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SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT -. AS-507 

APOLLO 12 MISSION 

BY 

Saturn Flight Evaluation Working Group 
Georgl? C. Marshall Space Flight Center 

ABSTRACT 

Saturn V AS-507 (Apollo 12 Mission) was launched at 11:22:00.00 Eastern 
Standard Time on November 14, 1969, from Kennedy Space Center, Complex 
39, Pad A. The vehicle lifted off on schedule on a launch azimuth of 
90 degrees east of north and rolled to a flight azimuth of 72.029 degrees 
east of north. The launch vehicle successfully placed the manned space- 
craft in the planned translunar injection coast mode, 

The Mandatory and Desirable Objectives of this mission were accomplished 
with the exception of inserting the S-IVB/IU into a slingshot trajectory 
on the first pass of the moon. No failures, anomalies, or deviations 
occurred that seriously affected the flight or mission. 

Any questions or comments pertaining to the information contained in 
this report are invited and should be directed to: 

Director, George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 
Attention: Chairman, Saturn Flight Evaluation Working 

Group, S&E-CSE-LF (Phone 453-2575) 
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MISSION PLAN 
1 

The AS-507 flight (Apollo 12 Mission) is the seventh flight of the 
Apollo/Saturn V flight test program. The primary objective of the 
mission is to land astronauts on the lunar surface and return them 
safely to earth. The crew consists of Charles Conrad, Jr. (Mission 
Commander), Richard Gordon, Jr. (Ccnmnand Module Pilot), and Alan Bean 
(Lunar Module Pilot). 

The AS-507 flight vehicle is composed of the S-IC-7, S-11-7, and S-IVB-'IN 
stages; Instrument Unit (IU)-7; Spacecraft/Lunar Module Adapter (SLA)-15; 
and Spacecraft (SC). The SC consists of Command and Service Module (WI) 
-108 and Lunar Module (LM)-6. 

Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is along a 
90 degree azimuth with a roll to a variable flight azimuth of 72 to 96 
degrees measured east of true north. 
6,484,620 lbm. 

Vehicle mass at S-IC.ignition is 
The S-IC stage p6wered flight is approximately 162 seconds; 

the S-II stage provides powered flight for approximately 387 seconds. 
Follming S-IVB first bum (approximately 135 seconds duration), the 
S-IVB/IU/SLA/LM/CSM is inserted into a circular 100 n mi altitude (refer- 
enced to the earth equatorial radius) Earth Parking Orbit (EPO). Vehicle 
mass at orbit insertion is 300,003 Tbm. 

At approximately 10 seconds after EPO insertion, the vehicle is aligned 
with the local horizontal. Continuous hydrogen ventin is initiated 
shortly after EPO insertion and the Launch Vehicle (LV B and CSM systems 
are checked in preparation for the Translunar Injection (TLI) bum. During 
the second or third revolution in EPO, the S-IVB stage is reignited and 
bums for approximately 345 seconds. This bum injects the S-IVB/IU/SLA/ 
LM/CSM into a free-return, translunar trajectory. 

Approximately 15 minutes after TLI, the vehicle initiates an inertial 
attitude hold for CSM separation, docking and LM ejection. Follming the 
attitude freeze, the CSM separates from the LV and the SLA panels are 
jettisoned. The CSM then transposes and docks to the LM. After docking, 
the CSM/LM is ejected from the S-IW/IU. Follcwing CSM/LM ejection, the 
S-IVEl/IU configuration achieves a co-rotational slingshot trajectory by 
usin propulsive venting of liquid hydrogen (LH2), dunping of liquid oxygen 
(LOX7 and by firing the Auxiliary Propulsion System (APS) ullage engines. 
The slingshot trajectory results in a solar orbit for the S-IVB/IU. 
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During the 3 day translunar coast, the astronauts erform star-earth 
landmark sightings, Inertial Measurement Unit (IMU P alignments, general 
lunar navigation procedures and possibly four midcourse corrections. One 
of these corrections will maneuver the SC into a hybrid trajectory 
approximately 28 hours after TLI. At approximately 83 hours and 25 
minutes, a Service Propulsion System (SPS) bum (Lunar Orbit Insertion 
[LOI]) of approximately 342 seconds inserts the CSM/LM into a 60 by 
170 n mi altitude parking orbit. 

Approximately two revolutions after LOI, a 17.6-second SPS bum will 
adjust the orbit into a 54 by 66 n mi altitude. The LM is entered by 
astronauts Conrad and Bean and checkout is accomplished. During the 
thirteenth revolution in orbit at 108 hours, the LM separates from the CSM 
and prepares for the lunar descent. The LM descent propulsion system is 
used to brake the LM into the proper landing trajectory and maneuver the 
LM dbring &scent to the lunar surface. 

Following lunar landing, two 3.5 hour Extra-Vehicular Activity (EVA) time 
periods are scheduled dur'ng which the astronauts will explore the lunar 
surface, examine the LM exterior, investigate in the vicinity of the 
Surveyor III spacecraft, and deploy scientific instruments. The total 
stay time on the lunar surface is open-ended, with a planned maximun of 
32 hours, depending upon the outcome of currPnt lunar surface operations 
planning and of real-time operational decisions. After the EVA, the 
astronauts prepare the ascent propulsion system for lunar ascent. 

The CSM performs a plane change approximately 19 houn before lunar ascent. 
At approximately 142 hours and 8 minutes, the ascent stage inserts the LM 
into a 9 by 45 n mi altitude lunar orbit, and rendezvous and docks with 
the CSM. The astronauts reenter the CSM, jettison the LM, photograph 
poss"3le lunar exploration sites, and propam for Transearth Injection; 
(TEI). TEI is accomplished at approximately 172 hours and 23 minutes 
with a 129-second SPS bum. The time and duration of the SPS TEI bum 
is dependent upon an optional astronaut rest period. 

During the 72-hour transearth coast, the astronauts perform navigation 
procedures, star-earth-moon sightings and possibly three midcourse 
correctiocs. The Service Module (SM) separates from the Comnand Module 
(CM) 15 minutes before reentry. Splashdv occurs in the Pacific Ocean 
approximately 244 hours and 35 minutes after liftoff. 

After the recovery operations, a biological quarantine is imposed on the 
crew and CM. An incubation period of 18 days from splashdown (21 days 
from lunar ascent) is required for the astronauts. The harbrare incubation 
period is the time mquired to analyze certain lunar samples. 
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FLIGHT SUMMARY 

The fifth manned Saturn V Apollo space vehicle, AS-507 (Apollo 12 Mission) 
was launched at 11:22:00 Eastern Standard Time (EST) on November 14, 1969 
from Kennedy Space Center (KSC), Complex 39, Pad A. This seventh launch 
of the Saturn V/Apollo successfully performed all the mandatory and de- 
sirable objectives required for successful accomplishment of the primary 
mission objective which basically was to perform an ALSEP lunar landing 
mission. The only objective not accomplished, insertion of S-IVB/IU into 
a solar orbit, fundamentally had no effect on the mission. 

The launch countdown support systems performed well. However, several 
systems experienced component failures and malfunctions that required 
corrective action, but all repairs were accomplished in time to maintain 
the launch schedule. Damage to the pad, mobile launcher, and support 
equipment was minor. 

The trajectory parameters of AS-507 from launch to Translunar Injection 
(TLI) were close to nominal. The vehicle was launched on an azimuth 90 
degrees east of north. A roll maneuver was initiated at 12.8 seconds that 
placed the vehicle on a flight azimuth of 72.029 degrees east of north. 
The space-fixed velocity at S-IC Outboard E;rgine Cutoff (OECO) was 10.4 
m/s (34.1 ft/s) less than nominal. The space-fixed velocity -at S-II OECO 
was 17.3 m/s (56.8 ft/s) less than nominal. The space-fixed velocity at 
parking orbit insertion was 0.5 m/s (1.7 ft/s) less than nominal. The 
apogee was G.2 kilometer (0.1 n mi) greater than nominal, and the perigee 
was 4.0 kilometers (2.2 n mi) less than nominal. The parameters at TLI 
were also close to nominal. The space-fixed velocity was 1.6 m/s (5.2 ft/s) 
less than nominal, the altitude was 1.6 kilometers (0.9 n mi) less than 
nominal and C3 was 60,828 m2/s2 (654,747 ft2/s2) less than nominal. Follow- 
ing Lunar Module (LM) ejection, the vehicle attempted a slingshot maneu- 
ver. The S-IVB/IU closest approach of 5707 kilometers (3082 n mi) above 
the lunar surface did not provide sufficient energy to escape the earth- 
moon system. The failure to achieve slingshot was due to the application 
of an excessively long ullage engine bum which was calculated using the 
telemetered state vector rather than the vector obtained from tracking. 
Even though the slingshot maneuver was not achieved, the fundamental ob- 
jectives of not impacting the spacecraft, the earth or the moon were 
achieved. 

All S-IC propulsion systems performed satisfactorily and the pmpulsion 
performance level was very close to the predicted level. Stage site thrust 
(averaged from liftoff to OECO) was 0.55 percent higher than predicted. 
Total propellant consumption rate was 0.26 percent higher than predicted 
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with the total consumed Mixture Ratio (MR) 0.34 percent higher than pre- 
dicted. Specific impulse was 0.20 percent higher than predicted. Center 
Engine Cutoff (CECO) was commanded by the IU as planned. OECO, initiated 
by the LOX low level sensors, occurred 0.74 second earlier than predicted. 

The S-II propulsion system performed satisfactorily throughout the flight. 
The S-II stage operation time was 2.1 seconds longer than predicted. 
Total stage thrust at 61 seconds after S-II Engine Start Corunand (ESC) 
was 0.05 percent below predicted. Total propellant flowrate (including 
pressurization flow) was equal to the predicted and vehicle specific 
impulse was 0.05 percent below predicted at this time slice. Stage pro- 
pellant MR was 0.36 percent above predicted. Low frequency low amplitude 
oscillations were o>zerved on all engines during S-II boost prior to CECO; 
however, net engine performance levels were not affected. 

The J-2 engi,le operated satisfactorily throughout the operational phase 
of S-IVB first and second burns with normal engine shutdowns. S-IVB first 
burn duration was 2.5 seconds longer than predicted. The engine perform- 
ance during first burn, as determined from standard altitude reconstruc- 
tion analysis, deviated from the predicted by +0.40 percent for thrust 
while the specific impulse was equal to the predicted. The Continuous 
Vent System (CVS) adequately re ulated LH2 tank ullage pressure during 
orbit, and the Oxygen/Hydrogen 9 02/H2) burner satisfactorily achieved LH2 
and LOX tank repressurization for restart. However, the 02/H2 burner 
shutdown did not occur at the programed time due to an intermittent elec- 
tri:al 'open" circuit. This delay in shutdown resulted in a suspected 
burnthrough in the 02/H2 burner. Engine restart conditions were within 
specified limits. The restart at full open Propellant Utilization (PIJ) 
valve position was successful. S-IVE second bum duration was 3.8 seconds 
less than predicted. The engine performance during second bum, as de- 
termined from the standard altitude reconstruction analysis, deviated from 
the predicted by 0.76 percent for thrust and 0.05 percent for specific 
impulse. Subsequent to second bum, the stage propellant tanks were safed 
satisfactorily, with sufficient impulse being derived from the LOX dump to 
impart 32.8 ft/s t3 stage velocity. 

The S-IC, S-II, and S-IVB stage hydraulic systems performed satisfactorily. 
Buring this period all parameters were within specification limits, although 
the return fluid temperature of one S-IC actuator rose unexpectedly at 100 
seconds. 

The structural loads experienced during the S-IC boost phase were well 
below design qalue;s. The maximum high Q region bending moment was 37 x 
106 lbf-in. at the S-XC LOX tank :(rhich was less than 20 percent of design 
value. Low level oscillations, siri!ilar to those of previous flights, were 
evident during each stage bum' but caused no problems. The S-II stage ex- 
perienced four periods of 16-hertz oscillations during S-i1 mainstage 
prior to CECO. Oscillations in the cha*er pressure, LOX sump pressure, 
and LOX inlet pressure occurred at the same frequency as the structural 
vibrations. The loading resulting from these oscillations, however, caused 
no structural failure or degradation. 
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The guidance and navigation system performed satisfactorily. The parking 
orbit and TLI parameters were within the 3-sigma tolerance. The S-IVB/IU 
did not achieve heliocentric orbit due to the computed time for 'he APS 
ullage burn. This burntime computation was based on the telemetered state 
vector which was within the 3-sigma limit but exceeded the allowable limits 
for accomplishing slingshot. The state vector was in error due to a rather 
large space-fixed component velocity difference observed prior to the S-'IVB 
stage second burn, which was enlarged through the second active guidance 
period. The LVDC, the Launch Vehicle Data Adapter (LVDA), and the ST-124&3 
inertial platform functioned satisfactorily. 

The AS-507 Flight Control Computer (FCC), Thrust Vector Control (TVC) and 
APS satisfied all requirements for vehicle attitude control during the 
flight. All maneuvers were properly accomplished. All separations oc- 
curred as expected without producing significant attitude deviations. 

The AS-507 launc!l vehicle electrical systems and Emergency Detection System 
(EDS! performed satisfactorily throughout all phases of flight except 
during S-IV6 restart preparations. During this time the S-IVB stage elec- 
trical systems did not respond properly to burlier LOX shutdown valve 
"CLOSE" and telemetry calibrate "ON" comnands from the S-IVB switch selec- 
tor. Both of the command failures were isolated to intermittent condi- 
tions in a bus module (404A3A29) or the associated mating connector 
(404A3WlPT9) located in the S-IVB sequencer. Operation of the oatteries, 
power supplies, inverters, Exploding Bridge Wire (EBW) firing units and 
switch selectors was normal. 

Apollo 12 was the first Saturn vehicle launched in rainy weather. Shortly 
after 36.5 seconds into the flight, there were numerous space vehicle in- 
dications of a massive electrical disturbmce, followed by a second dis- 
turbance at 52 seconds: The astronauts reported that, in their opinion, 
the vehicle had been hit by lightning. Camera data, telemetered data, 
and Launch Vehicle Data Adapter/Launch Vehicle Digital Computer (LVDA/LVDC) 
bit errors showed that the vehicle had been struck by lightning at 36.5 
seconds. Virtually no discernible effects were noted on the launch vehi- 
cle during the 52-second disturbance. Atmospheric electrical factors and 
the fact that the vehicle does not have the capacitance to store suffi- 
cient energy to produce the effects noted indicate that the lightning 
discharge at 36.5 seconds was triggered by the vehicle. The 52-second 
disturbance may have been due to a lesse yhtning discharge. The launch 
vehicle hardware and software suffered II,. ;ttlificant effects; therefore, 
the mission proceeded as scheduled. There is no evidence of vehicle pyro- 
technics being endangered, due to built-in protection in the circuitry. 
Some modification to present launch mission rules will be required to pre- 
clude launching of the vehicle when the probability of triggered lightning 
discharges is deemed unacceptable. 

Vehicle base pressure environments were generally in good agreement with 
previous flight data. Base thermal environments, in general, were 
similar to those experienced on earlier flights. 

xxix 



The Environmentai Control System (ECSj performed satisfactorily. There 
was evidence of direct incidence solar heating near Ill panel 20, through 
the open end of the IU, after spacecraft separation. Components located 
in this area, cooled by the Thermal Conditioning System (TCS), showed an 
increase in temperature without any performance degradation through 40,000 
seconds. During this period of solar heating, the gas bearing differen- 
tial pressure decreased below the expected lower limit because of tempera- 
ture effects of the Gas Learing Supply (GBS) system GN2 pressure regula- 
tor. The performance of the ST-124M-3 platform was not affected by this 
decrease in pressure. 

All elements of the data system performed satisfactorily throughout 
flight except for problems with the Command and Communication System 
(CCS) uplink signal and omni downlink antenna system during translunar 
coast. Measurement performance was excellent as evidenced by 99.9 per- 
cent reliability. This reliability is the same as AS-506 when the 
highest reliability for any Saturn V flight was attained. 

Telemetry performance was nominal. Very High Frequency (VHF) telemetry 
Radio Frequency (RF) propagation was generally good, though the usual 
problems due to flame effects and staging were experienced. VHF data 
were received to 25,260 seconds (07:Ol:OO). Coimnand systems RF perform- 
ance for both the Secure Range Safety Command System (SRSCS) and CCS was 
nominal except for the CCS problems noted. Goldstone Wing Station (GDSX) 
receitied CCS signals to 46,070 seconds (12:47:50). Good tracking data 
were received from the C-Gand radar, with Merritt'Island Launch Area 
(MILA) indicating final LOS at 43,560 seconds (12:06:00). The 71 ground 
engineering cameras p;*ovided good data during the launch. 
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FAILU!?ES, AXOMf,iIES AND DEVIATIONS 

Evaluation of the launch vehicle data revealed no failuws, five 
anomalies and eight deviations. These anomalies and deviations are 
summarized in the following tables. 

Table 1. Summary of Anomalies 
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Table 2. Summary of lkridtions 
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SECTIOY 1 

INTRODUCTION 

1.' PURPOSE 

This report provides the National keronautics and Space Administration 
(NASA) Headquarters, and othei interested agencies, !gith the launch vehi- 
cle evaluation results of the AS-507 flight. The basic objective of 
fright evaluation is to acquire, reduce, analyze, evaluate and report 
on flight data to the extent required to assure future mission success 
and vehicle reliability. To accomplish this objective, actual flight 
failures, anomalBes and deviations must be identified, their causes 
accurately determihed, ar,J complete information made available so that 
corrective action can be accwplished within the established flight 
schedule. 

1.2 SCOPE 

The contents of this report are centered on the performance evaluation 
of the major launch vehicle systems, with special emphasis or the fail- 
ures, anomalies and deviations. Summaries of launch operations and 
spacecraft performance dre included for completeness. 

The official George C. Marshall Space Flight Center (MSFC) position at 
this time is represented by this report. It will not be followed by a 
similar report unless continued analysis or new information shouici prove 
the conclusions presented herein to be significantly incorrect. Reports 
covering major subjects and special subjects will be published as re- 
quired. 
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SECTION 2 

EVENT TIHES 

2.1 SUMMARY OF EVENTS 

Range zero t<me, the basic time reference for this report, is 11:22:00 
Eastern Standard Time (EST) (16:22:00 Uni\*ersal Time [UT]). Range time 
is calculated as the elapsed time from range zero time and, unless other- 
wise noted, is the time used throughout this report. The actcal and pre- 
dicted range times are adjusted to ground telemetry received times. The 
Time-From-Base times are presented as vehicle times. Figure E-l shows 
the time delay of ground telemetry received time versus Launch Vehicle 
Digital Computer (LVDC) time. The difference between ground and vehicle 
time is a function of the LVDC clock speed and telemetry transmission 
distance and indicates the magnitude and sign of corrections applied to 
correlate range time and vehicle time in Tables 2-1, 2-2 and 2-3. 

Guidance Reference Release (GRR) occurred at -16.97 seconds and start of 
Time Base 1 (Tl) occurred at 0.68 second. GRR was established by the 

of 
Instru- 

Digital Events'Evaluator (DEE-6) and Tl was initiated at detection 
liftoff si 

9 
nal provided by de-energizing the liftoff relay in the 

ment Unit IU) at IU umbilical disconnect. 

and Range times for each time base dsed in the flight sequence program 
the signal for initia.ing each time base are presented in Table 2- 1 

Start of T2 was within nominal expectations for this event. Start 
I. 

of T3 
was 0.7 second early, T4 and T5 here initiated approximately 1.4 and 4.0 
seconds later than predicted, respectively, due to variations in the stage 
burn times. These variations are discussed in Sections 5, 6 and 7 of this 
document. Start of T6, which was initiated by the LVDC upon solving the 
restart equation, was 2.5 seconds later than predicted. Start of T7 was 
1.1 seconds earlier than predicted. T8, which was initiated by the 
receipt of a ground command, was started 115.2 seconds later than the 
predicted time. 

A summary of significant events for AS-507 is given in Table 2-2. Since 
not all events listed in Table 2-2 are IU commanded switch selector func- 
tions, deviations are not to be construed as failures to meet specified 
switch selector tolerances. The events in Table 2-2 associated with 
guidance, navigation, and control ha;re been identified as being accurate 
to within a major computation cycle. 
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Figure 2-l. Telemetry Time Belay 

The predicted times for establishing actual minus predicted times in 
Table 2-2 have been taken from 40M336278, "Interface Control Document 
Definition of Saturn SA-507 Flight Sequence Program", a,ld from the "AS-507 
H-l Mission Launch Vehicle Operational Flight Trajectory", Sated August 12, 
1969. 

2.2 VARIABLE TIME AND COSaclANDED SWITCH SELECTOR EVENTS 

Table 2-3 lists the switch selector events which were issued during the 
flight but were not programed for specific times. The water coolant valve 
open and close switch selector commands were issued based on the condition 
of two thermal switches in the Environmental Control System (ECS). The 
outputs of these switches we*e sampled once every 300 seconds, beginning 
at 180 seconds, and 3 switch selector command was issued to open or close 
the water valve. The valve ;qas open if the sensed temperature was too 
high and the valve was closed if the temperature was too low. 
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TIME BASE 

Table Z-l. Time Base Summary 

RANGE TIME 
SEC SIGNAL START 

(H~MIN:SEC) 

TO 

T1 

-16.97 

0.68 

Guidance Reference Release 

IU Umbilical Disconnect 
Sensed by LVDC 

T2 

T3 

T4 

T5 

135.38 

161.79 

552.36 

694.12 

T6 9464.48 
(2:37:44.48) 

S-IC CECO Sensed by LVDC 

S-IC OECO Sensed by LVDC 

S-II OECO Sensed by LVDC 

S-IVB EC0 (Velocity) Sensed 
by LVDC 

Restart Equation Solution 

T7 10,384.12 
(2:53:04.12) 

S-IVB EC0 (Velocity) Sensed 
by LVDC 

T8 
16,000.25 

(4:26:40.25) 
Enabled by Ground Command 

Table 2-3 also contains the special sequence of switch selector events 
which were programed to be initiated by telemetry station acquisition 
and included the following calibration sequence: 

Function Stage Time (Set) 

Telemetry Calibrator 
In-Flight Calibrate ON 

IU Acquisition +60.0 

TM Calibrate ON S-IVB Acquisition +60.4 

TM Calibrate OFF S-IVB Acquisition +61.4 

Telemetry Calibrator 
In-Flight Calibrate OFF 

IU Acquisition +65.0 
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'able 2-2. Significant Event Times Summary 

RANGE TIME TIME FROM BASE 

ACTlIAL ACT-PRED ACW ' ACT-PRELI 
SEC SEC SEC SEC 

1. Guidance Reference -17.C 0.0 
Release (GRR) 

2. S-IC Engine Start -3.S 0.0 
Sequence Corlmand 
(Ground) 

3. S-IC Engine No. 1 -6.2 0.0 
Start 

-17.6 

-9.6 

-6.9 

4. S-IC Engine No. 2 -5.9 0.0 
Start 

-6.6 

5. S-IC Engine No. 3 -6.1 0.0 
Start 

-6.7 

6. S-IC Engine No. 4 -6.C 0.0 
Start 

-6.6 

7. S-IC Engine No. 5 -6.5 - 0.0 
Start 

8. All S-IC Engines -1.4 0.1 
Thrust OK 

-7.2 

-2.1 

5). Range Zero 

10. All Holddown Arms 
Released (First 
Motion) 

l7 1 . IU Umbilical 
Disconnect, Start 
of Tim Base 1 (T, 

12. Begin Tower 
Clearance Yaw 
Maneuver* 

O.!l 

0.25 0.00 

0.7 0.0 

2.4 0.7 

-0.7 

-0.42 

0.0 

1.8 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

-0.02 

0.0 

0.2 

0.2 

0.2 

0.0 

0.4 

-1.1 
- 

13. End Yaw Maneuver* 10.2 0.5 9.6 

14. Begin Pitch and 12.F 0.3 12.2 
Roll Maneuver* I 

15. S-IC Outboard 20.6 -0.1 20.0 
Engine Cant 

16. End Roll Maneuver* 32.3 1.. 2 31.7 

17. Mach 1 66.11 -1.0 65.4 

*Time is accurate to major computation cycle dependent upon length 
of ccmputation cycles. 

LVE?!? 
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Table L-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRLD ACTUAL 
SEC SEC SEC 

18. Maximum Dynamic 81.1 -2.7 
Pr~sure (Max Q) 

80.’ 1 

ACT-PRED 
SEC 

- 

-2.7 

19. S-IC Center Engine 
Cutoff (CECO) 135.24 -0.03 134.5; 

20. Start of Time 135.4 0.1 0.C 
Ease 2 (Tz) 

21. End Pitch Maneuver 158.1 0.2 22.; 
(Ti It ArrPst)* 

22. S-II: Outboard 161.74 -0.74 26.X 
Engine Cutoff 
(OECO) 

-0.05 

0.0 

-0.82 

t 23. Start of Time 161 .a -0.7 0.c 
Base 3 (T3) 

24. Start S-II LH2 16'.9 -0.7 0.1 
Tank High Pressure 
Vent Mode 

, 25. S-II LH 
6 

Recircu- 162.0 -0.7 0.2 
lation umps Off 

2u. S-II Ullage Motor 162.2 -0.8 0.5 
Ignition 

27. S-IC/S-II Separa- 162.4 -0.8 0.7 
tion Comnand to 
Fire Separation 
Gevices and 
Retro Motors 

28. A-11 Engine Start 163.1 -0.8 1.1 
Command (ESC) 

29. S-I 1 Engine 163.2 -0.7 1.1 
Solenoid Activatio 
(Average of Five) 

30. S-II llllage Motor 166.4 -0.7 4.t 
Burn lime Termi- 
nation (Thrust 
Reaches 75 Percent 

i 

31. S-II Mainstage 166.4 -0.5 4.t 

-*Time is accurate to major computation cycle dependent upon length 
of corrputation cycles. 

i 

& 

EVENT 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 
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Table 2-2. Significant Event Times Sumnary (Continued) 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

S-II Chilldown 
Valves Close 

Activate S-II PU 
System 

S-II Second Plane 
Separation Cotmnand 
(Jettison S-II Aft 
Interstage) 
Launch Escape 
Tower (LET) 
Jettison 

Iterative Guidance 
Mode (IGM) Phase 1 
Initiated* 

S-II LOX Step 
Pressurization 

S-II Center Engine 
Cutoff (CECO) 

S-II LH? Step 
Pressurization 

Guidance Sensed 
Time to Begin EMR 
Shift (I@4 Phase 2 
Initiated and Star 
of Artificial Tau 
Mode)* 

S-II Low Engine 
Mixture Ratio 
(EMR) Shift 
(Actual) 

End of Artificial 
Tau Mode* 

S-11 Outboard 
Engine Cutoff 
(OECO) 

T RANGE TIME TIME FROM BASE 

EVENT 
ACTUAL 

SEC 

--- 

i 

168.1 

168.1 

-0.8 

-0.7 

192.4 -0.8 

197.9 -0.8 36.1 -0.1 

202.5 -0.8 40.7 -0~1 

261.7 

460.75 

461.7 

487.3 

-0.8 

-0.74 

-0.8 

100.0 

!.I.5 

298.96 

300.0 

325.5 

0.0 

-0.04 

0.0 

1.2 

490.0 0.6 328.2 1.3 

498.7 1.4 

552.34 1.36 

ACT-PREO ACTUAL XT-PRED 
SEC SEC SEC 

6.4 0.0 

6.9 0.0 

30.7 0.0 

336.9 

390.54 

2.1 

2.04 

*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 
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Table 2-2. Significant Event Times Suwmary (Continued) 

RANGE TI#E TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

44. S-II Engine Cutoff 552.4 1.4 0.0 0.0 
Interrupt, Start 
of Time Base 4 
(T4) (Start of IGM 
Phase 3) 

45. S-IVB Ullage Motor 553.1 1.3 0.8 0.0 
Ignition 

46. S-II/S-IVB Separa- 553.2 1.3 0.9 0.0 
ticn Command to 
Fire Separation 
Devices and Retro 
Motors 

47. S-IVB En ine Start 
9 

553.3 1.3 1.0 0.0 
Command First ESC) 

48. Fuel Chilldown 554.5 1.3 2.2 0.0 
Pump Off 

49. S-IVB Ignition 556.6 1.6 4 .Z 0.2 
(STDV Open) 

50. S-IV6 Mainstage 559.1 1.6 6.7 0.2 

51. Start of Artificial 559.5 1.0 7.2 -0.3 
Tau Mode* 

52. S-IVB Ullage Case 565.1 1.3 12.8 0.0 
Jettison 

53. End of Artificial 568.8 1.5 16.4 0.1 
Tau Mode* 

54. Begin Terminal 660.4 3.9 108.0 2.5 
Guidance* 

55. End IGM Phase 3* 685.9 2.5 133.6 1.2 

SC. Begin Chi Freeze* 685.9 2.5 133.6 1.2 

57. S-IVB Velocity 693.91 4.05 -0.21 -3.01 
Cutoff Command 
(First Guidance 
cutoff) (First ECO) 

*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 
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Table 2-2. Significa rt Event Times Summary (Continued) 
- 

T RAF&E TIME 

58. 

59. 

60. 

61. 

6:. 

63. 

64. S-IV8 LH2 Contin- 
uous Vent System 
(CVS) On 

65. S-IVB APS Ullage 
Engine No. 1 
Cutoff Conn:and 

66. S-IVB APS Ullage 
Engine No. 2 
Cutoff Cmand 

67. Begin Orbital 
Navigation* 

E 1' E N T 

S-IVB Engine 
Cutoff Interrupt, 
Start of Time 
Base 5 jT5) 

S-IVR APS Ullage 
Engine No. 1 
Ignition Conand 

S-IVtl APS Ullage 
Engine No. 2 
Ignition Command 

LOX Tank 
Pressurization Off 

Parking Orbit 
Insertion 

Begin Maneuver to 
Local Horizontal 
Attitude* 

68. Begin S-IVB Restarti 9464.5 
Ptiparations, Star 
of Time Base 6 (T6 

69. s-1ve PU Ydxture 
Ratio 4.5 On 

7u. S-IVB APS Ullage 
Engine No. 1 
Ignition Command 

ACTUAL ACT-PRED 
SEC SEC 

I 

*Time is accurate to major computation cyc 
of computation cycles. 

694.1 4.0 0.0 0.0 

694.4 4.0 0.3 0.0 

694.5 4.0 0.4 0.0 

695.3 4.0 0.0 

703.9 4.0 

714.2 3.7 

1.2 

9.8 

20.1 

0.0 

-0.3 

753.1 4.0 59.0 0.0 

781.1 4.0 87.0 0.0 

781.2 4.0 87.1 il.0 

795.1 4.6 101.0 0.6 

2.5 0.0 0.0 

9914.5 2.4 450.1 0.0 

9960.7 2.4 496.3 0.0 

w .  

