecraft for an unmanned burn.

GENERAL INFORMATION

Spacecraft: CHM-104, SM-104, LM-3
Launch Vehicle: SaA-504

Launch Complex: 32A

Flight Crew: Commander (CDR) James A. McDivitt
Compmand Modula Pilot (CMP) David R. Scott
Lunar Mcdule Pilat (LMP) Russell L. Schweickart

Launch Time: 11:00:00 a.m. EST, March 3, 19269
Launch Azimuth: 72°

Apogaee: 271.8 NM (Highest)

Perigee: 9?.5 MM (Lowest)

Mission Duration: 10 days 0l hour 33 seconds

Time of Landing: 12:00:53 p.m. EST, March 13, 1569
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SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to K5C:

Command/service module (C5M): October 1968

Lunar module {LM): June 1968

Launch vehicle delivered to KSC:

Firat stage (5~ICY: September 1968

Second stage jS—II}: May 1968

Third stage (S~IVB}: September 196B

Instrument unit (IU): September 1568

Space vehicle weight at liftoff: 6,397,055 1lb.

Weight placed in earth orbit: 292,091 lb.

Eignlflﬂant spacecraft differences from Apclloc 8 (LM-3
is compared with LM-1 which was flown on Apollo 5):

Command Module

&

Forward hatch emergency closing link was added.

A general purpoge timer was added.

A precured RIV was added to side and hatch windows.
The 5-065 camera experiment equipment was added.
Docking probe, ring, and latches werxe added.

An RCS prnpulainn bu:at disc was added.

A solenoid valve was added to the RCS propellant
syztem,

The S-band power amplifiar configuration was
changad to. DHDE cnnfiguratinn.

The flight qualification recnrdef'hhﬁJﬂﬁlated}
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Lunar Module

*

First cperational flight of oxygen supply module.
First operational flight of water control module,
First flight of VHF transceiver and diplexer.
First flight to use exterior tracking light.
First flight to use ascent engine arming assembly.

Firat operational flight of the abort guidance
section.

First operational flight of the rendezvous radar.

First flight of the landing radar electronic ang
antenna assembly.

First flight using thrust translation controller
assembly._

Firat flight to use orbital rate drive,

The CO2 partlal pressure sensor was modified to
correct EMI, wvibration, and outgassing prcblems.

A high-reliability transformer was added for use
with the S-band steerable antenna.

A pressure switch was added to the RCS.

Thermal insulation wﬁs modified in the rendezvous
radar antenna assembly.

Landing gear was ingtalled.

High-efficiency reflective coated cabin andg docking
windows were added.

A 8plit AC bus was added.
A more raliahle_signal processor assembly was added.

Manual trim shutdown was added to descent engine
control assembly.
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|

Stabilization and control assembly No, 1 was modi-
fied to eliminate single failure point.

Fire preventive and resistive materials were added,

A TV camera was added.

Spacecraft-LM Adapter

W

+*

*

The SLA panel charges were redesigned,
A spring ejector for LM separation was added.
The LM separation sequence controllers were added.

The POGO instrumentation was deleted.

Significant launch vehicle changes from Apollo B:

5-IC Stage

*

L]

Tne film camera system was deleted.

The R&D instrumentation was reduced,

A redesigned F~1 engine injector was installed. (:
Television cameras were removed.

Prnpulﬁiun’ﬁerfarmance was incregsed,

Weight was reduced by removal of forward skirt

insulation and revising “y* rings and skin taper
in propellant tanks.

5-1I Stayge

*

First flight of lightweight structure,

Eeparatinn-plangs tensiqn Plates were redesigned.

The J-2 engines were uprated.
The thrust strueture was reinforced.

Tﬁﬁﬁﬁ:dbgllant ﬁtilizatinn (PU) system was changed
to closed loop.. ~ . | o8, Slanged
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5-IVE Stage

* Instrumentation battery capacity was reduced.
* The anti-flutter kit was deletad.

* The J-2 engine was uprated.

instrument Unit

* The methanol accumulator was enlarged.

* Networks to disable spacecraft control of launch
vehicle were changed.

* One instrument battery was removed.
* The S-band telemetry was deleted.

RECOVERY DATA

Recovery Area: Atlantic Ocean
(T} Landing Coordinates: 67°56'W, 23°13'N (Stable I)
Recovery Ship: USS Guadalcanal
Crew Recovery Time: 12:50 p.m. EST, March 13, 1969
Spacecraft Recovery Time: 2:13 p.m. EST, March 13, 1969
REMARKS

A mild virus respiratory illness which infected all of the
Apcllo 9 crew members was the Primary factor in the decision
to reschedule the launch from February 28 to 11:00 EST,

March 3, 1969. This decision to regchedule was made February
27, 1969 in order to assure the full recovery and good health
of the astronauts. The countdown was accomplished without
any unscheduled helds and was the fourth Saturn V on-time
launch,

The Apollo 9 launch was the first Saturn V/Apcllo Spacecraft
in full lunar mission configuration and carried the largest
payload aver placed in orbit. Since Apollo 9 was the first
manned demonstration of lunar module systemsg performance,
many firats were achiaved. These werse highlighted by CsM-
and IM-active rendezvous and docking, the first Apollo EVA,
and intervehicular transfer in shirt sleeve environment,
This flight also contained the first demcnstration of S-IVE
second orbital restart capability. a
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In the third day of the mission, LMP Schweickart was
struck by nausea and this illness caused a small
delay from the normal timeline in the donning of
pressure suits and in the transfer to the LM. 1t
also caused shortening of the preposed EVA plan.
Later the next morniang, CDR McDivite assesged LMD
Schweickart's condition as excellent and wlith ground
control concurrence decided to extend his EVA actlv-
lties.

The Apecllo 9 crew had remarkable success in slghting
objects using the crewman cptical alignment sight
(COAS). Their success seens to confirm the thesis that
the visual acuity of the human e€ye is5 increased in
space. One example is their sighting of the Pegasus 11
Satellite at a range of approximately 1,000 miles,

All primary cbijectives were successfully accomplished on

the Apollo 9 flight. All mandatory and principal
detailed test objectives were accemplished, except
two, and these two were partially accomplished. OCne

secondary detailed test objective, the S-IVE progellant
dump and safing, was not accomplished.

A1l launch vehicle systems performed satisfactorily
throughout their expected lifetimes with the exception
of inability to dump propellants following the

third 5-IVB burn. Al] spacecraft systems continued

te Tuneticon satisfactorily throughout the mission. No
major anomalies occurred. Those minor discrepancies
which did cccur were Primarily procedural and were
corrected in flight with no mission impact, or involved
instrumentation errors on quantities which could be
checked by other means. Temperatures and consumables
uSage rates remained generally within normal limits
throughowvt the mission.
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APOLLO_ 10 (AS-505) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES {(All Primary Objectives Accomplished)

L. Demonstrate crew/space vehicle/mission support
facilities performance during a manned lunar mission
with C5M and 1M.

2. Evaluate LM performance in the cislunar and lunar
environment,

DETATLED TEST QBJECTIVES

PRINCIPAL AND MANDATORY OBJECTIVES
Spacecraft;

1. Demonstrate CSM/LM rendezvous capability for a lunar
landing mission. {Accomplished )

2. Perform manual and autaomatic acguisition, tracking,
and communications with MSFN using the steerable
S5-band antenna at lupar distance. (Accomplished )

3. Perform lunar landmark tracking from the CSM while
in lunar orbit. (Accomplished }

4. Perform lunar landmarkX tracking in lunar orbit from
the CSM with the IM attached. {Accomplished )

5. Operate the landing radar at the closest approach to
the moon and during DPS burns. {Accomplished }

6. Obtain data on the CM and LM crew procedures and time-
line for the lunar orbit phase of a lunar landing
mission. (Accomplished )

7. Perform PGNCS/DPS undocked descent orbit insertion
{DOI) and a high thrust maneuver. (Accomplished )

SECDONDARY OBJECTIVES

Launch Vehicle:

l. Verify J-2 engine modifications. {A:cnmplishéd }
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2. Confirm J-2 engine environment in 5-II and S-IVB
stages. (Accomplished )

3. Confirm launch vehicle longitudinal oscillation
environment during S5-IC Stage burn peiiad.
(Accomplished ) !

4. Verify that modifications incorporated in the 5-1C
stage suppress low freguency lengitudinal
osclllations. (Accomplished )

5. Confirm launch vehicle longitudinal oscillation
environment during S-II stage sburn period.
(Accomplished )

6. Demonstrate that early center engine cutoff for 5-17
stage SUuppresses low frequEncyylnngitudinal oscilla-

tions. (Accomplished )
Spacecraft:;

1. Demonstrate LM/CSM/MSFN communications at lunar
distance. (Partially Accomplished )

2. Communicate with MSFN using the LM S-band omni-
antennas at lurar distance. (Accomplished )

3. Obtain data on the rendezvous radar performance and
capability near maximum range. (Accomplished )

4. Obtain supercritical helium SysStem presgsure data
while in standby conditions and during all DPS
engine firings. {Accomplished )

5. Perform an unmanned AGS-controlled APS burn.
(Accomplished )

€. Obtain data on the operational capability of VHF
ranging during an LM-active rendezvous,
[(Accomplished )

7. Obtain data on the effects of lunar illumination ang
contrast ¢onditions on crew visual perception while
in lunar orbit. (Accomplished } '

2. Obtain data on the passive thermal control mode
during a lunar orbit mission. (Partially Accomplishea }

3. Demonstrate CSM/LM passive thermal control modes dur-
ing a lunar orbit mi=zsion. {Accomplished )
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i0. Demonstrate RCS translation and attitude control of
the staged LM using automatic and manual AGS/CES
control. (Accomplished )

l1l. Evaluate the ability of the AGS to perform an LM-
active rendezvous. ({Accomplished )

l2. Monitor PGNCS/AGS performance during lunar orbit
cperations. (Accomplished )

l3. Demonstrate operational support for a CSM/LM lunar
orbit mission. (Accomplished }

1l4. Perform a long duration unmanned APS burnh.
(Accomplished |

15. Perform lunar orbit insertion using SPS GNCS-con-
trolled burns with a docked CSM/LM. (Accomplished )

l6. Obtain data to verify IMU performance in the flight
environment. (Accomplished )

17. Perform a reflectivity test using the CSM S-band
high-gain antenna while docked. (Accomplished )

18. Perform CSM transposition, docking, and CSM/LM
ejection after 5=-IVB TLI burn. (Accomplished )

19. Perform translunar midcourse corrections.
(Accemplished )

200, Obtain AGS performance data in the flight environ-
ment. {Accomplished )}

¢l. Perform star~lunar landmark sightings during the
transearth phase. (Accomplished )

22. Obtain data on LM consumablas for a simulated lunapr
landing mission, in lunar orbit, to determine lunar
landing mission consumables. (Accomplished }

UNUSUAL FEATURES OF THE MISSION

Provided these first-time inflight opportunities:
1. Lunar orbit rendezwvous.

2. Docked lunar landﬁark tracking.
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91-

13a.

11.

12.

13.

14.

15.
le.
i7.
18.

19.

10

Lunar module steerable antenna operation at distances
greater than those of low earth orkit enabling its
evaluation under conditions for which it was designed.

Descent propulsion system (DF5) engine burh in the
lunar landing mission configuration and environment,

Lunar landing mission profile simulation (except for
poweréd descent, lunar surface activity, and ascent) .

Low level (47,000 feet) evaluation of lunar visibility.

Docked CSM/LM thermal control in the absence of earth
albedo and during long periods of sunlight.

Lunar module ampni-directional antenna operation at
lunar distance.

Abort guidance system (AGS) operation during an APS
burn over the range of inertias for a lunar mission.

VHF ranging during a rendezvous.

Landing radar operation near lunar environment where
the reflected energy from the lunar surface is
detected.,

Transposition, docking, and LM ejection in daylight
after the 5~IVB burpn where the S-IVB is in inertial
hold attitude and while the spacecraft is moving away
from the earth.

Translunar midcourse correction with a docked CSM/1LM.

Lupar module digital uplink assembly first flight
(replaces digital command assembly used on LM~3),

First launch from Pad B of launch cocmplex 39.
Largest payleoad yet placed in earth orbit.
Largest payload yet placed in lunar orbit.-
Demonstration of color TV camera.

Manned navigaticpal, wvisual, and photographic evalua-
tion of lunar landing sites 2 and 3.
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40. Manned visual and photographic evaluation of range

of possible landing sites in Apolle belt highlands
areas.

2l. Acguisition of major quantities of photegraphic
training materials for Apollo 11 and subsequent
lunar landing missions.

22. Acquisition of numercus visual observations and
photographs of scientifie significance.

GENERAL INFORMATION

Spacecraft: CM-108, SM-106, LM-4
Launch Vehicle: Sa-505

Launch Complex: 39B

Flight Crew: Commander (CDR}) Thomas P. Stafford
Command Module Filot (CMP) John W. Young
Lunar Medule Pilot (LMP) Eugene A. Cernan

Launch Time: 12:49 p.m. EDT, May 18, 1969
Launch Azimuth: 72¢
Earth Orbit:

Apcgee:z 102.6 NM

Perigee: 99.6 NM

Lunar Orbits;

Initial Apocynthion/Pericynthion (LOI-1): 170.4 NM x
59.6 NM

Circularized Apocynthion/Pericynthion {(LOI=2):
61.5 NM x 58.9 NM

LM Descent Orbit Insertion: 61.2 x 8.4 NM

LM Phasing Maneuver: 190 NM x11.2 NM

LM Insertion Maneuver: 45.3 NM x 11.2 WM

Final LM/CSM Separation: 63.2 NM x 55 §M
Mission Duration: 192 hours 3 minutes 23 seconds

Time of Landing: 12:52:23 EDT, May 26, 1959
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SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to KSC:
Command/service module {CSM): November 1968
Lunar module (ILM): QCctober 1968
Launch vehicle delivered to KSC:
First stage (S5-IC): November 19686
Second stage (S-1I): December 1568
Third stage (S-IVB): December 19&H
Instrument unit {(IU}: December L9682
space vehicle weignt at liftoff: 6,412,250 lb.
Weight placed in earth orbit: 294,947 1b.
Weight placed in lunar orbit: 69,429 1bh.
Significant spacecraft differences from Apolio 9:
Command Module

* The VAF ranging capability was added as a backup
to CSM/LM rendezvous radar (RR).

Lunar Module

* The VHF ranging capability was added as an RR
Backup.

* The CM to LM power transfer capability after LM
stage gseparation was incorporated to extend hold
capability between docking and final LM/CSM
separation,

* The CM/LM power transfer redundancy was provided
as a power transfer backup.

* The EVA antenna was deleted because there was no
EVA planned for apollo 10,

* Digital uplink voice ocutput (up to 20 db)} was
increased because it was regquired for lunar
digtance communication,

* Landing gear deployment mechanism protective shield
was added to prevent possible malfunction due to DPS.
plume . impingement, ' o e :
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* Ascent stage plume heat blanket and venting was
added to improve thermal control.

* A separate power source for utility/floodlight
was added to prevent simultanecus loss of both
lights.

* An APS muffler was added to prevent APS regulator
loas,

* RR and VHF bus isclation was provided to prevent
simultaneous RR and VHF loss.

* The TV camera was deleted.

* Luminary 1 (LM cnboard program) was used for the
first time (Sundance for LM-3).

Significant launch vehicle changes from Apollo 9:
S-II Stage

* Center engine early cUtoff was planned as a means
of eliminating longitudinal oscillations.

5-IVE Stage

* A redesigned helium regulator valve was substituted
to correct an SA-504 malfuncticn.

Instrumgnt Unit

* Instrument unit network change (software} was
incorporated to enable SC control of LY during
the launch phase and translunar in?ect G .

* Insulation and damping compound were added to
improve vibration damping and IU load=-carrying:
capability.

RECOVERY DATA

Recovery Area: Southwest Pacific Ocean

Landing Coordinates: 15°5., 165°W. (Stable I)
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Recovery Ship: USS Princeton
Crew Recovery Time: 1:31 p.m. EDT, May 26, 1969

Spacecraft Recovery Time: 2:22 EF.m. EDT, May 26, 1969

REMARKS

The most complex mission ¥et flown in the Apolio Program
was performed in the full lunar landing configuration,
paralleling as closely as possibkle the lunar landing
mission profile and timeline. Extensive photographic
coverage of candidate lunar landing sites provided
eXcellent data and crew kraining material for subsequent
missions. This was the fifteh on~-time Saturn V launch.

Nineteen color television transmissions ttotaling 5 hours
52 minutes) of remarkable quality provided a world
audience the best exposure ¥Yet to spacecraft activities
and spectacular views of the earth and the moon. The LM
pericynthion of 47,000 feet was the closest man had come
to the moon, and the crew reported excellent visual
percepticn of the proposed landing areas,

The mission was nominal in all major respects. Translunar
and transearth navigational décuracy was so precise that
only two of seven allocated midcourse corrections were
ragquired, one each during translunar and transearth coast
pericds. Significant perturbations in lunar orbit,
resulting fram differences in gravitational potential,
were noted. Subsequent mission LOI burns can be biased

to compensate for these effects. All launch wehicle
systems performed satisfactorily during thejr expected
lifetimes. Spacecraft dystems generally performed
satisfactorily throughout the mission. One exception was
the No. 1 fuel cell which had to be isclated from the mair
bus, but work-around procedures made it available for

load sharing, if required. Another problem was the
occasional @ifficulty with direct LM-earth communications.
Two incidents of unexpected motion occurred prior te and
during LM staging. Data indicates unscheduled transfer

of the abort guidance syatem mode from "Attitude Hola"

to "Automatic, "

A number of minor discrepancies Ccecocurred which were either

primarily procedural and were corrected in flight with nao
mission impact, or which involved instrumentation errors

76



LR -

APOLLO 10

on quantities that could be checked by other meana. Two
cameraa that malfunctioned were returnead to earth for
failure analysis. All detailed test objectives were met,
except for two secondary apacecraft objectives that were
partially accomplished. Pive other major activities not
defined as detailed test objectives were fully accomplished,

Flight crew performance was cutstanding. Their health

and spirits remained excellent throughout the mission.
Unexpected bonuses from the mission were several sightings
of individual SLA panels long after TD&E, three sightings
of the Jettisoned descent atage as it orbited the moon

at low altitude, and a few sightings of the receding S-IVB
stage with the naked eye, once from nearly 4000 miles as
it tumbled and flashed in the sunlight.
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APOLLO 11 (AS-506) FLIGHT SUMMARY

MISSION PRIMARY QBJECTI?E {Accomplighed)

Perform a manned lunar landing and return.

DETAILED OBJECTIVES AND EXPERIMENTS

1.
2.

10.

"

Collect a contingency sample. (Accomplished )

Egress from the LM to the lunar surface, perform
lunar surface EVA operations, and ingress into the
LM from the lunar surface. (Accomplished )

Perform lunar surface cperations with the EMU.
(Accomplished )

Obtain data on effects of DPS and RCS plume impinge-
ment on the LM and cbtain data on the performance

of the LM landing gear and descent engine skirt
after touchdown. ?ﬁccnmplished )

Qbtain data on the lunar surface characteristics
from the effects of the LM landing. (Accomplighed )

Collect lunar Bulk Samples, {(Accomplighed )

Detarmine the position of the LM on the lunar
surface. (Accomplished )

Obtain data on the effects of illumination and
contrast conditions on crew visual Perception,
{Accomplished )

Demonstrate procedures and hardware used to pravent
back contamination of the earth's bioaphere. (Accom-
plished ) |

Deploy the Early Apollo Scientific Experiments
Package (EASEP) which included the following:

4. 8-031, Pasaive Seismic Experiment, (Accomplished )

b, 5§-078, Laser Ranging Retro-Reflector. {Accom=
plished )
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11.

12.

13,

15,

F S

ES

Deploy and retrieve the Solar Wind Composition
Experiment, 5-080., (Accomplished )

Ferform Cosmic Ray Detector Experiment (helmet
portion), S-151. {Accomplished )

Perform Lunar Field Geology, 5-059. (Partialiy
Accomplished )

Obtain television coverage during the lunar stay
period. (Accomplished )

Obtain photographic coverage during the lunar 5tay
period. (Accamplished }

UNUSUAL FEATURES OF THE MISSION

1|

2.

10.

First manned lunar landing and return.

First lunar surface EVA.

First seismometer deployed on moon.

First laser reflector deployed on mocn.

First solar wind experiment deployed on moon.
First lunar scil samples brought to earth.
Largest payload yet placed in lunar orbit.

First lunar module test in total operational
enironment.,

Acquisition of numerous visual observations, photo-
graphs, and television of scientific angd engineering
significance.

First operational use of the mobile gquarantine facility
(MQF} and the lunar receiving laboratory (LRL}.

GENERAL INFORMATION

Spacecraft: CM-107, SM=107, LM-S

Launch Vehicla: SA-506

Launch Complex: 39A
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Flight Crew: <Commander (CDR) Neil A. Armstrong
Command Mcodule Pilot (CMP} Michael Collins
Lunar Module Pilot (LMP) Edwin E, Aldrin, Jr.

Launch Time: 9:32 a.m. EDT, July 16, 1569
Flight Azimuth: 72°

Earth Orbit: 102.9 x 103.7 KM

Lunar Orkita and Events:

Initial Apocynthion/Pericynthion (LOI-1): 1668.6 NM x
61.2 NM

Circularized.Apﬂcynthinanﬂricynthinn (LOI-2}):
6E5.7 NM x 53.8 NM

LM Descent Orbit: 57.2 NM x 8.5 NM

Landing Site Coordinates: D.647°N. latitude,
23,5057 E. longitude (Tranguility Base)

Lunar Landing Time: 4:17:40 p.m. EDT, July 20, 1969

(: Firat Step on Lunar Surface: 10:56:19 p.m. ELDT,
July 20, 1969

LM Liftoff from Lunar Surface: 1:54:00 p.m. EDT,
JU].Y 21, 1969

Lunar Insertion Qrbit: 45.2 NM x 3.0 NM
Final LM/CSM Separation Orbit: 62.6 NM x 54.8 NM
Mission Duration: 195 hours 1B minutes 35 seconds

Time of Landing: 12:50:35 p.m. EDT, July 24, 1949

SPACE VEHICLE AND PRE=-LAUNCH DATA

Spacecraft delivered to KSC:
Command/service module: January 1969
Lunar module: January 1969

Launch vehicle delivered to KSC:

First stage (S-IC}: February 1969
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Second stage (S-ITI): February 1969

Third stage (S—-IVB): January 1969

Instrument unit (IU}: February 1969
Space vehicle weight at liftoff: 6,398,325 1k.
Weight placed in earth orbit: 297,848 1b.
Weight placed in lunar orbit: 72,038 1b.
Significant spacecraft differences from Apolla 10:

Command/Service Module

* The blanket type insulation was removed from
the forward hatch.