.le repel 

TIME FROM BASE -.- 
ACTl.::L 

SEC 
ACT-PRED 

SEC 

lent up01 hgth 
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Table 2-2. Significant Event Times Summary (Continued) 

EVENT 
ACT'JAL 

5FC 

71. S-IVB AFS Ullage 
Engine No. 2 
Ignition Command 

72. S-IVB 02/H2 Burner 
Off (Helium t!eater 
Off) 

73. S-IVB 02/H2 Burner 
LOX Off 

9960.8 2.4 496.4 0.0 

9961.2 2.4 496.8 0.0 

9965.7 

74. S-IVB LH2 Chill- 
down Pump Off 

75. S-IVB LOX Chill- 
down Pump Off 

76. S-IVB Engine 
Restart Cotmnand 
(Fuel Lead Initia- 
tion} (Second ESC) 

77. S-IVB APS Ullagb 
Engine No. 1 
Cutoff Cormnand 

10.033.8 

10.034.0 

10,035.l 

10.037.4 2.4 573.0 0.0 

78. S-IVS APS Ullage 
Engine No. 2 
Cutoff Command 

10.037.5 2.4 573.1 0.0 

79. S-I VB Second 
Ignition (STDV 
Open 1 

80. S-IVB Mainstage 

81. Engine Mixture 
Ratio (EMR) Shift 

82. S-IW LH2 Step 
Pressurization 
(Second Bum 
Relay Off) 

83. Begin Terminal 
Guidance* 

10.042.7 2.7 578.2 0.2 

10.045.2 2.7 

10.144.9 2.4 

10.314.4 2.4 

10.354.3 

84. Begin Chi Freeze* 10.381.8 

T RANGE TIME 
-I- 

r ACT-PRED ACTUAL 
SEC SEC 

2.4 

2.4 

2.4 

3.1 

501.3 

569.4 

569.6 

570.6 

580.7 

680.5 

850.0 

-1.7 

-1.1 

889.8 

917.3 

TIME FROM BASE 
-- 

ACT-PRED 
SEC 

0.0 

0.0 

0.0 

0.0 

0.2 

1.3 

0.0 

-4.2 

-3.6 

*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 
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Table 2-2. Significa,~t Event Tjmes Surrnnary (Continued) 

EVENT 

-- 

85. S-IVB Second 
Guidance Cutoff 
Comand (Second 
ECO) 

86. S-IVB Engine Cut- 
off Interrupt, 
Start of Tim 
Base 7 (T7) 

87. LH2 Vent On 
Command 

88. Trims lunar 
Injection 

89. Begin Maneuver to 
Lccal Horizontal 
Attitude* 

90. Begin Orbital 
Navigation* 

91. LH2 Vent Off 
Command 

92. Begin Maneuver to 
Transposition and 
Docking Attitude 
(TD&E)* 

93. CSM Separation 

94. CSM Dock 

95. SC/LV Final 
Separation 

96. Start of Time 
Base 8 (T8) 

9?. S-IVB LH2 Vent 
On (CVS On) 

98. Initiate Maneuver 
to Slingshot 
Attitude* 

r RANGE TIME T TIME FROM BASE 

ACTUAL 
SEC 

10,383.89 -1.12 -0.70 0.0 

10.384.1 -1.1 0.0 0.0 

10.184.6 

10.393.9 

-: .l 

-1.1 

0.5 0.0 

9.8 0.0 

10.404.4 -1.7 20.3 -0.6 

10.404.4 -2.7 20.3 -1.6 

11,283.g 

11,285.0 

-1.1 899.8 

-2.1 900.9 

0.0 

-1.0 

11.884.9 -0.3 500.8 1.1 

12,413.3 114.3 029.1 115.4 

15.180.9 16.9 ,796.7 18.0 

16,r)OO.Z 115.2 0.0 

16,58(~.4 115.2 580.2 

16,581.0 116.0 550.7 

0.0 

0.0 

0.7 

- 

KT-PRED 
SEC 

ACTUAL 
SEC 

- 

ACT-PRED 
SEC 

*Time is accurate to major computation cycle dependent upon length 
of computation cycles. 
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100. End LOX Dump 

101. Hz Nonpropulsive 
Vent (NPV) Cm 

,102. S-IV6 APS Ulldge 1 
Engine No. 1 
cutoff rwmnd I 

I 
Cutoff Cml;snd 

104. !nitiate Haneuver 
to Comnunications 
Attitude 

103. S-IV!3 APS Ullage 
Engine Nr. 2 

17,280.Z 

17,338.z 

17.407.2 

19,700.2 

19.TOG.4 

20,197.o 

Table 2-2. Significant Event Times Summary (Continued) 

r 7 -- TIME FROM BASE 
_-- 

ACT-PRED 
SEC 

4CTUAL 
SEC 

- 

ACT-PMD 
SEC 

115.2 

:15.2 

115.2 

115.2 

115.2 

112.0 I 4196.8 -3.2 

1280.0 

1338.0 

1407.0 

I 3700.0 

I 

I 3700.2 

I 

0.0 

0.0 

0.0 

3.0 

0.0 
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Table 2-3. Variable Time and Commanded Switch Selector Events 

FUNCTION 

High (5.5) Engine blixture 
Ratio Off 

Low (4.5) Engine Mixture 
Ratio On 

Water Coolant Valve Closed 

Telemetry Calibrator 
Inflight Calibrate On 

TM Calibrate On 

TM Calibrate Gff 

Telemetry Calibrator 
Inflight Calibrate Off 

Telemetry Calibrator 
Inflight Calibrate On 

TK Calibrate On 

TM Calibrate Off 

Telemetry Calibrator 
Inflight Calibrate Oif 

Water Coolant Valve Open 

Telemetry Calibrator 
Inflight Calibrate Oc 

Tti Calibrdte Or 

TM Calibrate Off 

Telemetry Calibrator 
Inflight Calibrate Off 

Water Coolart Valve Cff  

Telemetry Calibrator 
Inflight Calibrate On 

TM Calibrate On 

TM Calibrate Off 

Telemetry Calibrator 
Inflight Calihrate Off 

Telemetry Calibrator 
Inflight Cslibrate On 

-~- 

STAGE 
RAntiE TIME 

(SEC) 

S-IL 487.9 

S-II 488.1 

IU 781.4 

IU 1063.3 

S-IVE 1063.7 

s-IVE 1064.7 

IU 1068.3 

IU 5367.2 

S-IX 5367.6 

s-IW 5368.6 

IU 5372.2 

IU 6479.7 

IU 6679.2 

s-IW 6679.6 

s-IVE 6610.6 

IU 6684.2 

IU 

IU 

6779.6 

e791.1 

S-IVB 8791.6 

S-IVB 8792.6 

IIJ 8796.1 

IU 9844.6 

T TIME FROM BASE 
(SEC) 

T3 +326.1 

T3 +326.3 

T5 +87.3 

T5 +369.1 

T5 t369.5 

T5 t370.5 

T5 t374.1 

T5 t4673.1 

T5 +4673.5 

T5 +4674.5 

T5 +4678.1 

T5 t5785.6 

T5 t5985.1 

T5 +5925-S 

T5 t59f36.5 

T5 t5990.1 

T5 t6085.7 

T5 +809;.1 

T5 t8097.5 

T5 48098.5 

T5 t8102.1 

T6 t4CKl.1 

--- 

REMARKS 

LVDC Function 

CYI Rev 1 

CYI Rev 1 

CYI Rev 1 

CYI ikv 1 

GYM Rev 1 

GYM Rv 1 

GYM Rev 1 

GYM Rev 1 

LVDC Function 

CYI Rev 2 

CYI Rev 2 

CYI Rev 2 

CYI Rev 2 

LVDC Function 

CR0 Rev 2 

CR0 Rev 2 

CR0 Rev 2 

CRC Rev 2 

ARIA Rev 2 
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Table 2-3. Variable Time and Ccmmanded Switch Selector Events (Continued) 

FUNCTION 

TM Calibrate On 

TM Calibrate Off 

Telemetry Calibrator 
Inflight Calibrote Off 

Telemetry Calibrator 
Inflight Calibrate On 

TM Calibrate On 

TM Calibrate I f f  

Telemetry Calibrator 
Inflight Calibrate Off 

Bur-ter LOX Shutdown Valve 
Clrse On 

RANGE TIME TlME FROM BASE 
STAGE (SEC) (SEC) REMARk'S 

s-IVB 9864.8 T6 t400.3 ARI:\ Rev 2 

s-IVb 9865.H T6 t401.3 ARIA Rev 2 

IU 3869.6 ARIA Rev 2 T6 t405.1 

IU 10,472.4 T7 taa.3 Acquisition by 
llawaii TLI 

s-IVB 10.472.8 T3 taa.7 Acquisition by 
Hawaii TLI 

s-IVB 10.473.8 T7 t89.7 'Acquisition by 
Hawaii TLI 

IU 10.477.4 T7 t93.3 Acquisition by 
Hawaii TLI 

s-IVB 13.554.2 T7 t170.1 CCS Ccmand 

Time Delay s-IVB 10.555.5 T7 tl70.9 CCS Command 

Burner LOX Shutdown s-IVB 1@,555.9 T7 t171.7 CCS Camand 
Valve Close Off 

Water Coolant Valve Open IU 14.5tXl.6 T3 t4196.4 LVDC Function 

Water Coolant Valve Closed IU 14.880.g T7 t4495.8 LVDC Function 

;,Jater Coolant Valve Open 1u 17,282.5 T8 t1282.2 LVDC Function 

Water Coolant Valve Closed I JJ 17.580.6 T8 t1580.3 LVDC Function 

:Jater Coolant Valve Closed IU 19.680.1 Ta t3679.9 LVCC Function 

S-IV!3 Ullage Engine No. 1 On S-IV0 19.753.2 T8 t3753.0 CCS Comnand 

S-IVB Ullage Engine No. 1 Off s-IVB 20.023.2 T8 t4023.0 CCS Comnand 

S-IVB Ullage Engine No. 2 Off s-IVB 20.026.9 T8 t4026.7 CCS Comand 

CCS Coax Switch Fail-Safe IU 21.157.0 T8 t5156.8 CCS Comand 
and High Gain Antenna 

Water Coolant Valve Open IU ?:,180.6 ta t5180.4 LVDC iunction 

Water Coolant Valve Open IU 25,080.l Ta t9079.9 LVDC Function 

Water Coolant Vaive Closed IU 25.3h9.7 18 t93ao.4 LVDC Function 

Water Coolant Valve Closed IU 27.180.7 la t11,180.4 LVOC Function 

Water Coolant Valve Open IU 29.980.7 18 t12.980.4 LVDC Function 
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SECTION 3 

LAUNCH OPERATIONS 

3.1 SUMMARY 

The ground systems supporting the AS-507/Apollo 12 countdown and launch 
performed well. Several systems experienced component failures and 
malfunctions that required corrective actions, but all repairs were 
accomplished.in time to maintain the launch schedule. A leak developed 
in a Command and Service Module (CSM) LH2 tank during cryogenic loading, 
and the tank was replaced. An unscheduled hold of 6 hours was initiated 
at -17 hours to permit retanking cryogenics in the CSM. However, this 
delay time was recovered during the scheduled hold at -9 hours. Lauvlch 
vehicle propellant loading was accomplished satisfactorily. Launch 
occurred at 11:22:00 Eastern Standard Time (EST), November 14, 1969, from 
Pad 39A of the Saturn Complex. Damage to the launch pad, Mobile Launcher 
(ML), and support equipment was minor. 

3.2 PRELAUNCH MILESTONES 

A chronological sumnary of events and preparations 
of AS-507/Apollo 12 is contained in Table 3-l. 

3.3 COUNTDOWN EVENTS 

leading to the launch 

The AS-507/Apollo 12 countdown started with spacecraft preparations at 
-98 hours on November 8, 1969, at 19:00:00 EST. The primary portion of 
the launch vehicle puleparatiocs was picked up at -28 hours on November 12, 
1969, at 21:00:00 EST. icheduled holds in the launch countdown sequence 
were 12 hours duration at -66 hours, 16 hours duration at -48 hours, 9 
hours 22 minutes duration at -9 hours, and 1 hour duration at -3 hours 
30 minutes. During spacecraft preparations on November 12, 1969, a leak 
developed in the CSM LH tank No. 2 during cryogenic loading. The tank 
was drained and replace ?3 using a tank from Apollo 13. An unscheduled 
hold was initiated at -17 hours (08:OO:OO EST, Nove,nber 13, 1969) for 
retanking cryogenics in tiie CSM. Loading was completed in 0 hours, and 
the count resumed at 14:00:00 EST. The scheduled hold at -9 hours was 
reduced by 6 hours, thereby averting a launch delay. Launch occurred on 
schedule at 11:22:00 EST, November 14, 1969, from Pad 39A of the Saturn 
Complex. 
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Tdble 3-l. AS-507!Apollo 12 Prelaunch Milestones 

I DATE 

~ March 10, 1969 

Narch 34. 1969 

March 28, 1969 

April 21, 1969 

Ma?/ 3, 1969 

k1a.y 5 , 1 OG9 

May 7, 1969 

May 8, 1969 

May 21, 1969 

May 27, 1969 

June 7, 1969 

June IO, 1969 

June 12, 1969 

June 12, 1969 

June 16, 1969 

June 22, 1969 

June 23, 1959 

dune 27, 1969 

July 1, 1969 

August 17, 1969 

August 21, 1969 

September 8, 1969 

September 10, 1969 

September 30, 1969 

October 20, 1969 

October 28, 1969 

Octcber 29, 1969 

November 8, 1969 

November 14, 1969 

ACTIVITY OR EVENT 

S-IV?.-71; Ytdge Arrival 

Lwar Module (IM)-6 Arrival 

Conmand and Service Module (CSM)-108 Arrival 

S-II-7 Stage Arrival 

Z-Ii-7 Stage Arrival 

Spacecraft/Lunar Module Adapter (SLA)-15 
Arrival 

S-IC Erection 

Instrument Unit (iU)-7 Arrival 

S-!I Erection 

S-JVi3 and IU Erections 

CSM Pltitude Test With Prime Crew 

CSM Altitude Test With Backup Crew 

Launch Vehicle (LV) Propellant Dispersion/ 
Malfunction Overall Test (OAT) 

LM Altitude Test With 

LM Altitude Test With 

LM Landing Gear Insta 

LM/SLA Mate 

CSM/SLA Mate 

8ackup Crew 

Prime Crew 

lled 

Countdown 
Completed 

CDDT (Dry 

SV Launch 

SV Launch 

SV Flight l?eadiness Test (FRT) Completed 

PP-1 Loading Completed 

Demonstration Test (CDDT) 
(Wet) 

) Completed 

Countdown Started 

On Schedule 

Spacecraft (SC) Erection 

Space Vehicle (SV) Electrical Mate 

SV OAT No. 1 (Plugs In) 

SV Transfer to Pad A 

Mobile Service Structure (MSS) Transfer 
to Pad A 
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3.4 PROPELLANT LOADING 

3.4.1 RP-1 Loading 

The RP-1 system supported the launch countdown satisfactorily, and there 
were no major problem: The f!ll line cutoff valve in the Tail Service 
Mas.t (1st~) opened after liftoff and resulted ir, contamination of the RP-1 
piping -in the ML. Opening of the fSf1 line cutoff valve indicates a loss 
of valvn GN2 control pwssure. This incident has occurred on previolrs 
launches. The caust of the pressure loss is being investigated. 

3.4.2 LOX Loading 

The LOX system successfully supported the launch countdown. LOX loading 
'as completed and all stage LO): replenish operations started at about 

-5 hours 24 minutes. During the LOX replenish operations at about -1 hour 
22 minutes, tre repl,-nish pump magnetic clutch seized. Pump speed surged 
to motor speed (3600 RPM), and the LOX bypass conLrol valve was driven 
full open. There ~33s no evidence of system overpressure, and the relief 
valves did not open. The system was reverted and the backup pump chilled 
down. Rtple.?;bh operations were restored at about -55 minutes without a 
hold or countdown delay. 

In response to the LOX pump clutch failure, a manual clutch disengage 
command was issued frnm the firing room to remove current from the clutch 
field winding. The command was not received; however, the same command 
issued automatically as a part of the revert sequence was received. The 
problem was subsequently traced to a failed relay driver in the Pad A 
Data Transmission System (DTS). 

3.4.3 LH2 Loading 

The LH2 system supported the launch countdown satisfactorily. Vehicle 
LH2 loading was completed and replenishment ,;nitiated at about -3 hours 
50 minutes. 

During vehicle LH2 tank purge operations on November 7, 1969, the position 
switches on two LH2 system valves (S-IV5 auxiliary fill valve and storage 
area transfer 'ine valve) became inoperztlve an3 were replaced. The 
position switch on the transfer line valve failed again; and required 
replacement the day prior to launch. 

3.4.4 Auxiliary Propulsion System Propellant Loading 

Propellant loading o f tile S-IV6 Auxiliary Propulsion System,, (APS) was 
accomplished satisfactorily. Total propellant mass in both modules at 
liftoff was 405 lbm of Nitrogen Tetroxide (N2O4) and 252 lbm of Monomethyl 
tlydrazine (WH). 

3-3 



3.5 S-II INSULATION, PURGE AND LEAK DETECTION 

The performance of the S-II stage insulation was satisfactory. All 
performance parameters remained withit) acceptable levels, and no redline 
limits were exceeded throughout launch preparations. No excessive hazardous 
gas concentrations were encounteed. Operational television was used to 
inspect the insulation at various times during the countdawn, and no 
significant helium leakage was detected. The total heat leak through the 
insulation to the LH2 was well beiow specification Tamits. 

At about -66 hours, an area of debondcd insulative cork was discovered 
and repaired. Three relatively small bubbles in the sidewall insulation 
were observed on operational television prior to LOX loading. All were 
considered acceptable for flight. No subsequent changes in the insulation 
bllbbles new observed. 

The S-II-7 stage was the last stage to have heliun purged insulation. The 
purge system was used in conjunction with the leak detection system for 
detecting hazardous gas concentrations within the insulation while diluting 
or removing the leaking gases. 

3.6 GROUND SUPPORT EQUIPMENT (GSE) 

3.6.1 Grourd/Vehicle Interface 

Performance of the ground service systems supporting all stages of the 
launch vehicle was satisfactory. Extension cf the primary damper am was 
interrupted at about -9 hours 30 minutes because of interfermce between 
the damping cylinder rod and the Q-ball cover retract cable. A strong 
southwest wind of 20 to 30 knots had blown the cable against the damper 
arm, and cover removal might have resulted if extension operations had 
been continued. A similar condition existed during damper am retraction 
scheduled at -3 hours 38 minutes. In both instances, the cable sheath 
attached to the ML hammerhead crane had to be disass,mbled to obtain 
sufficient cable slack to allow free snn movement; however, this was 
accomplished with no countdown delays. The Q-ball retraction system 
functioned satisfactorily later. 

The Holddown Arms (HDA) and inflight tiilical disconnects functioned 
within design limits at vehicle liftoff. The HDA's were released at 
0.25 second (all released within an 8 millisecond period). The TSM 
retractions were normal. Service Arm ($A) total retract times to safe 
angles were within specifications. 

Postlaunch inspection revealed that overall damage to the launch site 
(Pad A), ML, and suPport equipment frun the blast and flame impingement 
was minor. A quench valve on SA No. 2 (Industrial Uater System) failed to 
open after liftoff. There was no apparent damage to the arm as a result. 
The lack of damage was due primarily to favorable wind conditions and 
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spillover fern quench valves above. A detailed discussion of the GSE will 
be contained in the Kennedy Space Center Apollo/Saturn V (AS-507) Ground 
Systems Evaluation Report. 

3.6.2 MSFC Furnished Ground Support Equipment 

Performance of the mechanical and electricai equipment supporting the 
launch operations was satisfactory. The Environmental Control System 
(ECS) was operated with the Instrument Unit (IU) temperature control 
system disabled (per MSFC direction); therefore, the water/methaqol 
temperature was controlled by the Ground Support Cooling Units (GSCU). 
Blast damage to the equipment was normal. Minor GSE deviations encountered 
during countdown were as follows: 

a. At approximately -16 hours 15 minutes, the S-IVB gas heat exchanger 
high-level sensor cycled randomly with no simulation applied (also 
cycled earlier in the countdown). The discrete was masked during 
LH2 loading with filling of the heat exchanger contrr>lled by manual 
override. At approximately -3 hours 40 minutes, the low-level sensor 
failed to drop out; the LH2 fill valve was operated manually in response 
to gas outlet temperature changes. 

b. Excessive noise was noticed in the Ml power supply to the IU at about 
-15 hours. The system was transfprrced to the redundant power suppTy 
while the original power supply was replaced with a spare. Subsequent 
troubleshooting revealed the source ilf the noise to be a vibrating 
sheet metal side panel on the power supply mechanical assembly. The 
panel was repaired, and the original power supply retained on the ML 
through launch for use as a spare. 

C. The rate gy;u, digital ramp generator No. 1 (ramp No. 2), which drives 
the Flight Control/EDS Rate Gyros, failed hardover at approximately 
-6 hours 51 minutes. As a result, all command gyros were driven 
munentarily to maximum procession. This condition suggested a 
malfunction of the driver amplifier in the ramp generator panel. The 
problem was corrected by procuring a previously calibrated driver 
amplifier from ML 3 for use in ML 2. 

3.6.3 Camera Coverage 

Upon review of the film coverage, the following conditions were observed: 

a. The S-II stage forward umbilical cover did not secure upon SA with- 
drawal from the vehicle. This condition also occurred during the 
AS-506 launch. 

b. The lightning discharge (2 bolts) that occurred at 36.5 seconds was 
observed on films from three cameras. One of thes? cameras was 
located on the ML access elevator; the other two were located about 
1300 feet frORl the vehicle (launch pad sites No. 4 and No. 5). 
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SECTION 4 

TRAJECTORY 

4.1 SUMMARY 

The trajectory parameters from launch to translunar injection were close to 
nominal. The vehicle was launched on an azimuth 90 decrees east of north. 
A roll maneuver was initiated at 12.8 seconds that placed the vehicle on 
a flight azimuth of 72.029 degrees east of north. 

The space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 10.4 m/s 
(34.1 ft/s) less than nominal. The space-fixed velocity at S-II OECO was 
17.3 m/s (56.3 ft/s) less than nominal. The space-fixed velocity at S-IVB 
first guidance cutoff was 0.6 m/s (1.9 ft/s) less than nominal. The alti- 
tude at S-I'iB first guidance cutoff was 0.5 kilometer (0.2 n mi) lower than 
nominal ar:d the surface range was 18.1 kilometers (9.8 n mi) greater than 
nominal. 

The space-fixed velocity at parking orbit insertion was 0.5 m/s (1.7 ft/s) 
less than nominal and the flight path angle was 0.014 degree less than 
nominal. The eccentricity was 0.00032 greater than nominal. The apogee 
;das 0 .2 kilometer (0.1 n mi) greater than nominal and the perigee was 4.0 
kilometers (2.2 n mi) less than nominal. 

The parameters at translunar injection were also close to nominal. The 
ecccntricit;# was 0.00100 less than nominal, the inclination was 0.019 
degree greater than nominal, the node was 0.033 degree lower than nominal, 
and C3 was 60,828 m2/s2 (654,747 ft2/s2) less than nominal. The space- 
fixed velocity was 1.6 m/s (5.2 ft/s) less than nominal and the altitude 
was 1.6 kilometers (0.9 n mi) less than nominal. 

Following Ltinar Module (LM) ejection, the vehicle was maneuvered to an 
inertially fixed attitude as required for the evasive maneuver. The 
evasive maneuver was accomplished by an Auxiliary Propulsion System (APS) 
ullage burn, after which the vehicle was oriented to a slingshot attitude 
fixed relative to local horizontal. The slingshot maneuver velocity change 
was accomplished by a LOX dump, APS u:lage bums, and LH2 vent. The 
S-IVB/IU closest aGoroach of 5707 kilonzttcrr (3082 n mi) above the lunar 
surface did not pro;ridr? sufficient energ,' to escape the earth-moon system. 
The failure to achieve slingshot was due to the application of an exces- 
sively long ullage engine bum which was calculated using the telemetered 
state vector rather than the vector obtained from tracking. Although the 
slingshot mareuver was not achieved, the fundamental objectives of not 
impacting the spacecraft, the earth or the moon were achieved. 
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The actual impact locations for the spent S-IC and S-II stages wee 
determined by a theoretical fEe-flight simulation. The surface range 
for the S-IC impact point was 1.2 kilometers (0.6 n mi) greater than 
nominal. The surface range for the S-II impact point was 26.7 kilometers 
(14.4 n mi) less than nominal. 

4.2 TRACKING DATA UTILIZATION 

4.2.1 Tracking During the Ascent Phase of Flight 

Tracking data were used from five different C-Band tracking stations 
during the period from the time of first motion through parking orbit 
insertion. 

The best estimate trajectory was established by using telemetered guidance 
velocities as generating parameters to fit the tracking data. Approxi- 
mately 15 percent of the tracking data was eliminated due to inconsist- 
encies. A comparison of the reconstructed ascent trajectory with the 
remaining tracking data yielded good agreement. The launch phase portion 
of the trajectory (liftoff to approximately LO seconds) was established 
by constraining integrated telemetered guidance accelerometer data to the 
early phase of the best estimate traJectciry. 

4.2.2 Tracking During the Parking Orbit Phase of Flight 

Orbital tracking was conducted by the NASA Manned Space Flight Network 
(MSFN). Three C-Band radar stations furnished five data passes for use in 
determining the parking orbit trajectory. There were also Wo passes of 
S-Band tracking data available which were not used due to the adequate 
coverage provided by the C-Band radar data. 

The parking orbit trajectory was obtained by integrating cor=cted inser- 
tion conditions forward to the S-IVB second bum restart preparation event. 
The insertion conditions, as determined by the Orbital Correction Program 
(OCP), were obtained by a differential correction procedure which adjusted 
the estimated insertion conditions to fit the C-Band radar tracking data 
in accordance with the weights assigned to the data. The venting model 
utilized to fit the tracking data was derived from telemetewd guidance 
velocity data from the ST-124M-3 guidance platform. 

4.2.3 Tracking During the Injection Phase of Flight 

C-Band radar data weep obtained fran Hawaii during the latter portion of 
the injection phase of flight. 

The injection trajectory was established by utilizing telemetered guidance 
velocities as generating parameten to fit the Hawaii tracking data. These 
data were fit through a guidance error model, initialized fmm the S-IVB 
restart vector obtained from the ohital solution, and constrained to the 
Translunar Injection (TLI) vector obtained from the post TLI trajectory. 
Comparison of the injection trajectory with the tracking data yielded good 
agreement. 
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4.2.4 Tracking During the Post Injection Phase of Flight 

Tracking data from three C-Band radar stations furnished data for use in 
determining the post TLI trajectory. The available S-Band tracking data 
were not used due to the availability of the C-Band radar data during the 
same time periods. 

The post TLI trajectory was obtained by integrating corrected injection 
conditions forward to S-I!'Z/CSM separation. The corrected injection 
conditions were determined by the same method outlined in paragraph 4.2.2. 

4.3 TRAJECTORY EVALUATION 

4.3.1 Ascent Trajectory 

Actual and nominal altitude, surface range , and cross range for the ascent 
phase alp presented in Figure 4-l. Actual and nominal space-fixed velocity 
and flight path angle during ascent are shown in Fig-e 4-2. Comparisons 
of total inertial accelerations are shown in Figure 4-3. The maximum 
acceleration during S-IC bum was 3.91 g. 

: 

Mach number and dynamic pressure are shown in Figure 4-4. These parameters 
were calculated using meteorological data measured to an altitude of 54.8 
kilometers (29.6 n mi). Above this altitude the measured data were merged 
into the U. S. Standard Reference Atmosphere. 
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Figure 4-1. Ascent Trajectory Position Comparison 
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Figure 4-2. Ascent Trajectory Space-Fixed Velocity and 
Flight Path Angle Ccmparisons 

Actual and nominal values of parameters at significant trajectory event 
times, cutoff events, and separation events are shown in Tables 4-1, 4-2, 
and 4-3, respectively. 

The free-flight trajectories of the spent S-IC and S-II stages were simu- 
lated using initial conditions from the final postflight trajectory. The 
simulation was based up;7 the separation impulses for both stages and 
nominal tunbling drag coefficients. No tracking data were available for 
verification. Tal>le 4-1 presents a comparison of free-flight parameters 
to nominal at apex for- the S-IC and S-II stages. Table 4-4 presents a 
comparison of free-flight parameters to nominal at impact for the S-IC 
and S-II stages. 
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Figure 4-3. Ascent Trajectory Acceleration Cmparism 

4.3.2 Farr<ing Orbit l,*ajectory 

The actual and nominal parking orbit insert;on parameters are presented in 
Table 4-5. The ground track fran insertion to 5-IVB/CsM separation is 
given in Figure 4-5. 

4.3.3 Injection '. rajectory 

Comparisons betwen the actual and nominal space-fixed velocity and flight 
path angle are shown in Figure 4-6. The actual &nd nominal total inerti; 
acceleration comparisons are presented in figure 4-7. Tbrourhout the S-IV3 
second bum pnase cf flight, the space-fixed velocity was close to nanincl 
with deviations more noticeable taJards the end of the time period. Ttw 
trajectory and targeting parameters at S-IVB second guidance cutoff are 
pre:ented in Table 4-2. 

4.3.4 Post TLI Trajectory 

The actual translc:ar injection conditions are compared with nominal fn 
Table 4-6. A canparison of the actual and nominal S-TVSJCSM separation 
conditions is presented in Table 4-3. 
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FigurP 4-4. Dynamic Pressure and Mach Nunber Comparisons 

4.3.5 S-IVB/IU Post Separation Trajectory 

A time history of the actual and nominal (real-time predicted) velocity 
increase along the vehicle longitudinal axis for the evasive and the 
slingshot maneuvers is presented in Figure 4-8. Table 4-7 presents a 
ccxnparison 01 the actual and naninal velocity increase due to the various 
phases of both maneuvers. 

I I I 
ACTUAI .- -.-..- 

--- -NONINAL 

The S-Il;rr/IU closest approach altitude of 57G7 kilometers (r)82 n ml) above 
the lunar surface occurred 85;8 hours into 4& mission. The actual and 
nominal (real-time predicted) conditions at the closest approach to the 
moon are presented in Table 4-8. Actual trajectory parmneters were 
determinea by integrating a state vector conquted by the Manned Spacecraft 
Center (MS) from Unified S-Band (USB) tracking data obtained during the 
active lifetime of We S-IVB/IU. Figure 4-9 illustrates the effect of the 
moon as the S-IVB/IU passes through the lunar sphere of influence. 
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Table 4-1. Comparison of Significant Trajectory Events 

-17,111 I, 1 ns il,L, N”“, 11.1 ‘L I . “,,cI 

First *nt,nn c.a;ly.. ,I.. ,( ‘f I 3 i n.n 

7rrf.l ,llP, t I.,, ,, #.:“,a( ,,,:!* *:..” I,1 14 Ill 53 
fft:x,‘] 

n.zl 
i jr. .‘4! 

(81 
Lia 1.5) 

(I 119, 
fn.n9) 

I1 (Ii) ,’ f,. n;,, 

*ach 1 Q*nqr 1 timI=. ICC 66, I hl 1 -I L 

Lltltuar. Lrn 
In ml) 27; 

:.I3 n.0 
(4 7) :;.n, 

I(alimum lr~naari Preqqur~ (Irnec Tlmc. <er RI I RI I -7.1 

Drnam~c Prec\ur., Nil-7 
f lhf/fO) 

1 77 3 17 -0.05 

-? , 
'sfl3.n) (691.4) '-10.4) 

a1t1tu4e. Lrn I2.R 
'n ml) 

II.5 -6. ? 
(6.9) (I-3) '-0.4) 

nalllum Total Inertial 
Acccirrrtlon. f-IC PanQe TltW, SC< I6l.tij 161.75 0.51 

Accclrrrtron. n/r7 
ift/r2) 

3R.34 33 R4 0.50 

'1) Y4 1 
' 1;;:;:; 

I::!:; 

S-11 Panwe lime. <cc 460.83 461.65 -0.62 

hccclcrrtrnn, m/s 7 

'ft/s" 
11.92 18.17 -0.25 

'q' ':!:::; ':::::; 
I-0.W) 
'-0.07) 

s-1m 13t Burn PanaP lime. see 693.98 flnq.94 4.05 

Lccrlcrrtion. r/r: 6.I7 

"Xi ' 

6.7; 0.00 
!?2.71) 

(0.69) ?I:::; 
(0.00) 
(0.00) 

s-IVI 2nd Hum lrnqc lime. *cc 1n.3Q.4.n7 10.385.09 -1.07 

Lccclcr4tinn. mlr' 
(ft/r~' 

14.55 II.53 0.02 
'I? 74) 

'a' 
(47.67) (0.01) 

(1 4Rl fl.tal (0.00) 

llrrlnur Earth-limed 
Velocity. S-IC R4n9c Time. stc 167.16 163.19 -1.01 

9*1ocity. mis ?.393.3 
(rt/r) 

7.401.9 -9.6 
'7.85?.0) (I.fl83.5) f-3i.5) 

s-11 nanor Time, SC‘ 553.20 551.89 I.31 

Vclccity. m/r 6.5LR.6 6.5-J 9 -1y.3 
(rt/r t '71.517.7) '21.574.5) '-56.8! 

s-tvn 1st (lurn nanac line. ICC II-I3 31 COO.86 4.05 

V*Ioctty. ClS 7.3119 I I.3R9.6 -0 5 
(CC/S' f74.?47.S) 124.744.1) '-1.6) 

s-IVB 2nd Rum Range Time, ICC 10.3A4 37 In.3A5.45 -1 13 

Vclocitv. mcs lC.3R7.4 in.3n3.3 -0.0 
‘ftls) i 34.(%3 P) '34.D66.D) '-3.0) 

APCB s-IC stsgr nave Tim*. ICC 775 6 ?I4 9 0.7 

Iltrtuac. rn 173 " 121 7 1.3 
'n art (66 4) i65 '1 iO.7) 

\urfr<r P*nqt. Cm 136 , 335 0 I 0 
rp maI (lP1 a1 ,1*0 '1, 10.5) 

I-II strftt qanw T~rnC. ICC 'IH' 7 ',7P , 3 5 

Ilt 1tuar. sm 191.7 ,zi,i 81 r. i 
In ml) (If,1 ') (1, i 1, if* 11 

\vrfrcr PantIP, Sal I .H.'d P I.bl 17 1; h 
(n rnll ,PVL ?V (i-b 41 ,r, 0, 

YOl[. limo, u\+a ,rc reh~ilr t1nr\. 

4-7 



Table 4-2. Comparison of Cutoff Events 
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cross aonoc vc1ocity. -1s 272.1 261.0 3.3 
(ft/r) (897 7) (801.9) (10.0) 

tcccntrcc3t~ a.%829 0.96949 -0.00120 

C3.. l 2/j2 (‘t IS?) -1.911.435 -1.4ICC.202 -73.233 
(-20.639.099, ~-19.850.87s) (-789.274) 

lacltnrtton. oc9 30.360 30.340 0.020 

Dcrccratnq slomc. oc9 120 344 120 376 -0.032 

mm:  Tims rsod .R mtlrch t-r. 

l c3 IS twice th* SbCClfIL qncrq. 0‘ OrbIt 

t3 - I7 -2 



Table 4-3. Corcparison of Separation Events 

OhSLlrf rin ACIUPI 

I 
YOlllNll ACT-NOlt 

f-ICIS-II SlP6nAlICa 

Nanqe Time. ICC 

liltltudr. km 
(n ni) 

Sur*act Rave. km 
fn m-1 

Soact-Fired Velocltr. a/r 
(rt:s) 

Flfoht Peth Lnqle. deq 

Wt8dlnO Anqlc. dta 

Crass nrngt. km 
,n El) 

Cross llrn9c Vtlocitv. s/s 
!rt/s) 

6todetic 14titvdt. dtp N 

161.4 16.3.) 

58 1 b8.4 
(11.1) (36.9) 

15.1 
,)!.I) 

?.?59.? 
(?.flS4.1) 

93.7 
ISI.?) 

?.??O.? 
,9.090.: 

7n.430 70.213 

i5.226 

-0.2 
I-0.1) 

75.351 

0.3 
(0.2) 

,*9y 

18.869 

longitude. deq C 

,A; - 1 28.871 

-79.677 -79.6713 -lJ.OO? 

S-II/S-IV8 SEPARATION 

Ranat lime. set 

se 

s53.2 551.9 

Lltitudt. CI 190.4 190.1 
(n 9i) ,102.A) \IO2.6) 

Surfrct @amt. km 1.644.0 1.643.0 
(n mi) (RR?.?) ,887.l) 

Space-Filed Vtlocltv. aIs 6.961.9 6.9?9.1 
,ft/r) ,??.RI(I.9) ,7?.!39?.3) 

Flt9ht l 4th Lnqlt. Jtq 

Ncrdlnq hqlt. dto 

cross Ranpt. km 
(n ai) 

Cross Range VtI0cit.r. m/s 
(ftls) 

0.432 cl.451 

67.533 w.495 

2?.0 21. I 
(10.6) (14.61 

Ltodttic Latitude. dto N 

lon9itudt. de9 t . 

179.3 
fs6e.3: 

31.915 

175.8 
(2’6.n) 

31.923 

-63.934 -63.943 

I altitude. km 

I 
(n ni) 

I force-Frmtd VtIOCitv. m/S 
fft/c 1 

il(9h! Oath a,nq1r. 4to 

Ntrdtnq anale. de9 

L 

Gtodttlc Latltudt. dcp C 

Longitude. @to F 

7.073.3 
(3.l319.3) 

7.578.0 
(74.SSS.S) 

45.09? 

lOO.l94 

?R.3IS 

-79.517 

s-IV'SICS'I SEPANlifIon 

11.885.2 

7.075.1 
,3.NPJ.Z) 

7.qeo.9 
,ZI.R?1.?1 

45.1nt 

100 1171 

?W 83,: 

I'4 743 

-0.0 

loPi: 
-0.5 

,-n.3) 

-11.0 
(-36.lj 

0.217 

-0.123 

-0.5 
(-0.3) 

-6.2 
t-20.31 

0.002 

I.3 

0.3 
(0.2) 

1.0 
(0.6) 

-17.2 
(-56.4) 

-0.019 

0.036 

-0.1 
(0.0) 

,111;;: 

0.002 

0.009 

-0.3 

-1 .e 
(-0.9) 

-1.9 
(-6.2) 

-n.olo 

0.111 

.fl.rll5 

0.706 

NOTE: liws used 4re vehicle trrs. 
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Table 4-4. Stage Impact Location 

PARAMETER ACTUAL 
I 

WOtl1N4L 
I 

ACT-NOM 

S-IC STAGE IMPACT 

Range Time. set 554.5 554.1 0.4 

Surfice Range. km 676.4 675.2 
(n ni) (365.2) (364.6) CO!;: 

Cross Range. km -2.1 
(n mi) (3";; (4'1i', (-1.2) 

Geodetic Latitude. deq N 30.273 30.253 3.020 

Lanqitude. deq E -73.895 -73.903 0.008 . . 

S-11 STAGE IMPACT 

Range Time. set 

Surface Ranqe. km 
(n ml) 

',;bI:;; 

Cross Range. km ?45.9 145.: 
(n mi) (T6.8) (78.7) 

Geodetic-Latitude. deq N 31.465 31.438 

Longitude. deq I -34.214 -33.937 

-3.1 

-26.7 
(-14.4) 

0.027 

-0.277 . 

The actual longitudinal velocity change during the slingshot maneuver was 
very close to nominal; honever, the LVDC state vector used to target the 
S-IVD/IU in real time did not reflect an existing underspeed condition at 
TLI. This under-speed condition coupled with the slingshot maneuver caused 
the S-IVB/IU lunar radius of closest approach, 7445 kilometers (4020 n mi) 
to be greater than the maximlrm allowable radius for escape fran the earth- 
moon system, namely, 5100 kilolneters (2754 n mi) for AS-507 mission. 