Lunar Module

* A VHF artenna was added for extravehicular
activity (EVA) coverage.

* A liquid cooling garment (LCG) heat removal
subsystem was added.

* The ascent engine was replaced with a lighter
weight engine.

* The bhase heat shield on the descent stage was
modified by the removal of H-film.

* Reactionh control system (RCS) plume deflectors
were added for each of the lower four RCS
thrusters.

* The landing gear thermal protection was increased,

* The descent propulsiocn syatem (DES) engine gimbal
drive actuators were modified by the removal of
the polarizer and armature and by the installation
of new brake material.

* An erectable S-bhand antenna was carried on the
descent stage,

* The Early Apollo Scientific Experiments Package
(EASEP) was carried in the descent stage.
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a4 result of Apollo 10 lunar orbit experience, the LOI-2
Burn was biased to achieve a slightly eccentric orbit
{65.7 x 53.8 NM). It was anticipated that this would
compensate for variations in lunar gravity effect and
that the CSM orbit would beceme circular by the time of
LM rendezvous. Subsequent measurements showed that
this effect did not occur as rapidly as expected and
that the CSM orbit did not become circular.

The LM powered descent initiation maneuver was performed
Oon time at pericynthion on the descent orbit: however,
this position was about 4 NM downrange from the planned
point apparently due to an accumulation of uncoupled
attitude maneuvers during the last two revolutions prior
to PDI. This resulted in the landing point being shifted
downrange about 4 NM.

During the final approcach Fhase, the crew noted that the
LM was headed for the general area of a large, rugged
crater, fillled with boulders of 5 to 10 feet in dliameter.
The CDR took manual attitude control and translated the
LM to a landing point approximately 1000 feet farther
downrange.

The crew adapted guickly to the lunar environment and
conducted the lunar surface activities as planned,

tncluding the collection of twe lunar core samples and

a considerable amount of discretely selected surface
material. "he LMP had to exert a considerable force

to drive th: core tubes an estimated 6 to B inches deep.

The crew spent a total of 5 manhcurs of EVA an the lunar
surface. The total lunar stay time was 21 hours 36 minutes.
ApproxXimately 46 pounds of lunar samples were returned to

carth,.

All launch vehicle systems performed satisfactorily
throughout their expected lifetimes and alil Spacecraft
systems continued to function satisfactorily throughout
the mission. No major anomalies occurred. New biclaogical
isclation procedures and post-racovery operations were
executed successfully.

Flight crew performance was cutstanding and all three
Crew members remained in excellent health.
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APCLLO 12 (AS5-507) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Primarv Objectives Accomplished)

1.

Perform selanological inspection, survey, and
sampling in a mare area.

Depivy and activate the Apollo Lunar Surface Experi-
ments Package {ALSEP).

Develop technigues for a point landing capability,

Develop man's capability to work in the lunar
environment.

Obtain photographs of candidate exploration sites.

DETAILED OBJECTIVES AND EXPERIMENTS

FRINCIPAL ({All Principal Detailed Objectives Accomplished})

i.
2.
3.

5.

6.

Collect a contingency sample,

Perform lunar surface EVA operations.

Deploy ALSEP I,which included the following:

a. 5-031, Passive Seismic Experiment.

b. 85-034, Lunar Surface Magnetometer Experiment.

¢. S5-033, Solar Wind Spectrometexr Experiment.

~.d. 8-036, Suprathermal Ion Detector Txperiment.

€. 5-~058, Cold Cathode Ionization Gauge Experiment.
f. M-515, runar Dust Detector.

Coll=ct selected samples.

Recharge the portable life support systems.

Perform Lunar Field Geology, S-059.

Cbtain photographic coverage of candidate exploration
gsites,
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B. Obtair data on the lunar surface characteristics
from the effects of the LM landing.
9. Obtain data on the effects of illumination and
contrzst conditions on crew wvisual perception.
1. Determine the position of the LM on the lunar
surface.
11. Perform selenodetic reference point update.
12. Deploy and retrieve the Splar Wind Composition
Experiment, 5-080.
13. Perform Lunar Multispectral Photography Experi-
ment, 5-158.
SCCOMDARY
1. Investigzte and obtain samples for earth return
from the Surveyor III spacecraft. (Accomplishegd )
2. Obtain photographic coverage during the lunar
stay period., {Accomplished )
3. Obtain television coverage during the lunar stay

period. (Partially Accomplished )

_UNUSUAL FEATURES OF THE MISSION

1.

First use of the 5-IVB stage to perform an evasive
maneuver.,

First use of a hybrid trajectory.
Largest payload yet placed in lunar orbit.
First demonstration of a point landing capability.

First use of two lunar surface EVA pericds (about
4 hours each}.

First ALSEP deployed on the moon.
First deployment of the erectable S-band antenna,
First recharge of the portable life support system,

First documented samples returned to earth.
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10.

11,
12,

13,

14.

15.

APOLLO 12

First use of geologists to plan a lunar surface
traversge in real time.

First double core-tube sample taken.

First return of samples from a prior lunar landed
vehicle (Survevor III),

Longest distance yet traversed on the lunar surface.
First multispectral photography from lunar orbit.
Longest lunar surface stay to date.

Lengest lunar mission to date,

Largest paylcad yet returned from the lunar surface.

Spacecraft: CM-108, SM-108, LM-§

Launch Vehicle: SA-507

Launch Complex: 3J9A

Flight Crew: Commander (CDR) Charles Conrad, Jr.

Command Module Pilot {CMP) Richard F. Gorden, Jr.
Lunar Module Pilot {LMP) Alan .. Bean

Launch Time: 11:22 a.m. EST, November 14, 1969

Launch Azimuth: 72°

Earth Orbit: 102.5 x 99.9 KM

Lunar Orbit and Events:

Initial Apocynthicn/Pericynthion (LOI-1}: 168.8 NM
X 62.6 NM

Circularized Apocynthion/Pericynthion (LOI-2):
66.1 NM x 54.3 HNM

LM Descent Oxbit: 60.6 NM x 8.1 HM

Landing Site Coordinates: 3,036° 5. latitude,
23.418°W. longitude
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Lunar Landing Time: 01:54:35 a.m. EST, November 1%, 1969

IM Liftoff from Lunar Surface: 09:25:47 a.m. EST,

Novembher 20, 1949

Lunar Insertion Orbit: 46.31 NM x 8.8 NM

Ascent Stage Impact on Lunar Surface: 5:17:16 p.m. EST,

November 20, 1969

Ascent Stage Impact Coordinates: 3.95°5, latitude,

21.17"W. longitude
Ascent Stage Impact Velocity: 5502 fps
Ascent Stage Impact Weight: 5254 pounds

Mission Duration: 244 hours 36 minutes 24 seconds

Tim
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SPACE VEHICLE AND FRE-LAUNCH DATA

Spacecraft delivered to KSC:

Command/service module: March 1969

Lunar module: March 1969
Launch wvehicle deliwvered to KSC:

First stage {S~IC): May 1569

Second stage (S-II): May 1969

Third stage (S~IVB)}: May 1969

Instrument unit (ID): May 1969
Space vehicle weight at liftoff: 6,484,780 1b.
Weight placed in earth orbit: 300,056 1b.
Weight placed in lunar orbit: 712,212 1b.
Significant spacecraft differences from Apollo 11:

Comm-wd/Service Madule

* Experiment S-158 was incorporated and the side
hatch window pane was changed for lunar milti-

spectral photography.
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The reaction contreol system {RCS) engine arc
was suppressed. .

An inertial measurement unit (IMU} power switch
guard was added.

Stowage was modified to provide for return of
Survevor III samples and increased lunar surface

samples.

Lunar Mocdule

*

The display and keyboard assembly (DSKY) table
and support were modified to enhance actuation
and release from the stowed to the operating
position.

The ascent stage propellant tanks were redegigned
to an all-welded confiquration.

Stowable hammocks were added for increased crew
Gleeping comfort.

The bacteria filter was deleted from the
forward hatch valve.

Stowage was modified to provide for return of
Surveyor III samples and increased lunar surface

samples.

Landing gear and plume deflactor thermal
insulation was reduced.

Extravehicular activity {EVA) equipment
satowage was modified.

Apollo Lunar Surface Experimente Package (ALSEP)
was installed to replace the Early Apollo
Scientific Experiments Package (EASEP).

Significant launch vehicle changes from Apollo 11:

5-IVE Stage

The telemetry system for the S-1VB stage was
changes by adding cne SSB/FM link to provide
increased acoustic and vibration measurements.
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RECOVERY DATA

Recovery Area: Mid-Pacific Oecean

Landing Coordinates: 15°47'S., 165°11'W. (Stable II)
Recovery Ship: USS Hornet

Crew Recovery Time: 4:58 p.m. EST, November 24, 1969

Spacecraft Recovery Time: 5:49 p.m. EST, November 24, 1969

REMARKS

Launch vehicle performance was satisfactory throughout its
expacted lifetime except for the S~IVB slingshot maneuver.
The spacecraft systems functioned satisfactorily during the
entire mission except for the perturbations caused by an
electrical anomaly which occurred shortly after liftoff.
Communications were very good except for occasional problems
with the high gain antenna {HGA) .

The spacecraft and launch vehicle were involved in two
electrical potential discharges during the first minute
of the flight. The first, at 36.5 seconds after liftoff,
was from the clouds to earth through the vehicle and was
visible to launch site chservars. The second occurred
at 52 seconds with the vehicle in the clouds.

The discharge at 36.5 seconds disconnected the fuel cells
from the spacecraft buses and damaged nine instrumentation
measurements. The discharge at 52 seconds caused tumbling
of the spacecraft inertial platform. Both discharges caused
a temporary interruption of s .acecraft communications. Many
other effects were noted on .astrumentation data from the
launch vehicle, which apparently sustained no permanent

mal functions from the diacharges.

The 5-IVB slingshot maneuver was initiated on schedule but,
due to IU state vector errors, the slingshot maneuver dig
not achieve the desired heliccentric orbit but rather a
highly eccentric geo¢entric orbit.