Table 4-9 presents the contributing fdctcrs which initiated the real time 
calculation of the additional APS burn. These factors :dere available in 
real time at Marshall Space Flight Center (MSFC). The resulting 11.2 m/s 
(36.75 ft/s) velocity change corresponds to an additional 270-second APS 
burn. Table Q-10 presents the corresponding contributors of the velocity 
change used to calculate the additional APS burn based on a post TLI track- 
ing vector. This vector was not available in real time. The resulting 
velocity change of -1.8 m/s (-5.91 ft/s) represents approximately 45 
seconds of APS bum duration. Therefore, the programed 300-second APS 
bum could have been shortened to 255 seconds to target to the center of 
the slingshot window. PtsC was aware of the d'sagreement between the LVDC 
and tracking state vectors at lL1 but did not relay the information to 
MSFC for real time processing. HSC was not aware that the existing IU 
vector error would significantly affect the slingshot targeting. 
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Table 4-5. Parking &%it Insertion Conditions 

ACT IlAl 

7Ol.Ql 

Ion.9 
(In3.1) 

?,7r(2.5 
'75.?6<.9) 

-0.n14 

RR.SAfl 

32.540 

173.176 

n.nonJ? 

185.4 
(lon.1) 

181.2 
(9i.R) 

RR.16 

. 32.f.87 

-51.lJl 

- 

NOWINAI 

693.86 

191.4 
(103.3) 

?,?91.fl 

i75.567.6) 

o.nnn 

RR 456 

37.545 

1?3.~46 

n. onnno 

I 8 c. :7 
(1nn.a) 

IRS.? 
-(lflO.f1) 

RR.:*1 

3?.681 

-51.323 

ACT-NOM 

4:05 

-0.5 
(-0.2) 

-0.5 
(-1.7) 

-0.fJ14 

f1.124 

-0.005 

-n.nzo 

.n.n0032 

(00;; 

-4.0 
(-7.2) 

-O.d,a 

0.001 

0.102 

3 FIRST REVOLUTION 

3 2 SECONI' REVOLUTION 

:ONGi:LDE. dcg 

Figum 4-5. Ground Track 
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Table 4-6. Translunar Injection Conditions 

PARAMETER 

Range Tinte, set 

Altitude, kn 
fn 

Space-Fixed 

Fliqht Path 

Headinq Ang 

lncl ination 

mi) 

Velocitv, m/s 
(ft/s) 

Ancjle. deo 

e, deq 

de9 

Descendinq Kode. deq 

ACTUAL NOM I NAI 

-es- 
10.393.94 10.395.31 

(Xbf 
37t.2 

(193.9) 

.10,786.4 
:35.3gs.o! 

8.603 

63.88b 

30.336 

120.371 

Eccentricity 

c3* m2/s2 
(ft2/s2) 

10.786.8 
(35.383.8) 

8.584 

63.902 

30.355 

120.338 

0.96966 

-1.834,42S 
-19.745.586) 

0.97066 

-1.773.597 
(-19.090.839) 

NOTE: Tir,les used are vehicle tfmes. 

Table 4-7. Comparison of Slingshot Maneuver Velocity Incmnent 

PARAMETER ACTWl NOWIWAL ACT-NM 

Longitudinal Velaci:.y 
Increase, m/s 

(ft/s) 
38.2 38.1 

:125.3) (125.0) 

APS Evas'ge Maneuver. m/s 
(e/s) (9:;: 

Continuous Vent Svstea+, n/s 
(ft/s) 

LOX 0ump.'m/s 

(95: 

(ft/s 1 
10.0 

(32.8) 

Proqranmed APf 
(300 seconds) 

Burn, 11.8 12.7 -0.9 
(38.7) (41.7) (-3.0) 

Ground Commanded APS 8urn,nfs 10.7 11.2 -0-s 
(270 ceconds) (ft/sl (35.1) (36.7) (-1.6) 

l latched open at T8 + 580 seconds. 

AC I -NOM 

-1.07 

-1.6 
(-0.9) 

-1.6 
(-!.2) 

-0.019 

0.022 

0.019 

-0.033 

-0.00100 

-60,828 
(-654,747) 

(3ly 
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Figum 4-6. Injection Phase Space-Fixed Velocity and 
Flight Path Angle Comparisons 
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Figurp 4-7. Injection Phase Acceleration Comparison 
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Table 4-8. Comparison of Lunar Closest Approach Para&ers 

PARAMFTER 

Se?enocentric nistante, km 
(n mi) 

Altitude Above Lunar 
Surface, krl 

(+l ?lij 

Ranqe Time, llr. 

Velocity I!ic!-ease Relative 
t.o Earth f!-om Lunar 
Encounter. m/s 

(n mi/s) 

ACTUAL 

7,445 

(4,020) 

5,7G7 
(3,082) 

35.8 

548 
(3.296) 

NOM!NAL 

3,400 
(1.836) 

L.662 
(897) 

84.1 

850 
(0.459) 

ACT-NOM 

4,045 
(Z.1841 

4,JSS 
(2,185) 

1.7 

Figum 4-8. Slingshot Maneuver Longitudinal Veloct ty Change 
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Table 4-9. Velocity Change Due to APS Burn Based on 
TLI IU Vector Available in Real Time 

L 

c 

1 

CONTRIBUTING FACTORS 
AI'S VELOCITY CHANGE 

M/S (FVS) 

1 IU Vector at TLI (indicated 1.0 (3.28) 
a slight overspeed) 

2 Post TLI CVS (known preflight) 1.4 (4.59) 

3 T8 Initiate (slight delay from 0.3 (0.98) 
preflight estimation (115 seconds) 

4 LOX Ullage Pressure (lower than 2.5 (8.20) 
preflight nominal approximately 
4.5 psia) 

5 Updated T8 CVS Prediction 5.5 (18.04) 
(known preflight) 

6 Delay in Cor;manded APS Burn 0.5 (1.64) 
(approximately 600 seconds) 

TOTAL 11.2 (36.75) 

Table 4-10. Velocity Change Due to APS Bum Based on 
Post TLI Tracking Vector Not Available in Real Time 

CONTRIBUTING FACTORS AI'S VELOCITV CHANGE 
M/S (FVS) 

1 Tracking Vector Imediately -12.0 (-39.37) 
After TLI (indicated 
significant underspeed) 

2 Post TLI CVS (known preflight) 1.4 (4.59) 

3 T8 Irlitiate (slight delay from 0. : (0.98) 
preflight estimation (115 seconds) 

4 LOX Ullage Pressure (lcwer than 2.5 (8.~1 
preflight nominal dpprcximately 
4.5 psia) 

5 Updated T8 CVS Prediction 5.5 (18.04) 
(knwn preflight) 

6 Delay in Coumwuied APS Bum 0.5 (1.64) 
(approximately 603 seconds) 

TOTAL -1.8 (-5.91: 
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SECTION 5 

S-IC PROPULSION 

5.1 SUIWARV 

All S-IC propulsion systems performed satisfactorily and the propulsion 
performance level was very close to the predicted level. Sta e site 
thrust (averaged from liftoff to Outboard Engine Cutoff [OECO 3 ) was 0.55 
percent higher than predicted. Totai propellant consumption rate was 
0.26 percent higher than predicted with the total consumed Mixture Ratio 
(MR) 0.34 percent higher than predicted. Specific impulse was 0.20 pi'- 
cent higher than predicted. Total propellant consumption from Holddown 
Atm (HDA) release to OECO was 1~ by 0.05 percent. The planned l-2-2 
start sequence was not attained, but caused no problems. 

Center Engine Cutoff (CECO) was initiated by the Instnrment Unit (IU) at 
135.24 seconds as planned. Outboard engine cutoff, initiated by LOX lan 
level sensors, occurred at 161.74 seconds which was 0.74 second earlier 
than predicted. This is a small difference compared to the predicted 
3-sigma limits of +5.28, -3.67 seconds. The LOX residual at OECO was 
42,093 lbm canpared to the predicted 39,449 lbm. The fuel residual at 
OECO was 36,309 lbm compared to the predicted 31,965 lbm. 

5.2 S-IC IGNITION TRANSIENT FCRFOWANCE 

The fuel pump inlet prWgni tion pressure was 45.2 psia and within F-l 
Engine Model Specification limits of 43.5 to 110 psia. 

The LOX punp inlet preignition pressure and temperature were 81.9 psia 
and -287.7"F and were within the F-l Engine Model Specification limits as 
shown in Figure 5-1. 

The planned l-2-2 start was not attained as seen in Figure 5-2. Engine 
position starting order was 5, l-3, 2 and 4. Two engines are considered 
to start together if their combustion chamber pressures reach 100 psig in 
a 1OCmillisecond time period. Engine No. 4 reached 100 psig chamber 
pressure 0.207 second slower than predicted and 0.202 second later than 
en9ine No. 2, resulting in a l-2-l-l start. Structurally, a l-2-2 start 
is desired for minimizing the start and liftoff dynamics caused by thrust 
buildup of the engines. The dynamic effects of other start sequences on 
the Saturn V structu= are not fully known at this time. The 1-2-1-1 
start caused no problems, although it shouid be noted that AS-507 liftoff 
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LOX Pu9 ImET PIlEssIRE. a/cd 

Figure 5-l. S-IC LOX Start Box ;2equirPments 

dynamics were somewhat higher than those on previous flights but were well 
within design limits (see paragraphs 9.2.1 and 9.2.2). 3y definition, a 
l-2-2 start occurs where the desired engine thrust buildup sequence is as 
follows: The center engine is to achieve 90,000 lbf thrust (100 psig 
chamber pressure) a -2.960 seconds, the first pair of outboard engines 
at -2.660 seconds, and the second pair of outboard engines at -2.360 
seconds. Each F-l engine has d istinctive starting characteristics re- 
quiring individually progralr,ed start signals in order to minimize the 
dispersions in achieving ?ne 90,000 lbf thrust level at the desiwd time. 
Determination of start signal presettings is one objective of static 
firing the S-IC stage. Keith start signal presettings established by 
stage static firin 9 of a particular stage there is a large probability 
that a l-2-2 stirrt will be achieved during ignition of this stage at 
launch. This large probability '11 not exist when static firing of the 
S-IC stages is terminated on the 
quent stages). 

"foilow-on" stages (S-IC-16 and subse- 

The best estimate of propellants consumed between ignition and HDA release 
was 84,635 lbm. The predicted consumption was 85,364 Ibm. Propellant 
loads at HDA release were 3,241,657 lbm for LOX and 1,408,194 lbm for 
fuel. 
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Figure 5-2. SIC Engine Buildup Transients 

5.3 S-IC MAINSTAGE PERFORMANCE 

S-IC stage propulsion performance was vpry close to the predicted level 
as can be seen in Figure 5-3. The stage site thrust [averaged from range 
time zero to OECO) was 0.55 percent higher than predicted. 

Total propellant consbmpt!on rate was 0.26 percent higher tnan predicted 
and the total consuned propellant MR was 0.34 percent higher than pre- 
dicted. The specific impulse was 0.20 percent higher than predicted. 
Total propellant consunption from HDA mleasc to OECO was iow by 0.05 
percent. 

For comparing F-l engine flight performance with pwdicted perfomance. 
the flight performance has been analytically reduced to standard conditions 
and compared to the predicted performance which is based on ground firings 
and also reduced to standard conditions. These values are shown in 
Table 5-l at the 35 to 38-second time slice. individual engine deviations 
from predicted thrust ranged from O.c\66 percent lower (engine No. 4) to 
0.668 percent higher (engine No. 3). Individual engine deviations from 
specific impulse ranged from 0.038 percent lower (engine No. 4) to 0.113 
percent higher [engine No. 3). 
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Table 5- . S-IC Individual Engine Perfomance 

i ENGINE PARAHETER 

5 

Specific Impulse, 1 
Ibf-s/lbm 2 

I 3 
4 
5 

Total Flowrate 1 
lbmls 2 

: 
5 

Mixture Satio 1 
LOX/Fuel 2 

: 
5 

1500 1508 
1525 1525 
1498 1508 
1523 1522 
1523 1531 

265.1 265.3 
264.4 264.4 
264.6 264.9 
265.8 265.7 
264.0 264.2 

5658 I 5685 0.477 
5768 5765 -0.052 
5660 5694 0.601 0.292 
5729 

I 
5725 -0.07 

5768 5797 0.503 

0.533 

0.66: 0.332 
-0.066 
0.525 

0.075 I 
0 

0.113 

I 

0.045 
-0.038 
0.076 , 

-0.044 
-0.132 -0.079 
-0.088 
-0.132 

0 

NOTE: Performance levels were reduced to standard sea level and purrp inlet 
conditions. Data was taken from the 35 to 38-second the slice. 

5.4 S-IC ENGINE SHUTDCMN TRANSIENT PERFOIUMNCE 

Center engine cutoff was initiated by a signal from the IU at 135.24 
seconds as planned. Outboarti engine cutoff, initiated by LOX low level 
sensors, occurred at 161.74 sec&ids which was 0.74 second earlier than 
predictid which is a small difference conpared to the predicted 3-signa 
limits of i5.28, -3.67 seconds. 

Thrust decay of the F-l engines was nominal. 

Engine cutoff impulse was approximately 2.8 percent higher than pedicted 
for the outboard engines and approximately 6.7 percent lower than pm- 
dieted for the center engine. 

5.5 S-IC STAGE PROPELLANT MANAGEMENT 

The S-IC does not have an active Propellant Utilization (PU) system. 
Minimum residuals are obtained by attempting to load the MR expected to be 
consumed by the engines plus the predicted unusable residuals. An analysis 
of the usable residuals experienced during a flight is a good measure of 
the perfonna>ce of the passive PU system. 
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Outboard engine cutoff was initiated by tne LOX ion level sensors as 
planned, and resulted in residual propellants being very close to the 
predicted values. The residual LOX at DECO was 42,093 lbm compared to 
the predicted value 0; 39,449 lbm. The fuel residual at DECO was 
36,309 lbm compaiod to the predicted value of 31,965 lbm. A sumnary of 
the propellants remaining at major event times is presented in Table 5-2. 

5.6 S-IC PRESSURIZATION SYSTEMS 

5.6.1 S-IC Fuel Pressurization System 

The fuel tank pressurization system performed satisfactorily keeping 
ullage pressure within the acceptable limits during flight. Helium 
Flow Control Valves (HFCV'S) No. 1 throu9h 4 opened as planned and HFCV 
No. 5 was not requiIpd. 

The low flow prepressurization system was commanded on at -97 seconds. 
High flow pressurization, accomplished by the onboard pressurization 
system, performed as expected. Heliun flow control valve No. 1 was 
comrnantied on at -2.7 seconds and was supplemented by the high flow 
prepressurization system until wnbilical disconnect. 

Fuel tank ul lage pressure was within the predicted limits throughout 
flight as shown in Figure 5-4. Helium flow control valves No. 2, 3, and 
4 were Lomnanded open during flight by the switch selector within accept- 
able limits. Helium bottle pressure was 3050 psia at -2.8 seconds and 
decayed to 430 psia at OECO. Total helium flout-ate and heat exchanger 
performance were as expected. 

Fuel pump inlet pressure was maintained above the required minimum Net 
Positive Suction Pressure (NPSP) during flicJht. 

5.6.2 S-IC LOX Pressurization System 

The LOX pressurization system perfoned satisfactorily and all performance 
requirements were met. The ground pmpressurization system maintained 
ullage pressure within acceptable limits until launch camnit. The 
onboard pressurization system subsequently maintained ullage pressure 
within the GOX Flow Control Valve (GFCV) band during flight. 

The PreprPssuriration system was initiated at -72 seconds. Ullage ptprsure 
increased to the pressurization switch band and flar was terminated at 
-57 seconds. The low-flow system was cycled on two additional times at 
-40 and -16 seconds. At -4.7 seconds the high-flow system was commanded 
on and maintained ullage pressure within acceptable limits until launch 
cotmnit. 
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Table 5-2. S-IC Stage Propellant Mass History 

PREDICTED.LW LEVEL SENSOR 

EVENT DATA, LBH RECONSTRUCTED,LBF: 

LOX FUEL LOX FUEL LOX FUEL 

Ignition 3.308.605 1.428.857 1,424,287 3.310.199 1.424.287 
Cmqd 

I - 

Holddown 3.241.829 1,410,269 3.235.033 1.403.862 3.241.657 
Awn Release 

1.4OB.194 

CECD 486,229 j 223,423 478,735 222.445 477,935 222.141 

' r)EC13 39,449 I 31,965 41,683 36.048 42,093 36.309 

separation 34.908 I 29.585 - s 37.552 33,929 

Zero; Thrust 33.123 I 29,226 - s 36.242 33.142 

NOTE: Predicted and reconstmcted values 00 not include pressurization gas so they will 
ccware dith level sensor data. 

f 

HFCV n0. I OPEN, -2.7 
HFCV W. 2 DPEN. SO.1 
HRVW. 3 cPFN.95.9 
Hfcv m. 4 DPEN, 133.0 

- 
. 

z 
z 

E 16 , 

25 

, ,-w . . .m . . . 

4D 60 80 loo 128 140 160 
Iw#E TIIIE.SECOmS 

Figure 5-4. SIC Fuel Ullage Pressure 
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The LOX tank ullage pressure during flight, shown in Figure 5-5, was 
maintained within the required limits throughout flight by the GFCV. 
The maximum GOX flowrate to the tank (at CECO) was 54.7 lbm/s. The 
heat exchangers performed as expected. 

The LOX pump inlet pressure met the minimum NPSP requirement throughout 
flight. The engine No. 5 LOX suction duct pressure decayed after CECO 
similar to previous flights. Analysis has indicated that this pressure 
drop can be attributed to leakage through the F-l engine LOX punp primary 
seal and is a normal occurrence. Ther-pfore, the pressure drop will be 
expected as a normal occurrence on future flights. 

5.7 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM 

The control pressure system functioned satisfactorily throughout the 
S-IC flight. 

Sphere pressure was 3017 pcia at liftoff and remained steady until CECO 
when it decreased to 290@ psia. The decrease has due to actuation of 
the center engine prevalves. There was a further decrease to 2544 psia 
after OECO. The engine prevalves were closed after engine cutoff as 
required. 

5.8 S-IC PURGE SYS'IEMS 

Performance of the S-IC purge systems was satisfactory during the flight. 

The turbopump LOX seal purge storage sphere pressure was within the limits 
of 2760 to 3300 psia until ignition and 3300 to 1000 psia from liftoff to 
cutoff. 

I I 
FLIGHT DATA 

0 20 40 60 80 100 120 140 160 

RANGE TIf'IE. SECONDS 

Figure 5-5. S-IC LOX Tank Ullage Pressure 
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5.9 S-IC POGO SUPPRESSION SYSTEM 

The PGGO suppression system performed satisfactorily during S-IC flight. 

Outboard L3X prevalve temperature measurements indicated that the 
prevalve cavities were filled with helium prior to liftoff as planned. 
The measurements in the outboard prevalves went cold momentarily at 
liftoff indicating LOX sioshed on the probes. They remained warm 
throughout flight, indicating helium in the prevalves. At cutoff, the 
increased pressure forced LOX into the prevalves once more. The two 
measurements in the center engine prevalve indicated cold, which want 
LOX was in this valve, as planned. 
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SECTICIN 6 

S-i I PRCPLllSION 

6.1 SUMMAR! 

The S-II propulsion system performed satisfactorily throughout the 
flight. The S-II Engine Start Command (ESC), as sensed at the engines, 
occur,ed at 163.17 seconds. ?e;lte:- Engine Cutoff (CECO) occurred as 
planned at 460.75 seconds ,nd outboard tngine Cutoff (DECO) occurred 
at 552.34 seconds giving an otitboard engine o,>eration time of 389.17 
seconds or 2.1 seconds longer than predicted. Total stage thrust, a5 
determined by computer analysis of telemetered propulsion measurements 
at 61 seconds after S-II ESC, ilas 3.35 percent below predicted. Total 
propellant flowrate jjncluding pressurization flow) was equai to the 
predictpi, and stage specific impulse was 0.05 percent belw predicted 
at this time slice. Stage propellant Mixture Ratio (Ml?) was 0.36 nexent 
above predicted. Engine thrust buildup and cutoff transients were 
satisfactory. 

Lcw frequency, lcw amplitude oscillations were observed on all engines 
during S-11 boost prior to CECO. Net engine performance levels were 
not affected. 

The propellant management system performance was satisfactory. The 
system used open-loop control of the engine Propellant Utilization (PU) 
vdlves similar to the AS-506 flight. The Instrur?ent Unit (IU) command 
to shift Engine Mixture Ratio (EMR) from high to low was initiated upon 
attainment of a preprogramed stage characteristic velocity as sensed by 
the Launch Vehicle Digital Computer [t.VDC). The IU EME shift ccmlmand 
occurred 2.q seconds lattr than predicted and was due mainly to ovet- 
loading of the S-II and the upper stages. 

S-I I OECO, initiated by We LOX lo\+ level cutoff sensors, was achieved 
following a planned 7.5-second time delay. A small engine performance 
decay was noted just prior to cutoff similar to AS-506. Residual oro- 
pellant remaining in the tank s at OECO signal was 6138 lbm compared to 
trre prediction of 5787 lbm. 
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The performance of the LOX and LH2 tank pressurization systems was satis- 
factory. Ullage pressure in both tanks was more than adequate to meet 
engint: in'let propellant requirements throuqhout mainstage. As commanded 
by the IU, step pressurization occurred at 261.7 seconds for the LOX 
tank and 461.7 seconds for the LH2 tank. 

The engine servicing, -*circulation, heliun injection and valve actuation 
systs;i;s ali performed satisfactorily. During the launch countdarn check- 
out, the valve actuation system receiver pressure decay rate exceeded the 
maximum allowable limit. This exct:ssive pressure decay was attributed to 
therrrlsl effects. The receiver pressure decay during flight was negligible. 

6.2 S-II CHILLDOWN AN3 BUILDUP TRANSIENT PERFORMANCE 

The prelaunch servicing operations required to condition the engires 
were satisfactorily accomplished. Thrust chmber chill requiwzts are 
-200°F maximum at prelaunch cornnit (-19 seconds) and -150°F maximum at 
engine start. Thrust chamber temperatures werze bgithin predicted limits, 
ranging between -294 and -263°F at prelaunch camnit and between -235 and 
-203°F at engine start. Thrust chamber temperature warmup rates during 
S-IC boost agreed closely with those experienced on previous flights. 

Beginning with AS-507, the Ground Support Equipment (GSE) engine start 
tark pressurization regulator setting was increased from 1175 f15 psia 
to 1225 +25 psia , And the m.inimun pressure line of the prelaunch redline 
box was lowered approximately 10 psi. These changes nere made to reduce 
the possibility of low start tank pressures which were experienced on 
AS-506. System performance was entirely slit- #factory. Both temperature 
and pressure conditions of the start tanks weep within the mquired 
prelaunch and engine ctart boxes as shown in Figuvle 6-l. 

Start tank temperature and prassuw increases during S-IC boost were 
nominal and close to b,5-536 mjults except for engine No. 5. Engine No. 5 
start tank pressure remained constant during the final 100 seconds of boost 
although the temperature wamd up approximately 2°F. Other engine start 
tank pressures increased 10 to 25 psia. It is concluded that engine No. 5 
start tank pressure rel :zf valve was relieving during this period, however, 
tank pressure at S-II ESC was rlominal at 1310 psia. 

All engine Iielium tank pressures were within the pwzlaunch and engine 
start limit; of 2800 to 3450 psia. The heli~n tank ressures ranged 
between 316C and 3230 psia at prelaunch (-19 seconds P and between 5250 
and 3350 ysia at S-II ESC. 

The LOX and LH2 recirculation systtms used to chill the feed ducts, 
turbopumps, and other engine components performed satisfactorliy during 
prelaunch and S-IC boost. Engine pump inlet Wnperaturc?s and pressures 
at engine start were wel? within the requirements as shown in Figure 6-2. 
The LOX pump discharge temperatures at S-II ESC were 13.9 to 16.4"F 
subcooled, which IS well belaJ the 3°F subcooling requirwnent. 
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Figure 6-l. S-II Engine Start Tank Performance 

Prepressurization of the propellant tanks was satisfactorily accomplished. 
Uilage pressures at S-II ESC.welo 40.2 psia for LOX and 28.5 psia for LH2. 

S-II ESC was received at 163.17 seconds and the Start Tank Discharge Valve 
(STDV) solenoid activation signa! occurred 1.0 second later. The engine 
thrust buildup was satisfactory and within the required thrust buildup 
envelope. Two engines (No. 1 and 3) exhibited a slightly more rapid 
thrust buildup than the other engines, and also a small overshoot of the 
100 percent titirust level at null EMR. This condition was caused by a 
slightly different opening action 0, f the Main Oxidizer Valves (MOV) on 
these engines. The ramp rates were slower during the initial portion of 
the valve second stage positioning phase, however the overall valve 
opening times were not abnormal. Similar engine MOV operating character- 
istics have been infrequently observed on previous flight and stage 
acceptance testing. The stage thrust reached mainstage level at 166.4 
seconds. 

6.3 S-II MAINSTAGE PERFORMANCE 

The propulsion reconstruction analysis showed that stage performance 
during mainsrage operation was satisfactory. A canparison of predicted 
and reconstructed performance of thrust, specific impulse, total flcwrate, 
and mixture ratio versus time is shown in Figure 6-3. Stage performance 
during the high EMR portion of the flight was very close to predicted. 
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At a time slice of ESC +61 seconds, total stage thrust was 1,161,534 lbf 
which is only 557 lbf or 0.05 percent below the preflight prediction. 
Total propellant flowrate (including pressurization flaw) was 2743 lbm/s 
which was identical to the prediction. Stage specific impulse, including 
the effect of pressurant gas flowrate, was 423.4 lbf-s/lbm which is 
0.05 percent below the predicted level. Stage propellant MR was 0.36 per- 
cent above prediction. 

At ESC +297.58 seconds (460.75 seconds), the center engine was shut down 
as planned. This action reduced total stage thrust by 231,089 lbf to a 
level of 925,145 lbf. The shift from high to low EMR operation occurred 
approximately 327 seconds after ESC. The change of E?lR kesulted in 
further thrust reductio,l, and at ESC +340 seconds the total stage thrust 
was 692,787 lbf; thus a decrease in thrust of 232,358 lbf is indicated 
between high and low EMR operation. The deviation of actual from predicted 
performance remained small at the lawer EMR levels. S-II operation time 
from ESC to OECO was 389.17 seconds. The bum duration was 2.1 seconds 
longer than predicted. 

Individual J-2 engine data, excluding the effects of pressurization flow- 
rate, are presented in Table 6-l for the ESC +61-second time point. Very 
good correlation between prediction and flight is indicated by the small 
deviations. Flight data reconstruction procedures were directed toward 
matching the engine and stage acceptance specific impulse values while 
maintaining the engine flow and pump speed data as a baseline. 

Data presented in Table 6-l are actual flight data and have not been 
adjusted to standard J-2 engine conditions. Considering data that have 
been adjusted to standard conditions through use of a computer p-ogram, 
very little difference from the results shown in Table 6-l is observed. 
In comparison to the vehicle acceptance test performance, the adjusted 
data showed engine No. 1 to be 1.1 percent low and engine No. 2 to be 
0.73 percent high in thrust, which agrees closely with performance levels 
achieved during engine acceotance testing. 

A usual complement of minor engine performance shifts were observed during 
analysis of stage flight data. Available flight instrunentation does not 
permit a detailed investigation of the cause for each performance shift, 
however, the more familar ones can be recognized by their characteristic 
effects on basic flight parameters. A summary of identified engine per- 
formance shifts on AS-507 flight is given in Table 6-2. None of these 
shifts are presently considered to be unusual in either magnitude or 
cause. Low frequency oscillations in the 14 to 20 hertz region existed in 
propulsion parameters during four periods of the S-II burn. This is evi- 
dent in all engine chamber pressures as seen in Figure 6-4. A detailed 
discussion of these oscillations is given in paragraph 9.2.3. 
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Table 6-1. S-II Engine Perfonance Deviations (ESC +61 Secmdsj 

PERCENT 
I 

PERCENT 
INDIVIDUAL AVERAGE 
OLVIATION 1 DEVIAThI PARAMETER 

Thrust, lbf 

TNGINE 

1 
2 
a 

5 

PRDICTED RECOMTRUCTED 

234.614 231,921 
231,399 233,298 
231,642 232,413 
231,559 231,113 
232,877 232,789 

-1.15 
0.82 
0.33 

-0.19 
-0.04 

-0.09 
-0.09 
0.05 

-0.12 
-0.05 

I -0.05 

Specific 
Impulse, 
lbf-s/lbin 

1 424.9 424.5 
2 E25.8 425.4 
3 424.5 424.7 
: 424.6 426.0 425.8 424.1 

-0.06 

-1.07 
0.92 
0.27 

-0.09 
0.02 

1 552.2 546.3 
2 543.4 548.4 
3 545.7 547.2 
: 545.4 546.6 546.7 544.9 

Engine 
Flowrate, 
lbm/s 0.01 

Engine 
Mixture Ratio, 
LOX/Fuel 

0.54 
0.91 

-0.54 
0.54 
0.72 

: 5.56 5.48 5.59 5.53 
1 5.60 5.56 5.59 5.57 

5 5.53 5.57 

0.43 

MOTE: Values exclude pressurization flw. 

Table 6-2. S-II Engine Performance Shifts 
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Figure 6-4. S-II Chamber Pressure Oscillations 

6.4 S-II SHUTDOUN TRANSIENT PERFOWJANCE 

Y-i1 CECO at the high EMR occurred on schedule at 460.75 seconds. Engine 
I,.:. 5 shutdown transients were satisfactory with the decay to 5 percent 
thrust occurring in approximately 0.3 second. 

S-II OECC sequence was initiated by the stage LOY low level sensors. The 
LOX depletion cutoff system again included 1.5-second delay timers. As 
in the three preceding flights utilizing l.5-second delay timers (AS-504, 
AS-505 and AS-5C6), this resulted in engine thrust decay (observed as a 
drop in chamber pressure) prior to receipt of the cutoff signal. Due to 
early CECO however, the pre-cutoff decay was greatly reduced compared 
with AS-504 with five engines operating at shutdown. Similar to the last 
two flights, hith four engines operating at shutdown, only engine No. 1 
exhibited a significant thrust chamber pressure decay (decreased 1:‘; psi 
in the final 0.33 second before cutoff). All other outboard engines 
thrust chamber pressure decays were approximately 27 psi. 
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At S-II OECO signal , '552.34 seconds), total stage thrust was down to 
611,266 lbf. Stage thrust dropped to 5 percent of this level within 
0.75 second. The stage cutoff impulse through the 5 percent thrust 
level was estimated to be 11'3,520 lbf-s. 

6.5 S-II STAGE PROPELLANT MANAGEMENT 

The propellant management system performed satisfactorily during the 
propellant loading operation and during flight. The S-II stage employed 
an open-loop system utilizing fixed, open-loop commands from the IU 
rather than feedback signals from the tank mass sensing probes. (Open- 
loop operation was also used on AS-,503, AS-505, and AS-506. It is also 
planned for use on all subsquent vehicles). 

The facility Propellant Tanking Control System (PTCS) and the propellant 
management system successfully accomplished S-II loading and replenishment. 
During the prelaunch countdown , all propellant management subsystems 
operated properly with no problems noted. 

The open-loop PU system responded as expected during flight and no insta- 
bilities were noted. Open-loop PU system operation commenced when "High 
EFlR Select" was commanded at ESC t5.6 seconds, as planned. The PU valves 
then moved to the high EMR position, providing an average high EMR of 5.53 
for the first phase of Frogramed Mixture Ratio (PMR). The IU command to 
shift EMR frcm high to low was initiated at ESC +324.2 seconds (0.5 seconds 
later than for the predicted trajectory) unon attainment of a preprogramed 
characteristic velocity as sensed by the LVDC. This deviation is attrib- 
uted to time delqys within the LVDC occurring after the target velocity 
was achieved and variations between the actual and predicted flight 
performance. Tne IU command caused the PU valves to be driven to the 
lm~ EMR pos.ltion, providing an average EMR of 4.40 (versus a predicted 
average EMR of 4.33) for the low MR portion of the flight. 

The open-loop PU error at OECO was approximately 90 lbm LH2 versus a 
3-sigma tolerance cf 22500 lbm. Based on PU system data, pmpe; lant 
residuals (mass in tanks and LOX sump) at OECO were 1800 lbm of LOX and 
4338 lbm of LH 
trajectory pre 3 

. The LOX residual, although differing from the official 
iction, is identical to the LOX residual on the previous 

two flights and is considered noma for the 1.5-second time delay used 
in the LOX depletion engine cutoff system. Using the updated LOX residual 
predicted value for AS-507 would have resulted in a zero PU error. Future 
flight predictions (with 1.5-second timers) will reflect the new LOX 
residual value of 1800 lbm. 

Table 6-3 presents a comparison of propellant masses as measured by the 
PU probes and engine flowmeters. The best estimate propellant mass is 
based on integration of flowmeter data utilizing the propellant residuals 
determined from PU system data corrected for nominal tank mismatch at OECO. 
Best estimates of propellant mass loaded correlates closely with the 
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Table 6-3. S-II propellant Mass History 

Grourrd Ignition, 

NOTE: Table is based on mass in tanks and sunp only. Propellant trapped 
external to tanks and LOX sunp is not included. 

l 8ased on pressurized ground loading data. Other PU system propellant 
quantities a1p based on flight data. 

**Corrected data for a nominal tank mismatch. 

postlaunch trajectory simulation. Thnse mass values are 4698 lbm or 0.57 
percent more than predicted for LOX aId 245 lbm or 0.16 percent less than 
predicted for LH2. The longer than predicted S-II bum duration (approx- 
imately 2 seconds) is attributed primarily to the LOX overload and to 
variations between predicted and actual performance. 

6.6 S-i1 PRESSURIZATION SYSTEMS 

6.6.1 S-II Fuel Pressurization System 

LH2 tank ullage pressure, actual and predicted, is presented in Figure 6-5 
for autosequence, S-IC boost and S-II boost. The LH2 tank vent valves 
were closed at -96 seconds and the ullage was pressurized to 35.7 psia in 
approximately 27.5 seconds. One makeup cycle was required at -44.6 seconds 
as a result of thermal pressure decay. Venting occurred during S-IC boost 
as anticipated. One venting cycle was indicated on vent valve No. 1 
between 90.5 and 94.2 seconds. There was no indication that vent valve 
No. 2 opened. Differential pressure across the vent valve was kept below 
the low-mode upper limit of 29.5 psid. Uilage pressure at S-II engine 
start was 28.5 psia meeting the minimum engine start requirement of 
27 psia. The LH2 tank valves were switched to the high vent mode 
imnediately prior to S-II engine start. 
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Figure 6-5. S-II Fuel Tank Ullage Pressure 

LH2 tank ullage pressure was maintained within the regulator range of 
28.5 to 30 psia during burn until the LH2 tank pressure regulator was 
stepped open at 461.7 seconds. Ullage pressure increased to 31.9 psia. 
The LH2 vent valves started venting at 479.6 seconds and continued venting 
throughout the remainder of the S-II flight. Ullage pressure remained 
within the high-mode vent range of 30.5 to 33 psia. 