Lunar orbit insertion (ILOI) was performed in twa separate
manguvers, LOI-1 and LOI-2, using the service propulsion
system (SPS). The LOI maneuver resulted in a CSM/LM position
some 4 to 5 NM north/of the expected ground track prior to
descent orbit insertion {DOI). This CroSErange errcr was
known prior to DOI and was corrected during the powered
descent maneuver.
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The guidance computer was uypdated during powered descent

to compensate for indications that the trajectory was

coming in 4200 feet short of the target point., The initial
crossrange distance was continuously reduced throughout

the braking phase. At entry into the approach phase the
spacecraft's trajectory was very close toc nominal. Redes-
ignations were incorporated during the appreocach phase. The
crew took over manual control at about 370 feet, pasaed over
the right side of the target crater, then flew to the left
for landing. The commander reported axtensive dust obsturing
his view during final! descent. The actual landing peint is
determined to be about 600 feet from the surveyor IIT1 space-
craft.

The ascent stage deorbit retrograde burn was initiated and
burned slightly longer than planned. This resulted in
lunar impact about 36 NM short of the target point. Impact
occurred about 39 NM southeast of Surveyor III.

un several occasions during the mission, COMMUNlLCcatiuns with
the C5M experienced some degradaticn due to inability of the
HGA to hold lock. Two gpecial HGA tests were conducterd during
the transearth coast to attempt to identify the causz cf the
anomaly. Results indicate that the problem appears to be
associated with the dynamic thermal operation of the antenna,
probably in the microwave circuitry in the narrow beam mode.

The Apcllo 12 crew performance was outstanding throughout the
misgsion. All scheduled lunar surface scisntific activities
were performed as planned within the allotted time periods.
During the first EVA the ALSEP experiments were deployed and
began transmitting sclentific data. Real-time pianning for
the geological traverse of tha second EVA was accomplished
jeintly by the crew and earth-based Scientists.

All planned Surveyor activities were performed and, in
addition, retrieval of the Survevor s8coop containing a

surface sample was accomplished. Approximately 75 pounds of

gsamples were collected during the two 2-man EVA's which totaled

7 hr. 45 min. _The traverse diatance was approximately 2 km.
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APOLLO 13 (A5-508) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES {None Accomplished)

l. Perfeorm selenoleogical inspection, survey, and
sampling of materials in a preselected region
of the Fra Mauro Formation.

2. Deploy and activate an Apocllo Lunar Surface
Experiments Package (ALSEP).

3. Develop man's capahility to work in the
lunar environment.

4. Obtain photographs of candidate exploration
sites.

DETATILED OBJECTIVES

LATUNCH VEHICLE Secondary Objectives - Both Accomplished

( : ? Impact of the expended 5-IVB/IU on the lunar
surface witnin 350 km of the targeted impact

point of 3°S., 30°W. under nominal flight

profile conditions to excite ALSEP I.

g Post-flight determination of actual S-IVB/IU
peint of impact within 5 km, and time of impact
within 1 second.

SPACECRAFT AND LUNAR SURFACE (None Accomplished)

l. Contingency Sample Collection,

2. Deployment of the Apello Lunar Surface Experiments
Package (aALSEP IIT), which included the following:

a. 5-031 Lunar Passive 3eismology,

b. 85«037 Lunar Heat Flo:/.

c. §5-038 Charged Particle Lunar Environment.
d. 5-058 Cold Cathode Ionization Gauge.

(rn e, M-515 Lunar Gust Detector.
J
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3. Selected Sample Collection.

4. Lunar Field Geology (5=-059).

5. Photographs of Candidate Exploration Sites.

6. Evaluation of Landing Accuracy Techhniques.

7. Television Coverage.

B. EVA Communication System Performance.

3. Lunar So0oil Mechanics.

10. Selenodetic Reference Point Update.

li1. Lunar Surface Closeup Photography (S-1B4).

12, Thermal Coating Degradation.

13. CSM Orkital Science Photography {Includes S-182),
l4. Transearth Lunar Photography.

15. &olar Wind Composition (5-080).

l6. EMU Water Consumption Measurement.
17. Gegenschein From Lunar Oxbit (5-178).
1B. Dim Light Photography.
13, CSM/LM S-Band Transponder Experiment (S-164). .

20. Downlink Bistatic Radar Experiment {VHPF Portion Only)
{S-170)

UNOSUAL FEATURES OF THE MISSION
1. Use of backup CM pilot.

2. Firgt aborted Apollo Mission.
3. Pirat impact of the S-IVB/IU on the lunar surface.

4. TFirat use of lunar ﬁuﬂule to provide emargency
propulsion and life support after loss of gervice
module systems. .

............
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GENERAL INFORMATION

Spacecraft: CM-109, SM-109, LM-~7
Launch Vehicle: S5A-508

Launch Complex: 39A

Flight Crew: Commander {CDR) James A, Lovell, Jr.
Command Module Pilot (CMP) John L. Swigert, Jr.
Lunar Module Pilot (LME) Fred W. Haise, Jr.

Launch Time: 2:13 p.m. EST, April 11, 197G

Launch Azimuth: 72°
Earth Orbit: 100.2 x 98.0 HNM
Closest Approach to the Lunar Surface: 142.8 NM
S=IVB/IL Lunar Impact:
Time: 8:09:40 p.m. EST, April 14, 1%70
Velocity of Impact: 8465 fps
Angle of Impact: Approx. B80° to the herizontal
Lunar Locaticn: 2.49S., 27.9°W.
Energy Equivalent: 11.5 tons of TNT
Migaion Duration: 142 hours 54 minutes 41 seconds

Time of Landing: 1:07:41 p.m. EST, April 17, 1370

SPACE VEHICLE AND PRE-LAUNCH DATA

Spacecraft delivered to RKSC:
Command/service module: June 1969
Lunar module: June 1963

Launch wvehicle delivered to KSC:

First stage (5-IC}: June 1969

Second stage (5-II1): June 196%
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Third stage (5-IVB): June 1989
Instrument unit {(IU): July 1969

Space vehicle weight at liftoff: 6,421,259 1b.

Weight plag 4 in earth orbit: 256,463 1b.

Significant spacecraft differences from Apolle 12:
None significant to mission flown

Significant launch vehicle differences from Apollo 12:
A fourth battery was added to the instrument
wmit to extend command communications systems

tracking to assist S-IVB/IU lunar impact
trajectory and corrections.

RECOVERY DATA

Recovery Area: Mid-Pacific Gcean

Landing Coordinates: 21°38"'24" 5., 165°21"42" W. (S5table I)
Recovery Ship: USS Iwo Jima

Crew Recovery Time: 1:53 p.m. EST, April 17, 1970

Spacecraft Recovery Time: 2:36 p.m. EST, April 17, 1970

REMARKES

The Apclle 13 Mission was planned as a lunar landing
mission but was aborted enroute to the moon after about

56 hours of flight due o loss of service medule cryogenic
oxygen and consequent loss of capability to generate
electrical power, to provide oxygen and to produce water
in the command/service module. Shortly after the anoialy,
the command/service module was powered down and the
remaining flight, except for entry, was made with the
lunar module providing all necessary power, environmental
control, guidance and propulsion.

Launch vehicle performance was satisfactory through first

stage {S-IC} booat and into second stage (S-II} boost
until the S-II center engine shut down approximately
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132 scconds early. Low freguency oscillaticns (14 to 16
hertz} were experienced on the 5-TI stage and resulted in

the early shutdown. To compensate for the early center
engine cutoff the remaining four engines burned approxi-
mately 34 seconds longer than initially planned. Resultant

S5-1I stage cutoff wvelocity was 223 feelt per seceond (fps)
lower than planned. As a result, the 5-IVE orbital
insertion burn was approximately 5 seconds longer than
predicted with cutoff velocity within about 1.2 fps of
planned. Total launch wvehicle burn time was approximately
44 seconds longer than predicted. At termination of the
orlixital insertion burn, a great.r than I-siqgma probability
of meeting translunar injection cutoff conditions existed
with remaining S-IVB propellants. The TLI burr was nominal.

The planned S-IVE evasive maneuver and the subseguent LOX
dump and Auxiliary Propulsion System [AP'S) burn were
accomplished as planned. The S5-IVE/IU impacted the lurnar
surface at 77:56:40 GET ((08:09:40 p.m. EST, Aprii 14) at
2.472., 27.9°W. and the seismometer deployed Quring the
Apolle 12 mission successfully detected the impact as a
seismic signal 20 to 30 times larger and four times longer
than that caused by the impact of the Apollo 12 LM ascent
stage. The target impact point was 110 NM from the seis-
mometer. The actual impact pelint was approxXimately 35 KM
from the target point and about B5 WM from the seismometer.

Spacecraft systems performance was nominal until the fans
in crycgenic oxygen tank 2 were turned on at 55:53:1B.
About 2 seconds after energizing the fan circuit, a short
was indicated in the current from fuel cell 3, which was
supplying power to cryogenic oxygen tank 2 fans. Within
several additional seconds, two other shorted conditions
occurred.

Electrical shorts in the fanh circuit ignited the wire
insulaticn, causing temperature and pressure increases

within cryogenic oxygen tank 2. When the pressure reached
the cryogenic oxXygen tank 2 relief valve full-flow conditions
of 1008 pasia, the pressure began decreasing for about 9
seconds, at which time the relief valve probably reseated,
causing the pressure to rise again momentarily. About 1/4
saecond later, a wvibration disturbance was noted on the

command module agcelercometers.

The next serjies of events occurred within a fraction of a
second batween the accelerometer disturbances and the data
loss. A tank line burst, because of heat, in the vacuum
jacket pressurizing the annulus and, in turn, caused the
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blow-out plug on the vacuum jacket to rupture. Some
mechanism in bay 4 combined with the oxygen buildup

in that kay o cause a rapid pressure rise which resulted
in separatiou of the outer panel. The panel struck one

of the dishes of the high-gain antenna. The panel sep-
aration shock clesed the fuel cell 1 and 3 oxygen reactant
shut-off valves and several propellant and helium isolation
valves in the reaction control system. Data were lost for
about 1.8 seconds as the high-gain antenna switched from
narrow beam to wide beam, because of the antenna being

hit and damaged.

Following recovery of the data, the vehicle had experienced
a translation change of about 0.4 fps, primarily in a

plane normal to bay 4., Cryogenic oxygen tank 2 pressure
indication was at the lower limit readout value. The
cryogenic oxyden tank 1 heaters were on, and the tank 1
pressure was decaying rapidly.

Fruel cells 1 and 3 goperated for about 2-1/2 minutes after
the reactant valves cirosed. During this peried, these
fuel cells consumed the oxygen trapped in the plumbing,
thereby reducing the pressure below minimum regquirements
and causing total loss of fuel cell current and voltage
output from these two fuel cells, Fuel cell 2 was turned
off about 2 hours later because of the loss of pressure
from cryogenic oxygen tank 1.

As a result of these occurrences, the CM was powered down
and the LM was configured to supply the necessary power
and other consumables.

The CSM was powered down at approximately 58:40 GET. The
surge tank and repressurization package were isolated with
approximately 860 psi residual pressure (approximately

6.5 pounds of oxygen total). The primary water glycgol
system was left with radiatcrs bypassed.

The first maneuver following the incident was made with
the descent propulsion system at approximately 61:30 GET
and placed the spacecraft once again on a free-return
trajectory, with the altitude of closest lunar approach
raised to 143 miles., A maneuver that was performed with
the descent engine 2 hours after. passing pericynthion
redv~ed the transearth transit time from about 76 hours
to 6« hours and moved the earth landing point from the
Indian Dcean to the South Pacific., Two small transearth
mideouryve corrections were regquired prior to entry: the
first ccourring at about 105:18 GET using the descent
propulsion system and the second at approximately 137:40
GET uzsing the lunar module reaction control system.
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All LM systems perfermed satisfactorily in providing the
necessary power and environmental control to the space-
craft, The requirement for lithium hydroxide to remove
carbon dioxide from the spacecraft atmosphere was met by
a combination of CM and LM cartridges since the LM
cartridges alone would not satisfy the total reguirement.
The crewmen, with direction from Mission Control, built
an adapter for the CM cartridges to accept the LM hoses.

The service module was jettisoned at approximately 138
hours GET, and the crew observed and photographed the
bay-4 area where the cryogenic tank anomaly had occurred,
At this time, the crew remarked that the outer skin covertirnu
for bay-4 had been severely damaged, with a large portion
mizsing. The lunar module was jettisconed about 1 hour
before entry, which was performed nomiually using the
primary guidance and navigation system.

The perfaormance of the flight crew w.os excellent throughout
the misgion. Their ability to implement the new procedures
developed and tested by the flight operations team was
exceptional. Similarly, performance of gronna based
personnel, both NASA and contractor, in analvzing the
problem, developing new procedures and in running the
extensive tests and simulations required to verify them

was outstanding.
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APOLLO 14 (AS-509) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Accomplished)

l. Perform selenological ingpection, survey, and
sampling of materials in a preselected region
of the Fra Mauro Formation.,

2. Deploy and activate ALSEP.

3. Develop man's capability to work in the lunar
environment.

4, Obtain photographs of candidate exploration
siteg.

DETAILED OBJECTIVES AND EXPERIMENTS

LAUNCH VEHICLE {Both Accomplished!?

° Impact the expended S«IVB/IU or the lunar surface
under nominal flight profile conditions.

¢ Post-flight determination of actual S-I1VB/IU point
of impact within 5 km, and time of impact within
1l second.

SPACECRAFT AND LUNAR SURFACE

1. Contingency Sample Collaction (Accomplished)

2. Apecllo Lunar Surface Experiment Package (Apollo 14
ALSEP) which included the following: (Accomplished)

a. Lunar Passgive Seismoloagy (S-031)

b. Lunar Active Seismology (5-033)

C. Suprathermal Ton Detector (5=036}

d. Low Energy Solar Wind (5-038)

€. Cold Cathode Ionization Gauge (S-058)

f. Lunar Dust Detector (M-515)

FPRECEDING PAGE BLANK NOT FILMED)

101

' h



APOLLO 14

3. Lunar Geology Investigation {5~059) (Accomplished)

1. Photographs of Candidate Exploration Bites tAccomplisthed)
3. Laser Ranging Retro-Reflector {S-U?E}[Acrumplished}

6. Sol}l Mechanics (5-200) {(Accomplished)

7. Portable Magnetometer (5-198) (Accomplished)

B. Visibility at High S5Sun Angles (Accomplished)

. Molbale Equipment Transporter Evaluation (Accomplished)
10. Selencdetic Reference Point Update (Accomplished)

ll., HBistatic Radar iS-170} {(Accomplished)

s, 54 Orbital Photographic Tasks {Accomplished)
i3.  Assessment of EVA Operation Limits (Accomplished)

14. CSM Oxygen Flow Rate (Accomplished)
i5. Solar Wind Composition {5-080) (Accomplished)

16. Thermal Coating Degradation (Accomplished)
17. EVA Communication System Performance (Not Accomplished}
18. Gegenschein From Lunar Orbit (5-178) (Accomplisghed)

19. S-Band Transponder (Accomplished)

IN-FLIGHT DEMONSTRATIONS (All Accomplished}

Electrophoretic Separation
Heat Flow and Convection
Ligquid Transfer

Composite Casting

UNUSUAL FEATURES OF THE MISSION

1. First SPS DOI maneuver,
2. First use of the mobile eguipment transporter,
3. Longest total EVA time to date.

4. Longest distance yet traveled on the lunar surface,
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5. Largest weight of lunar samples returned to date,
6. First use of short rendezvous.
7. First use of the In-flight Demonstrations

GENERAL INFORMATION

Launch Vehicle: S5A-509

Launch Complex: 39A

Flight Crew: Commander {CDR) Alan B. Shepard, Jr,
Command Module Pilot (CMP) Stuart A. Reosa
Lunar Module Pilot (LM) Edgar D. Mitchell

Launch Time: 4:03 p.m. FST, January 31, 1971
Launch Azimuth: 75.56°

Earth Orbit: 100.2 % 99,2 NM

S=-IVB/IU Lunar Impact:
Time: 1:01 a.m. EST, February 4, 1971
Velocity of Impact: B,350 fps
Lunar Location: 7.81° 8. latitude 26.00°W. longitude
Impact Welght: 30,836 1b..

Lunar Orbit and Events:
Initial Apocynthian/Pericynthian (LOI): 169 x 5§.4
Descent Orbit (DOI) S8.8 x 9.6 NM
CSM Circularization: 63.9 x S56.0 NM

Landing Site Coordinates: 3.66°S. latitude 17.4B"W.
lengitude

Lunar Landing Time: 4:18B a,m. E5T, February 5, 1971

LM Liftoff from Lunar Surface: 1:49 p.m. EST,
February &6, 1971

Ascent Stage Impact on Lunar Surface: 7:46 p.m. EST,
February 6, 1971

Ascent Stage Impact Coordinates: 3.42°5. latitude
13.66°W. longitude
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Ascent Stage Impact Velocity: 55p0 fps

Ascent Stage Impact Weight: S067 lb.
Mission Duration: 216 hours 01 minutes 57 seconds
Time of Landing: 4§:05 g.m. EST, February 9%, 1971

5PACE VEHICLE AND PRELAUNCH DATA

Spacecraft delivered ta KSC:
Command/Service Module: HNovember 1969
Lunar Module: November 1969
Launch Vehicle delivered to KSC:
First Stage (S-IC) January 1%70
Second Stage (5-11) January 1970
Third Stage (S-IVE) January 1970
Instrument Unit {IU) May 1970
Space Vehicle Weight at Liftoff: B,420,491 1b,
Weight Placed in Earth Orbit: 302,626 1k,
Weight Placed in Lunar Orbit: 71,702 1b,
Significant spacecraft differences from Apellu 13:

Command/Service Module

* The SM cryogenic oxygen tanks were redesigned
to remove the fans,; o eliminate, as far as
possible, flammable materials; to improve the
design for fabricatien and assembly,; and to
replace teflon insulated conductors with stajin-
less steel sheathed conductors,

# A third cryogenic oxygen tank with its associated
piping was added in SM bay 1 to provide backup
to existing two tanks.
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A solenoid isclation valve was added to
isolate the third oxygen tank from the
other two.

An auxiliary battery was added in SM bay 4
to provide electrical power backup if fuel
cell power should become unavailable,

Water bags having a 40& capacity were added
to provide return enhancement for the CSM
water system.

Lunar Module

#&*

Anti-slosh haffles were added to the descent
Stage propeliant tanks to improve PQGS flight
performance and decrease propellant level
uncertainty.

Wiring was added to enhance power transfer
capability from LM ascent stage to CSM.

Modifications were made to the LM batteries

to prevent any free KOH from Tausing short
circuits.

Modifications were made t. descent stage Quads
1 and II structure to provide for stowage of
laser ranging retro reflector and the lunar
portable magnetometer.

Significant launch vehicle (POGO). from Apollo 13:

S5=1I1 S5tage

*

A center engine LOX feedline accumulator was
added to alleviate potential 16 Hz structural /
propulsion oacillations (POGO).

A backup center engine cutoff system was pro-
vided to eliminate possibility of high g loads
developing to destructive levels.

Two position mixture ratio control valves were
incorporated to simplify propellant mixture
control system by eliminating the interface
with the IU computer.
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5-IVB Stage

* Two position mixture contrel valves were in-

coyporated to simplify the propellant mixture
control systam.

Other significant conflguration changes from Apollc 13:

{rew Systems
* The buddy secondary life support system (BSL55}
wag incorporated to provide capability to supply
cooling water to an astronaut with & failed
portable life mupport system {PLSS) Irom a
working PLES.

L 'WVLRY DATA

Tuecovery Area: Mid-Pacific Ocean

Landing Coordinates: 27°0'S., 172°39'207W. (Stable I)
Recovery Ship: USS New Orleans

Crew Recovery Time: 4:53 p.m. EST, February 2%, 1971

Spacecraft Recovery Time: 5:55 p.m. EST, February 9,
1971

KEMARKS

Apcllo 14 was launched at 4:03 p.m. EST on January 31,
1971 after an unscheduled 40 minute hold occurred at

T-8 minutes and 2 seconda, due to high overcast <¢louds
and rain.

All launch vehicle systems performed satisfactorily
throughout the expected lifetime. Fellowing orbital
insertion, all major systems were verified, prepara-
ticns were completed and the S5-IVE gecond burn was
carried out as planned to insert the spacecraft into a
translunar trajectory. UDifficulties were encountered

in the docking of the CSM and LM and a successful

"hard dock" was not accomplished until the sixth attempt.
Other aspec¢ts of the translunar journey were nominal and
only one midegurse correction was made,

The S-IVB stage impacted the moon'n surface, as planned,
The Apollo 12 passive seismomater located 169 km north-

west ¢f the impact point recorded the event 17 seconds
later.
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LM separation and descent were as plannced and it was
reported that the LM landed on an B degree slope about
i to 60 feet short ¢f the planned target in the Fra
Mauro area. Minor communications difficulties delayed
the start of the first extra vehicular activity (EVA)
pericd 49 minutesa. During EVA-l, the Apcllo lunar surface
experiments package (ALSEP) was deployed approximately
S00 feet west of the LM and the laser ranging retro-
reflector an additional 100 feet west of the ALSEP.
The laser ranging team at the MacDonald Observatory in
Texas reported high guality "returns” from the retro-
reflector shortly after deployment. All ALSEP experi-
ments are now functioning as expected. EVA-]1 was
terminated after 4 hours and 49 minutes.

Following a rest pericd, the second EVA was started 2
hours and 27 minutes ahead of schedule. The LM crew set
put on a geclogy traverse, using the mobile emquipment
tranaporter (MET)}, to carry tools, cameras, and the lunar
portable magnetometer. Lunar samples were also collected.

During the geclogy traverse, various samples, photo-
graphs and terrain descriptions were cbtained. Two
measurements were made with the portable magnetometer

to determine variations in the moon's magnetic field.
Difficulity encountered in traversing the rough terrain
resulted in the furthermost point of the traverse

being estabklished short of the rim of Cone Crater in
crder to allow sufficient time for completing all
mandatory scientifjc tasks in EVA-2, EVA-2 was tarminated
after a total of 4 hours 28 minutes. Approximately 169
pounds of samples were collected, and the total traverse
distance for the two EVA's was 3.3 km.