Figure 6-6 shows LH2 total inlet pressure, temperature and Net Positive 
Suction Pressure (NPSP). The parameters were close to predicted values. 
The NPSP supplied exceed-d the minimum required throughout the S-II burn 
phase of the flight. 

6.6.2 S-11 LOX Pressurization System d 

LOX tank ullage pressure, actual and predicted, is presented in Figure 6-7 
for autosequence, S-IC boost and S-II bum. Af%r 3 2-minute cold helium 
chilldown flow through the LOX tank, the vent valves were closed at -185.4 
seconds and the LOX tank was prepressurized to tJlz pressure switch setting 
of 38.9 psia in approximately 49.7 seconds. One pressure makeup cycle 
was required at -98 seconds as a result of pressure decay, which was 
followed by the slight pressure illcrease caused by LH2 tank prepressur- 
ization. Ullage pressure was 40.2 psia at engine start. 
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Figure 6-7. S-II LOX Tank Ullage Pressure 

?;.fte r the ullage pressure ecovered fran the initial drop at engine start, 
the pressure was controlled within the LOX pressurization regulator range 
of 36 to 32.5 psia until step pressurization. LOX step pressurization 
(261.7 seconds) caused the usual characteristic surge in uylage pressure 
followed by a slower increase until LOX tank ullage pressu."e reached a 
maximum of 40.9 psia at 386.4 seconds when the No. 1 vent valve cracked. 
Vent valve No. 1 reseat occurred at 40.7 psia after EMR shift. The LOX 
tank vent valve No. 2 did not open. 

LOX pump total ?nlet pressure, temperature and NPSP are presented in 
Figure 6-8. The hPSP supplied exceeded the minimum requirement through- 
Gut the S-II boost phase. The total magnitude of LOX liquid stratifica- 
tion was greater than predicted. It is difficult to predict accurate ' 
temperatures at cutoff due to the 1.5-second time delay in the LOX low 
level cutoff circuit. 

6.7 S-II PNEUMATIC CONTRaL PRESSURE SYSTEM 

During the initial launch countdown checkout for AS-507 flight, the 
valve actuation system receiver pressure decay exceeded the maximum 
allowable limit of 6.4 psi/min with the eleven recirculation valves 
closed. Five additional tests were performed to establish the receiver 
decay rates. The decav rates ranged from 18 psi/min for the initial 
test to 11.4 psi/min for the final test, Gith the decay rates becoming 
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smaller for each progressive test. It has been assessed that leakage 
indications during the tests were a result of thermal effects. Since 
there was a time interval (several minutes) between tests, gas tempera- 
tures stabilizing within the actuation system lines would cause a decay 
in pressure. This conclusion is further substantiated by AS-SO7 flight 
data. 

At -30 seconds the receiver pressure in the valve actuation system was 
approximately 3050 psia. The minimum acceptable pressure for flight at 
-19 seconds is 2800 psia. At S-II engine start, prior to the actuation 
closure of the eleven recirculation valves, the receiver pressure had 
decayed to approximately 3040 psia. The receiver pressure dropped 160 
psia when the eleven recirculation valves were actuated closed at S-I I 
engine start; the predicted pressure drop was 150 psia. At CECO the 
center engine prevalves were closed which resulted in a 30 psi drop in 
receiver pressure; the predicted pressure drop was 50 psi. Prevalve 
closure at OECO resulted in a total pressure drop in the receiver of 
190 psi; the predicted pressure drop was 200 psi. 

An engineering change is presently being processed to revise the Test 
Specifications and Criteria Docunent which will allow a receiver pressure 
decay rate of 25 psi/t;lin. In addition, a procedurJ1 change is planned 
to permit more time after receiver pressurization before making checks 
for pressure decay rates. 

Regulator outlet pressure during flight remained at a constant 715 psia, 
except for the momentary pressure drops when the recirculation valves 
were actuated closed at engine start, and when the center engine and 
four outboard engine prevalves were.actuated closed after the engines 
were cut of:'. The recovery period for the regulator outlet pressure 
did not exceed 20 seconds for any of the events mentioned above. The 
normal regulator band is 690 to 765 psia. 

6.8 S-II HELIWI INJECTION SYSTEM 

The performance of the helium injection system was satisfactory. Require- 
ments were met and parameters were in good agreement with predictions. 
The supply bottle was pressurized to 3100 psia prior to liftoff and by ESC 
was 750 psia. Helium injection system average total flowrate during supply 
bottle blowdown (-30 to 163.03 seconds) was 72 SCFM. 
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SECTION 7 

S-IVB PROPULSION 

7.1 SUMMARY 

The J-2 engine operated satisfactorily throughout the operational phase 
of first and second burn and had normal shutdowns, S-IVB first burntime 
was 137.3 seconds which was 2.5 seconds longer than predicted. The engine 
performance during first burn, as determined from standard altitude re- 
construction analysis, deviated from the predicted Start Tank Discharge 
Valve (STDV) open +127-second time slice by 0.40 percent for thrust. 
Specific impulse was as predicted. The S-IVB stage first burn Engine 
Cutoff {EGO) was initiated by the Launch Vehicle Digital Computer (LVDC) 
at 693.91 seconds. 

The Continuous Vent System (CV5) adequately regulated LH2 tank ullage 
pressure at an average level of 19.0 psia during orbit, and the Oxygen/ 
Hydrogen (02/Hp) burner satisfactorily achieved LH2 and LOX tank repress- 
urization for restart. However, the 02/H2 burner oxidizer valve did not 
shutdown at the programed time due to an intermittent electrical "open" 
circuit. This failure resulted in burnthrough of the LH2 repress coil in 
the 02/H2 burn,=r. Engine restart conditions were within specified limits. 
The restart at full open Propellant Utilization (PU) valve position was 
successful. 

S-IVB second bumtime was 341.2 seconds which was 3.8 seconds less than 
predicted. The engine perfonwnce during second bum, as determined from 
the standard altitude reconstruction analysis, deviated from the predicted 
STDV +172-second time slice by 0.76 percent for thrust and 0.05 percent 
for specific impulse. Second bum EC0 was initiated by the LVDC at 
10,383.89 seconds. 

Subsequent to second burn, the stage propellant tanks were safed satis- 
factorily, with sufficient impulse being derived from tlte LOX dump to 
impart 32.8 ft/s to stage velocity. 

7.2 S-IV6 CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN 

The propellant recirculation systems performed satisfactorily, meeting 
start and run box requirements for fuel and LOX as shown in Figure 7-l. 
The thrust chamber temperature at launch was well below the maximum 
allowable redline limit of -130OF. At S-IVB first bum ESC, the tempera- 
ture was -136OF, which is within the requirement of -189.6 fllO°F. 

* 
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The chilldown and loading of the engine Gaseous Hydrogen (GH2) start 
tank and pneumatic control sphere prior to liftoff was satisfactory. 
At first burn Engine Start Conrnand (ESC) the start tank conditions were 
within the required region of 1325 f75 psia and -170 t30°F for start. 
The discharge was completed and the refill initiated at first burn ESC 
+3.4 seconds. The refiil was satisfactory and in good agreement with the 
acceptance test. 

The engine control bottle pressure and temperature at liftoff were 3040 
psia and -170°F. LOX and LH2 systems chilldown, which was continuous 
from before liftoff until just prior to first ESC, was satisfactory. 
At first ESC, the LOX pump inlet temperature was -295.3OF and the LH2 
pump inlet temperature was -42i.9OF. 

The first burn start transient was satisfactory. The thrust buildup was 
within the limits set by the engine ,;lanufacturer. This buildup was 
similar to the thrust buildups observed on AS-So6 and AS-505. The PU 
valve was in the null position prior to first start, but shifted 0.7 
degree during start as expected. The total impulse from STDV open to 
STDV open +2.5 seconds was 193,373 lbf-s for first start. 

First burn fuel lead followed the predicted pattern and resulted in 
satisfactory conditions as indicated by the thrust chamber temperatures 
and the associated fuel injector temperatures. 

7.3 S-IVR MAINSTAGE PERFORMANCE FOR FIRST B;lRN 

The propulsion reconstruction analysis showed that the stage performance 
during msinstage operation was satisfactory. A comparison of predicted 
and actual performance of thrubt‘, total flowrate, specific impulse, and 
Mixture Ratio (MR) versus time is shown in Figure 7-2. Table 7-l shows 
the specific impulse, flowrates and MR deviations from the predicted at 
the STDV +127-second time slice. 

The performance of the J-2 engine helium control system was satisfactcry 
during mainstage operation. The engine control bottle was connected to 
the stage ambient repressurization bottles, therefore, there was little 
pressure decay. Helium usage was approximately 0.24 lbm during first 
burn. 

The PU valve position shifted from null to 0.7 degree during first bum 
and shifted 0.6 degree during second burn. These shifts are approximately 
the same as those observed on the AS-505 and AS-506 flights and the 
S-IVB-508 and S-IVB-509 acceptance tests. This observed 0.6 to 0.8 degree 
shift in valve position during null P.U operation is expected to occur on 
AS-508 and subsequent flights. 
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Vable 7-l. S-IVB Steady-State Performance - First Bum 
(STDV +127-Second Time Slice at Standard Altitude Conditions) 

PERCENT 
PARAMETER PREDICTED FLIGHT 

RECONSTRUCTION DEVIATION DEV:ATION 
FROM PREDICTED 

Thrust, lbf 206,125 206,956 831 0.40 

Specific Impulse, 
lbf-s/lbm 428.91 428.90 -0.01 -0.002 

I 
LOX Flawrate, 

lbm/s 399.15 400.27 1.12 I 0.28 

Fuel Flowrate, 
lbm/s 

Engine Mixture 
Ratio, 
LOX/Fuel 

81.43 / 82.26 0.83 1.02 

4.902 ! 4.866 -0.036 -0.82 

7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST HJRN 

S-IVB first EC0 was initiatec at 693.91 seconds by a guidance velocity 
cutoff command which resulted in a burntime of 137.3 seconds, which was 
2.5 seconds longer than predicted. 

The EC0 transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff impulse to zero percent of rated 
thrust was 45,344 lbf-s. Cutoff occu*red with the PU valve in the null 
position. 

7.5 S-IVB PARKING ORBIT CCAST PHASE CONDITIONING 

The LH2 CVS performed satisfactorily, maintaining the fuel tank ullage 
pressure at an average level of 19.0 psia. This was slightly helm the 
previous flight data, but well above the level (17.0 psia) requiring 
corrective action by ground cormnand. The lower than expected regulation 
level did not have a siqnificant effect on orbital boiloff. The effect 
of this regulation level on CVS impulse is discussed in parayraph 10.2.1. 

The continuous vent regulator was activated at 753.1 seconds and was ter- 
rinated at 9501 seconds. The CVS performance is shown in Figure 7-3. 

Calculations based on estimated temperatures indicate that the mass 
vented during parking orbit was 2174 lbm and that the boiloff mass was 
2407 13m. 
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7.6 S-IVB CHILLDOWN AND RESTART FOR SECOND BURN 

The S-IVB LOX recirculation system satisfactorily provided properly con- 
ditioned oxidizer to the J-Z engine for restart. Fuel recirculation 
system performance was adequate and conditi.ons at the pump inlet were 
satisfactory at second STDV. The LOX and fuel pump inlet conditions are 
plotted in the start and run boxes in Figure 7-4. At second ESC, the LOX 
and fuel pump inlet temperatures were -294.8'F and -419.0°F, respectively. 
Second burn fuel lead generally followed the predicted pattern and resulted 
in satisfactory conditions as indicated by thrust chamber temperature and 
the associated fuel injector temperature. The start tank performed satis- 
factorily during second burn blowdown and recharge sequence. The engine 
start tank was recharged properly and maintained sufficient pressure 
curing coast. However, the relief valve was relieving at approximately 
1280 psia. This pl-essure was below the expected relief setting of 1325 
t25 psia but within acceptable operating requirements. The engine control 
sphere first burn gas usage was as predicted; the ambient helium spheres 
recharged the control sphere to a nominal level for restart. 

The second turn start transient was satisfactory. The thrust buildup was 
within the limits set by the engine manufacturer and was similar to the 
thrust buildup on AS-506 and AS-505. The PU valve was in the proper full 
open (4.5 EMR) positjon prior to the second start. The total impulse from 
STDV open to STDV open +2.5 seconds was 179,996 lbf-s. 

4t 9965.7 seconds the O2/H2 burner oxidizer shutdown valve was corimanded 
closed as part of the burner automatic cutoff sequence. The command was 
not received at the actuation control module (see paragraph 12.4) and 
therefore the oxidizer valve did not close. The burner chamber tempera- 
ture increased as the mixture ratio became LOX rich as shown in Figure 7-5 
and eventually caused a burnthrough of the LH2 tank repress orimary he1 ium 
coil. LH2 tank ullage gas, and later LH2 pressurant gas from the J-2 
engine fed back through the burned out coil to sustain combustion. Com- 
bustion continued in this manner, providing a low level of thrust, until 
10,353 seconds when the burner oxidizer supply line inlet, located in the 
oxidizer tank, was uncovered by a falling LOX level. 
continued tb flow through 

LOX tank ullage gas 
the burner until 10,554 seconds when a ground 

initiated command was successful in closing the oxidizer valve. After 
engine cutoff, the LH2 tank ullage gas continued to flow out through the 
burner except during helium dumps. Ambient and cold helium dumps were 
made through the LH2 tank pressurization system and the LH2 tank ullage 
gas flow was temporarily blocked. After Lunar Module (LM) ejection at 
15,180.g seconds, there is evidence, as shown in Figure 7-6, of some 
restriction of the burner nozzle by formation of solid hydrogen. It was 
during this time period (approximately 15,COO to 16,000 SC-on&s) that the 
astronauts observed and photographically recorded two ditectional (radial 
and aft direction) cyclic venting emanating from the burner area. 

At 15.001.2 seconds, the cold helium dump was initiated. The flow 
of cold helium through the burner apparently caused solid hydrogen to 
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plug the burner nozzle. The data in Figure 7-6 show an equalization of 
pressure between the burner chamber and the LH2 tank ullage pressure. At 
16,213 second:, the burner chamber pressure dropped abruptly from 12 to 
1 psia, apparently as a result of unplugging the burner nozzle. 

The C2/H2 burner cutoff anomaly did not result in any problems in attain- 
ment of mission objectives. 

The helium control system performed satisfactorily during second burn 
mainstage. There was little pressure decay during the burn due to the 
connection to the stage repre;surization system. Approximately 0.60 lbm 
of helium was consumed during second burn. 

7.7 S-IVB MAINSTAGE PERFORMANCE FOR SECOND BURN 

The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted 
and actual performance Qf thrust, total flowrate, specific impulse, and 
mixture ratio versus time is shown in Figure 7-7. Table 7-2 shows the 
specific impulse, flowrates and MR deviations from the predicted at the 
STDV +172-=second time slice. 

7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 

S-IVB second EC0 was initiated at 10,383.89 seconds by a guidance velocity 
cutoff command for a burntime of 341.2 seconds. This burntime was 3.8 
seconds shorter than predicted. 

Tne transient was satisfactory and agreed closely with acceptance test 
and predictions. The total cutoff impulse to zero thrust was 45,729 lbf-s. 
Cutoff occurred with the PU valve in the null position. 

7.9 S-IVB S-IJGF nC? "T MANAGEMENT 

The PU system was c,, .td in the open-loop mode. The PU system success- 
fully accomriished the requirements associated with propellant loading. 

A comparison of propellant mass values at critical flight events, as deter- 
mined by various analyses, is presented in Table ?-3. The best estimate 
full load propellant masses were 0.36 percent greater for LOX and 0.37 
percent greater for LH2 than the predicted values. These deviations were 
well within the required loading accuracies. 

Extrapolation of propellant level sensor data to depletion, using pso- 
pellant flowrates, indicated that a LOX depletion cutoff would have 
occurred approximately 10.14 seconds after second burn velocity cutoff. 

During first burn, the PU valve was positicned at null for start and re- 
mained there, as programed, for the duration of the burn. The PU valve 
was commanded to the 4.5 EMR position ?20.6 seconds prior to second ESC, 
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Table 7-2. S-IVB Steady-State Performance - Second Bum 
(STDV +172-Second Time Slice at Standard Altitude Conditions) 

PARAMETER 1 1 PREDICTED 

Thrust, 
lbf 206,125 

Specific Impulse.1 
lbf-s/lbm 428.98 

LOX Flowrate, 
lbm/s 399.02 

Fuel Flowrate, 
lbm/s ai .4a 

Engine Mixture 
Ratio, 
LOX/Fuel 4.897 

207,688 

429.2 

402.17 

81.76 

4.918 

1563 0.76 

0.22 0.05 

3.15 0.79 

0.28 0.34 

0.021 0.43 

and remained there for 230.4 seconds. At second ESC q109.8 seconds, the 
valve was commanded tc the null position (approximately 5.0 EMR) and re- 
mained there throughout the remainder of the flight. 

7.10 S-IVB PRESSURIZATION SYSTEMS 

7.10.1 S-IVB Fuel Pressurization System 

The LH2 pressurization system operationally met all engine performance 
requirements. The LH2 pressurization system indicated acceptable perform- 
ance during prepressurization, boost, firrt bum. coast phase, and second 
burn. 

The LH2 tank prepressurization command was received at -96.4 seconds and 
the pressurized signal was received 13.0 seconds later. Following the 
termination of prepressurization, the ullage pressure reached relief 
conditions, approximately 31.7 psia, and remained at that level until 
liftoff as shown in Figure 7-8. A small ullage collapse occurred during 
the first 17 seconds of boost. The ullage pressure returned to the 
relief level by 85 seconds due to self pressurization. At S-IC cutoff 
the uliage pressure dropped 0.6 psid. This drop was larger than that 
seen on previous flights and resulted from prcpellant slosh and a 
smaller ullage volume. The prwsure recovered to the relief level in 
approximately 20 seconds. This decay was not a problem. 
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Table 7-3. S-IVB Stage Propellant Mass History 
-- I I 1 

FVEYT ' 'HITS / WEDICTED' PU INDICATED 

I& 1 
I (CORRECTED) 
1 

1 L'% i LOX 1 LtQ 

S-It Ignition / lbm 1 189.!3%3 '43.500 i 190.271 1 43,158 

F .OLlKTRIC I FLW INTEGRAL 1 BEST ESTIMATE ] 

Cirs? >-Iv-e I 
Ignition !tm ' lRS.tP 43,500 : 190.271 I 03.459 

I 
First S-Iv6 / 

, !  

Cutof+ 1 lbm ; 136,'60 'Y.593 I 135.837 / 32.211 

Second S-I vB 
lgnitron 1 lbrr 

I 
I 135.924 i29.804 i 135.666 1 '9.653 

, 
*con0 s-IVB I I , 
L&Off / IbIT , 4873 213a 4634 7566 

l predicted vsi,a ,.I,: adjusted to the actual bum tlms. 

I I 
190.667 ' 43,699 1 190,615 

135.142 ( sz.314 
1 

135.B74 

135.971 29.710 135.628 

I 
46001 2570 ! 46)o 

13.795 / 190.5ii7 43.6G7 

32.5X j 135.909 32.346 

I 
W.127 I 135.61? 29.753 

I 

2526 j 1659 1 2535 

1 

During first burn, the average pressurization flowrare was approximately 
0.65 lbm/s providing a total <low of 93.4 lbm. All during the burn the 
ullage pressure was at the relief level, as predicted. 

The LH2 tank was satisfactorily repressurized for restart by the 02/H2 
burner. (The burner cutoff anomaly is discussed in paragraphs 7.6 and 
12.4.) The LH2 ullage pressure was 30.5 psia at second burn ESC as shown 
in Figure 7-9. The average second burn pressurization flowrate was 
0.65 lbm/s until step pressurization when it increased to 1.03 lbm/s. 
This provided a total flovJ of 250 lbm during second bum. Significant 
venting during second burn occurred at second ESC +27g.3 seconds when step 
pressurization was initiated. This behavior was as predicted. 

The Lii2 pump inlet NPSP was calculated from the pump interface tempera- 
ture and total pressure. These values iridicated that tile NPSP at first 
burn ESC was 18.0 paid. At the minimum point, the NPSP was 7.8 psid 
above the required. Throughout the burn, the NPCP had satisfactory 
agreement with the predicted. The NPSP at second burn ESC was 2.2 psid 
which was 2.3 psid below the required value. The NPSP requirement was 
met by second STDV. This has occurred on previous flights and a reqi;er+. 
is being written to remove or change tne second ESC requirement. Figure: 
7-10 and 7 -11 summarize the fuel pump inlet conditions for first and 
second burns, respectively. 

7.10.2 S-IVB LOX Pressurization System 

LOX tank prepressurization was initiated at -167 seconds and increased 
the LOX tank ullage pressure from ambient to 41.0 psia within 12 seconds 
as shown in Figure 7-12. Three makeup cycles were required to maintain 
the LOX tank ullage pressure before the ullage temperature stabilized. 
At -96 seconds tne LOX tank ullage pressure increased from 39.1 to 40.2 
psia due to fuel tank prepressurization, LOX tank vent purge, and LOX 
pressure sense line purge. The pressure gradually increased to 41.5 psia 
at liftoff. 
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Duri:lg boost there was a normal rate of ullage pressure decay caused by 
an acceleration effect and ullage collapse. Wo makeup cycles occurred 
bec.ause of an inhibit until after Time Base 4 (T4). LOX tank uiiage 
pressure was 37.0 psia just prior to ESC and was increasing at ESC due 
to a makeup cycle. 

During first burn, two over-control cycles were initiated, as compared 
to the predicted one to three cycles. The LOX tank pressurization flow- 
rate variation wr7s G.24 to 0.29 lbm/s during under-control sysJem opera- 
tion. This variation is normal and rs caused by temperatlre etfects. 
Heat exchanger performance during first bum was satisfactor;f. 

Durirg orbita! coast the LOX tank ullage oressure experienced a decay 
similar tc, though slightly greater than, that experienced on the AS-506 
flight. This decay, although the greatest seen to date, was less than 
the maximum predicted decay, and was not a problem. Investigation is 
continuing in an attempt to determine the relative effects of factors 
contributing to this phenomenon. Factors under investigation include 
heat transfer through tne cornnon bulkhead, composition of ullage gas, 
effects of stage maneuvers, and leakage of u'llage gases. 
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Figure 7-9. S-IVB LH2 Ul lage Pressure - Second Bum and Transl unar Coast 

Repressurization of the LOX tank prior to second burn was require4 and 
was sat'cfactorily accomplished by the burner. The tank ullage pressure 

was 40.0 p,ia at second ESC and satisfied the engine start requirements 
as shown in Figure 7-13. 
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Figure 7-12. S-IVB LOX Tank Ullage Pressure - First Burn and Parking Orbit 

Pressurization system performance during second burn was satisfactory and 
had the same characteristics noted during first burn. There was one over- 
control cycle as comparea to zero to one predicted. Flowrate varied 
between U.32 to 0.37 lbm/s. Heat exchanger performance was satisfactory. 

The LOX Net Positive Suction Pressure (NPSP) calculated at the interface 
was 24.2 psid at first burn ESC. The NPSP decreased after start and 
reached a minimum value of 23.5 psid at 8 seconds after ESC. This was 
10.7 psid above the required NPSP at th;t time. 

The LOX pump static interface pressure during first burn followed the 
cyclic trends of the LOX tank uilage pressure. The KFSP calculated at 
the engine interface was 23.4 psid at second burn ESC. At all times 
during second burn, NPSP was above the required level. Figures 7-14 
and 7-15 summarize the LOX pump conditions for the first burn and the 
second burn, respectively. The run requirements for first and second 
burn were satisfactorily met. 
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The cold helium supply sas adequate to meet all flight requirements. At 
first burn ESC the cold helium spheres contained 380 lbm of helium. At 
the end of the second burn, the helium mass had decreased to 168 lbm. 
Figure 7-16 shows helium supply pressure history. 

7.11 S-IVB PNEUMATIC CONTROL SYSTEM 

The pneumatic control and purge system performed satisfactorily during 
all phases of the mission with one exception. During second bum the 
oxidizer tahk motor container pressure experienced a greater than normal 
decay rate after second ESC +llO seconds, and was below LOX tank ullage 
pressure at second EC0 but subsequently reached a normal level. The most 
likely cause of this decay was cracking of the motor container pressure 
relief valve due to vibrations. The pressure decay did not cause any 
problems. Pneumatic regulator operation was nominal at all times. 
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7.12 S-IVB AUXILIARY PROPULSION SYSTEM 

The Auxiliary Propulsion System (APS) demonstrated nominal performance 
throughout the flight and met control system demands, as required, through 
the loss of data at 43,980 seconds. The pressurization system operation 
was satisfactory. The regulator outlet pressures for Module No. 1 and 2 
were 193 psia. The APS ullage pressures in the propellant ullage tanks 
ranged from 188 to 194 psia. The helium bottle temperatures ranged from 
27 to 101°F. 

The oxidizer and fuel supply systems performed as expected during the 
flight. The propellant temperatures measured in the propellant control 
modules ranged from 80 to 113°F. The APS propellant usage was as expected. 
Table 7-4 presents the APS propellant usage during specific portions of 
the mission. 

The performance of the attitude control thrusters and the ullage thrusters 
was also satisfactory throughout the mission. The thruster chamber pres- 
sures ranged from 95 to 100 psia. The ullage thrusters successfully com- 
pleted the four sequenced bums of 86.7 seconds, 76.7 seconds, 80 seconds, 
and 300 seconds as well as the ground commanded 270.second slingshot 
burn. 

7.13 S-IVB ORBITAL SAFING OPERATIONS 

The S-IVB high pressure systems were safed following J-2 engine cutoff 
in order to demonstrate this capability. The thrust developed during 
the LOX dump was util ited to provide a velocity change for the slingshot 
maneuver. However, due to circumstances explained in paragraph 10.2, 
the slingshot was not achieved. The manner and sequence in which the 
safing was performed is presented in Figure 7-17. 

7.13.1 Fuel Tank Safing 

The LH2 tank was satisfactorily safed by accomplishing three programed 
vents as indicated in Figure 7-17, utilizing both the Nonpropulsive 
Vent (NPV) and CVS. The LH2 tank ullage pressure during safing is shown 
in Figure 7-9. At second ECO, the LH2 tank ullage pressure was 31.8 psia 
and after three vents had decayed to approximately 1.0 psia. The mass of 
GH2 and LH2 vented agrees well with the 3059 lbm of liquid residual and 
pressurant in tne tank at the end of poirJered flight. 

7.13.2 LOX Tank Dump and Safing 

Immediately following second bum cutoff, a programed ISO-second vent 
reduced LOX tank ullage pressure from 40.0 psia to 18.0 psia as shown in 
Figure 7-13. Data levels were as expected with 80.0 lbm of helium and 
83.8 lbm of GOX being vented overboard. As indicated in Figure 7-13, 
the ullage pressure then rose gradually due to self-pressurization, to 
21.9 psia at the initiation of LOX dump. 

7-24 



I  

. 

. 

Table 7-4. S-IW fPS Propellant Consumption 

TIM PERIOD 

Initial Load 

First Bum (Roll 
Control) 

EC0 to End of First 
APS Ullaging 

End of First Ullage 
Bum to Start of 
Second Ullage Bum 

Second Ullage Bum 
(76.7 set) 

HOD&E AT POSITION I MODULE AT, POSITION 1 II 

OXIDIZER, FUEL, OXIDIZER, 
LfM LBM 

FUEL, 
LBM LBM 

202.6 126.0 202.6 126.0 

0.3 0.2 0.3 0.2 

14.3 10.8 13.3 10.3 

9.5 6.2 4.1 2.7 

12.5 9.9 11.9 9.6 

Seccnd Bum (Roll l.C 0.5 1.0 0.5 
Control) 

EC0 to Start of 17.1 10.5 12.1 7.8 
Evasive Ullage Bum 

Evasive Hllage Bum 11.9 9.4 11.9 9.4 
(a0 set) 

FWIII End of Evasive 8.2 5.3 8.0 4.7 
Ullage Bum to the 
Start of Slingshot 
Ullage Bum 

Sequenced Slingshot 41.8 33.2 44.0 34.8 
Ullage Bum (300 set) , 

Ground Wanded 
Slingshot Ullage 
Bum (270 set) 

Fran End of Ullage 
Bum to Loss of 
Data (43,980 set) 

Total Usage 

40.0 32.0 41.0 33.0 

12.4 7.8 16.0 9.4 

169.0 125.8 163.6 122.4 

Note: The APS propellant consuqtion presented in this table was 
determined fr*orn helix bottle conditions (Pressure, Volune, 
Teqwratum [PVT] method). 
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Figure 7-17. S-IV8 LOX Dunp and Orbital Safing Sequence 

The LOX tank dump was initiated at 17,280.Z seconds and was satisfactorily 
accomplished. A steady-state liquid flow of 333 gpm was reached within 
23 seconds. 

Gas ingestion did not occur during dump. The LOX residual at the start 
of dump was 4401 lbm. Calculations indicate that 2649 lbm of LOX was 
dumped. During dump, the ullage pressure decreased from 21.9 psia to 
21.5 psia. 

LOX dump-ended at 17,338.Z seconds as scheduled by closure of the Main 
Oxidizer Valve (MOV). A steady-state LOX dump thrust of 808 lbf was 
obtained. The total i,;lpulse before MDV closure was 40,583 lbf-s, re- 
sulting in a calculated velocity change of 32.8 ft/s. Figure 7-18 shows 
the LDX flowrate dutlng dump and the mass of liquid and gas in the oxi- 
dizer tank. Figure 7-18 shows LOX ullage pressure and the LOX dump 
thrust produced. Tine predicted curves provided for the LOX flowrate and 
dump thrust are in agreement with the quantity of LOX dumped and the 
actual ullage pressure. 

Two seconds following termination of LOX dump, the LOX NPV valve was 
opened and remained open for the duration of the mission. LOX tank 
ullage pressure decayed from 21.4 psia at 17,400 seconds to zero pressure 
at ap; :‘c qimately 23,000 seconds. 
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7.13.3 Cold Helium Dump 

Cold helium was dumped through the LH2 cryogenic repressurization lines. 
Due to the coil burnthrough which occurred following the burner shutdown 
anomaly, most of the cold helium was dumped overboard through the burner 
nozzle, rather than through the fuel tank vents. 

A total of approximately 160 lbm of helium was dumped during,the three 
programed dumps, which occurred as shown in Figure 7-17. 

7.13.4 Ambient Helium Dump 

Approximately 41 lbm of ambient helium in the LOX and LH2 repress spheres 
was dumped, via the fuel tank. The 62-second dump occurred at 13,985 
seconds. The pressure decayed from 3040 psia to 520 psia. 

7.13.5 Stage Pneumatic Control Sphere Safing 

The stage pneumatic control sphere was safed by initiating tne J-2 engine 
puinp purge and flowing helium through the pump seal cavities to atmos- 
phere. The safing period of 1600 seconds satisfactorily reduced the pres- 
sure in the sphere. 

7.13.6 Engine Start Tank Safing 

The engine start tank was safed during a period of approximately 150 
second+ beginning at )3,984.g seconds. Safing was accomplished by open- 
ing the sphere vent valve. Pressure was decreased from 1280 psia to 80 
psia with 3.65 lbm of hydrogen being vented. 

7.13.7 Engine Control Sphere Safing 

The safing of the engine control sphere began at. 17,280 seconds. The 
helium control solenoid was energized to vent helium through the engine 
purge system. The initial pressure in the sphere was 3125 psia, and it 
decayec to about 900 psia in 55 seconds. At this time gaseous helium 
from the ambient repressurization bottles began flowing to the engine 
control sphere. Helium from the control sphere and repressurization 
bottles continued to vent until 18,330 seconds. During this time, the 
pressure in the repressurization bottles had decayed from 900 to 250 
psia. The control sphere pressure had decayed to 1OC psia. Subsequent 
to the closing of the control solenoid, the control sphere repressurized 
to 175 psia without any noticeable decay in stage ambient repressurita- 
tion bottle pressure. During the 1050-second safing period, a total of 
21.7 lbm of helium was vented to atmosphere. 
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SECT,ION 8 

HYDRAULIC SYSTEMS 

8.1 SUMMARY 

The S-IC, S-II, and S-IVB hydraulic systems performed satisfactorily 
throughout the mission. All parameters were within specification limits, 
although the return fluid temperature of one S-IC actuator rose un- 
expectedly at 100 seconds. 

8.2 S-XC HYDRAULIC SYSTEM 

Performance of the S-IC hydraulic system was satisfactory. All servo- 
actuator supply pressures, return temperatures, and return pressures were 
within required limits, although engine No. 2 pitch servoactuator return 
temperature exhibited an unexpected increase from 92O.F to 1lOOF during 
the period 100 to 120 seconds (see Figure 8-l). Although analysis shows 
that loss of line insulation would not account for this temperature rise, 
it should be noted that the time period does coincide with the-time of 
maximum gas temperatures in the base region. See Figure 14-2. This 
temperature rise caused no probiems but its cause is still under investi- 
gation. 

8.3 S-II HYDRAULIC SYSTEM 

S-11 hydraulic system performance was normal throughout the flight. 
System supply and return pressures,. reservoir volumes, and system flu.id 
temperatures were within-predicted ranges. Reservoir fluid temperatures 
were close to the predicted rate of increase. All servoactuators res- 
ponded to commands with good precision, and forces acting on the actuators 
were well below the predicted maximum.' Launch pad redlines at liftoff 
were met with ample margins. 

8.4 S-IVB HYDRAULIC SYSTEM 

The S-IVB hydraulic system performance was satisfactory during the com- 
plete mission (S-IC/S-II boost, first and second bums of S-IVB, and 
orbital coast). 
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SECTION 9 

STRUCTURES 

9.1 SlItNARY 

The structural ioads experienced during the S-IC boost phase were well 
below design values. The maximum Q region bending moment was 37 x 106 
lbf-in. at the S-IC LOX tank which was less than 20 percent of design 
value. Thrust cutoff transients experienced by AS-507 were similar to 
those of previous fli 
Center Engine Cutoff 9 

hts. The maximum dynamics resulting from S-IC 
CECO) were kO.3 g at the Instrument Unit (Ill) and 

f0.7 g at the Command Module (CM). At Outboard Engine Cutoff (OECO) a 
maximum dynamic longitudinal acceleration of -0.3 g-and -0.9 g was ex- 
perienced at the IU and CM, respectively. The order of magnitude of 
the thrust cutoff responses are considered nominal. 

During the S-IC stage boost phase, 4.5 to 5.2 hertz oscillations were 
detected beginning at 104 seconds. The maximum amplitude (to.074 g) 
was measured in the IU at 122 seconds. -Oscillations in the 4.0 to 5.5 
hertz range have been observed on previous flights with a maximum 
amplitude of to.07 g measured on AS-506 at 107 seconds. 

The most significant structural oscillations occurred during S-II burn 
and were higher than on any previous vehicle during the S-11 flight period 
prior to CECO. Flight data analysis has identified four periods during 
which oscillation buildups occurred. The oscillations peaked at 187, 248, 
313 and 431 seconds in the frequency range from 15.2 to 16.2 hertz. 
Oscillations in the chamber pressure, LOX sump pressure, and LOX inlet 
pressure occurred at the same frequency as the structural vibrations. The 
loading resulting from these oscillations, however, caused no structural 
failure or degradation. 