During the LM lunar surface stay various astronomic and
tunar photeographic tasks were performed from the CSM

in lunar orbit., Ascent of the LM from the lunar surface,
rendezvous and docking with the CSM were performed as
planqed. No docking problems were encountered but the
dacklng prebe was brought back to earth for post flight
analysis. The LM ascent stage was impacted on the moon

and signals were recorded by hoth the Apollo 12 and
Apollo 14 ALSEPs. Y d i

During the return flight from the moon four inflight
technical demonstrations of equipment and processes
designed to illustrate the use of the unigue condition
of zero-gravity in space were performed.
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Only one midcourse correction was required during the
transearth flight. The CM and 5M separation, reentry
and splashdown were carried out according to plan.
The CM landed in the Pacific Ocean approximately 675
miles south of Sampa and about 4 nautical miles from
the prime recovery ship USS New Orleans.
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APOLLO 15 (AS5-510) FLIGHT SUMMARY

MISSION PRIMARY OBJECTIVES (All Accomplished)

l. Perform selenological inspection, survey, and
sampling of materials and surface features in
a preselected area of the Hadley~Apennine region.

¢. FEmplace and activate surface experiments.

3. Ewvaluate the capability of the Apollo equipment
to provide extended lunar surface stay time,
lncreased EVA operations, and surface mobility.

4. Conduct in-flight experiments and Photographic
tasks from lunar orbit.

DETAILED OBJECTIVES AND EXPERIMENTS

LAUNCH VEHICLE (Both Accomplished)

° Impact the expended S-IVE/IU on the lunar surface
under nominal flight profile conditions,

® Post-flight determination of actual S-IVB/IU point
of impact within 5 km, and the time of impact within
one second.

LUNAR SURFACE {All Accomplished)

1. Contingency Sample Collection
2, Documented Sample Collection {Apennine Front)e

3. Apollo Lunar Surface Experiment Package (Apallo 15
ALSEP), which included the following:

4. Lunar Passive Seismology {5-032])

b. Lunar Tri-Axis Magnetometer (5-034)
€. Medium Energy Solar Wind (5-035)

d. Suprathermal Ion Detector {5-036)

€. Cold Cathode Ionization Gauge (S-058)
£. Lunar Heat Flow {5-037)

9. Lunar Dust Detector (M-~515}

* Part of Lunar Geology Investigation (5-059)
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Drill Core Sample Collection®

5. Laser Ranging Retro-Reflector ($-078)
6. Lunar Geology Investigation (S-059)
7. LRV Evaluation
8. EVA Communications with LCRU/GCTA
. EMU Assessment of Lunar Surface
l10. LM Landing Effects Evaluation
l11. Seolar Wind Composition (5-080)
12. Scil Mechanics {(5-200)
* Part of Lunar Geology Investigation (S-059]
IN-PLIGHT
l.  Gamma-Ray Spectrometer (5-160) (Accomplished)
2. X-Ray Flourescence (5-161) (Accomplished)
3. SM Orbital Photographic Tasks
a. 24" Panoramic Camera (Accomplished)
. 3" Mapping Camera (Accomplished)
¢. Laser Altimeter (Fartially Accomplished)
4. Subsatellite (Accomplished)
&, S-Band Transponder (S5-164)
b. Particle Shadows/Boundary Layer [S-173)
¢. Magnetometer (S5-174)
7+ Bistatic Radar (5-170) (Accomplished)
6. S-Band Transponder (CSM/LM) (8-164) ({(Accomplished)
7. Alpha-Particle Spectrometer (S-162) (Accomplished)
B. Mass Spectrometer ($-16%) {(Accomplished)
9, lethtugraphy = Earth and Moon {(5-177) (Accomplished)
10. Gegenschein from Lunar Orbit (5-178) (Partially
Accomplished)
1l1. CM Photographic Tasks (Accomplished)
12. SIM Thermal Data (Accomplished)
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13. SIM Bay Inspection During EVA (Accomplished])
l4. SIM Door Jettison Evaluation (Accomplighed)
15. Visual Observation from Lunar Orbit {(Accomplished?
l6. Visual Light Flash Phenomenon (Accomplished)
OTHER (All Accomplished)
°® LM Descent Engine Performmance
° Apollo Time and Motion Study
° Bone Mineral Measurement (M-078)
* Total Bedy Gamma Spectrometry (M-07%)
> Apollo Window Meteorcid (S5-176)

UNUSUAL FEATURES OF THE MISSION

( l. First Apollo use of 90-NM earth parking orbit.

2. First use of direct, minimum energy trajectory to
the moon.

. First use of gelentific instrumaent module (SIM) .

d, Largest spacecraft Paylcad vet put in lunar orbit,
(74,522 1lb.)

3. Highest lunar orbit inclination (2B.9°) during a
manned mission.

6, First LM landing using 25° descent trajectory,

7. First use of stand-up EVA on the lunar surface.

B. Establishment of sensor networks by deployment of thira
station for the lunar passive seismometer and laser
reflector experiments.

9. Firat use of extended capability C5M, LM, space suits,
and PLSS5's.

10, First ugse of manned lunar roving vehicle and lunar
(* surface navigation devices,
; .

1l. First use of lunar communicaticons relay unit angd
ground commanded TV assembly,
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2. Longest total EVA time to date (18.6 hr.},

13. Longest distance Yet traveled on rhe lunar surface
(27.9 km},

4. Largest weight of lunar sample material returned *.
date (Approx. 189 1b.)

5. Deepest core asamplie of lunar material vet obtained
{7 ft. & in.}).,

16, First scientific exploration of lunar mountain and
rille areas.

7. First I'V observation of LM ascent from the lunar
sarface.

18. First launch of a subsatellite in lunar orbit.
1¥. Longest manned duration in lunar orbit {74 orbits),
20. First EVA from CM in deep space.

21, First in-flight TV and photos of moon during solar
eclipse,

2., First lunar landing mission with no post-mission
quarantine requirements.

HNERAL INFORMATION

Spacecraft: CM-112, 5M-112, LM-10

Launch Vehicle: SaA-510

Launch Complex: 39A

Flight Crew: Commander {CDR) David R. Scctt
Command Module Pilot (CMP) Alfred M. Worden,Jr.
Lunar Medule Pilot {LMP) James B. Irwin

Launch Time: 9:34 a.m. EDT, July 26, 1971
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Launch Azimuth: g0.0889°
Earth Orbit: 91.5 x 92.5 NM
S-IVB/IU Lunar Impact:
Time: 4:59 p,m. EDT, July 29, 1971
Velocity of Impact: 8455 fps.
Lunar Location: 1°S. latitude, 11.87°W. longitude
Impact Weight: 30,786 1b.
Lunar Orbits and events:
Initial Apocynthian/Pericynthian (LOI): 170x58 NM
Descent Orbhit {(DOI): 5B.5 x 9.2 NM
DOI Trim: 59.9 x 9.6 NM
CSM Circularization: 64.7 x 53 NM

Landing Site Coordinates: 26°05'N. latitude, 31°39°'E.
longitude

Lunar Larding Time: 6:16 p.m. EDT, July 30, 19571
IM Liftoff from Lunar Surface: 1l:11 p.m. EDT, August 2, 197

Ascent Stage Impact on Lunar Surface: 11:04 p.m. EDT,
August 2, 1971

Ascent Stage Impact Coordinates: 26.22' N. latitude ,
0°15'E. longitude

Ascent Stage Impact Velocity: 5562 fps
Ascent Stage Impact Weight: 5259 1b.

Subsatellite Launch: 4:13 p.m., EDT, August 4, 1971;
76.3 x 55.1 WM, 28.7° inclination

Mission Duration: 295 hours 11 minutes 53 seconds
Time of Landing: 4:46 p.m. EDT, August 7, 1971
SPACE VEHICLE AND PRELAUNCH DATA
Spacecraft delivered to KScC:
Command/Service Module: January 1971
Lunar Module: November 1970
Lunar Roving Vehicle: March 1971
Launch Vehicle Delivered to KSC:
First Stage (S-IC): July 1970
Second Stage (5-II}: May 1970
Third Stage (S-IVB): June 1970
Instrument Unit 11U]: June 1970

S5pace Vehicle Weight at Liftoff: 6,407,758 1b, {1ﬂ?,1#2.1bi...
payload)
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Weight Placed in Earth Qrbit- 309,310 1b.

Welght Placed in Lunar Orbit: 74,522 4.

slgnificant spacecraft differehces from Apolla 14:
Cominand/Service Module

* A third SM cryocgenic iy tank and associdtoed 1 Limbing
N - .
were added for increased electrical puwer capabiliey,

* A morlentific Instrument Module with A Jettisarable
LUCT Was added to bay IV of the M, with B0 0L At e
controls in the CM, tou increase the th-tlight
science capability by the cperaticen of on-hoard
sensors and a long-duration subsatellite in lunay

arbit.

* Hoscientific data system was adued to col joot Al
ransmit SIM experiment and camera data, cvitl Y
Capability for real-time data transmjssion simi| -

tanecusly with tape recorder playback of luruar
tarside data.

* THE CM environmental control system was modified to
provide for in-flight Eva by the CMP Lo retrieve
film from the SIM hay cameras, and external handholds
and a foot restraint were alsc added for the ELa.

Lumar Module

* The descent stage propellant tanks were enlarged
te provide for increased LM landing weight and
landing point selection through longer powered
descent burns,

* The descent engine specific impulse was increased by
the addition of a guartz liner ana a ten-inch nozzle
extension.

o A GOX tank, a water tank, a descent stage battery,
and a new waste container were added to 1ncrease
the lunar stay time to 68 hours.

* Stowage provisions were incorperated for the LRV in

quad I and for the LRV-carried equipment pallet inp
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Crew Systems and Lunar Mobility

*

Provided ATL-B spacesuit with improved mobility
and durability to increase the lunar surface EVA
efficiency and staytime, including increased
drinking water and fruit bar provisions in the CDR
and LMP sults and in-flight EVA capability far the
CMP suit,

Modified the life support system [PL55) to increase
O, H,0, and LiOH guantities and battery power to
increase the range and efficiency of lunar surface
operations by extending the maximum EVA time to
saven hours.

Added the lunar roving vehicle to increase the range
and scientific return of lunar surface traverses.

Added a lunar communications relay unit (LCRU),

carried either on the LRV or by an astronaut, ta
enhance uplink and downlink telemetry, voice, and
TV communications during lunar surface traverses,

Added a ground commanded TV assembly (GCTA) to provide

earth-controlled color TV monitoring of lunar surface
activities through the LCRU, including LM ascent and
post-liftoff lunar surveys.

Significant launch vehi¢le changes from Apocllo 14:

S5-IC Stage

]

Increased payload capability approximately 500 1b.
by increasing the outboard engine LOX depleticon time.

Increased payload capability approximately 100 1b.
by removing four of eight retro-rocket motors.

Increased payload capability 600 lb. by recrficing
the F-1 engines to provide greater thrust.

5-II Stage

n

Eliminated single engine failure points and increased
payload capability approximately 30 lb. by removing
four uvllage motors.

Improved reliability and payload capability approx-

imately 21¢ lb. by replacing LH, and LOX ullage
pressure regulators with fixed 8rifices.
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Instrument Unit

* Improved power supply reliability by adding
redundant + 28 volt power for the ST-1374 stabilized
platform system.

* Modified the launch tower avoidance Yaw maneuver
which increased tower clearance assurance ajd
reduced launch windg regtrictions.

* Increased the accuracy »f TLI burn cutoff in the

event of IU platform failure by modifying the M
computer to provide backup burn cutoff capability.

RECOVERY DATA

Fecovery Area: Mid-Pacific Ocean

Landing Coordinates: 26°07'N., 158°p9'w. (Stable T1)
Fecovery Ship: USS Okinawa

Crew Recovery Time: 5:26 p.m. EDT, August 7, 1271
Spacecraft Recovery Time: 6:20 p.m. EDT, August 7, 1971

REMARKS

Apollo 15 was launched on time after an exceptionally smooth
countdown. All launch vehicla systems performed nominally,
eXcept that the S-IVB J-2 engine delivered greater than
predicted thruat, which had no adverse affegts on the mission.

TLL was performed as predicted and CsSM separation, turnaround,
and decking accomplished without problems. Spacecraft
separation from the S-IVA/IU/SLA was accomplished shortly
thereaftor,

Two 5-IVR APS burns were performed to accomplish the targeted
£-1VB/IU lunar impact. The actual impact was 188 km
northeast of the Apollo 14 site and 355 km northeast of the
Apollo 12 site. The impact provided seismic data to depths
of 30-100 km vs. 30 km from previous impacts.
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Shortly after docking, during translunar coast, both

telemetry and cabin indications identified an electrical

short in service propulsion system (SPS) control Clrcuitry

and troubleshcoting isclated the problem to the delta W

thrust A switch or adjacent wiring. Special SPS burn procedures
developed and conducted for the MCC-2 mancuver indicated

that SPS bank A could be operated satistactorily in the

manual mode for subseguent firings, all of which were perfarmed
successfully.

The SIM bay door was successfully jettisoned into a
heliocentric orbit 4.5 hours before LOI. The SIM P¥periment
and cameras were initiated successfully after LOI.

Because the high orbital inclination established a flight
path over the major lupar mascons, the orbital decay rate
was greatéer than anticipated. A DOI trim burn was performed
with the SM RCS to change the orbit from 59 % 7.3 NM to

9.9 x 9.6 NM. CSM/LM undocking and separation wore delaved
25 minutes because of a loose umbilical connectory, after
which the CSM "circularized” its orbit to 64.7 x S3 NM.

After the LM landed at the Hadley-Apennine site, slghtings
performed by the Commander during his 35 minute stand-up EVA
ln the top hatch and sightings from the CSM fixed the landing
site about 600 meters north-northwest of the target point.
The first EVA traverse was conducted to the Apennine mountain
front immediately after deploying the lunar reving vehicle
{LRV) .

After the 10.3-km LRV traverse on EVA-1 the ALSEF was deployed
and activated. One 150-cm probe of the Heat Flow Experiment
was emplaced; however, the second probe was not completed
until EVA-2 because of drilling difficulties with the battery-
powered Apollo Lunar Surface Drill {ALSD). All ALSEP units
operated normally and good data was received. The 300-cube
Laser Ranging Retro-Reflector was deployed and has been
acquired with greater ease than was possible with the

previous smaller (100 cube) units. EVA-1 was terminated at

& hr. 33 min. due to higher than ncrmal O usage by the
Commander, whose usage rate was normal on subsequent EVA's.

The LRV traverse on EVA-2 was 12.5 km, during which speeds of
12-13 kph were achieved and excellent LRV controllability
and slope-climbing capability were demonstrated. Lunar
samples were collected at the Apennine front and the
secondary crater complex to the south, and final station
tasks were performed back at the ALSEP site. The EVA-2
duration was 7 hr. 12 min.
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EVA-3 featured a 5.1 km LRV traverse to the terrace area of
Hadley Rille, and samples, photography, and gqeclogic descrip-
tions were obtained. The Z.d-meter coure tuhe drilling was
completed, which produced a core sample of 50 distinct

layers of various sized g0il and rock materials. The

1 hr. 50 min. EVA was completed after positioning the LRY

Lo monitor LM ascent with the LCRU/GCTA. The ascent stage
lift-off was observed on TV; however, the LCERU unexpectedly
Stepped responding to signals on August 3rd, before the

lunar sunset and sclar eclipse could he observed.

The new and improved lunar surface eguipment, combined with
the geologic training of the crew, produced outstanding
scientific achievements. The LRY averaged 9.2 kph during
1ts 3 hr. 2 min. riding time with good navigational
accuracy, yet consumed only half the expected battery power.
The enhanced mobility of the spacesuits was quite evident on

TV as the crew performed difficult tasks with increased
doxterity,

Linear patterns in the mountain slopes and the
Hadley Rille wall structure ware reported by the crew and
e@xtensively photographed, including S00 mm Hasselblad

photographic surveys. Seventy documented samples, core tubes,

trench samples, and comprehensive samples amounted to about
162 pounds of lunar material returned to earth.

0f equal scientific significance was the performance of the
in-flight geochemical experiments and CMP tasks during the
six-day periocd in lunar oxbit. The gamma-ray-spectrometer
detected higher levels of raaicactivity on the lunar farside,
and lower average levels than that measured in the Fra Mauro
samples. X-ray spectromater data indicates richer abundance
¢f aluminum in the highlands, especially on the farside,

Yyet greater concentrations of magnesium in the maria. The
alpha-particle spectrometer gata indicates that radon
diffusion on the moon is three orders of magnitude less than
on earth, The mass spectrometer detected an unexpected
population of molecules in lunar orbit.

Although the velogity/height sensor was erratic, almost all
cf the panoramic camera'sg 6300 feet of film is usable as high
resolution stereao photegraphy. The mapping camera achieved
excellent results with alil 4700 feet of its film. Laser
altimeter performance Started to degrade during revolution 26
and was inoperative after revelution 38; however, ipitial
results were very significant in that the moon's center of
mass was found *o be offset_
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The subsatellite particles and fields sensors re-turned
excellent initial data, including detection of a new mascon
near the east limb and indications that mascons vary in
their intensity. The 76.3 x 55.1 NM lunar orbit is
designed to give the subsatellite a lifetime of at least
Qne vyear,

All CM photographic tasks were successfully accomplished
except for the Gegenschein experiment. Visual observations
by the CMP achieved important sightings, such as a rille
within another rille, potential worthwhile landing sites,
volcanic cone structures, and previously undetected details
of major crater structures.

During transearth coast, the CMP performed a 38-min.
in-flight EVA to retrieve the pancramic and mapping film
cassettes, He made a third excursion to inspeect the S5IM
bay and to investigate the V/H malfunction, the mapping
camera aextend/retract mechanism failure, and the mass
spectrometer boom peosition. TEI burn ACCUracy was such
that no midcourse correction was required until MCC-7,

CM separation and atmospheric entry were normal; however,
agne of three main parachutes partially collapsed during
descent and & slightly harder than planned landing occurred
about one NM from the planned point (285 NM north of Hawaii)
and 5.5 NM from the prime recovery ship. The astronauts
were flown to Hickman AFB, Hawaii the next day, and thence
*o Ellington AFB, Texas,

Spacecraft and crew systems performance were near nominal
throughout the mission. All anomalies were rapidly analyzed
and either resolved or safely dispositioned by workaround
procedures developed with effective ground/flight coordination,
The flight crew performance was cutstanding throughout the
mission.
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APOLLO 16 (AS-511) FLIGHT SUMMARY

MIS5SION PRIMARY OBJECTIVES (All Accomplished)

l. Perform selenological inspection, survey, and
sampling of material and surface features in
4 preselected area of the Descartes reglon.
2. Emplace and activate surface experiments.

3. Conduct in-flight experiments ang photographic
tasks.

DETAILED OBRJECTIVES AND EXPERIMENTS

LAUNCH VEKICLE (Partially Accomplished)

2 Impact the expended S$-IVB/IU in a preselected zone
on the lunar surface under nominal flight profile
conditions to simulate the ALSEP passive seismometers.

@ Post-flight determination of actual S-IVB/IU point
of impact within 5 km, and the time of impact within
one second.

LUNAR SURFACE

l. DPgoreumented Sample Collection* {Accomplished)

Apollo Lunar Surface Experiment Package (Apollo 16
ALSEP), which included the following:

2. Lunar Heat Flow (5-037) (Not Accomplished)

1. Lunar Tri-Axis Magnetometer (S-034) (Accomplished)
4, Lunar Passive Seismology (5-031) ({Accomgplished)

5. Lunar Active Seismology (5-033) (Accomplished)

6. Drill Core Sample Collection* {Accomplished)
7. Lunar Geology Investigation (5-053) (Accomplished)
8. Far UV Camera/Spectroscope {S=201) (Accomplished)

9. BSolar Wind Composition (S-0B0) (Accomplished)

* Part of Lunar Geology Investigation (8-059)

L N
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10. Soil Mechanics (S§-200) {Accomplished)
11. Portable Magnetometer {S-198) (Accomplished)
12. Cosmic Ray Detector (Sheets) {5-152) {Accomplished)
13. Lunar Roving Vehicle Evaluation {Accomplished)
IN-FLIGHT
l. Gamma-Ray Spectrometer (5-160) (Accomplished)
2. X~Ray Fluorescence (5-16l) (Accomplished)
3. S5M Orbital Photographic Tasks
4. 24" Panoramic Camera (Accomplished)
b. 3" Mapping Camera {(Accomplished)
c. Laser Altimeter (Accomplished)
4, Subsatellite (Partially Accomplished)®*
a, 5-Band Transponder (S-164)
b. Particle Shadows/Boundary Layer ([S-173)
c. Magnetometer (S-174)
5« S-Band Transponder (CSM/LM) (5-164) (Accomplished)
6. Alpha-Particle Spectrometer (5-162) (Accomplished)
7. Mass Spectrometer (S-165) (Accomplished)
8. UV Photography - Earth and Moon (5-177) (Accomplished)
9. Gegenschein from Lunar Orbit (5-178) (Accomplished)
10. Visual Light Flash Phenomenon (Accomplished)
1l. Microbial Response in Space Environment (M-191)
(Accomplished)
1l2. CM Photographic Tasks (Accomplished)
13. Visual Observations from Lunar Orbit (Accomplished)

The CSM shaping burn prior to subsatellite ejection was not
performed, as described under Remarks. As a consegquence,

the subsatellite's orbit was such that it impacted the lunar
surface on May 30 after a number of low altitude passes. All
experiments performed as planned and significant low altitude
data was acquired during the vehilcle's 1life.
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14. Bistatic Radar (5-170) {Accomplished)

15. Skylab Contamination Study (Partially Accomplished)
16. Improved Gas/Water Separator (Accomplished)

17. Body Fluid Balance Analysis (Accomplished)

1l8. Subsatellite Tracking for Autonomous Navigation
(Not Accomplished)

13. Improved Fecal Collection Bag {Accomplished)
20. Skylab Food Package {Accomplished)
OTHER (All Accomplished)
@ Volce and Data Relay
. Apollo Time and Motion Study
Bone Mineral Meazurement (M-078)
" Apcllo Window Meteorcid (5-176)

° Biostack (M-211}

IN-FLIGET DEMONSTRATICHN

o

Electrophoretic Separation (Accomplished)

UNUSUAL FEATURES OF THE MISSION

l. TLargest spacecraft paylcad yet put in lunar orbit.