During the S-IVEl first bum, 18 hertz oscillations (measured at the 
S-IVB engine gimbal block) began at 603 seconds, peaked at a level of 
to.12 g at 610 seconds, and damped out by 634 seconds. These oscillations 
were detected at the same time period on AS-505 and AS-506. The AS-507 
amplitude levels lie between those measured on the two previous flights. 
During S-IVB second bum, 13 hertz oscillations began at 10,335 seconds, 
peaked at 10,357 seconds at a level of kO.12 g, znd continued until engine 
cutoff at a level of approximately to.1 g. Previous flights have also 
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shown gimbal pad oscillations of app?WxirMte'y 20.1 g at 13 hertz and 
at about the same time. The launch vehicle structural system is conside,y< 
to have satisfied all mission requirements. 

Three vibration measurements welp made on the S-IVB aft interstage. ‘The 
maximum vibration levels measured occurred at liftoff and during the 
Mach 1 to Max Q period. 

9.2 TOTAL VEYICLE STRUCTURES EVALUAlION 

9.2.1 Longitudinal Loads 

lhe structural loads experienced during S-IC boost were well below design 
values. The AS-507 vehicle liftoi; cccurred nominally at a steady-state 
acceleration of approximately 1.2 g. Maximum longitudinal dynmic IO- 
sponse measured at the IU and CM was iO.25 g 2nd to.55 g, respectively, 
as shown in Figure 9-l. Both values am cc.:siderably larger than those 
on AS-506 (to.13 g at the IU), but are within design values. 

-; --.- 
-2 

-1 0 1 2 
RANGE TIME, SECONDS 

Figure 9-l. Longitudin‘l Acceleration at the Comand Module 
and Instrunmt Unit During Thrust Buildup and Launch 
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The longitudinal loads experienced at the time of maximum bending moment 
(77.5 seconds) were nrxninal and a\p shown in Figure 9-2. There were no 
discernible longitudinal dynamics at this time. The steady-state 
longitudinal acceleration was 2.03 g. 

Figure 9-2 also shows that the maximum longitudinal' loads imposed on the 
S-IC stage thrcst structure, fuel tank, and intertank occurred at 135.24 
seconds (CECO) zt a longitudinal acceleration of 3.71 g. The maximun 
longitudinal lo.-Jds imposed on all vehicle structure above the S.-IC inter- 
tank occurred at 161.B2 seconds (subsequent to OECO) at an acceleration 
of 3.91 g. 

9.2.2 Bending Yoments 

The 1-2-1-1 engine start sequence apparently introduced more lateral 
structural dynamic activity in the pre-release phase than had been ob- 
served on previous flights. Launch operational loads are baSSd on a 
3-sigma ignition differential of 230 milliseconds for diametrically 
opposed engines. (There was a 202 millisecond differential on AS-507; 
see Section 5). The increased twang effect from the 1-2-1-1 start 
sequence combined with the low-level winds (13.3 knots at the 60-foot 
level) experienced during launch, produced loads which,were lawer than 
thz design values. The lateral accelerations measured at the IU are 
shown in Figure 9-3. 
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Figure 9-2. Longitudinal Loads at Time of ;laxiIli,,n Bending Moment, 
CECO and OECO 
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Figure 9-3. Lateral Acceleration at IU During Liftoff 

The inflight winds that existed during the maximun dynamic pressure phase 
of the flight peaked at 92.5 knots at 46,670 feet. As shm in Figure 9-4, 
the maximum bending morr?r,t imposed on the vehicle at the S-IC LOX tank was 
37 x 106 lbf-in. at approximately 77.5 seconds. This moment loading was 
less than 20 percent of design value. Bending moment computations were 
based on the measured inflight parameters, i.e.. engine thrust, gimbal 
angle, dynamic pressure, angle-of-attack and accelerations. 

9.2.3 Vehicle Dynamic Characteristics 

9.2.rj.l Lon itudinal Dynamic Characteristics. The most significant 
vehicle responses bring S-XC stage boost phase were detected by the Ill 
longitudinal accelerometer (A2-603) and the S-IC intertank longitudinal 
accelerometer (Al -118). As shown in Figure 9-5, low frequency (4.5 to 
5.2 hertz) structural oscillations began at approximately 104 seconds and 
continued to CECO. The peak amplitude was 20.074 g measured in the IU at 
122 seconds. These oscillations are the normal response of the first 
longitudinal mode to flight environmental excitations. first mode 
oscillations have occurred on all previous flights. Since the AS-503 
flight, the first vehicle having a POGO suppression system, the largest 
amplitude measured was to.07 g on AS-506 at 107 seconds. Spectral analysis 
of F-l engine chamber pressure, Figure 9-6, show no Qtectible buildup of 
chamber pressure at the structural response frequency. POGO did not occur 
during S-IC boo5;. 

The AS-507 S-IC CECO and OECO transient responses shawn in Figure 9-7 
were similar to those of Previous flights. The maximum dynamics resulting 
from CECr3 were to.3 g r;t the IU and 20.7 g at the CM. At OECO a maximwn 
dynamic longitudinal acceleration of -0.3 g and -0.9 g was measured at 
the IU and CM, respectively. 
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During the S-IJ stage boost phase, at approximately 349 seconds, the 
Apollo 12 astronauts reported experiencing a buildup of structural vibra- 
tions. Flight data analysis revealed four periods during which 15.2 to 
16.2 hertz oscillations occurred prior to S-II CEO, 188 to 205 stGullds, 
225 to 267 seconds, 268 to 351 seconds and 405 to 463 seconds. Except for 
the first time period the accelerations measured were higher than those 
observed crier to CEO during any previous flight. Acceleration anplitude- 
time histories of the center engine crossbeam, LOX sunp and engine No. 1 
thrust pad, as measured during the AS-507 flight, are compared to the 
AS-504 and AS-505 flight data in Figure 9-8. The principal frequency 
associated with each oscillation period is also included in this figure. 
The crossbeam oscillations peaked at 187, 248, 313, and 431 seconds. 
Figure 9-9 presents the center engine crossbe-, LOX sunp and engine No. 1 
thrust pad acceleration characteristics following S-II CECO. It is evident 
that CECO greatly attenuated t = 1~ frequency oscillations in the 14 to 
20 hertz frequency range. 

Low frequency oscillations in the 14 to 20 hertz tpgion existed in the 
propulsion parameters during the same time periods observed on the 
structural measurements as shown in Figures 9-10, 9-11 and 6-4. Pressurp 
amplitude-time histories for the same time periods for LOX sqp. center 
engine LOX inlet, and engine ho. 1 LOX inlet locations am shown in 
Figures 9-12 and 9-13. As wi,i;h the acceleratim data, the pressure 
perturbations for all engines were drastically attenuated following CECO. 
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Figure 3-6. Comparison of SIC Structural and Propulsion Responses 
For 120 to 122 Seconds 

The maximum acceleration and pressure perturbations for each oscillation 
period are summarized in Table 9-l. It should be noted that the center 
engine related parameters are more dominant in the last two oscillation 
periods. It should also be noted that for the second time period the LOX 
sunp. acceleration was approximately 1.4 times higher than that observed 
on the crossbeam which is a departure from what has been observed on 
previous flights. 

Figure 9-14 presents 8 to 14 hertz band-pass filtered data for the three 
acceleration measurements and the engine No. 1 chamber pressure measurement 
for the period between CECO and OECO. These data indicate a low accelera- 
tion amplitude buildup within this frequency region just prior to OECO; 
however, there is no apparent increase in engine No. 1 chamber pressure. 
Similar acceleration buildup characteristics have been observed on previous 
flights. 
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Figure 9-8. Comparison of S-II Stage Acceleration Measurements 
With Previous Flights 
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Figure 9-9. S-II Post-CECO LOX Sunp, Engine No. 1 and Center Engine 

Crossbeam Acceleration (14 to 20 Hertz Band Pass Filter) 

Although the S-II low frequency osciiiations CAM, ---*rienced prior to CECO 
were higher than any previous flight, mainstage performance was not. 
impaired. The design limit load of 240,000 lbf for the crossbeam was 
exceeded with the computed worst-case exposure load being 243,000 lbf at 
313 seconds. HOwever, the flight dynamic loads had minor affect on the 
fatigue life of the beam and a factor of safety of 1.3 was maintained for 
the imposed loading. 

The AS-507 flight data indicated that a closed loop structural/propulsion 
system coupling (P0G0) occurred during S-II stage bum prior to CECO. The 
flight data also indicated that the oscillation buildups were limited; how- 
ever, the limiting mechanism is not ‘fully understood at this time. The 
AS-507 S-II oscillaticns do show that due to the coupling between the struc- 
tural and propulsion system an inherent systems instability does exist and 
oscillations can be expected to occur during future flights. However, in 
villew of the history of seven successful Saturn V flights and the fact that 
the S-II stage structure can withstand oscillation amplitude levels three 
times that experienced on AS-507, the decision has been made to fly AS-508 
as is, i.e., without a P0GO suppression system on the S-II stage. 
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Figure 9-10. S-II Pre-CECO Thrust Chamber Pressure Characteristics 
(14 to 20 Hertz Band Pass Filter) 

Low frequency longitudinal oscillations similar to those experienced on 
the AS-505 and AS-506 flights again occurred during AS-507 S-IVE first 
and second burns. fillm-i~g fi rat bslrn --. . ._ .ry. ..) 19 hertz oscillations (measured at 
the J-2 engine gimbal block) beg&n at 603 seconds, peaked at a level of 
f0.12 g at 610 seconds, and damped out by 634 seconds as shown in 
Figure 9-15. These oscillations were deticted at the same time period on 
AS-505 and AS-506. The AS-507 gimbal block amplitude levels lie between 
those measulpd on the two previous flights. The LOX suction line inlet 
vibration measurement reached a maximum of fo.19 g compared to +0.12 g on 
AS-506. This measurement was not available on AS-505 for comparison. A 
corresponding buildup occurs in chatie;e pressure. Figure 9-16 shows that 
the 19 hertz oscillations are clearly visible in both structural and 
propulsion measurements. 
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Figure 9-11. S-II PosGCECO Thrust Chatier Pressure Characteristics 
(14 to 20 Hertz Band Pass Filter) 

During S-IVB second bum, 13 hertz oscillations began at 10,335 seconds, 
peaked at 10,357 seconds at a level of f0.12 g and continued to engine 
cutoff, at a level of approximately to.1 g as shown in Figure 9-17. 
Previous flights have also shown gimbal pad oscillations of approximately 
20.1 n at 13 hertz ad at about the san;e time period. II As shown in 
Figure 9-18, the AS-507 LOX pump inlet pressures show a small 13 hertz 
component, but the 13 hertz chamber pressure response remains be;=r; the 
noise threshold. The magnitudes of the S-IVB law frequency oscillat'ons 
during both first and second bums were well below design limits and did 
not affect the structural integrity of the stage. 

9.3 VIBRATICN EVALUATION 

One skin and two stringer vibration masuroments wem made on the S-IVB aft 
interstage during the AS-5D7 flight. As shown in Figure 9-19, .the skin 
measurement vibration levels were higher than the stringer vibration levels 
throughout flight, which was expectid. No previous flight vibration data 
for the aft interstage area is available for comparison. 
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Figure 9-12. S-II Prp-CECO LOX Sump, Center Engine and Outboard Engine 
LOX Inlet Pressure (14 'bo 20 Hertz Band Pass Filter) 
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Figure 9-13. S-II Post-CECO LOX Sump, Center Engine and Outboard hgine 
LOX Inlet Pressure (14 to 20 Hertz Band Pass Filter) 
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Vibration measurements Egg-411 and ElOO-411 (forwar, bending mode, pitch 
and yaw, respectively), installed in the S-IVB forward skirt, did not 
indicate any increased vibration levels following step pressurization 
(10,314 seconds). Both E99 and El00 indicated 20.03 g compared to 
kO.58 g for E99 and fl.52 g for El00 on the AS-505 flight when the 
increase in 45 hertz vibration was observed. 

v S-II CECO VS-II OECO 

300 320 340 360 380 400 
S-II BURY TIME, SECOYOS 

1 Q+ I ‘I 
450 470 490 510 530 550 570 

RANGE TIME, SECONDS 
Figure 9-14. Acceleration and Pressure Characteristics from S-II 

CECO to OECO (8 to 14 Hertz Band Pass Filter) 
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Table 9-l. Sunary of Peak S-II Oscillati.on Ikpl5iudes 

PARANTER 

Center Engine Beam, Gpeak 

Engine No. 1 Thrust Pad, 
Gpcak 

LOX sums, Gpeak 

Center Engine Chtir 
Pressure. psi* 

Engine No. 1 Chanber 
Prrsrum, psi' 

LOX SlmQ, DS1' 

Center Engine Inlet. psi* 

Engine No. i Inlet, psi* 

Co ta peak 

TIME PERIOD (SEC) 

180 to 205 225 to 267 268 to %l 405 to 463 

0.90 1.75 3.75 ' 3.70 

0.25 0.50 O.!UJ I 0.75 

0.75 2.40 2.60 2.10 
2.0 4.0 5.0 4.4 ( 

2.4 4.5 4.9 I 2.0 

1.5 5.5 5.1 3.7 
4.0 11.0 17.5 15.0 

7.7 12.8 10.4 3.8 

22 

20 

18 

16 

I 

-589 590 600 610 620 630 640 650 
RANGE TIME. SfCf!NM 

Figure 9-i5. S-IVB AS-50'7, AS-506 and AS-505 Gimbal Pad Response 
Versus Flight Time - First Burn 
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SECTION 10 

GUIDANCE AND NAVIGATION 

10.1 SL!ARY 

10.1.1 Flight Program 

The guidance and navigation system perfomd satisfactorily throughout 
the mission. All maneuvers, switch selector event sequencing, and 
staging occurred very close to nominal times. The parking orbit and 
Translunar Injection (TLI) parameters were within the 3-sigma tolerance. 

The S--IVB/IU did not achieve heliocentric orbit because it did not pass 
sufficiently near the moon for slingshot. The duration of the ground 
commanded uliage engine burn was computed using a telemetered state vector 
rather than a vector obtained from tracking. The difference between the 
two vectors at 10,417.2 seconds (23 seconds after TLI) was 5.7 m/s 
(18.7 ft/s). This difference was less than the allowable 3-sigM limits 
but exceeded the allowable limits for accomplishing slingshot. This 
difference was a result of rather large space-fixed component velocity 
differences observed prior to the S-IV6 stage second burn, which was. 
enlarged through the second active guidance period. These component 
velocity differences were probably caused by a combination of a scale 
factor gain error in the Z (downrange) accelerometer, a different from 
nominal LH2 vent impulse in parking orbit and other unidentified sources. 

At 36.6 seconds, the Y (pitch) gimbal counter reading changed 2.8 degrees 
between successive minor loop samples. The maximum acceptable change was 
0.4 degree. The reading was rejected, a minor-loop error word was tele- 
metered, and the preceding reading was used. No other excessive reading 
changes occurred during the mission. 

10.1.2 Instrument Unit Components 

The Launch Vehicle nigital Computer (LVDC), the Launch Vehicle Data Adapter 
(LVDA), and the -i24M-3 inertial platform functioned satisfactorily. At 
37.01 second-, Sit 1 (sign bit) was set in Mode Code 24 status work indi 
catin: ;, disagreement between the A and B counters of the Z (downrange) 
JLcelerometer. The B counter reading was used because its value was nearer 
to that expected by the flight program. Subsequent readings exhibited no 
disagreements and therefore, the A counter readings were used for the re- 
mainder of the mission. 
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During translunar coast, LVDC Error Monitor Register Bits 1 and 15 were 
set indicating two separate disagreements in two triple redundant signal 
paths between the LVDA and LVDC. System operation was not affected. 

10.2 GUIDANCE COMPARISONS 

The postflight guidance error analysis was based on comparisons of the 
ST-124M-3 platform ;neasl:red velocities with the postflight trajectory 
established from external tracking data (see paragraph 4.2). The velocity 
differences shown in Figure 10-l are characteristic of platfoln system 
errors. The comparisors made and reported herPin aIp referenced to the 
AS-507 final (14 day) rostflight trajectory. The boost-to-parking orbit 
portion of the trajectory was a composite fit of C-Band radar data. The 
parking orbit trajectory was generated from an orbit fit of Bermuda (BDA), 
Camarvon (CR01 and Merritt Island Launch Area (MILA) C-Band radar. The 
second bum trajectory was constructed from platform measured velocities 
constrained to orbital solutions. 

2 6 
v, 

=2 1 
b < -- z - 2 :L' 

2: 0 0 5- 2% 
'E 
YE 

-2 3s 

si" -, -4 Yf 
PIE; Z' 4 =a -2 

c 100 200 300 400 5oG 600 700 

RANGE TIME. SECONCJS 

Figure 10-l. Trajectory and ST-124M-3 Platform Velocity Coqwison 
(Trajectory Minus Guidance) 
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Figure 10-l presents the comparisons of the platform measured velocities 
with corresponding values from the postflight trtijectory: A positive 
difference indicates trajectory data greater than the platform measurement. 
The ve1ocit.y differences at first S-IVB Engine Cu-off (ECO) were -0.76 m/s 
(-2.49 ft/s), 1.84 m/s (6.04 ft/s), and -1.34 m/s (-4.40 ft/s), for verti- 
cal, crossrange, and downrange velocities, respect-ively. Although these 
velocity differences are relatively small and with'n specification, the 
difference in the downrange component is the largest value for that 
component observed on a Saturn V flight. The trajectory for the remainder 
of the mission was relatively insensitive to crossrange velocity differences. 
An error analysis based on the velocity differences shown in Figure 10-l 
indicates all hardwarP erron were very small except for the downrange 
accelerometer. Table 10-i presents the velocity differences at first 
S-IVB cutof'f for each of the Saturn V flights. 

The platform velocity comparisons shown for the second S-IVB burn in 
Figure lo-;! reflect differences in initial state vectors for the second 
bum compuled by the LVDC and postflight trajectory program. The LVDC 
state vector was in error as a result of an initial error at initialization 
of orbital navigation and z?proximately 35,585.8 N-s (8000 lbf-s) (4.4 per- 
cent) low in total impulse due to LH2 venting. The crossrange and the 
downrange ,lrelocii;y differences shown in Figure 10-2 are not realistic, 

Table lo-,l. Saturn V Platform Velocity Differences at First S-IVB EC0 

VEHICLE 

.4s-SO! 

AS-50;! 

AS-50.3 

AS-504 

AS-505 

AS-506 

AS-507 

TRAJECTORY MINUS LVDC 

VELOCITY DIFFERENCES M/S (FT/S) 

Ai I A? I 
. 

Al 

,,I;; 

-0.7 
(-2.3) 

-0.10 
(-0.33) 

-1.42 
(-4.66) 

-0.8 
(-2.5) 

1.52 
(4.99) 

-0.76 
(-2.49) 

-2.9 
(-9.5) 

-1.85 
(-6.07) 

-1.45 
(-4.76) 

2.66 
(8.73) 

(3!$ 

1.73 
(5.68) 

I 
1.84 

(6.04) 

-0.5 
(-1.6) 

-0.3 
(-0.98) 

0.10 
(0.33) 

0.31 
(1.02) 

-0.6 
(-2.0) 

.0.54 
(1.77) 

-1.34 
(-4.40) 
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Figure 10-2. Trajectory and ST-124M-3 Platform Velocity Comparisor- 
Second S-IVB Bum (Trajectory Yinus Guidance) 

because there was no ground tracking during Time Base 6 (T6). Therefore, 
the trajectory state vector may not be a reliable reference. The charac- 
teristic velocity determined from the platform velocities during second 
burn was very near nominal. LVDC velocity was 0.46 m/j (1.51 ft/s) higher 
than the postilight trajectory indication and 0.5 m/s (1.64 ft/s) lower 
than the operatioxl trajectory. 
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Velocities measured by the ST-124M-3 p:ltform system are shown for 
significant event times in Table 10-Z along with corresponding values 
from both the postflight and operational trajectories. The dif.‘erences 
between the telemetered velocities and the postflight trajectory values 
reflect some cortbination of srb.Jll guidance hardware errors and tracking 
errors. The differences between the telemetered and operational trajectory 
values indicate differences between predicted and actual flight envimn- 
tnent and vehicle performance. 

Comparisons of navigation (PACSS 13 coordinate system) positions, velo- 
cities, and flight path angle at significant flight event times are pre- 
sented in Table 10-3. The guidance (LVDC) and postflight trajectory values 
are in relatively good agreement for the boost-to-parking orbit burn mode. 
However, the downrange velocity component errors are larger than those 
observed on previous Saturn V flights. Although the differences are well 
within 3-sigma specifications and the accuracy of the data compared, 
component error buildup during Earth Parking Orbit (EPO) are more sensitive 
to downrange initial errors than to either of the other components. 
Figure 10-3 show< the buildup of the velocity differences during EPO. 
Sincq T 
shown a e 

was not covered by either telemetry or tracking, comparisons are 
ignition oi second S-IVB burn. The difference in total position 

and velocity at second ignition is very small, but the component differ- 
ences are rather large. The effects of these second burn initial errors 
on the state vector at TLI are discussed below. 

10.2.1 OMPT/LVDC Navigation State Vector Differences 

The differences between Observed Mass Point Trajectory (DMPT) tr8cking 
data (postflight tra.jectory) and LVDC telemetry as discussed in para- 
gr\qph 4.3.5 were within 3-sigma tolerances. The LVDC state vector, 
which was used to detemine the duration of second midcourse Auxiliary 
Propulsion System (APS) ullage engine burn revealed that the LVDC had 
a total velocity magnitude 5.7 m/s (18.7 ft/s) greater than the velocity 
obtained from tracking data (see Table 10-4). A velocity error greater 
than approximately 4 m/s (13 ft/s) would prevent slingshot. The veloc- 
ity tolerance is not precisely 4 m/s (13 ft/s) because of slight differ- 
ences between telemetered and tracking values cf geocentric radius and 
inertial flight path angle. 

Comparisons of free-trajectcry simulation runs from the OMPT and LVDC state 
vector at parhing orbit insertion to T6 revealed component position and 
velocity differences which were very close to those observed between the 
LVDC and OMPT as shown in Tables 10-5 and 10-6. These differences are 
propagated through the simulated S-IVB second bum to approximately the 
same differences which existed bebeen telemetered and tracking data 
at TLI +23 seconds as shown in Table 10-4. 
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Table 10-2. Inertial Platform Velocitv Comoarisons 
(PACSS 12 Coordinate SystGm) ' ---- 

EVENT 

s-IC 
OECO 

S-II 
chal 

First S-IVB 
EC0 

Parking O&ii 
Insertion 

Second 
S-IVB ECO* 

Translunar 
Injection* 

DATA SOURCI 

Guidance 

Postflight 
Trajectory 

Operational 
Trajectory 

Guidance 

Postflight 
Trajectwy 

Operational 
Trajectory 

Guidance 

Postflight 
Trajectory 

Operational 
Trajectory 

Guidance 

Postflight 
Trajectory 

Operational 
Trajectory 

Guidance 

Postflight 
Trajectory 

3perational 
Trajectory 

Guidance 

Postflight 
r rajectory 

Jperational 
Trajectory 

7 
VELOCITY M/S 

VERTICAL CROSSRANGI 

. (Xd 
T- 

(34 

2644.95 -7.05 
(B677.66) (-23.13) 

2644.72 -6.88 
(8676.90: 

~ 
(-22.57) 

2645.05 -0.87 
(8677.99) (-2.85) 

3405.80 
(11.173.88) 

3405.og 
(11.171.56) 

3393.42 
!11,133.27) 

-1.35 
(-4.43) 

0.11 
(0.36 j 

-3.04 
(-9.97) 

3185.10 

1- 

1.00 
:10,449.8Oj (3.28) 

3184.35 
'10.447.34) (A$ 

3174.08 1.55 
10.413.65) (5.09) 

3184.60 1.00 
10,448.16) (3.28) 

3183.82 2.83 
10.445.60) (9.28) 

3173.53 1.56 

-t 

10.411.84) (5.12) 

2401.85 516.50 
(7880.09) (1694.55) 

2402.38 514.51 
(7881.82) (1688.02) 

2407.53 518.02 
(7898.72) (1699.54) 

2484.25 517.65 
(7887.96) (1698.33) 

2404.69 515.72 
(7889.40) (1691.99) 

2409.69 519.04 
(7905.81) (1702.89) 

r/s) 

RANGE 
04 

2222 $7 
(7292.98'1 

2222.77 
(7292.55) 

2234.39 
(7330.68) 

6797.08 
(?2,300.13) 

6796.28 
(22.297.51) 

6811.54 
(22.347.57) 

7603.85 
(24.947.01) 

7602.55 
(24.942.75) 

7601.07 
(24.937.89) 

7605.50 
(24.952.43) 

7604.20 
(24.948.16) 

7602.61 
(24.442.95) 

2006.80 
(6583.99) 

2005.69 
(6580.35) 

2001.34 
(6566.08) 

2009.55 
(6593.01) 

2008.37 
(6589.14) 

2003.78 
(6574.08) 

"Second bum velocity data represent accunulated velocities frm 
Time Base 6. 
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Table 10-3. Guidance Comparisons (PAW 13) 

EVENT 
OATA 

SOURCE , 

POSlfloNS 
METERS 

(ff) 

I 

SIC 
OECO 

Guidance 1 6,439,2611 38,875 
(21,126,184) (127,543) 

Postfllght 6.439.228 38,873 
rejcctory (21,126,076) (127,536) 

i-11 
IECO 

perdtiontl 1 6,438.794 
rdjectory (21.124.652) 

uiddnce 

t-t 

6,286,258 
(20.624.206) 

ostfllght 6,286,071 
rajectory (20,623,593) 

rrjcctory (19,420,873) 

5.876.321 
Parking Orbit (19,i79,i68) 
Insertion PoJtfllght 5,876,007 

Trrjcctory (19.278.238) 

Operrt~onrl 5.885.410 
Trajectory ,(19,309,088) 

Gulddnce 3.436.451 

:'5Zd 

(11.274.446) 
a 

Ignltlon 
lostflight 

i 

3.468.449 
rajcctory (11.379.426) 

perdtlondl 3,424,121 
rrjectory (11,233,994) 

39,447 
(129,419) 

79,482 
(260,768) 

79,761 
(261,683) 

79,783 
(261,755) 

91,436 
(299.987) 

91,942 
(301,647) 

91,318 
(299,600) 

92,208 
(302,520) 

92,730 
(304J32) 

92,095 
(302,149) 

-106.928 
(-350.814) 

-107,758 
(-353,536) 

-107,289 
(-351.999) 

i 

159,440 6.441.35: 
(523.097) (21,?33.045) 

159,396 6,441,316 
(522,953) (21.132,933) 

l&383,298 

I 
6,562,611 

;6,178.799) (21.530.876) 

1,881,611 
I 

6,562,296 
(6.173.264) (21,529,843) 

899.61 113.60 ' 
(2951.48) (372.70) , (8:;;:;i.; ' 

2750.25 2?.C24? 
(3023.13) 

/ 

899.24 113.78 1 2SJ7.r,3 (2950.26) / (5520.d4) / 275C.6f '9K'd,d?: i 20.5134 (373.29) 

893.01 

1 1 

119.71 2610.01 27~1.1'. I 
(2929.85) (392.75) (8563.C2) !  '9'SR.?Pl 

'9.3094 

. .1945.78 90.65 
(-6383.79) kzl.%!i;; 

-T-Yzr , or 7L 

(297.41) ~(::,;;;:i;; j 

-1946.63 92.99 / hb~?O.67 1 s959.11 ; 
(-6385.58) (302.13) ~21.91e.21) )!22,8?1.73, 1 

rl.4421 

-1947.50 88.65 1 6976.37 i c.ao1 I 
(-6389.44) (290.85) 

I \21,i?i~~ 
'(22,888.so) ) 

-3387.02 77.73 1"6.2P ' 7791.41 -0.@019 
(-11,112.27) (255.02) 23,O .29) l(25.5h?.37) , 

2,833,602 6,563.376 -3365.04 78.23 ' 
(9,296,594) (21,533,386) (-11.G40.16) 

7026.e3 
(256.66, i(23.053.90) 

2,921,533 61562,861 
I (21.531.762) I 

-3471.73 
I 

78.28 6975.96 7792.50 
(9,585,%2) t-11,390.19) '256.82) (22,RE7.01) (25,565.94) 

-5.584.270 6,574,635 
18,321,0%) (21.570,325) 

-5,611,448 ($74,532 
18,410,262) (21,#9,986] 

-3448.82 
I 

77.08 
I 

(-11.315.03) (kS?.89) I (22%% idX 
6643.20 113.55 4068.42 ' 7790.98 

(21.795.28) (372.54) (13.348.06) (25,560.63) 

5619.21 115.03 4104 56 1789.39 
(21.716.57) (377.40) (13,466.40) (25.555.74) 

6651.89 113.50 JC53.34 '790.38 
(21,823.79) (372.36) (13,298.36) (25.S59.00) 

-r).rll515 

-f,.I)OlC 

-C.O0033 

-9.01365 

O.O@Cl 

'I.020271 

n.02797 

0.0219 
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Figure 10-3. Parking Orbit Velocity Comparisons (OWT Minus LVOC) 
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Table 10-4. State vector Comparisbns at TLI +23 Seconds (10.417.19 Seconds) 

II,, meton 5.969.800 5.010,~ 21,5m 
(fu (19.585.9%) (19,515,420) (70.538) (8%$ 

Y*, rten 1720 2580 
(ft) (SW u-S) t-rig (&E 

+ 7%" 
-3,225,8w -3.256.700 ~32.200. 

(-10.583.333) (-10,684.712) (lOr!si (lQ5.643) 

is. m/s 6.613.27 -28.53 
(WS) (21.697,08) (Pl.E$i i-l&$ (-93.60) 

i,, n/s 669.21 669.98 -0.77 0.02 
(ft/s) (2195.57) (2198.10) (-2.53) (0.37) 

is. w 8454.77 8435.85 18.91 16.98 
(Ws) (27.738.75) (27.676.67) (62.08) (55.7l) 

vs. m/s 10,7s4.82 10,760.53 -5.71 -4.x 
ift/SI (35.284.84) (35.303.58) (-18.74) (-15.62) 

Wlstrte vectorrtcwth par(d~O*ltpm~tadm thm# nr. 
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Table 10-5. OMPT/LVDC State Vector Differences at 703 Seconds 
(Near Parking Orbit !nsertion [POI]) 

'PARAMETER 

xsm 
meters 
!fd 

ys* 
meters 
(ftl 

Z,. meters 
cn) 

is. m/s 
(Ws) 

is. m/s 
(ft/s) 

is. m/s 
(ft/s) 

vs. m/s 
(fWs) 

(EIY) 

5,889,520 
(19.322.572) 

92.420 
(303.215) 

2.894.230 
'(9,495,505) 

-3439.28 
(-11.233.73) 

78.75 
(258.37) 

6991.90 
(22.939.303 

7792.50 
(25,565.90) 

LVOC 
TELEMETRY 

5,889,800 
(19.323.491) 

91,900 
(301,509) 

2.894.700 
(9,497,047) 

-3438.24 
(-11.280.31) 

77.02 
(252.69) 

6993.21 
(22.943.60) 

7793.10 
(25.567.91) 

WINE%oc I CORRECTED OMPT 
MINUS LVDC 

-280 
(-919) 

520 
(1706) 

-470 
(-1542) 

-1.04 
(-3.42) 

1.73 
(5.68) 

-1.31 
(-4.30) 

-o.co 
(-2.01) 

I -150 
(-492) 

I 520 
(1706) 

I -240 
(-787) 

I -0.72 

I (-2.36) 

1.72 
(5.64) 

-0.8E 
(-2.82) 

I -0.44 
(-1.44) 

Table 10-6. DMPT/LVDC State Vector Differences at 9812 Seconds 
(T6 +348 Seconds) 

- 

PARAHElER 

Xs’ meters 
(ft) 
meters 

yss (ft) 

2,. meters 
(ft) 

;5' I/s 
(ft/s) 

i . m/s l s (Ws) 
Zs’ n/s 

(ft/s) 
vs. n/s 

(ft/s) 

(1ZY) 

1.826,400 
(5.992.126) 

-130,rOo 
(-426.d 3). 

-6,313,4'!0 
(-20,713,2SS) 

7484.60 
(24.555.77) 

76.38 
(250.59) 

2157.89 
(7079.69) 

7789.83 
(25.557.19) 

LVOC 
TELEMETRY 

1.790.000 
(5.872.703) 

-128,900 
(-u2.9001 
-6.323.900 

(-20.747.703) 

7497.26 
(24.597.31) 

75.21 
(246.75)' 

2116.48 
(6943.83) 

7790.64 
(?1;,559.84) 

019T 
n1Nus LVDC 

(&ii 

-1100 
(--I 
10,500 

(34,448) 
-12.66 

(-41.51) 

1.17 
(3.84) 
41.41 

(135.86) 

-0.81 
(-2.65) 

60 SIWLATIOW 
amJs LVDC 

(li%4? 

-1150 
(-3773) 

11,so 
(37.m 

-11.74 
(-38.52) 

1.18 
(3.87) 

45.25 
(148.46) 

(4% 

';9Tttate vectotrtewth prrking ~Mtprojectedo~. through TLI. 

10-10 



The significant state vector differences at parking orbit insertion may 
be correlated with a 2 (downrange) accelerometer scale factor gain error. 
For AS-507, simulations show that the probability of achieving slingshot 
would be less than 50 percent with a nominal APS bum if the scale factor 
error approaches the 3-sigma value. This error exceeded the 3-sigma value 
during boost to parking orbit. During the prelaunch ST-124M-3 system test 
and checkout the Z-accelerometer scale factor gain error was approximately 
10 percent above its test specification (almost twice 3 sigma). An Un- 
satisfactory Condition Report (UCR) was generated and a specification 
waiver was approved based on orimary mission requirements. 

Initial impulse from venting thrust was approximately 35,585.8 N-s 
(8000 lbf-s) less than the programed value of 824,923 N-s (180,450 lbf-s) 
which was 4.: percent less than that programed. This low impulse is in- 
dicated by the thrust curve shown in Figure 10-4. The total velocity 
gained from venting was very close to the predicted value but it was 
accumulated more slowly which caused component velocity errors. 

Table 10-7 sumnarites the contributing factors to the space-fixed.naviga- 
tion vector differences between the OMPT and the LVDC up to the second 
S-IVB stage bum period (Tc +348 seconds). The table shows the error 
contributors to the difference of the two vectors at the end of the first 
boost period (700 seconds). The OMPT vector was then corrected by the 
identified error by inspecting the component difference curves. The 
resulting vector difference at Tg +348 seconds was caused by the initial 
hardware errors during thq! boost period, the vent differences, and the small 
OMPT error. Table 10-8 sutmnarizes the navigation state vector differences 
from parking orbit insertion to translunar coast. 

RANGE TIME, SECONDS 

Figure 10-4. LH2 Continuous Vent Thrust During Parking Orbit 
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Tab le 10-7. Contributing Factors to Space Fixed Navigat i 
Differences During Parking Orbit 

22.9oa 
(74.aw 

13.om 
(42.651) 

(lssy 

523 
(1716) 

(-1;; 

AZ 

-1390 
(-@a 

(2t 

-im 
(-328) 

-1100 
(-%w 

(22.E 

(16.% 

-Maa 
I-G93) 

10 slm 
(34.449) 

-?.57 
(-24.64) 

-3.15 
(-12.3) 

-1.36 
(-4.531 

-12.? 
(-41.7) 

%tlwPdby impctiq 4iffemQ aarm. 
"lot41 tifhrtnce ucmulrte0 to96l2.0 secmds coiq corr~cteCdW14t 700 seca14s. 

-=w41es brse4 al cornxteu awl rtwt point. 

on Vector 

0.01 
(0.031 

1.73 
((5.67) 

0.63 
(2.72) 

I!:: 

-0.10 
(-0.33) 

1.17 
(3.94) 

-1.31 -0.74 
(4%) (-2.31 

25.H 
(04.xl) 

16.09 
(52.W 

-0.52 
(-1.71) 

4z.41 
(133.9) 

-0.21 
(-0.69) 

cP:S 

-1.40 
(-4.59) 

-j.gl 
(-2.7) 

Based upon examination of the achieved end conditions, all functions of the 
IU/LVDC/LVDA guidance and navigation scheme were performed predictably and 
satisfactorily. Errors in accelerometer scale factor or bias approaching 
the 3-sigma values, particularly in the downrange accelerometer, are criti- 
cal (when not graperly accounted for) when velocity constraints similar to 
those for sli:gshot on As-507 are necessary. 

10.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION 

The flight program minor loop detected apparent error conditions twice 
during the mission at 36.6 seconds and 10.023.6 seconds. However, the 
natures of the conditions were different. In the first, a v (pitch) fine 
gimbal angle reading exhibited a change between successive minor loops of 
2.815 degrees. The maximum reasonable change for the minor loop pitch 
reading is 0.4 degree. The reading was, therefore, rejected and the 
preceding reasonable pitch gimbal value was used for attitude error 
calculations in the minor loop. No disagreement between the two pitch fine 
gimbal angle counters was detected. The subsequent readings were reason- 
able. The reading did not represent vehicle motion; the true nature of tne 
change is not known. The most probable explanation is an electrical 
transient occurring during the sampling function. An examination of the 
mechanism is in progress. 
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At 10.023.6 seconds following entry into T6, an unexpected zero reading 
was encountered in the .Z (yaw) gimbal angle. This was caused by two 
cuccessive zero gimbal readings while the minor-loop Chi and Theta (about 
that axis) differed by more than 0,06 degree. The zero readings were the 
result of proper hardware functions. However, the limit of 0.06 de 
is a bocst setting for use during active Thrust Vector Control (TUC ? 

ree 
. 

It replaced the orbital coast value of 1.2 degrees at T6 -9 seconds during 
the conversion to boost routines in preparation for second bum. At the 
time of the error indication, the vehicle attitude was being controlled 
with the APS, and the vehicle was drifting in the system null region. 
Since the attitude error exceeded 0.06 degree with no change in the gint>al 
readings, the zero gimbal reading occurred and caused the minor loop error 
telemetry. System operation was unaffected. The coast limit of 1.2 
degrees should be continued until the boost period is entered. 

The active guidance phases start and stop times are given in Table 10-9. 
The rate-limited attitude commands for S-IVB first bum are.given in 
Figure 10-5. The actual from predicted differences were attributed to 
variations in flight environment and performance. The corresponding 
attitude commands for S-IVB second bum are given in Figures 10-6 and 10-7. 
The differences in actual from predicted values were due to slight naviga- 
tion errors and stage performance variations. 

Orbital guidance events were accomplished satisfactorily. All S-IVB stage 
first and second bum guidance parameters indicate satisfactory operation. 
The orbital insertion conditions after S-IVB first bum are given in 
Table 10-10. The TLI parameters after S-IVB second bum are given in 
Table 10-11. 

10.4 GUIDANCE SYSTEM COMPONENT EVALUATION 

10.4.1 LVGA and LVDC Performances 

At 37.01 seconds, the flight program correctly detected a disagreement of 
nine pulse counts in the A and B velocity accunulations from the Z (down- 
range) accelerometer. The maximun allowable difference was two counts. 
As a result, the flight program selected the accmulation nearer the 
computed expected value (B counter). Subsequent readings exhibited no 
disagwements and the A counter readings were used for the remainder of 
the mission. The program reaction was proper and prevented the accumula- 
tion cf velocity from an unreasonable counter reading. The erroneous 
accmulation in the Z accelerometer A counter could have been caused by 
an electrical noise spike at the input to -the LVDA. 
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Table 10-8. OMPT/LVDC Navigation State Vector Difference SumnarY 

PAMTER 
PAWING ME 

3RIT TRAJECTORY 
IXSERflON S&?&T) SIMl!LATlffl* 

(WT HlNUS LVDC) MINUS LVDC) :@W MINUS LVDC) 

VEHTIX 
ERROR 

DIFFERWE TOTAL OIFFERLIIQ TRAMLUNAR 
DUE TO INITIAL (VENTING ERROR PLUS 

:TATt VECTOR 
INJECTION 

DIFFCRE',G DUE 
60 : IfllJLi? ;O:d 

ERROR** 
l 23 SECO:~Ds 

TO 1:lITIAL STATE 
l 23 SELO'rCS 

TRACKIYC 
VECTOR ERROR) MINUS LVDC 

Ranoc Tim, sot 700.0 9812.0 

LJ$. nten -280 (119.x) 
(ft) (-918.6) 

Lysg %" 520 -1100 
(1706) (-j6oQ) 

%* %" -470 10,500 
(-1542) (34.448.8) 

4 vs )I -1.04 -12.66 
( Ws) i-3.41) (-41.54) 

r-l,, m/s 1.73 1.17 
, (WO (5.68) (3.84) 

,2,, m/s -1.31 41.41 
( ws 1 f-4.30) (135.86) 

.'i), mis -0.70 -0.81 
(ft/s) (-2.30) (-2.66) 

Yslng uncorrected O?PT at 700 rrcmM~. 
**isin corncted O'lPT at 700 second). 

9812.0 

39.500 
(129.593) 

-1100 
(-3609) 

12.400 
(40.682) 

-12.97 
(-42.55) 

1.22 
(40.0) 

44.97 
(147.5) 

-0.10 
(-0.33) 

9812.0 9812.0 9812.0 10.417.2 10.417.2 

13,000 22,800 35.800 21.500 is ,400 
(42.650) (74.803) (117.454) (70.538) (Z3.X!, 

(9:: -1300 -1000 -850 2LX 
t-42651 i-3280) (-2822) !E53l 

4900 7000 11.900 30,300 !Z.?lC 
(1607) (22,966) (39.042) (101,378) (li)S.c,43) 

-3.75 ' -7.57 -11.32 -33.19 -22.51 
(-12.3) (-24.84) (-37.14) (-108.9) (-93.65) 

,Kj 
0.53 1.27 -0.77 0.32 

(2.72) (4.17) (-2.5) (O.JI)-- 

16.09 25.64 41.93 18.91 16.3e 
(52.79) (84.78) (137.57) (62.04) (5j.71) 

-0.21 0.59 -5.71 -5.76 i:: 
f-0.69) (1.94) (-18.7! r-15.62) 

1 

Table 10-g. Start and Stop Times for !GM Guidance Comands 

STCERIM IIISMIGRIIEIIT 
EVENT l I@! PHASE ARTIFICrlS tk 

(SEC) (SEC) 
CORRff;;-" TEWNAL GUIMME 

(SEC) 

start St00 StWt SUP stert stop, start SUP Strft * SW 

Flrrt Phrrr (VI 202.50 487.31 - s 222.18 - - m s 

Second Phase 101 407.31 559.53 b87.31 490.66 - 550.99 - - s I 

Third Phase IGH 559.53 685.94 559.53 568.78 566.& 685.94 660.40 

Fourth Phase IGH lC,O48.!8 10.146.07 - I ~0,058.m - - 

Fifth Phase 104 10,146.07 10,381.84 lO.146.07 10.148.98 ' 10.381.84 10.354.30 
. 

l ~11 me% rn for uw start of the car* .rtir I cycle In which the event occurred. 

l * Start olbltrl tlnlln0. 



I I I I I I I 
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v  IGM INITIATION 
VEMR SHIFT BEGIN OiI BAR STEERING 
VBEGIN CHI BAR STEERING 
v  SECONn EC0 

- PRtUlLltU 
---- ACTUAL 

10.320 '0,060 10.100 10.140 10,180 10.220 10.260 10,zOo 10,340 1:.38D 

RANGE TINE, SECONDS 

. 1 I 0 1 I L I I w V, 
2~47~20 2:48:00 2:48:40 2:49:20 2:50:00 2:SO:40 2:51:20 2:52:00 2:52:40 2:53:20 

RANGE TIME:HOURS:HINUTES:SECONDS 

Figure 10-6. Pitch Attitude Angles During S-IVB Second Bum 

Launch Vehicle digital computer Error Monitor Register bits 1 and 15 were 
set during the mission representing disagreements between TMR logic channel. 
signals of specific logic functions. Processed telemetry data indicates 
the following Error Monitor Register conditions: 

CASE ERROR MDNITOR REGISTER PERIOD (Seconds) 

1 15 17,883.5 to 21.222.5 

2 15 and 1 21,222.5 to 22,933.5 

3 1 22,933.5 to (not defined) 
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IGM INITIATION 
EMR SHIFT BEGIN CHI BAR STEERING 

BBEGIN CHI BAR STEERING 
BSECOND EC0 

-PREDICTED 
----ACTUAL 

Ml0 10.040 10.080 10,120 10,160 10,X9 10,240 10.280 10,320 10.360 10.4 100 

RANGE TIME, SECONDS 

I 1 I I I J 
2:46:40 2:48:00 2:49:20 2:50:40 2:53:00 2:54:20 

RANGE TIME:tiOURS:t4INUTES:SECONDS 

Figure 10-7. Yaw Attitude Angles During S-IVD Second Bum 

Telemetered Error Monitor Register and Error Time Word (ETW) analysis 
indicates two failure points, one associated with data transfer from the 
LVDC to the LVDA, and a second associated with data address control for 
each logic signal. An open circuit failure mode was assumed, was effected 
in the laboratory by interrupting one of the THR interface lines between 
the LVDC and LVDA, and was simulated by executing a digital simulation of 
the AS-507 mission from approximately 13,852 to 13,909 seconds. 
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Table 10-10. Parkfng Orbit Insertion Parameters 

DARAME11‘9 

Space-Fixed Velocity m/s 
(Ws) 

Flight Path Angle, deg 

uescending Node, deg 

Inclination, deg 

Eccentricity 
1 

OPERATIONAL 
TRAJECTORY (01) OWT 

I 

TRAJECTORY 
MINUS (OT) 

- 1 LYDC LVDC 
MiNUS OT 

7793.0 7792.5 -0.5 7793.1 0.; 
(X.567.6) (25.565.9) (-1.7) (25.567.9: (0.3) 

0.0001 -0.014 -0.0141 -0.0003 -0.0004 

123.146 123.126 -0.020 123.1.; 0.0 

32.545 32.540 -0.005 32.545 0.0 

0.000004 0.00032 O.OO(r316 0.00002 0.050016 

The Resultant ETW and Error Monitor Reqister data decodes were identical 
to those observed in flight data. During simulation the logic signal 
disagreements were sensed at the SW program instruction address points 
in the I?inor loop, data output, interrupt enable, ,nd interrupt processor 
routines. 

The signal paths between the LVDC and LVDA and the logic circuits within 
the LVDC/LVDA that am associated with the error conditions discussed 
above are triple redundant. Therefore, no degradation of the LVDC/LVDA 
function occurred. 

10.4.2 Ladder Outputs 

The ladder networks and converter amplifiers performed satisfactorily. No 
data have been observed that indicate an out-of-tolerance condition between 
Channel A and the reference channel converter-amplifiers. 

10.4.3 Telemetry Outputs 

Analysis of the available LVDA telemetry buffer and flight control canputer 
attitude error plots indicated symmetry between the buffer outputs and the 
ladder outputs. The available LVDC power supply plots indicate satis- 
factory power supply performance. The ti60-603 guidance computer telemetry 
was canpletely satisfactory. 

10.4.4 Discwte Outputs 

No valid discrete output register words (tags 043 apd 052) were observed 
to indicate guidarlce or simultaneous memory failure. 

10.4.5 Switch Selector Functions 

Switch selector data indicate that the LVDA switch selector functions wem 
performed satisfactorily. No error monitor words were observed that 
indicate disagreement in the TMR switch selecto- register positions or in 
the switch selector feedback circuits. No mode code 24 wQrds or switch 
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Table 10-11. Translunar Injection Parameters 

CARAMETER 

Space-Fixed Velocity m/s 
(ftis! 

OescenZing Node, arg 

Inclination, deg 

Eccentricity 

C3* 
2; n /s 

(ft2ls2) 

OPERATIONAL 
TRAJECTORY (01) 

13.788.4 
(35.395.0) 

120.37; 

30.336 

0.97066 

-1.773.597 
(-19.090.839) 

OMPT 
TIWECTORV 
MINUS 01 

13.786.8 -1.6 
(35.389.8) (-5.2) 

120.338 4.033 

30.355 0.019 

0.96966 -o.oolbo 

-1.834.425 -60.828 
(-19.745.586) (-651,707) 

LVDC 

10.792.3 
35.407.8) 

120.376 

30.343 

0.37081 

-1 .?66,8?9 
-18.996.999) i 

L 

LVDC 
YlINUS 01 

m3iP 

0.005 

0.007 

G.ODOlS 

8718 
i33.840) 

- -. 

selector feedback words were observed that indicated a switch selector 
feedback was in error. In addition, no indications were observed to 
suggest that the B channel input gates to the switch selector rtigister 
positions were selected. 

10.4.6 ST-124M-3 Jnertial Platform 

The inertial platform system performed as designed. The inertial gimbal 
temperature feil below specifications; however, there are no indications 
of degraded inertial performance. The temperature went below the minimum 
specification of 313.15"K (104.O"F) at about 8600 seconds and leveled off 
at 312.59"K (103.O"F) close to the valoe seen on previous flights. 

An apparer: Y (crossrange) velocity change of 1.1 m/s (3.6 ft/s) at 0.1 
second was probably caused by asymmetric sampling of an oscillating 
accelerometer being driven by liftoff vibration. There is no evidcxe of 
accelerometer head contact with a mechanical stop. 

After Command and S rvice Module (CSM) separation (after 15,500 seconds), 
the environmental cortrol parameters exhibited abnormal behavior. This 
was attributed to the open IU receiving incident solar radiation. 

None of the above abnormalities affected the inertial platform or its 
performance. 
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SCCTICN 11 

CONTROL AND SEPARATION 

11.1 SUMMARY 

The AS-507 control system, which was essentially the same as that of AS-506, 
performed satisfactorily. The Flight Control Computer (FCC), Thrust Vector 
Control (TVC), and Auxiliary Propulsion System (APS; satisfied all require- 
ments for vehicle attitude control during the flight. Bending and slosh 
dynamics were adequately stabilized. The prelaunch programed yaw, roll, 
and pitch maneuvers were properly executed during S-IC boc.t. 

During the maximum dynamic pressure region of flight, the launch vehicle 
experienced winds that were less than 95-percentile November winds. The 
maximum average pitch and yaw engine deflections were the result of wind 
shears. 

S-IC/S-II first and second plane separations were accomplished with no 
significant attitude deviations. Related data indicate that the S-IC 
retromotors performed as exPected. At Iterative Guidance Mode (IGM) 
initiation, a pitchup transient occurred similar to that seen on previous 
flights. During the eariv portion of S-II burn, the outboard engines were 
required to -ompensa+c I- a yaw thrust vector misalignment of the center 
engine. Foil'_ Engine Cutoff (CECO) there was a change in yaw 
attitude due to tf ,c 111 trim conditions. S-I l/S-IVB separation 
occurred as expectec *a rthout producing any significant attitude deviations. 
The S-II retromotors and S-IVB ullage motors performed as expected. 

Satisfactory control of the vehicle was maintained during first and second 
S-IVB burns and during coast in Earth Parking Orbit (EPO). During the 
Command and Service Module (CSM) separation from the S-IVB/IU and during 
the Transposition, Docking and Ejection (TD&E) maneuver, the control system 
maintained the vehicle in a fixed inertial attitude to provide a stable 
docking platform. Following TD&E, S-IVB/IU attitude control was maintained 
during the evasive maneuver, the maneuver to slingshot attitude, and the 
LOX dump and APS burns. 

11.2 S-IC CONTROL SYSTEM EVALUATION 

The AS-507 control system performed adequately during S-IC powered flight. 
The vehicle flew through winds which were less than 95 percentile for 
November in the maximum dynamic pressure region of flight. Less than 10 
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percent of the available engine deflection bqas used throughout flight 
(bacc?d on average engine gimbal angle). S-IC outboard engine cant was 
accomplished as planned. 

All .Uynamics were within vehicle capability. In the region of high dynamic 
pt-f%SiJr~) the maximum angles-of-attack were 2.1 degrees in pitch and 1.3 
degrees in-yaw. The maximk average pitch and yaw engine deflections were 
0.3 c!egree and 0.4 degree, respectively, in the maximum dynamic pressure . 