2. First scientific exploration of lunar highlands
and Cayley formation.

3. First use of the moon as an astronomical observatory,
4. Longest tctal lunar surface EVA time to dat. (20.3 hr.}.

3. Largest weight of lunar sample material returned to
date (Approx.213 1b.) :

6. Longest lunar stay time to date {71 hr. 2 min.}.
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GENERAL_INFORMATION

Spacecraft : CM-113, SM-113, LM-11
Launch Vehicle: Sa-511
Launch Complex: 39a

Flight Crew: Commander (CDR) John W. Young
Cummand Module Pilot (CMP) Thomas K. Mattingly, II
Lunar Module Pilot {LMP) Charles M. Duke, Jr.

Launch Time: 12:54 pm EST, April 16, 1972
Launch Azimuth: 72°¢
Earth Orbit: 95 x 90 NM
S-IVBE/IU Lunar Impact:
Time: 4:02 p.m, EST., April 19, 1972
Velocity of Impact: B711 fps. (Est.)
Lunar Location: 2.1°N. latitude, 24.3°W. longitude (Est.)
Impact Weight: 30,805 1b. (Est.)
Lunar Orbits and events:
Initial Apocynthian/Pericynthian (LOI): 170.3 X 58,1 NM
Descent Orbit (DOI}: 58.5 x 10.9 NM
Initial CS5M Separation: 59.2 x 10.4 I |
CSM Circularization: 68 X 53.1 NM

Landing Site Coordinates: 9°y. latitude, 15°31°'E.
longitude

Lunar Landing Time: 9:24 P.m. EST, April 20, 1972

IM Liftoff from Lunar Surface; 8:26 p.m. EST, April 23,
1972

Ascent Stage Jettison: 3:54 P-m. EST, April 24, 1972

Subsatellite Launch: 4:58 pP-m. EST, April 24, 1372
66.6 X 52.8B NM

Mission Duration: 265 hours 51 minutes 05 seconds
Time of Landing: 2:45 p.m. EST, April 27, 1972
SPACE VEHICLE AND PRELAUNCH DATA
Spacecraft delivered to XscC:
Command/Service Module: July 1971
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Lunar Module: May 1971

Lunar Roving Vehicle: September 1971
Launch Vehicle Delivered to KSC:

First Stage (S-IC): September 1971

Second Stage (5-IT): July 1971

Third Stage (S-IVB): July 1971

Instrument Unit {(IU} : September 1971
Space Vehicle Weight at Liftcff: 6,439,605 lb. (107,158 1b.
payload}
Weight Placed in Earth Orbit: 308,734 1b.
Weight Placed in Lunar Orbit: 76,109 1b.
Significant spacecraft differences from Apcllo 15:

Cammand/Service Module

* The time delay in the RCS control box was
increased from 42 seconds to 61 seconds for
made IA aborts to reduce possible land
landing hazards with pressurized propellant
tanks.

* installed transparent Teflon shields to
strengthen meter glass and to retain glass
particles in case of breakage.

w Installed Inceonel parachute links in place
of nickel plated links to reduce probability
Of parachute riser link failures due to flaws.

* Replaced srelected early series switches with
400 series switches to reduce the possibility
of switch failure,

Lunar Mcdule

* Descent stage batteries were improved to prevent
case cracking and to increase electrical capacity.

* Added glycol shutoff valve to increase battery
temperature, if required, to maximize electrical
capacity.

* Added an exterior glagss doubler to the range/range rate

meter window to reduce stress. Added tape and
particle shield as required to other meters.
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SLA
* Changed cordrance adhesive in pyro train to avoid
a lead acetate reaction.

Crew Systems and Lunar Mobility

* New LRV seat belts were installed to eliminate
adjustment and latching problems.

* Swage fittings in the pressure garment assemkly
were modified to provide greater mobility and
reliability, and gloves were reinforced for
greater wearability.

- Lunar Surface Equipment

* The ground commanded TV assembly incorporated
new clutch assemblies, a new elevation drive motor,
and temperature control modifications to preclude
previous flight problems.

Significant launch vehicle changes from Apollo 15:

==IC Stage
* Four retro-rocket motors were added (8 total) to
improve S-IC/S-I1 separation characteristics. z)
-4
S-I1I Stage

* Structure was modified to increase safety factors
and to improve POGO stability.

* Several single-point relay failure modes were
eliminated in the engine start/cutoff circuitry,

5-IVB Stage
* Fuel and LOX feedline bellows were changed from
stainless steel to 2-ply solar duct.

Instrument Unit

* The LVDC was modified to distinguish between failures
of wnpper and lower engines for proper abort guidance
Programming .

* Redesigned command decoder by adding solder joint
stress relief to eliminate solder joint cracks
for improved reliability.

RECOVERY DATA

Recovery Area: Mid-Pacific Ocean

Landing Coordinates: 0°43's5,, 156°13W. (Stable II) {‘)

Recovery Ship: USS Ticonderoga

Crew Recovery Time: 3:20 p.m. EST, April 27, 1972

Spacecraft Recovery Time: 4:45 p.m. EST, April 27, 1972
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REMARKS

Apallo 16 was launched on time after a countdown with ne un-
scheduled holds. All launch wvehicle systems perforned nominally
in achieving an earth parking orbit of 95 x 90 WM. A neominal
translunar injection ({TLI} burn was performed after one and a
half orbits.

During CSM/LM docking, particles were noticed coming from the
arca of a LM close-out panel. The crew entercd the LM carly,
at B:17 GET, tc determine system status. All BYSTOME Weore
normal, and it was later determined that the particles weor
“lakes of thermsl protection paint, the less of which wenld
have no adverse effact on LM oheratiaons,

The first 5~-IVB APS burn for lunar impact was nominal. Teecause
nf APS module No. 1 helium depletion due to external leeakage,
the APS-2 maneuver was not performed. fTracking of the S-IVH T
was lost a- 27:10 GET due to signal loss from the T command and
communications system. Lunar impact was detected by the Avollco
12, 14,and 15 seismometers and was approximated at 75:08 GET and
260 km NE of the targetegd impact poeint.

snacecraft operations were close to nominal unti) the CSM ONropares
tor the 5PS circularization burn on the lunar farside. A problem
wzs detected in the secondary vaw actuator servo loco which drivesg
the 53PS gimbal in backup mode. The burn was not performed as sched-
uled and the LM PRI burn on Rev. 13 was delayed. Tha CSM mancuve rod
Lo station-keeping position with the LM while trouble shooting was
per formed. Analysis concluded that the secondary system was copera-
ole and the landing could proceed. To minimize the rzmaining SPS
englne firings, lunar orbit plane change 2 and the subsatellite
shaping burn were deleted. Subsequently, it was decided tc shorten
the mission one day. Circularization was performed on Rev. 15, and
LM PDI was accomplished on Rev. 16.

The landing in the Descartes area was only 230 meters WNW of the
planned target point. Because of the almost 6-hour delavy in landing

caused by the SPS control problem, EVA-1 was rescheduled to follow

a full crew rest period. Before performing the traversze to Flag
Crater, the crew deployed and activated the Apollo luaar surfaco
experiments package {ALSEP) and other experiments. During ALSLCP
deployment, the Commander inadvertently pulled the heat flow axXperi-
ment cable loose at its central station connector and that experi-
m2nt was abandoned. Approximately 42 pounds of samples were
c2llected during the 7-hr. ll-min. EVA and total distance travelled
by the LRV was 4.2 km.

The second ll.4-km traverse took the crew about half way up 500-

meter high Stone Mountain, 4.1-km south of the ILM. The lunar
roving vehicle provided excellent mobility and stability, achieving
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eleven toc fourteen kilometers per hour {kph) over rocky, pock-
marked surfaces and easily climbing to 15- tc 20-deqree 5 lopes
at about 7 to 8 kph. Extensive sampling was accomnlished, and
about 71 pounds were collected during the 7-hr. 24-min. EVA.
The extension of the 7-hr. EVA was possible because PLSS con-
sumables usage was lower than predicted.

Tne EVA-3 duration of 5 hr. 40 min. was Judge:d adeguiate to meet
objectives while holding the ascent and rendezveus work day to
an acceptable length. The LRV traverse was 4.5 km to SNorth Pay
Crater, the biggest yet explored on an Apollo mission. Very
interesting rocks wore sampled, one about house-stize, another
with permanent shadowed area in the lee of the sun iiner
interesting "drill-holes” normal to its surface. Pclarimetric
photography was accomplished and additional pertable magneto-
meter readings were obtained. At one peint during the downslone
return to the IM the LRV recorded about 18 kph. Approximately
100 pounds of samples were collected during the 1l.4-km traverse.
The film cassette from the far UV camera was retrieved after

w1l hours recording 11 planned celestial targets.

The 7l-hour stay in the Descartes area featured excellent exXperi -
ment, LRV, TV, and crew sys:.=ms operation; revised theories of
Cayley formation; less evidence of volecanism than eXpaected, and

the highest recordings of local magnetic field of any Apallo
landing site. 1809 frames of 70 mm film and 4 1/2 magazines of

lé mm film were exposed during the 20-hour l5-minute total EVA
time. One hundred eleven documented samples totaled abproximately
£13 pounds. LM ascent, rendezvous, and docking were normal.
However, after jettison from the CSM the LM ascent stage lost
attitude control and began tumbling at about 3° per second,
probably because of an open circuit breaker in the primary guidance
and navigation system, and it could not be deorbited as planned.
The ascent stage is expected to stay in lunar orbit approximately a
year before impacting the surface.

Lunar corbital science and photographic tasks were successfully
conducted throughout most of the 64 CSM orbits. The subsatelljite
was launched 4 hr. 20 min. before transearth injection; however,
because of the decision not to perform the orbit shaping burn its
lifetime was much shorter than the planned one year.

To maintain the orbital time line after the delaved (C5M circulari-
zation event, a GET clock update of 11 min. 48 sec. was made at
118:06:31. To minimize checklist changes during transearth coast,
another GET adjustment of 24 hr. 34 min. 12 sec. was made at
202:25, after the transearth injection maneuver.
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The spacecraft was depressurized for 1 hr. 23 min. during trans-
carth coast for the CMP's EVA to retrieve mapping and panoramic
camera film cassettes. He also inspected the SIM bay to report
on experiment conditions, and the microbial response in space

environment was conducted for 10 minutes outsiue the open hatoh.

Two small midcourse corrections were made during transearth

coast. Final detailed objectives were completed, and an 18-min.

TV press conference was conducted. CM separation, entry, and
descent were normal, with water landing 0.3 from the target point
and 3.5 NM from the primary recovery ship (PRS}). The CM was righted

from the stable II position, and the crew was greeted aboard the
PRS 1315 minutes later,

The crew's health was excellent throughout the flight. Boecauso

of the in-flight arrhythmias experienced by the Apolle 1% crow,
special pre-flight procedures, in-flight dietary supploments,

and longer scheduled rest periods were instituted for the: Apnlle 16
crew. The post-flight adaptation periods were less than those
experienced after Apollo 15.

Numerous "glitches" and system anomalies were rapidly aralyzed by
the support/flight contreller/crew team and were effectively
resolved to minimize the mission impact.
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