Both deflections were due to wind shears. -The absence of any 
~~~$r~t bending or slosh frequencies in vehicle motion indicated that 
bending and slosh dynamics were adequately stabilized. 

Vehicle attitude errors required tc trim out the effects of t&rust inbal- 
ante, thrust misalignment, and control system misalignments were within 
predicted envelopes. Vehicle dynamics prior to S-IC/S-II first-plane 
separation were within staging requirements. . . 

11.2.1 Liftoff Clearances - 

The launch vehicle cleared the mobile launcher structure within the avail- 
able clearance envelopes. Camera data showing liftoff motion were not 
available For the AS-507 .flight, but simulations with flight data show 
that less tl.:' 10 percent of the available clearance was used. The ground 
wind was from the west with a magnitude of 6.8 m/s (13.3 knots) at the 
18.3 meter (60 ft) level. 

The predicted and measured,misalignmnts, slow release forces, winds, and 
the thrust-to-weight ratio are shown in Table 11-l. 

11.2.2 S-IC Flight Dynamics . 

Maximum control parameters during S-IC bum are listed in Table 11-2. 
Pitch, yes and roll plane t.itne histories during S-IC boost are shown in 
Figures 11-1, 11-2, and 11-3. Dynamics in the region between liftoff and 
40 seconds result primarily from guidance commands. Between 40 and 110 
seconds, maximun dynamics were caused by the pitch tilt pmgram, wind 
magnitude, and wind shears. Dynamics from 110 seconds to S-IC/S-II separ;j- 
tion were caused by high altitude winds, separated air flow aerodynamics, 
center engjne shutdown, and tilt arrest. The transient at CECO indicates 
that the center engine cant was 0.13 degree in pitch and yaw. 

At dutboard Engine Cutoff (OECO), the vehicle had attitude errors of -0.2, 
-0.2, aid -0.1 degree in pitch, yaw, and roll, respectively. These errors 
are required tc trim otit the effects of thrust imbalance, offset Center 
of Gravity (CG), thrust vector misalignment, and control system misalign- 
ments. The maximum equivalent thrust vector misalignments were -0.15, 
0.02 and 0.05 degree in pitch, yaw, and roll, respectively. 
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Table 11-l. AS-507 Misalignment Surrmary 

PREFLIGHT PREDICTED LAUNCH 

PARAMETER 

Thrust Misalignment, 
deg* 

Center Engine Cant, 
deg 

Servo Amplifier 
Offset, deg/eng 

Vehicle Stacking and 
Pad Misalignwnt, 
de9 

Attitude Error at 
Holddown Arm 
Release, deg 

Peak Slow Release 
Force Per Rod, 
N (lbf) 

Wind 

Thrust to Weight 
Ratio 

PITCH 

kO.34 

+o; I 

*D-.29 

YAW 

to.34 

to.1 

io.29 

ROLL PITCH YAW ROLL 

to.34 -0.15 0.024 

0.128 0.12a 

t0.i 

0.0 -0.12 

-0.14 

-- 

-0.06 

415,900 (93,300) 

14.4 m/s (28 knots) 6.8 m/s (13.3 knots) 
at 18.3 meters at 18.3 meters 

(60 feet) (60 feet) 

1.191 1.214 

-0.06 

** 

0.047 

0.0 

-0.17 

*Thrust m'saliynment of 0.34 degree encompasses the center engine cant. 
A positive polarity was used to determine minimum fin tip/umbilical tower 
clearance. A negative polarity was used to determine vehicle Ground Support 
Equipment (GSE) clearances. 

**Data not available. 
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Table 11-2. Maximum Control Parameters During S-IC Bum 

PARAMETERS 

Attitude Error 

PITCH PLANE YAW PLANE RDLL PLANE 

RANGE QANGE RANGE 
MAGNITUDE ,TIME MAGNITUDE 'IME MAGNiTUDE TIME 

(SEC) (SEC) 

Angular Rate 

Average Gimbal 
Angle 

Angle-of-Attack 

There was no significant sloshing observed. The engine response to the 
observeti slosh frequencies showed that the slosrl was well within the 
capabilities of the control system. 

Tile normal accelerations observed during S-IC bum are shown in Figure 11-4. 
Pitch and yaw plane wind velocities and angltz-of-attack alp shawn in 
Figure 11-5. The winds are shown both as &teryined from balloon and 
rocket measurements and as derived from the vehicle Q-ball. 

11.3 S-II CDNTROL SYSTEM EVALUATION 

The S-II stage attitude control system performance was satisfactory. 
Analysis of the magnitude of modal components in the engine deflections 
revealed that vehicle structural bending and propellant sloshing had 
negligible effect on control system performance. The maximun values of 
pitch and yaw control parameters occurred in response to CECO. The 
maximum values of roll control parameters occurred in response to S-IC/S-II 
separation disturbances. Tile control responses were within expectations. 

Beteen the events of S-IC DECO and initiation of IGM, the vehicle atti- 
tude cormnands were held constant. Significant events occurring durirg 
this interval were S-Ill/S-II separation, S-II sta e J-2 engine start, 
second plane separation, and Launch Escape Tower 9 LET) jettison. lhe 
attitude control dynamics throughout this intirval indicated stable 
operation as shown in Figures li-6 through 11-B. Steady-state attitudes 
were achieved within 20 second' from S-IC/S-IT. separation. The maximum 
control paramter values for the period of S-II bum are shown in 
Table 11-3. 
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v BEGIN YAW YANEUVER 
v END YAW MANEUVER 
V BEGIN PITCH/ROLL MANEUVER 
v OUTBOARL ENGINE CANT 
VEND ROLL MANEUVER 

MACH 1 
MAX Q 

v CECO 
V TILT ARREST 

0 
-MEASURED ---SIHULATED 

1 I I I I I I I I I I I 
I 1 I I I 
I ft ACTUAL ATTITUDE f i 

-40 - 

I I 
COMMANDED A 

-80 I I I 

-0.8 

. . . 
0 20 40 60 80 100 120 140 160 

RANGE TIME. SECONDS 
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Table 11-3. Maximum Control Parameters iIuring S-II Roost Flight 

PiTCH PLANE vu PLRi ROLL PLANE 

PARAMETER LWITS MAGkITtiX RAN& Tl'nE MAGRITUD~ RANGE TIME MGNILIE RANGE TIME 
(SEC) !SEC) (SEC) 

Atti t-3e Error w -;.5 470 -0.5 510 -1.3 165 

Aft1 tude Qdre de<'S ;.a 471 -0.1 462 1.7 766 

Average Glmbrl Jeg -c 9 209 -0.2 464 -1.3 

Angle 
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At IGM initiation, the TVC received FCC commands to pitch the vehicle 
up* During IGM, tee vehicle pitched down at a constant comnanded rate of 
approximately -0.1 deg/s. The transient magnitudes experienced at IGM 
initiation were similar to those of previous flights. 

During the first portion of the bum the vehicle trimned with a yaw 
attitude error of 0.2 degree. This trim condition was required to balance 
the thrust vector misalignment of the center engine as well as other 
contributors. The center engine was not precanted to compensate for 
compliance deflection, and because of the location of the fixed links, this 
compliance effect occurred in the yaw plane. Following CECO, a new steady- 
state trim attitude error of 4.3 degree was established with a transient 
peak of -0.5 degree at 510 seconds. The deflections of the outboard 
engines in yaw at this time wem the result of the change in trim conditions. 
The engine deflections in pitch were the result of a pitchup guidance 
command. 

Simulated and flight data for pitch, yaw, and roll plane dynamics are 
compared in Figures 11-6, 11-7 and 11-8, respective?y. The major differ- 
ences are as follows: Steady-state yaw attitude error caused by early 
CECO which reflects a higher compliance than predicted for the cer:?er 
engine; initial transients in the ml1 axis which could be attributed to 
uncertainties in thrust buildup of the J-2 engines; and steady-state 
attitude errors caused by engine location misalignments and thrust vector 
misalignments. 

11.4 S-IVB CONTROL SYSTEM EVALUATION 

The S-IVB TVC system provided satisfactory pitch and yaw control during 
powered flight. The APS provided satisfactory roll control during first 
and second bums. 

Control system transients at S-II/S-IVB separation and during S-IVB first 
and second bums at guidance initiation, Engine Mixture Ratio (ERR) shift, 
chi bar guidance mode, and J-2 engine cutoff were experienced as expected 
and were within the capabilities of the control system. 

11.4.1 Control System Evaluation During First Bum 

The S-IVB first bum attitude control system response to guidance carrnands 
for pitch, yaw and roll are presented in Figures 11-9, 11-10 and 11-11, 
respectively. The maximum attitude errors and rates occurred at IGM 
initiation. A sumary of maximum values of the critical flight control 
parameters during S-IVB first bum is presented in Table 11-4. 
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Table 11-A. Maximun Control Parameters During S-IVB First Burn 

PITa PLlillc VLY PllYlL ROLL PLlVrL 

PARMLI. 'WITS 
WGNITUM RbNtt Tllc Rmil TUM 

‘YEY 
MAGRITuofI 

(SEC) yE:f*I 

Attitude Error *g 2.75 563.0 -0.85 566.8 -1.30 580.0 

Angulrr Rate degls -1.50 564.C -0.18 564.0 -0.Y) 558.0 

Actuator Position hrl 1.50 562.4 -0.60 565.3 -e _- 

_ _ VINITIATE MANEUVER TC LOCAL HORIZONTAL 
3.0 
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Figure 11-12. Pitch Plane Dynamics During Coast in Parking Orbit 

11.4.3 Control System Evaluation During Second Bum 

The S-IVB second bum attitude control system response to guidance commands 
for pitch, yaw and roll a1p presentid in Figures 11-13, 11-14 and 11-15, 
respectively. The maximum attitude errors and rates occurred at guidance 
initiation and EMR shift. A sumnary of maximum values of the critical 
flight control parameters during S-IVB second bum is presented in 
Table 11-5. 

The pitch and yaw effective thrust vector misalignments during second bum 
were approximately 0.38 and -0.32 deg=e, respectively. The steady-state 
roll torque during second bum ranged from 18.2 N-m (13.4 lbf-ft). clock- 
wise looking forward, at the 4.5:l.O EMR shift to 19.0 N-a (14.0 lbf-ft) 
at the 5.O:l.O EMR shift. 
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Figure 11-13. Pitch Plane Dy.lamics During S-IVB Second Burn 

11.4.4 Control System Evaluation After 5-IVB Second Bum 

The coast attitude control system proviced satisfactory orientation and 
stabilization from S-IVB second cutoff through the last data available. 
Pitch, yaw, and roll control for spacecraft separation are shown in 
Figure 11-16 and for spacecraft docking in Figure 11-17. Yaw control 
during the evasive maneuver is shown in Figure 11-18. Figure 11-19 
shahs pitch and yaw control for the maneuver to slingshot attitude. APS 
propellant usage for attitude control was less than the predicted nominal 
usage. 

11-17 



1 
3 

S-IVB SECOND ESC v BEGIN TERMINAL GUIDANCE 
IGH PHASE 4 !NITIATED v OiI FREEZE INITIATED 

v S-IVB EMR SHIFT V S-IVB SECOND EC0 

3 

2 

1 

0 

-1 

-2 

-3 

3 

2 

1 

0 

-1 

-2 
l-i,000 I 10,040 I 10,080 I 10,120 I 10,160 I 10,200 I 10,240 I 10,280 I 10,32G I 10,360 I 10.400 I 

RANGE TIME. SECONDS 

1 WV I I VI I I I I vfi wb 
02:46:40 02:48:00 

Figure 11-14. Yaw 

11.5 SEPARATION 
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Plane Dynamics During S-IVB Second Bum 

S-IC/S-II separation and associated sequencing were accomplished as planned. 
Dynamic conditions at separation were within staging limits. Rate gyros 
and acceleronreters located on the Instant Unit (IU) showed no disturb- 
ances, indicatin a clean severance of the stages. Data from the Exploding 
Bridge Wire (EBW P firing unit indicate that S-IC retromotor ignition was 
accomplished. The S-II ullage motors performed as predicted. Since there 
were no cameras on the S-II stage, calculated dynamics of the interstage 
and tht S-II stage were used to determine if second plane separation was 
within the staging requirements. 
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Figure 11-15. Roll .Plane Dynamics During S-IVB Second Bum 

Table 11-5. Maximun Control Parameters During S-IVB Second Bum 

PITal R&E VIY PlmE Ra1Pl.m 
PMYETER ulllls MaInmE -g$" manlm Mw lils mmIluoE 

(SEC) yic'f 

Attl tude Lrmr co 2.0 IO.OS2.3 -2.0 10.162.2 0.8 10.357.0 

Angular Rate &g/s 4.9 10.053.8 -1.4 10,OSS.l 0.3 10.153.5 

Actu3tor PosItion w 1.10 10.052.2 -1.60 10.056.8 we -- 

The S-II retromotors and the S-IVB ullage motors performed satisfactorily 
and provided a normal S-II/S-IV6 separation. Dynamic conditions at separa- 
tion were within staging limits with separation conditions similar to those 
observed on previous flights. 

Separation of the CSM from the LV was accomplished as planned. There were 
no large control disturbances noted during the separation. The attitude of 
the LV was adequate?y maintained during the docking of the CSM with the 
\;;a;,"dule (LM). The CSM/LM was then successfully spring ejected from 

. . There were no significant control disturbances during the ejection. 
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SECTIOi: ‘12 

ELECTRICAL NETWORKS AN2 EMERGENCl DETECTION SYSTEM 

12.1 SUMHRY 

The AS-507 launch vehicle electrical systems and Emergency Detection 
System (EDS) performed satisfactorily throughout all phases of flight 
except during S-IVB restart preparations. During this time the S-IVB 
stage electrical systems did not respond properly Co burner LDX rhut- 
down valve "CLOSE" and telemetry ralibrcte "ON" commands from the S-IVB 
switch selector. Both of the command failures were isolated to inter-, 
mittent conditions in a bus module (404A3A2g) or the associated mating 
connector (404A3WlP29) located in the S-IVB sequencer. Operation of the 
batteries, power supplies, inverters, Exploding Bridge Wire (EBW) firing 
units and switch selectors was nonal. 

12.2 S-IC STAGE ELECTRICAL SYSTEM 

The battery voltages remained well within performance limits of 26.5 
to 32.0 vdc during powered flight. Batkry currents were near predicted 
and below the maximum limit of 64 amperes for each battery. Battery 
power ccnsumption was well within the rated capacities of the batteries 
as shown in Table 12-l. 

Table 12-I. S-IC Stage Battery Power Ccnsumption 

BATTERY 

Ooerational 

Instrumentstion 

BUS 
DESIGNATION 

lDl0 

1020 

POWER CONSUMPTION* 

RATLD PERCENT 
CAPACITY 
(AMP-MINJ AMP-MIN CA%ITY 

640 27.0 4.2 

640 b5.6 13.4 

*Battery power constmnptions were calculated from pawer transfer I 
until S-IC/S-I I separation. 
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The two measuring power supplies remained within the 5 f0.05 vdc design 
limit. 

All switch selector channels functicned correctly, and all outputs were 
issued within their required time limits in response ta commands from 
the Instrment Unit (IU). 

The separation and retromotor EBW firing units were armed and triggered 
as programed. Charging times and voltages were within predicted time 
and voitage limits. 

The command destruct EBW firing units were in the required state of 
readiness if vehicle destruct became necessary. 

i2.3 S-II STAGE ELECTRICAL SYSTEM 

All battery voltages remained within specified limits throughout the 
prelaunch and flight periods, 
and predicted limits. 

and bus curwznts remained within ,equired 
Main bus current averaged 36 amperes during S-IC 

boost and varied frm 47 to 55 amperes during S-II boost. Instrumentation 
bus current averaged 23 amperes durjng S-IC and S-II boost- Recircula- 
tion bus current averaged 98 amperes during S-IC boost. Ignition bus 
current averaged 29 amperes during the S-II ignition sequence. Battery 
power consumption was well within the rated capacities of the batteries 
as shown Sn Table 12-2. 

The five temperature bridge power supplies, the three 5-vdc instrumentation 
power supplies and the five LH2 recirculation inverters all performed 
within acceptable limits. 

Table 12-2. S-II Stage Battery Power Consumption 

BUS RATED POWER CONSUMPTION* TEMPERATURE 
OESIG- CAPACITY PERCENT OF 

BATTERY NATION (AMP-HR) AMP-HR CAPACITY MAX MIN 

Main 2011 35 7.76 22.2 97.O"F 87.O"F 

Instrumentation 2D21 35 3.78 10.8 88.0°F i 84.O"F 
Recirculation 2D51 30 5.78 19.3 88.5OF 82.O"F 
No. 1 

Recirculation 2D51 30 5.82 19.4 87.0°F 81.0°F 
No. 2 and 

2D61 

*Power consumption calculated from -50 seconds. 
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All switch selector channels functioned correctly, and all outputs were 
issued within their required time limits in response to commands ftom 
the Ill. 

Performance of the EBW circuitry for the separation system was catis- 
factory. Firing units charge and discharge esponses were within 
predicted time and voltage limits. The coi%land EBW firing units were 
in the required state of readiness if vehicle destruct became necessary. 

12.4 S-IVB STAGE ELECTRICAL SYSTEM 

The voltages and currents of the three 28-vdc batteries and one 56-vdc 
battery stayed well within ac ceptable limits as shown in Figures 12-1 
through 12-4. Battery temperatures remall., -;qed below the 120°F limits for 
the poweed portion of the flight. (This limit does not apply after 
insertion into orbit.) The l.ighest temperature of 111°F was reached on 
Aft Battery No. 2, Unit 1, after S-IVB first burn cutoff. Battery power 
consumption‘is shown in Table 12-3. 

The three 5-vdc excitation modules operated as expected. The seven 
20-vdc excitation modules performed within acceptable limits. The LOX 
and LH2 chilldown inverters oerformed satisfactorily and met their load 
r-equi rements. 

Performance of the EBW circuitry for the separatinn system was satis- 
factory. Firing units charge and dischape responses were within 
predicted time and vc;?tage limits. The ccnmand EBW firing units weI% 
in the mquired state of eadiness if vehicle destruct became necessary. 

The switch selector functioned correctly and all IU commands were properly 
executed, except as noted id1 the following paragraphs. 

Table 12-3. S-IVB Stage Battery Power Consunption 

BATTERY 

RATED POWER CONSUMPTION** 
CAPACITY PERCENT OF 

(AMP-HRS)* AMP-HRS CAPACITY 

Fomard No. 1 300.0 144.4 48.1 

Forward No. 2 24.75 26.b 107.3 

Aft No. 1 300.0 104.2 34.7 

Aft No. 2 75.0 36.9 49.1 

*Rated capacities are minimun guaranteed by vendor. 
**Actual usage to 43,980 seconds (12:13:00) is based on flight 

data. 
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At 9965.7 seconds !2:46:05.7) the burner LOX shutdwn valve "CLOSE" 
command was sent from the S-iVB switch selector; however, tne valve did 
not close. A subsequent ground command successfully closed the valve 
at 10.554.2 seconds (2:55:54.2). (See paragraph 7.6 for propulsion 
system effects.) Also, at 9864.8 seconds (2:44:24.8) the CPlBO multiplexer 
failed to responc when a telemetry calibrate "ON" comnand was sent from 
the switch selector. The DPlBO multiplexer did respond. Both multiplexers 
responded to a telemetry calibrate "ON" c-and at 10,472.8 seconds 
(2:54:32.8). 

both of the command failures were isolated to intenittent conditions 
in a cOrnnon bus module (unit designation 404A3AZ9, MBAC P/N lB57771) or 
the associated mating connector (unit designation 404AWP29, Bendix 
P/N S0286E-22-55s) located in the sequencer of the S-IVB aft skirt. 
These command circuits are shown in Figure 12-5. Further analysis 
indicated that the intermittent conditions were probably caused by a 
recessed socket or a missing socket retention spring in the 404A3UlP29 
harness connector. 

10’; ;3uj Ilil,.,! amI L.UYf e- ‘wFI:-wC ~mD:‘lms 
!.  ‘*:‘wDuI La rrsa;.rr: .-:* cmlli:-w 

13s SW-m 
Y*lYIIL 

lgure 12-5. Burner LOX Shutdown Vale "CLOSE" and TLM Calibrate 
"ON" Carmand Circuits 

12-6 



Tests are being conducted on similar bus modules and mating connectors 
to provide additional informatior, as to the possible cause of the 
interriittent condition. 

12.5 INSTRUMENT UNIT ELECTRTCAL SYSTEM 

All battery voltages and temperatures increased gradually from liftoff 
as expected. Voltages and currents remained normal on batteries 6D10 
and 6D3C) during launch and coast periods of flight. Battery 6D40 voltage 
and current remained in the normal range throughout the expected period 
(predicted lifetime for battery 6D40 was 38,160 seconds [10:36:00]). The 
6D40 battery indicated a gradual voltage drop beginning at approximately 
30,000 seconds (8:20:00) with a more rapid drop beginning at 36,000 seconds 
(10:00:00). The voltage level fell below the nominal range (28 +2 vdc) at 
approximately 39,300 seconds (10:55:50) indicating impending failure of 
battery 6D40. The dropping voltage was accompanies by a rising current 
until 39,900 seconds (11:05:00) at which time the current also began a 
rapid decrease. Battery power consumption and estimated depletion times 
are shown in Table 12-4. Battery voltage, currents and temperatures are 
shown in Figures 12-6 through 12-8. 

The 56-vdc power supply maintained an output voltage of 55.7 to 56.7 vdc, 
well within the required toierance of 56 f2.5 vdc. 

The 5-vdc measuring power supply perfomied nominally, maintaining a 
constant voltage within specified tolerances. 

The switch selector, electrical distributors, and network cabling 
performed nominally. 

Table 12-4. IU Battery Power Consumption 

RATED POWER CONSUMPTION* ESTIMATED 
CAPACITY PERCENT OF LIFETIME 

BATTERY (AMP-HRS) AMP-HRS CAPACITY (HOURS) 

6010 350 261.3 74.7 16.2* 

6D30 350 223.9 64.0 17.9* 

6D40 350 403.5 115.3 I 10.9** 

*Based on available flight data to 43,980 seconds (12:13:00). 
*'*Battery 6D40 fell below the nominal range (28 +2 volts) at 

this time. 
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Figure 12-8. Battery 6D40 Voltage, Current and Temperature 

12.6 SATURN V EDS 

The perfomance of the AS-507 EDS was normal and no abort limits were 
exceeded. EDS Elated sequential events and discrete indications 
occurred as expected. The performance of all thrust GK sensors and 
associated voting logic, which monitor engine status, was nominal insofar 
as EDS operation was concerned. S-II and S-IVB tank ullage pressures 
remained within the abort limits and displays to the crew were normal. 

The maximum angle-of-attack dynamic pressure sensed by a redundant 
Q-ball mounted atop the escape tower was 0.9 psid at 42 seconds. This 
pressure was only 28 percent o f the EDS abort limit of 3.2 psid. As 
noted in Section 11, none of the triple redundant rate gyros gave any 
indication of angular overrate in the pitch, yaw or roll Otes. The 
maximum angular rates were well below the ab,rt limits. 
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SECTION 12A 

TRIGGERED LIGHTNING PHENOMENON 

12A.l SUMMARY 

The Apollo 12 vehicle was launched in rainy weather after considera- 
tion of Launch Mission Rule l-404, as shown on Table 12A-1. Shortly 
after 36.5 seconds into the flight, there were numerous space vehicle 
indications of a massive electrical disturbance, followed by a second 
disturbance at 52 seconds. The astronauts reported that, in their opinion, 
the vehicle had been hit by lightning. 

Data in the 36.5- and 52-second time periods were investigated regarding 
this problem. Camera data, telemetered data, and Launch Vehicle Data 
Adapter/Launch Vehicle Digital Computer (LVDA/LVDC) bit errors showed that 
the .ehicle had been struck by lightning at 36.5 secona;. Virtually nc 
discernable effects were noted on the launch vehicle during the 52-second 
disturbance. Atmospheric electrical factors and the fact that the vehicle 
does not have the capacitance to store sufficient energy to produce the 
effects noted indicate that the lightning discharge at 36.5 seconds was 
triggered by the vehicle. The 52-second disturbance may have been due to 
a lesser lightning discharge. 

The launch vehicle hardware and software suffered no significant effects; 
therefore, the mission proceeded as scheduled. There is no evidence of 
vehicle pyrotechnics being endangered due to built-in protection in the 

Table 12A-1. MSFC Launch Mission Rule l-404 
I 

SEVERE WEATHER: 

The vehicle will not be launched when its nominal f 

will carry it through a cumulonimbus (thunderstorm) 

fonn?tfx. 

light p,th 

cloud 

REMARKS: 

I The design of the Saturn V vehicle is such that it should not 

be subjected to launch during thunderstorm weather conditions. 
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circuitry. Some modification to present launch mission rules will be 
required to preclude launching of the vehicle when the probability of 
triggered lightning discharges is deemed unacceptable. 

12A.2 REAL-TIME EFFECTS NOTED 

Apollo 12 was the first Saturn vehicle launched in the rain. Weather 
conditions at launch anz described in Appendix A. it was decided to 
launch after consideration of Launch Mission Rule l-404 (see Table 12A- 
regarding launch in severe weather. The rationale behind the Launch 
Mission Rule is described in Table 12A-2. 

Table 12A-2. MSFC Launch Mission Rule Background 

SYSTEM BACKGROUND DATA: 

SEVERE WEATHER 

Thunderstorms can be critical to space vehicle ground operations 

because high winds are to be expected in association with thun- 

derstorms and because associated large electrical potential 

gradients can create a safety hazard. These vehicle operational 

problems are made even more complicated because there is no 

known reliable method to predict (forecast) the maximum wind to 

be associated with a thunderstorm. Therefore, statistical 

methods are offered as techniques to determine the magnitude of 

the problem in a probabilistic sense, to establish calculated 

risk due to thunderstorm winds, and to form the basis for 

establishing launch mission rules. 

Thunderstorms are critical to vehicle launch because the Saturn 

is not designed to fly through thunderstorms. Therefore, the 

present launch mission rule, relative to vehicle launch in 

thunderstorms, states: "Tine vehicle will not be launched when 

its flight path will carry it through a cunulonimbus (thunder- 

storm) cloud formation." The basis for this rule is that such 

a cloud iomation can be observed. and the rule can be objec- 

tively applied. 
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Shortly after 36.5 seconds into flight, it was reported tnat the fuel 
cells in the Serv,ce Module (SM) were disconnected and that ail AC power 
in the spacecraft was lost. Also, numerous indicator lamps were illumi- 
nated at this time. It was later reported that the inertial measurement 
unit on the spacecraft had lost its inertial reference at 52 seconds. 
It was the cpihion of the astronauts that the vehicle had been hit by 
lightning. Investigation of this problem centered on data in the 36.5 
and 52-second time periods. 

12A.3 CAMERA DATA INDICATIONS 

Analysis of all available g' Jnd camera data indicated that there were 
two lightnina discharges in the vicinity of tne launch pad during the 
36.5..secoild time period. One discharge forked into two branches with 
both branches apparently entering the ground. These lightning effects 
were observed by three cameras and by the vidicon. Although camera 
coverage was restricted due to ttie low ceiling of 0.6 kilometer (2100 ft), 
every tracking camera showed two bright frames during this time period. 
The vidicon also showed brightness on several frames preceding those 
on which the lightning strokes were visible. Trajectory data (Section 4) 
show that the vehicle at this time was at 1.95 kilometers (6397.6 feet), 
in the clouds, and out of sight of the ground. A reconstruction of the 
lightning phenomenon based on camera analysis is shown in Figure 12A-1. 

12A.4 LAUNCH VEHICLE DATA SYSTEM INDICATIONS 

I )unch vehicle telemetered data were examined in detail in the 36.5- and 
52-second time periods to determine effects that could be attributed to 
lightning or a static discharge. Forty-five neasurements in the Instru- 
ment Unit (IU) experienced a disturbance in the 36.5-second time period. 
S-1VB data systems experienced disturbances at this time on all 15 single 
sideband telemetry channels and on 45 Pulse Code Modulated (PCM) data 
samples. Three vibration measurements on the S-II stage were also affected 
at this time with one disturbance noted on the S-IC. At 52 seconds a 
disturbance was noted on one S-II vibration maasurement. All of the dis- 
turbances noted were transients of variable amplitudes. No pattern was 
apparent either in geographical location or in the magnitude of the dis- 
turbance other th;;I most measurements affected being located on the upper 
two stages of the vehicle (IU and S-IVB). There was no damage or subse- 
quent data degradation noted. The nature and randomness of the transients 
are character+stic of effects caused by a mas:ivrl external electrical 
disturbance ;uch as lightning. 

12A.a 1U LVDA/LVDC INDICATiONS 

At approximately 36.6 seconds the LVDA pitch gimbal crossover counters 
indicated a ct-ange in excess of the acceptable 0.4-degree limit. At 37.01 
seconds, bit 'I in mode code 24 of the LVDC was also set because redundant 
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Figure 12A-1. Artist Concept of Lightning Phenomenon, at 36.5 Seconds 
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accelerometer counters differed by 9 counts (maximum allowable difference 
is 2 counts). In both instances, the erroneous impulses are indicative 
of a strong external electrical disturbance. Subsequent operation was 
normal. A more complete discussion of these performance variations is 
conta'-red in Section 10. 

12A.6 VEHICLE PYROTECHNICS 

The;- is no evidence that vehicle pyrotechnics were endangered by the 
lightning discharge. The pyrotechnics normally are fired by discharging 
capacitors in the Exploding Bridge Wire (EBW) networks. These capacitors 
arp normally uncharged and require 1.0 to 1.5 seconds to be charged to 
operating voltages. When operating voltage is attained, the devices still 
will not fire until a special triqger signal is received. If the trigger 
signal is nbt received, the capacitor charge is leaked to a safe value 
within 15 seconds. Since duration of lightning is normally less than 
0.1 second and since the system must be electrostatlcally‘shielded to 
provide protection against Radiofrequency Interference (RFI) to meet 
specification requirements, the probability of spurious ignition of the 
EBW's is remote. 

12A.7 SUPPJRTING ATMOSPHERIC ELECTRICAL EVIDENCE 

Discussions with authorities knowledgeable in the field of atmospheric 
electricity provided the following additional information relevant +- 
the Apollo 12 lightning problem: 

a. Lightning discharges can be triggered by structures distorting a 
field of high potential gradient in the atmosphere. In this context, 
a triggered lightning discharge is Jne where the presence of a struc- 
ture causes the discharge to occur as opposed to a natural discharge. 

b. Potential gradients of sufficient strength to induce lightning dis- 
charges can exist in clouds other than cunulonimbus clouds. 

C. The lightning discharge is preceded by a leader that may not be 
visible. These leaders occur within 0.1 second of the lightning 
discharge according to available evidence. However, large elec- 
trical charges are built up during the time prior to development 
of the leader. When branching is observed in a lightning discharge, 
the branches always point in the direction of propagation of the 
lightning. 

d. A laboratory test demonstrated that a charged capacitor discharges 
over a much greate;. distance in the presence of a flame. This 
experiment substantiates the theory that the Apollo 12 flame plume 
contributed to the discharge. 
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e. The data do not indicate whether the discharge started at the top 
of the vehicl- and then went down the plume cr if it started at the 
top of the plu,,a and traveled bo% ways. In either case, the elec- 
trical disturbance effect on Apollo 12 would have been the same. 
However, the charge at the top of the plume ;s near neutral, and 
the enhancement factor associated with radius of curvature of the 
"Q" ball indicates tha t the probability is high that the discharge 
occurred to the top of the vehicle. 

f. To produce the effects noted on Apollo 12, the energy level due to static 
charge must have exceeded lo4 joules and c:luld have been as high as 108 
joules. Energy levels due to static charges on th2 Apollo Satu 

rs 
vehicle 

from atmospheric effects and from flame ef+icts must be below 10 joules 
because of the relatively small capacitance of the vehicle and leaking of 
of charge down the plume. 

9. Potential gradient measuring systems at KSC showed the existence of 
a high potential gradient on the ground, thereby indicating high 
electrical activity in the clouds. No evidence of natural lightning 
discharges in the local area was recorded on other instrunentation. 

12A.8 CONCLUSIONS 

Virtually no effects were noted on the lamch vehicle during the 52-second 
time period. The following conclusions regarding this anomaly are there- 
fore pertinent only to the 36.5-second titne period: 

a. No weather-related launch mission rule was violated on the Apollo 12 
mission. This conclusion is based on the following: 

1. The vehicle did not fly through cumulonitius (thunderstorm) 
clouds. 

2. The eference to cumulonimbus clouds is primarily concerned 
with winds aloft. 

3. The reference to electrostatic potential is primarily concerned 
with ground safety. 

b. The vehicle was struck by a lightning discharge triggered by the 
vehicle itself. This conclusion is based on the following: 

1. The ionized gases in the flame plum contributed to the 
discharge. 

2. A fairly high current flow on or near the vehicle surface is 
evident. 
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3. Static charges on the vehicle would not have been sufficient 
to produce the effects noted. 

4. No lightning occurred in the 6-hour period prior to launch or 
in the 6-hour period subsequent to S-IC cutoff. 

C. The tendency of a space vehicle to encourage lightning where natural 
lightning discharge would not exist and the potential danger to the 
mission that results from this tendency indicate the necessity for 
some modifications to tt-.e present launch mission rules. The reasons 
for requiring modifications are as follows: 

1. The launch vehicle is designed and tested to provide immunity 
from lightning phenomena in standty and storage. It iS not 
designed to operate in the presence of a lightning discharge, 
however, because of computer sensitivity to induced fields 
greater than 1.5 gauss; it relies primarily on good design 
practices to minimize the effects of such an environment. 
Eecause of geometry, the spacecraft is more vulnerable to 
lightning than is the launch vehicle. 

2. Tne launch vehicle is more likely to trigger lightning (and 
therefore be struck by it) than is an airplane, because it 
flies at right angles to lines of equal potential instead of 
parallel to them. While Us lines of equal potential m?y be 
vertically oriented, such an occurrence is normally accompanied 
by natural lightnitig discharges and high turbulence of a 
thunderstorm that would readily indicate the excessive hazards 
associated with a flight oath through such a cloud cell for both 
an aircraft and the launch vehicle. 

3. Natural lightning is not requisite to the existence of a 
lightning hazard during vehicle boost or reentry. 

d. Consideration must be given to several factors to keep launch 
constraints reasonable. These factors are as follows: 

1. No one factor such a5 rain, cloud thickness, or the electr-o- 
static potential measured on the ground necessarily indicate; 
the presence or absence of a cor,dition hazardous to the vehicle. 
For example, the presence of rain does not in itself indicate 
the existence of a potential gradient sufficient for triggered 
lightning, and conversely, the absence of rain does not pre- 
clude the possible existence of such a gradient. All of the 
indicators, therefore, need to be analyzed to determine the 
probability of a potentially hazardous condition. 
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2. Because the potential gradien'. measuring system at KSC may not 
reliably show the existence of hazardous potential gradients 
aloft, additional ground and aircraft instrumentation may be 
required to provide better correlation between observed ground 
conditions and conditions aloft. These needs, however, require 
better definition and a critical evaluation. 

3. There is no way to assure a :OO percent guarantee that future 
vehicle launches will not encounter static discharges. How- 
ever, the triggered lightning occurrence and significant static 
discharge risks may be red:zed if deemed unacceptable. 

4. Ground rules need to be established for interpreting data to 
assess the possibility of triggering lightning. At the same 
time, the rules must net be so arbitrary that they lead to an 
unnecessary launch hold. 

e. Permanent detrimental effects due to lightning discharge would not 
be expected on the hardware or pyrotechnics. The softwarP, however, 
could be influenced because of computer sensitivity to induced fields 
greater than 1.5 gauss. 

f. A review of this anomaly with numerous authorities in the field of 
atmospheric electricity resulted in unanimous agreement that the 
evidence from vehicle measurements, atmspheric conditions, and 
experimental studies supports the conclusion that the vehicle was 
struck by a lightning discharge triggered by the vehicle itself. 
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SECTION 13 

VEHICLE PRESSURE AhD ACOUSTIC ENVIRONMENT 

13.1 SUMMARY 

The S-IC base heat shield was instrumented with two differential pressure 
measuremints, one of which failed. The data from the valid measurement 
show good agreement with data from AS-506. 

In general, the S-II heat skield forward face and the thrust cone static 
pressures fall within the data band of the previous flights. 

Acoustical measurements were made at 12 locations on the S-IVEl interstage 
and aft skirt. Data for liftoff appear t9 be valid for all 12 measure- 
ments. Flight data after 15 seconds appear to contain questionable areas 
for some of the measurements because the measured environment at these 
locations was below the range of the instrumentation. 

13.2 BASE PRESSURES 

13.2.1 S-IC Base Pt+essures 

The S-IC base heat shield was instrumented with two differential (internal 
minus external) pressure measurements. Measurement nun;ber DOO46-106 
failed on the AS-507 flight aqd is t?ot shown here. The AS-507 data, 
Figure 13-1, show good agreement with AS-506 data. The peak differential 
of approximately 0.15 psid occurred at the same altitudes, and the magni- 
tudes and trends were consistent with the AS-506 flight. 

13.2.2 S-II Base Pressures 

The AS-507 forward face static pressure fell within the data band of the 
previous flights, as shown in Figure 13-2. The AS-507 static pressure, 
prior to interstage separation, was approximately 15 percent lower than 
the corresponding AS-506 value. Good agreement was obtained between 
flight and postflight predicted values. 

The AS-507 thrust cone static pressures, Figure 13-3, fell close to the 
lower limit data bsnd of the previous flights and were approximately 20 
percent below the corresponding AS-506 value prior to inter-stage separa- 
tion. 
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Figure 13-1. S-IC Base Heat Shield Differential Pressure 

Both thrust cone and heat shield forward face static pressures were ex- 
tremely low after inter-stage separation. Therefore, the pressure changes 
occurring during CECO, EMR shift, and engine cutoff are not apparent in 
the flight data. 

The postflight prediction and the AS-507 flight data for the heat shield 
aft face static pressure are shown in Figure 13-4. Also shown in this 
figure is th, 0 data band for the previous flights. The AS-507 flight pres- 
sure falls below this data band. This trend was not expected since the 
engines were angled closer together during the AS-507 flight than on any 
previous flight; therefore, higher pressures were anticipated. dowever, 
since the transducer indicated a negative pressure prior to J-2 engine 
ignition and after engine cutoff, a b.ras was suspected. Prior to ignition, 
the normal pressure in the base region is approximately 0.02 psia at indi- 
cated in Figures 13-2 and 13-3. Therefore, the actual AS-507 pressure in 
this region could be C.02 psi higher than the transducer indicated value. 

13.3 ACOUSTIC ENVIRONMENT 

13.3.1 External Acoustics 

AS-507 external fluctuating pressures were measured at 12 vehicle stations 
located on the S-IVB interstage anid S-IVB aft skirt. The locations of the 
12 measurements are shown in Figure 13-5. All measurements returned data 
from liftoff through S-IC boost. Liftoff data appear to be valid for all 
12 instruments. All flight data, telemetered after approximately 15 
seconds, dropped below 140.7 decibels and remained under the measurement 
range for 2 of the 12 instruments. The remaining flight instruments con- 
tained varying amounts of underrange data. 
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Figure 13-2. S-II Heat Shield Forward Face Pressure 

The vehicle external overall sound pressure levels at liftoff are shown 
in Figure 13-6. Predicted values and previous flight data are included 
for comparison. Sound pressure spectral dens'ties at liftoff are shown 
in Figure 13-7. Measurements 633-402 through 838-404, located near 
Position IV , show 3 to 4 decibels higher eve;-all levels than the instru- 
ments located at or near Position li1. This condition is apparently due 
to the location of the flame trench at Position IV. Spectral shapes are 
generally consistent for all instruments. 

Overall fluctuating pressure time histories for S-IC boost are presented 
in Figure :3-S. Flight data were below the range of the instrumentation 
for measurements 828-402 and 832-402 and contained varying amounts of 
underrange data for measurements B31-402, B33-402, and 834-402. Pre- 
liminary inflight pressure spectral densities at or near maximum aero- 
dynamic noise level are si10k~l for 8 of the 12 measurements in Figure ;3-9. 
Pressure spectrums are not included for tho:e instruments where data a!‘e 
underrange or questionable at the time slice indicated. 
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SECTION 14 

VEHICLE THERMAL ENVIRONMENT 

14 1 SUMMARY 

The AS-507 S-IC base region thermal environments have similar magnitudes 
and trends as those measured during previous flights. 

In general, base thermal environments on the S-II stage were similar to 
those measured on previous flights and were well below design limits. 
The tctal heating rate for the base heat shield on AS-507 was higher than 
corresponding values on previous flights. This was expected since the 
initial engine precant angle had been reduce" from 2.3 to 1.3 degrees 
for AS-507. 

Aerodynamic heating environments were not measured on AS-507. 

14.2 S-IC EASE HEATING 

Thermal environments in the base region of the S-IC stage were recorded 
by two total calorimeters and two gas temperature probes which were 
located on the base heat shield. Data from these instruments are compared 
with AS-506 flight data and presented in Figures 14-1 and 14-2. The 
AS-507 S-IC base heat shield thermal environments have similar magnitudes 
and trends as those measured during the pre ious 

! 
flight. The maximun 

recorded total heating rate was 26.3 Btu/ft -s and occurred at 10.8 n mi, 
and the maximun recorded gas temperature of 1754°F occurred at 14 n mi. 
In genel,al, Center Engine Cutoff (CECO) on AS-507 produced a spike in 
the thermal environment data with a magnitude and duration similar to 
previous flight data. 

Ambient gas temperatures under the engine cocoons (monitored by C242-101 
through -105) were within the range of previous flight data and within 
the predicted range. These temperatures are shown in Figure 14-3. 

14.3 s-11 BASE HEATING 

Figure 14-4 presents total heating rate recorded by the calorimeter 
(C722-206) on the aft face of the base heat shield throughout S-II boost. 
The analytical prediction for this transducer and the AS-501 through 
AS-506 flight data are also shown in this figure for comparison. It is 
noted that the AS-507 total heating rate was higher than all other 
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corresponding values of the previous flight . This was expected since 
the initial engine precant angle had been reduced from 2.3 to 1.3 degrees 
on this stage. However, the increase was not as large as the predicted 
value which was based on test data. The effects of CECO on the aft face 
heating rate was determined from l/25 scale model data. 

Figure 14-S shows the AS-507 flight and postflight prediction of the 
incident radiative heat flux to the base heat shield aft face surface. 
The previous flight data band is also shown for comparison. 

Figure 14-6 show; the AS-507 flight and postflight prediction of the 
base region yas recovery temperature probe history. Also shown is the 
AS-503 through AS-506 flight dab ban+. 

The predicted gas recovery temperature is obtained by analysis using the 
measured total ar,d radiative heating rates on ‘the base heat shield aft 
surface and the probe temperature. Note that the flight values are the 
probe temperature and not ihe gas recovery temperatures. 
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550 

The probe and gas recovery temperatures wem approximately 80°F higher 
than the corwsponding AS-506 values prior to CECO. This was expected 
since the outboard engines are closer to the center engine during S-II 
boost due to reduced engine precant. 

14-4 



VS-II IGNITION 
v INTERSTAGE SEPARATION 
VS-II CECO 
~EMR SHIFT 
VS-?I OECO 

I PREVIOUS FLIGtiT DATA 

- FL!GHT DATA 

--- DREDICTION 

TRANS IDUCER C6!%?-206' 
a 

isc 200 250 300 'SO 400 450 500 550 

RANGE TIME. SECONDS 
Figure 14-5. Hoat Shield Aft Radiation Heat Rate 

However, after CECO at-d EMR shift, the gas recovery temperature was 
approximately 90°F lower than the corresponding AS-506 value which was 
contrary to the expected trend. This contrary trend could be accounted 
for by the higher than normal measured radiation heating rate on AS-506 
which analytically yielded a high gas rec~ve;~y temperature. 

There wem no structural temperature measurements on the base heat shield 
and only three thrust cone forward SI -face temperature measurements for 
the base region. A maximlrm postflight predicted temperature was deter- 
mined for the aft surface of the heat shield using base heating rates 
predicted for the AS-507 flight. This predicted temperature was 982°F 
which compared favorably with maxFmum postflight temperatures predicted 
for previous flights- and was below the maximum design temperatuw of 
1550°F. The maximum measured temperature on the thrust cone by any of 
the three forward surface temperature measur*ements was 26°F. The 
measured temperatures were below design values and in good agreement 
with postflight predictions. 

, 
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Figure 14-6. Heat Shield Recovery Temperature Probe 

14.4 VEHICLE AEROHEATING THERMAL ENVIRONMENT 

The aerodynamic heating environments were not measured on the AS-507 
vehicle. Flight optical data on flow separation are not availab'ie for 
';;*>s flight. 

Due to siF'iarity in trajectory data, aerodynamic heating and flow 
separation heating environments a- believed to be similar to that 
experienced by the AS-506 vehicle. 
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SECTION 15 

ENVIRONMENTAL CONTROL SYSTEMS 

15.1 SUMMARY 

The S-IC fon#ard compartment ambient temperatures were maintained above 
the minimum performance limit during the most severe phase of the AS-507 
countdown. The aft compartment environmental conditioning system main- 
tained the ambient temperature aithin design requirements during count- 
down. 

The S-II thermal control and compartment conditioning system apparently 
performed satisfactorily since the ambients external to the containers 
were nominal, and there were no problems with the equipment in the con-- 
tainers. 

The Instrument Unit (IU) Environmental Control System (ECS) performed 
satisfactorily for the duration of the IU mission. There was evidence 
of direct incidence solar heating near panel 20, through the open end of 
the IU, after spacecraft separation. CamQonents located in this area 
showed an increase in temperature. However, none of the components 
coIlled by the Thermal Conditioning System (TCS) showed performance de- 
gradation through 40,000 seconds of data, and all measurements were still 
within tneir operating limits , although solar heating did adversely 
affect the operation of components of tne Command and Communications 
System (CCS). During this period of solar heating, the gas bearing 
differential pressure decreased below the expected lower limit because 
of temperature effects of the Gas Bearing Supply System (GBS) GN2 pres- 
sure regulator. The performance of the ST-124M-3 platform was not 
affected by this decrease in pmssure. 

15.2 S-IC EhZIRONMENTAL CONTROL 
. 

The most s$:irere forward compartment thermal environment occurs dur ng J-2 
engine chilldown. The lowest ambient temperature measured during AS-97 
J-2 engine chilldown was -67OF at instrument location C206-120, which 
was above the minimum performance limit of -gOOF. During flight, the 
lowest temperature measured was -140.8"F at instrument location C206-120. 

The aft compartment environmental conditioning system maintained the 
adient temperature within the design requii-ements during countdown. 
Prior to liftoff, the ambient temperatures ranged between g3.2"F at 
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measurement C107-115 an6 75.2"F at measurement C203-115. During flight, 
the lowest temperature recorded was 57.2"F at 'nstrument location 
c203-115. 

15.3 S-II ENVIRONMENTAL C3NTROL 

The Engine Compa:-tment Conditioning System maintained the ambient and 
thr-ust cone surface temperatures within design ranges throughcut the 
launch countdown. The system also maintained an inert atmosphere within 
the compartment as evidenced by absence of H2 or 02 indications on the 
hazardous gas monitor. 

There were no therma? contrcl container temperature measurements; however, 
since the ambients exterrlal to the containers were satisfactory and there 
were no problems with the equipmettc. in the containers, it is assumed that 
the thermal control systems performed aciiequstely. 

15.4 IU ENVIRONMENTAL CONTROL 

15.4.1 Thermal Conditioning System 

Performance of the Thermal Conditioning System (TCS) was satisfactory 
throughout the mission. The temperature of tGe Methanol Water (M/U) 
coolant was continuously maintained within the required 45 to 68°F tem- 
perature band. 

Sublimator performance during ascent is shown in Figure 15-1. The 
water valve was opened at 181.9 seconds allowinp water flow to the sub- 
limator. The M/W coolant temperature began to decrease rapidly at about 
500 seconds as full cooling from the sublimator was established. The 
low cooling rate during the first 300 seccndr after the water valve 
opened is typical of a slow-starting sublimator and is not abnormal. At 
the first thermal switch sampling, the M/W coolant was still above the 
actuation point, and the water valve remained open. The second thermal 
switch sampling was at 781.4 seconds, and the water valve was closed. 

Sublimator performance is shown in Figure 15-2 over the full time span 
for which data have been received. The data show normal M/W coolant 
temperature cycles up through 40,000 seconds of flight. 

Al? component temperatures remained within their expected ranges through- 
out the primary mission as shown in Figure 15-3. The ST-124M-3 internal 
gimbal temperature went below the operational temperature range (104°F) 
at about 8,600 seconds and leveled off at 103°F. which is close to the 
value observed on previ#Jus flights. The temperature followed almost 
exactly the curve of AS-505 until the Evasive Attitude Hold maneuver and 
then began a steady warming trend after 16,620 seconds. There was evi- 
dence of direct solar heating near panel 20, through the o;?n end of tf,e 
IU, after spacecraft separation (paragraph :6.3.4). The temperature of 
components located on IU panel 20 began increasing at about the same 
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time as the ST-124M-3 internal temperatue. Also, the M/W control tempera- 
ture and other sublimator parameters indicated an increase in activity, 
and therefore, an jncrease in heatload. None of the components cooled by 
the TCS skewed performance degradation as a result of this heat load 
through 40,000 seconds of data, and all measurements were still within 
their operating iimits. The ST-124M-3 i.lternal gimbal temperature was at 
its upper o$erationai value uf 115°F. Fffects of this solar heating on 
components of the CCS system are discussed in paragraph 16.4.4. 

The TCS GN2 supply sphere pressure decay was within the expected usage 
rate limits as shown in Figure 15-4. The change in slope from 15,000 to 
17,000 seconds was due to the solar heating effects that occurred after 
spacecraft separation. There were no adverse effects on TCS performance 
as inllicated by normal water accumulator and M/W accumulator pressures. 

15.4.2 ST-124M-3 Gas Bearing System 

Performdnce of the GBS was satisfactory throughout the primary mission. 
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The GUS GN2 sphere pressure decay *das nominal up tn spacecraft separation 
as shown in Figure 15-5. After spacecraft separation, there was an in- 
crease in G3S GN2 sphere pressure due to solar heating; however, there 
was no noticeable effect on platform performance. 

The ST-124M-3 gds bearing differential pressure is shown in Figure 15-6. 
The gas bearing differential pressure decreased below the expected lower 
limit at about 18,4OC seconds; however, the performance of the ST-124M-3 
plstforc was not affected by this decrease in pressure. This decrease 
is attributed to an increase in the gas bearing regulator temperature 
caused by high incident soTar heat rate. Previous component test data 
nave shown that this is th+ expected performance of the regulator with 
an increase in component temperature. A modification is being considered 
on AS-508 to protect IU componei ts from solar radiation through the open 
end of the IL'. This modif'cation consists of a thermal shroud and IS 
discussed in paragraph 16.4.4. 
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SECTION 16 

DATA SYSTEMS 

16.1 SUmARY 

All elements of the data system performed satisfactorily throughout flight 
except the C-and and Conniunication System (CCS). During translunar 
coast, the CCS omni downlink antenna system failed, and the CCS uplink 
signal dropped out sooner than expected. 

Measurement performance was excellent, as evidenced by 99.9 percent 
reliability. This reliability is the same as on AS-506, when the highest 
reliability for any Saturn V flight was attained. 

Telemetry performance was nominal. Very High Frequency (VHF) telemetry 
Radiofreq!ency (RF) propagation was generally good, though the usual 
problems due to flame effects and staging were experienced. Usable VHF 
data were received to 25,260 seconds (07:Ol:OO). The Secure Range Safety 
Command Systems (SRSCS) on the S-IC, S-II, and S-IVB stages wem ready to 
perform their functions properly on conanand if flight conditions during 
launch phase had required destruct. The system properly safed the S-IV6 
SRSCS on a command transmitted from Bermuda (BDA). The performance of the 
Command and Communications System (CCS) in the Instrument Unit (IU) was 
satisfactory, except for the uplink and downlink problems noted. Usable 
CCS data wem received to 43,980 seconds (12:13:00). 

Goldstone Wing Station (GDSX) received CCS signal carrier to 46,070 seconds 
(12:47:50). Good tracking data were received from the C-Bald radar, with 
Merritt Island Launch Area (MILA) indicating final Loss of Signal (LOS) at 
43,560 seconds (12:06:00). 

The 71 ground engineering cameras provided good data during launch. 

16.2 VEHICLE EASUREMNT EVALUATION 

The AS-507 launch vehicle had 1402 measurements scheduled for flight; 
five measurements were waived prior to start of the automatic cotintdown 
sequence leaving 1397 measurements active for flight. Of the waived 
measurements, one provided valid data during the flight. 
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A summary of measurement performance is presented in Table 16-1 for the 
total vehicle and for each stage. Measurement performance was except- 
ionally good, as evidenced by 99.9 percent reliability. This reliability 
is the same as on AS-506, when the highes t reliability for any Saturn V 
flight was attained. 

The waived measuretznts, totally failed measurements, and partially failed 
measurements are listed by stage in Tables 16-2 and 16-3. None of the 
listed failures had any significant impact on postflight evaluation. 

16.3 AIRDOrWE TELEMETRY SYSTEMS 

Performance of the nine VHF Telemetry links was generally satisfactory 
with the minor exceptions noted. A brief performance sumnary of these 
link; is shown in Table 16-4. 

Data degradation and dropouts were experienced at various times during 
boost as on previous flights due to attenuation of RF transmission at 
these times, as discussed in paragraph 16.4.1. 

Usablp VHF telemetry data were received to 25,260 seconds (07:OleOO) at 
Guaymas (GYM). 

Performance of the CCS telemetry was generally satisfactory except for 
the period during translunar coast from 19,105.S seconds (5:18:25.5) to 
25,741.g seconds (7:Og:Ol.g). This problem is discussed in detail in 
paragraph 16.4.4. Usable CCS data were received at GDSX to 43,980 seconds 
(12:13:00). 

16.4 RF SYSTEMS EVALUATIDN 

16.4.1 Telemetry System RF Propagation Evaluation 

The performance of the nine VHF telemetry links was excellent and generally 
agreed with predictions. Very high frequency telemetry link CS-1 was 
added on AS-507. 

MoQrate to severe signal attenuation was experienced at various times 
during boost due to main flame effects, S-IC/S-II and S-II/S-IVB staging, 
S-II ignition, and S-II second plane separation. Magnitude of these 
effects was comparable to that experienced on previous flights. S-IC 
main flame effects caused loss of VHF telemetry data on the S-IC and S-II 
stages. At S-IC/S-II staging, signal strength on all VHF telemetry links 
and on the CCS downlink dropped to threshold for approximately 1.0 and 
12.5 seconds, respectively. Signal degradation due to S-II ignition and 
S-II flame effects was sufficient to cause loss of VHF telemetry data on 
the S-IC stage. Command and camnunication system data were lost during 
S-II second plane separation. S-II VHF data were lost during S-II/S-IVB 
separation. In addition, there were intervals during the launch phase 
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Table 16-1. AS-507 Measurement Sumnary 

-Y 

MEASUREMENTS S-:C S-II S-IV8 [NSTRUMENl r TOTAL 
CATEGORY STAGE STAGE STAGE UNIT VEHICLE 

. 
Scneduled Scneduled I 307 307 579 289 227 1402 

Waived Waived 3 3 0 2 0 5 

Failures Failures 1 1 0 0 0 1 

I Partial Failures Partial Failures 
I 

5 5 3 2 0 10 

Reliability, 99.7 100.0 100.0 100.0 99.9 
Percent 

. 

Table 16-2. AS-507 Flight Measurements Waived Prior to Launch 

Tmocrrrure. Orldlze- Pum, 
searing 1 

EL rat1c - Cycled *he- Rocketdyne transducer or cabling 
ocrrrng neaten were Drobim. KS: waiver-I-B-SCi-3 
cyclea (Open resrstrve clement). 

Temperatwe , Engine Cinbal System 
Retm hrcn Ac:uator 

Ampl;f~er driven 
negative 

Ooen cable at transducer 
(Integral Dart of transoucer: 
KSi Wver-l-6-507-4. 

Ileasumrent provibo vrlio 
bat8 thmbghout omemd 
fl'ght. YSC :;aiwr 
i-a-507-1. 

Segment Identrfrcrtlon Fuel 
D~scretc / 

Discrete 3 indicated 
wet at all times 

5-IVB STAGE 

c.;;*-dj+ 
( :ilet we Ga; 

lewfrature I.01 lank Orffuser 
i 

Mersurcment falled Probable Ooen transducer. 
off-scale high at 
a2oroxrmately -1176 

:,;;(;l.;‘ I ;* 

seconds 

lscellrn~ous Cud *em excessiwly 
1 ODerrtlcrnal Telewtry :r:t, 

This nlgr reflected >ower *as 

1 RQfleCtQd RF buer 
nign 0urlng the 0erVoas c.sbsea by rfvrooer ls0lation 
den the peel trans- frm DCY transmitter. 
WttQr MS OpC,tl"g 
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Table 16-3. AS-507~Measurement Malfunctions 
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Table 16-4. As-SO7 Launch Vehicle Telemetry Li?ks 

Af- I 256.2 
w-1 244.3 

4--- 
BF-1 241.5 
BF-2 234.0 
BP-l 248.6 

CP-1 

I 

258.5 
cs-1 253.8 

B-1 250.7 
W-1 245.3 
W-16 2282.5 

I I FLIGHT PER100 
MODULATION STAGE (RM&E Tim, sic) PERFORMANCE SUMIMPY 

FM/FM S-II 772 
m/m S-II 772 
PCM/FM S-II 772 

PCM/FM 
S/FM 

s-IVB 
s-IVB 

PC.H/fd ii1 
PCM/FM IU 

-L - 

Flight [kration 
724 

Flight Duration 
Flight thwation 

43.980 

Satisfactory 

Data Dropouts 

Range Tim (set) Duration (set) 

136.7 2.1 
162.8 1.0 
166.0 1.3 

Satisfactory 

Data Dropouts 

Range Time (set) Duration (set) 

131.4 6.0 
162.6 1.0 
X3.2 3.7 

Satisfactory 

Datr Dropouts 

kngc Time (set) Duration (set) 

162.6 1.0 

Satisfactory 

Data Dropouts 

Rarqe Tim (set) Duration (set) 

162.5 (VHF) 1.0 

162.0 
193.5 

19.105.5 
21.237.3 
22.066.4 
23.389.7 
25.546.4 
25.687.4 

I Dp-18 

12.5 
2.0 

See 16.4.4 
See 16.4.4 

only See 16.G.4 
See 16.4.4 
See 16.4.4 
Set 16.4.4 
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where some data were so degraded as to be unusable. Loss of these data, 
however, posed no problem since losses were cf such short duration as tc 
have little or no impact on flight analysis. 

The performance of tlr e S-IVB and IU telemetry systems was nominal during 
orbit, second burn, and final coast, except for the CCS problem discussed 
in paragraph 16.4.4. 

Guaymas reported VHF LOS at 25,260 seconds (07:Cl:OO), and GDSX reported 
CCS LOS at 46,070 seconds (12:47:50). 

A summary of available VHF telemetry coverage showing Acquisition of 
Signal (AOS) and LOS for each station is shown in Figure 16-l. 

16.4.2 Tracking Systems RF Propagaticl Evaluation 

The C-Band radar operated satisfactorily during this flight, although 
several ground stations experienced some of the usual tracking problems. 

The Cape Kennedy (CNV), MILA, Patrick Air Force Base (PAFB), and Grand 
Turk Island (GTK) stations experienced problems during launch caused b;j 
balance point shifts (erroneous pointing information caused by a sudden 
antenna null or a distorted beacon return). Similar problems haye been 
experienced during previous flights. The ground stations momentarily 
switc;ied to skin track when this problem was observed. 

Cape Kennedy, MILA, and PAFB al?o experiencea some dropouts during launch 
3ue to the adverse weatner conditions. The only problems experienced 
during the second revolution occurred a1 the two BDA radar sites. The 
vehicle passed directly over the stations, and the resulting high azimuth 
rates at the maximum elevaZion angle (exceeded azimuth tracking rate 
capabilities of antenna:) resulted in a 26-second dropout. 

The MILA TPQ-18 and BDA FPQ-6 radars tracked the vesicle during the trzns- 
lunar coast period. Rermuda reported two dropouts caused by low signal 
strength. This low signal Ltrength was a result of the large slant range 
to the vehicle. Merritt Tsland launch area indicated final L0S at 43,560 
c-econds (12:06:00). 

A summary of available C-Sand radar coversge r.howing ACS and LOS for each 
station is shown in Figure 16-2. 

There is no mandatory tracking requiremer:t of the CCS; however, t.b. CCS 
transponder has turnaround ranging capabilities and provided a backtip to 
the Command and Service Modtile (CSM) transponder Used for tracking in case 
of failure or desire for a cross check. Since the same transponder is ;:ed 
for all CCS functions, discussion of the tracking performance of this 
system is ircluded in the general discussion of the CCS RF evaluation. 
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Flqure 16-1. VHF Telemetry Coveraqe Summary 
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Yb.j.3 Secure Range Safety Conrnand Systems Evaluation 

Telemetered data indicated that the command antennas, receivers/decoders, 
Exploding Bridge Wire (EBW) networks, and destruct controllers on each 
powered stage functioned properly during flight and were in the required 
state of readiness if flight conditions during the launch had required 
vehicle destruct. SitIce no arm/cutoff or destruct commands were required, 
all data except receiver signal strength remained unchanged during the 
flight. At approximately 120 seconds, a momentary dropout occurred on the 
receiver signal str-ngth measurements, when the corrnnand station switched 
transmitting antennas. Power to the system was cut off at 708.2 seconds 
by ground command from BDA, thereby deactivating (safing) the system. 
Both S-IVB stage systems, the only systems in operation at this time, 
responded properly to the safing command. 

16.4.4 Comrland and Communication System Evaluation 

The command section of the CCS operated satisfactorily. Twenty-four 
comnands were initiated by Mission Control Center-Houston (MCC-HI for 
transmission via three different ground stations, as shown in Table 16-5. 
The 24 commands consisted of 72 words. Of the 24 commands, 21 were 
accepted by Lhe onboard equipment. Transmission of the three commands 
not received by the CCS occurred when the command subcarrier (70 kHz) 
or both the conr:and subcarrier and the uplink carrier were out of lock. 

The RF portion of the CCS performed satisfactorily during boost and 
parking orbit with minor exceptions. Downlink dropouts occurred during 
GIG/S-II staging and,at S-II second plane separation, as on previous 
tiights. Iitation handovers were accomplished with very little data loss. 
Per,fonnat:ce during second burn and during Translunar Injection (TLI) was 
nominal. 

Durirlg translunar coast, the CCS RF performance was satisfactory urltil 
19,105.5 seconds (5:18:25.5) when a downlink dropout occurEd while 
operating on the omni antenna. Subsequent to this, the CCS downlink 
antennas were switched by ground command 16 times per planned tests. 
Each time the omni antenna was selected, there was a CCS downlink dropout 
as shown in Figure 16-3. The CCS downlink performance was nominal while 
on the low-gain ;Ind high-gait) antennas. The loss of uplink signal to the 
CCS at 26,827 seconds (7:27:07) prevented any furtfier commanding of the 
LVDCjLVDA via the command section of the CCS. Final CCS downlink LOS 
occurr*ed at 46,070 seconds (12:47:50) as a result of battery depletion, 
while on low-gain antenna. 

Tile above noted uplink and downlink problem s may have been caused by the 
overheating of the .CCS omni antenna coaxial cables. AS-507 data indicate 
ther-v was an ur3uc,ual temperature increase in the area of the omni antenna 
coaxial cables. Fi!xs taken by the astronauts and sur angle calculations 
indicate that the ;un was shining into the open end of the IU after CSM/LM 
final separation. This temperature increase is shown in Figure 15-3 and 
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Table 16-5. Command and Camunication System Command; History, AS-507 
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the locltions of the measurements with the most significant temperature 
ir,creases are shown in Figure 16-4. All measurements in Figure 15-3 are 
moderated by Environmental Control System (ECS) conditioning. Calculated 
stabil5zation temperature for foamflex cable is approximately 375OF; 
calculdte3 stabilization 
1 l5OF. 

temperature for RG-214 cable is approximately 
Neither cable is thermally protected, and will thus stabilize at 

these temperatures under direct sunlight impingement. 

Thermal/vacuum tests on the omni antenna coaxia; cables (Foamflex and 
RG-214) indicate that the AS-507 CCS problems may have been caused by 
solar heating of the coaxial cables. 
approximately 263"F, zinjmum, 

Heating tests of coaxial cables to 
caused the foamflex cable dielectric to 

soften, allowing the cable inner conauctor to drift toward and finally 
short out on the outer conductor, and duplicate the flight failure mode. 
An artist reproduction of an X-ray showing a typical foamflex cable 
after a heating test is presented in Figure 16-5. The results of the 
coaxial cable tests are sutmnarized in Table 16-6. 
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Figure 16-S. CCS Signal Strength at Goldstone Zing Station 

R:CAL 90X TEMF'ERATiJRE (L63-6031 
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Figure 16-4. Instrtiment Unit 
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OUTER CONOUCTOR $ 

* PRIOR TO HEATING TEST THE INNER CONDUCTOR UPS LOCATE0 IN THE 
CENTER Of THE CABLE. 

Figure 16-5. Artist Reproduction of X-Ray of a Typical Foamflex Cable 
After Heating Test 



Table 16-6. Instrument Unit Coaxial Cable Test Sumnary 

TEST CCBLE 
TYPE 

LENGTH BEND VSYR 
RADIUS 

FMLURE TEW INPUT tIEA1 
BEFORE AFTER 

.I. 1 RG2lWJ 60 rn. 5.56 in. - I.%:1 195'F 4.M *rtts/ft 
Foamflcx 63.5 in. 13.5 in. 1.26:1 Shorted 263'F 1.87 wrtts/ft 

2 Formflcr 28 in. 11 ft 1.08:l 7.3:l 402.F 12.21 *rtts/ft* 

3 WlVlJ 37 in. 5.56 in. l.l:l Shorted 395'F 20.11 attslft- 

l Slight recovery follwing rapid cooling 
l * PVC jacket eupcnded due to heat Input 

l ** Formflex felled. Test setup prohibited further test of a-214. 

An investigation is being conducted to determine if the AS-505 and AS-506 
CCS problems can be attributed to the overheating of the coaxial cable, 
rather than tne previously suspected leak in the coaxial switch (AS-507 
had a new design coaxial switch). However, evidence of an overheated 
coaxial cable is purely circumstantial. 

On AS-503, ECP 2319 will provide thermal shrouds to protect all IU 
componhnts, including the affected coaxial cables, fran direct ,solar 
heating. These shrouds will be made from "Kapton" sheeting with aluminun 
deposited on the side next to the colnponents. This material will be 
reinforced with a glass cloth backing. 

The addition of thermal shrouds :,.hould prevent any overheating caused by 
solar radiation. Therefore, a reToccurrence of a CCS malfunction on AS-508 
would indicate that the cause is not thermal in nature. 

A sumTlary of CCS coverage showing AOS and LOS for each station is shown 
in Figure 16-6. 

16.5 OPTICAL INSTRUMENTATION 

In general, ground camera coverage was good. Seventy-one items were 
received from KSC and evaluated. Five cameras had bad timing, six cameras 
jamned or had no runs, and four cameras were extremely underexposed. As 
a result of these 15 failures, system efficiency was 79 percent. No 
tracking items werP included in the 71 items or included in determining 
system efficiency since none were acquired because of low cloud coverage. 
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SECTION 17 

MASS CHARACTERISTICS 

17.1 SUMMARY 

Total vehicle mass determined from costflight analysis was within 0.80 
percent of the prediction from ground ignition through S-IVB stage final 
shutdown. The small variations indicate that hardware weights, propellant 
loads and propellant util 
dieted. 

17.2 MASS EVALUATION 

Postflight mass character 

zation during powered flight were close to pre- 

sties are compared with fina 1 predicted mass 
characteristics (MSFC Memorandum S&E-ASTN-SAE-69-85) and the final opera- 
tional trajectory (MSFC Memorandum S&E-AERO-FMT-188-69). 

The postflight mass characteristics were determined from an analysis of 
all available actual and reconstructed data from S-IC stage ignition 
through S-IVB stage second' burn cutoff. Dry weights of the launch vehicle 
are based on actual stage weighings and evaluation of the weight and 
balance log books (MSFC Form 998). Propellant loading and utilization 
was evaluated from propulsion system performance reconstructions. Space- 
craft data were obtained frum the Manned Spacecraft Center (MSC). 

Deviations in dry weights of the inert stages and the loaded spacecraft 
were ail within 0.43 percent of predicted, which was well within accept- 
able limits. 

During S-IC powered Ciight, mass of the total vehicle was determined to 
be 3122 lbm or 0.05 percent higher than predicted at ignition, anti 13,722 
lbm or 0.76 percent higher at S-IC/S-II separation. These deviations are 
attributed to the mass of the upper stages and the S-IC stage prooellant 
residuals at separation being greater than predicted. S-IC burn phase 
total vehicle mass is shown in Tables 17-1 and 17-2. 

During S-II burn ptlase, the total vehicle mass varied from 6020 lbm or 
0.41 percent higher than predicted at ignition to 2026 lbm or 0.43 percent 
higher at S-II/S-IN3 separation, These deviations are due primarily to a 
greater than predicted S-II stage LOX load and a slight excess of upper 
stage mass. Total vehicle mass for the S-II burn phase is shown in Tables 
17-3 and 17-4. 
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Total vehicle mass during both S-IVB burn phases, as shown in Tables 17-5 
through 17-8, was within 0.53 percent of the.prediction. A deviation of 
1396 ibm (C.38 percent) from predicted at first burn ignition was due 
mainly to a heav;er S-IVB propellant load and a larger spacecraft mass. 
The deviation at completion of second burn was 742 lbm (0.53 percent). 
Total vehicle mass at spacecraft separation was 601 lbm or 1.61 percent 
higher than predicted. 

& sumr;iar.v of mass utilization and loss, actual and predicted, from S-IC 
stage ignition through completion of S-IVB second burn is presented in 
Table 17-9. A comparison of actual and predicted mass, center of gravity, 
and moment of inertia is shown in Table 17-10. 
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Table 17-l. Total Vehicle Mass - S-IC Burn Phase - Kilqrams 
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Table 17-2. Tota Vehicle Mass - S-IC Burn Phase - Pounds Mass 
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Table 17-4, Total Vehicle Mass - S-II Burn Phase - Pounds Mass 
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Table 17-9. Flight Sequetie Mass Summary 
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Table 17-9. Flight Sequence Mass Summary (Continued) 
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Table 17-10. Mass Characteristics Comparison 
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Table 17-10. Mass Characteristics Comparison (Continued) 
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SECTION 18 

MISSION OE2ECTIVES ACCJMPLISHMENT 

Table 18-I presents the MSFC Mandatory Objectives and ksired Objectives 
as defined in the Saturn V Mission Inplementation Plan, "H" Series 
Missions, Apollo 12, 13, 14 and IS; MSFC Document PM-SAT-8010.5 (Revision 
B), dated August 29, 1969. Ar! assessment of the degree of accomplishment 
of each objec.tive is shown. Discussion supporting the assessment can be 
found in other sections of this report as shown in Table 18-1. 

Table 18-1. Mission Objectives Accomplishment 

b 

RSnFc YANDATORV OBJECTIVES (MO) 
MD DESIRABLE OBJECTIVES (XI) 

Launch on a flqnt azimuth between 
i? to 96 Oegrws and insertion of 

S-IVB/IU/SC rcto a circular earth 
parking o*it (ND). 

Restart *a S-tVB during either the 
second or third evolution and 
injection of the S-XVB/IU/SC onto 
the planned trrnslunrr trajcctoq 
im). 
Pmvlde the rcquitcd attitude control 
for the S-tVB;tU/fC crrrlng the TW 
maneuver (MD). 

We S-IVE WS bum to tncutc l LV 
evasive mmeuver afber ejectjon of 
CW/LW frm s-tvB/tu (lz). 

Use rctidual S-1VB pvpellants and 
dPS to maneuver to a trajectory that 
utilizes lunar gravity to insert tk 
expened S-IVB/tU into a solar 
orbit (slingshot) (DO). 

Venting and dumping of all *mining 
gases and liquids to stife the 
s-IVB,!IU (as). 

XGRTE OF 
iCCOnPLiStiMNT 

Covlete 

Complete 

Complete 

Complete 

Not 
accarplished 

Cunplete 

DlSCREPNlCiES 

Nom 

s-:‘wtu 
falled to 
achieve 
solar orbit 

wle 

PAiwiRAPK IN 
UHICH DtSC(ISSED 

0.1, 4.3.2. 
10.3 

4.i. 4.3.3. 
13 ?* 11.4 

11.4 4. 11.5 

ii.a.4 

4.3,s; !0.2.: 

7.13 
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SECTION 19 

SPACECRAFT SUMMARY 

The Apollo 12 mission provided a wealth of scientific information in this 
initial significant ste? of detailed lunar exploration. The emplaced 
experiments with a central transmitting station will enable scientific 
observation to be made for approximately 1 year of expected equipment 
operation. These experiments will provide stientists with a greater 
understanding of the lunar surface environment, perturbations to its 
structure, and characteristic energy release. This mission will yield 
more lunar sci.+ntific data than all previous manned space missions, as 
well as unmanned lunar missions. Scientists estimate that our 1una.r 
knowledge will be advanced many Jrders of magnitude after a complete 
examination of the information obtained. 

The space vehicle, with a crew consisting of astronauts Charles Conrad, Jr., 
Comnander; Richard F. Gordon, Jr., Conmand Module (CM) Pilot; and Alan L. 
Bean, Lunar Module (LMj Pilot; was launched from Kennedy Space Ce,iter, 
Florida, at 11:22:00 A.M. Eastern Standard Ti.me on November 14, 1969. 
The activities during earth orbit checkout, translunar injection, and 
translunar coast were similar to tho:l 2 of Apollo 11, except for the 
special attention given to verif.j *in9 the LM and command and service module 
systems as a result of the potential electro-static discharges at 36.5 
and 52 seconds. As planned, only one mid-course correction, applied at 
about 31 hours to place the spacecraft on a non-free-return trajectory, 
was required prior to lunar orbit insertion. Initial checkout of LM 
systems during translunar coast and in lunar orbit was satisfactory. The 
Conmander and the LM Pilot entered the LM for descent at about 104 hours. 

The two spacecraft were undecked at about 108 hours, and descent orbit 
insertion was performed at approximately 109.5 hours. One hour later, 
the mission objective of achieving a precision landing was accomplished 
using the automatic guidance system, with small manual corrections applied 
in the final phase of descent. The spacecraft touched down at 110:32:34 
in the Ocean ot Storms only 600 feet from the Surveyor III spacecraft. 
The landing coordinates were 3.2 degrees south latitude and 23.4 degrees 
,west longitude. 

Two hours after landing, the crewmen configured the LM cabin I‘or depressur- 
ization and completed preparations for egress. As the Commander descended 
to the surface, he deployed the modu?arize d equipment storage assembly, 
which permitted transmissjon of color television pictures. The telet;ision 
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camera. t1crwever. subsequently failed, The first extravehicular activity 
period began at 115.25 hours. After assisting the Conlmanacr with trans- 
fer of 2 con'iingency sal:lple to the LM, the LM Pilot descended to tne 
r,lrrfase and erected the solar wind composition foil. The crew then de- 
ployed !.hr Apollo lunar surface ~xperi~nts package, ;irhici? included a 
;-old cb+lloae ion gCIge, 3 lunar surface magnetometer, a passive seismometer, 
2 sgjl‘:t- :21ind spectrometer-, a dust detector, and a suprathennal. i,on deetec- 
tot-. ilit the returr, traverse, the crew co1 lected a core-tube soil specimen 
an;l additional surface sa~rples. ihe duration of the first extravehicular 
activity period kiss 4 hours. 

Following a 7 hour rest period, the second extravehicular activ-ity period 
heoan at 131.5 d hours with preparation for the geology travo,rse. Dow- 
mentea sarzple~, core-tube samples, trench site samples, and gas analysis 
sar~~les were s~ollected on tt-$e traverse to the Surtre~or !I! s~ace~craift. 
The crew photograp?:ed the Surveyor and from it retrieved a sable, a 
painted tube, an unpainted tube, the television camera, and the 5coop. 
Following the return traverse, the solar wind composition f&1 ~2s re- 
trieved. The second extravehicular activity period was tercnina~d at 
135.25 hours for a duration of 3.75 trours. Crew mobility and portable 
life SLippi:rt system operation, as in Apo130 11, wlere exce‘llent through- 
out the total 7 hour 46 minute extravehicular period. 

ibe ascent stage lifted off the lunar surface at 142 i2ours. Fj ring of 
the ascent engine placed the vehicle into a 52- by 9 ra mhwbit. The 
ascent engine burned about 1.2 seconds longer Um phned, and s&z- 
qwent nulling of the overburn by the crew returned the orbit to tie 
planrjed orbit of 45 by 9 n mi. After a nominal rendezvous seqwnce, 
the two spacecraft were c!ocCed at 145.5 hours. The ascent stage uas 
jettisoned follording crew transfer and was maneuvered remotely ?XJ impact 
on the lunar surface; impact occurred at 150 hours approxima-tely MJ n ni 
from tbt descent stage. 

After a period of extensive landmark tracking and photography, transearth 
irjection :das accomplished with the service propulsion engine during the 
45th lunar orbit revolution at lJ2.5 hours. We lunar or-bit p.J-tot~graphy 
idas conducted using a 500 MM longrange lens to obtain mapping and tra?n- 
ing data for Apollo 13. During transearth coast, two GQco~rs~ correc- 
tions were required, and the entry sequence igas norrrial. The W landed 
in the Pacific Ocean at 244.5 hours. The landing coordinates, as &ter- 
relined from the onboard computer, 'were ?5 dey~~; 47 minutes south latitude 
and 165 degrees 11 minutes ~es't longitude. 
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APPENDIX 4 

ATMOSPHfRr i 

This appendix presents a summary of the atmospheric environment at launch 
tirse of the AS-507. The fcnnat of these data is similar to that presented 
on previous launches of Saturn vehicles to permit comparisons. Surface 
and upper winds, and thermodynamic data near the launch time are given. 

A.2 GENERAL ATMOSPHERIC CONDITIOW AT LAUNCH TIME 

A cold front +/as moving slowly southward through the central section- of 
Florida and was near the pad at launch time. This cold front produced 
the rain showers and overcast conditions that existed over the pad at 
launch time. 

Discussion of the atmospheric electrical discharge -io the AS-507 Apollo- 
Saturn vehicle is jncluded in the general discussion of the lightning 
phenomena in Section 12A. 

A.3 SURFACE ODSERVATIONS AT LAUNCH TIME 

At launch time ci~ds were lo/10 stratocumu?us with bases estimated at 
0.6 kilometer (2100 ft). Cloud tops were observed by aircraft before 
launch to be 5.3 to 6.1 kilometers (19,000 to 20,000 ft) altitude. Vo 
solar radiation data is available to 'iresent here due to overcast 
conditions. Surface observations zt launch time are sunnnarized in 
Table A-1. 

A.4 IJPPER AIR MEASUREYENTS 

Data were used from three of the upper air wind systems to compile the 
final meteorological tape. Table A-2 summarizes the data systems used. 

A.4.1 Wind Speed 

The wind speed was 6.8 m/s (13.3 knots) at the surface, and increased to 
a peak of 47.6 m/s (92.5 I*,:ots) at 14.23 kilometers (46,570 ft).. The wind 
=peed then decreased to 4.9 m/s (9.5 knots) at 23.38 kilometers (76,690 ft). 
Above this altitude the wind speed continued to increase again as shown 
in Figure A-l. 
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Table A-l. Surface Observations at AS-507 Launch Time 

LOCATION 

kennedy Space 
Center, Florld~ 

La&k2 uenneciy 
R4u*insonH1Q 
?easurements* 

Pad 39.1 Ll#tpole 
SE 18.3 m 
iC0.0 ft)** 

293.2 291.5 6 ’ IO’ 
(68.0) 65.0) ia) 

1 0 I -- -- -- 

! 
I I 1 
11 I- I 1 / / 

312 whutes. 

I 
1 I I 

tSo values given )Iere due to the fact : ty'. 
W+bove natural grade. 

-Estimtec. 
" J 

Table A-i. Systems Used to Measurp'llpper Air Wind Data for AS-507 

PDRTIDR OF DATA USED 
, 

START 

TIUE 
(UT) 

END TIRE 
AFTER 

iVPE OF DATA 

T 1 
. 

i 
ALTITUDE 

ck 

14,975 
(49,130) 

25,000 
(@Aw 

25,250 
(fQ.@w 

I 
I 

TIUE 
AFTER ALTITUDE 

G-0 

TIP?E 
AFTER 

20 

312 

106 

0 

15,OOD 
(49,215) 

54,750 
179,625). 

78 

345 

127 

FPS-16 \limsphe~ ;650 

Rawinsonck 2045 

loki Dart 1808 

28 

263 

106 
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A.4.2 Wind Direction 

At launch time the surface wind direction was from the west and stayed 
approximately westerly with altitude as sirown in Figure A-2. The surface 
wind speed 2nd surface wind direction values, shown in Figures A-l and A-2, 
disagree with the surface values due to the fact that the cold front had 
not yet passed the FPS-16 jimsphere release station at release time. 

A.4.3 Pitch Wind Component 

The surface pitch wind speed component was a tail wind of 3.8 m/s 
(7.4 knots). A maximum tail wind of 47.2 m/s (91.7 knots) was observed 
at 14.23 kilometers (46,670 ft) altitude. See Figure A-3. 

A-4.4 Yaw Wind Component 

The yaw wind speed component at the surface was a wind from the right 
of 5.9 m/s (11.4 knots). The peak yaw wind speed was a wind from the 
right of 19.5 m/s (37.9 knots) at 13.65 kilometers (44,780 ft) altitude. 
See Figure A-4. 

A.4.5 Component Wind Shears 

The largest component wind shear (Ah = 1000 m) in the altitude range of 
8 to 16 kilometers (26,247 to 52,493 ft) was a pitch shear of 0.0183 set-1 
at 14.3 kilometers (46,750 ft). The largest yaw wind shear, in the lower 
levels, was 0.0178 set-1 at 14.6 kilometers (47,820 ft). See Figure A-5. 

A.4.6 Extreme Wind Data in the High Dynamic Region 

A summary of the maximum wind speeds and wind components is given in 
Table A-3. A summary of the extreme wind shear values is given in 
Table A-4. 

A.5 THERMODYNAMIC DATA 

Comparisons of the thermodynamic data taken at AS-507 launch time with 
the Patrick Reference Atmosphere, 1963 (PRA-63) for temperature, density, 
pressure, and Optical Index of Refraction are shown in Figures A-6 and 
A-7 and discussed in the following paragraphs. 

A.5.1 Temperature 

Atmospheric temperature deviations were small, being less than 5 percent 
deviation from the PRA-63. From the surface up to 14.8 kilometers 
(48,560 ft) the air temperature was colder than the PRA-63. Above 
this altitude the temperature at most levels was warmer than the PRA-63. 
See Figure A-6. 
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Table R-3. Maxine iu'?‘nd Speed in High Dynamic Pressure Region for 
Apollo/Saturn SD1 through Apol lo/Satunl 507 Vehicles 

AS-SOi‘ 

AS-5113 

RS -504 

AS-505 

AS-506 ' 

I 

26.0 1 771 ! 
I 

11.w 
( 50. 5 ! 

I 

(37.700) 

2?.1 255 
(52.i) 

I ' &$ 
, 

34.8 I 284 15.22 
(67.6) 

I 
(49,x?! 

76.2 264 

/ i 

11.73 
148.1) ( 38.480) 

32.5 270 1 14.18 
(E2.6) (46,52G) 

(Ir!li+f 297 11.40 
(37,400) 

MN IFWM WIN0 CGMPGNfNT5 

24.3 
(47.2) 

r&t 
31.2 

(60.6) 

74.5 
(144.8) 

12.00 
(42,600) 

15.10 
(49.500~ 

11.70 
(38.390) 

12.9 
(25.? j 

12.P 
(25.1) 

22.0 
(43.9) 

21.7 
(42.2) 

18.7 
(36.3) 

14.85 
i48.720) 

40.8 13.80 
(79.3) (45,280) 

(!47$ I (36.680) 11.18 (131/R; 1 12.05 
1399,SM) 

' 47-i: I 14.23 19.5 13.65 
(91.7) (46.670) (31.9) 

I 
(!l4,78CJ~ 

i 

9.00 
(29,50(i) 

15.80 
(51,800) 

11.43 
(37,500) 

8.5.2. Atmospheric knsity 

Positive atmospheric density deviations were small, being less than 
3 percent of tie PRA-63 for all altitudes. The largest negative 
devcatior; 9f density was -8.4 percent at 17.0 ki1omters (55,770 ft) 
altitude. See Figure A-6. 

Atmospheric pressure devia--ior s were less than 6 percent from the WA-63 
pressure values at aa13 altdtudes as shown in Figure A-7. 
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P.5.4 Optical Index of Refraction 

At the surface, the Optical Index of Refraction was 5.5 x lOa units 
lower titan the corwsponding value of the PRA-63. The deviation became 
less negative with altitude, becoming a maximum pcsitive deviation of 
1.1 x 17-6 units greater than the corresponding value of the PRA43 
at 10.5 Lilometers (34,450 ft). Above this altitude the Optical Index 
of Refraction was less than the correspond:ng PRA-63 value and .then it 
approximates the I'RA-63 at high altitudes. See Figure A-7. 

Table A-4. Extrme Wind Shear Values in the High Dynamic Pressure Region 
for Apollo.'Satum 591 through Apollo/Saturn 507 Vehicles 

(Ah = 1000 al) 
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A.6 COMPARISON OF SELECTED ATMOSPi:tt?IC DATA FOR SATURN V LAWCHES 

A sumary of the atmospheric data fclr each Saturn V launch is shown in 
Table A-5. 

Table A-5. Selected Atmospheric Obs2rvati ons for Apollo/Saturn 501 Through 
Apollo/Saturn 507 Vehicle Launches at: Kennedy Space Center, Florida 

A-13/A-14 



APPENDIX B 

AS-507 SIGNIFICANT CONFIGURATION CHANGES 

B.l INTRODUCTION 

AS-507, sevent!l flight of the Saturn V series, was the fifth manned Apollo 
Saturn V venicle. The AS-507 launch vehicle configuration was essentially 
the same as the '6-505 with significant exceptions shown in Tables B-1 
through B-3. (There were no significant configuration changes on the S-IC 
stage.) The basic AS-507 Apollo 12 spacecraft structure and components 
were unchanged from the AS-504 Apollo 9 configuration except Lunar Module 
(LM) crew provisions were accmpanied by portable life support systems and 
associated controls required to accommodate extra vehicular surface activ- 
ity, similar to AS-506, Apollo 11. The basic vehicle aescription is 
presented in Appendix 8 of the Saturn V Launch-Vehicle Flight Evaluation 
Report AS-504,'Apollo 9 Mission, MPR-SAT-FE-69-4. 

* 
Table B-1. S-II Significant Configuration Changes 

SY*Tf?4- 

F 

auNTA 1. REASOR -.--- 

structure 

_.--._- 

Change in 3-2 engine pre-cant 
angle Cm 2.3 degrees to 1.3 

To reduce the thrust cone heating 
rate during the interstage-on 

degrees. portion of flight by 25 percent 
bhereby allowing the mission to 
continue to S-II stage propellant 
depletion in the event of an 
actuator failure hardoversutboard 
occurrfrg either prior to or after 
?;I: st 

T 
/intersta 

. -. l ininates r 
separation 

rule 6-M). 
f  ight mission 

Propellant 
Utilization 

Addition of parallel wire to 
PU computer. 

To supply rated voltage at cm- 
puter interface under all stage 
bus no-1 limits. 

Instrumentaticl Addition of three new pv:ssure To provide data for l valuation 
nOasurClents. three eew vibra- of lou frequency oscillations 
tion *asuMnts. and re- at end of S-II boost period. 
channelization of three 
pressure measure8nsnts. 

Launch Vehicle Change 57-41 start tank pres- To provide greater margin for 
Ground Support surizing regulator range Ground support Equipwnt (GsE) 
Equipment setting frum 1175 flS psia to satisfy liftoff rcdlines. 
(LVCSE) to 1225 t2s psir. 



Table B-Z. S-IVB Significant Configuration Changes 

SYSTEM CHA:iGE REASON 

instrumentation Added onr CS/FM link. To better &Line the law frequency 
vibration which occurred on AS-505 

Added 12 acoustic. 5 vibra- 
tion and 2 mfscellaneous 
measurements. 

and to investigate the acoustic 
environment on the S-II/S-IVB 
intentage belou the protruding 
APS module. 

Table B-3. IU Significant Configuration Changes 

SYSTtY 

Environmental 
Control 

Instrunentation 
and Ctnnnuni- 
cations 

CHANCE ~. REASON 

The preflight ai riCN2 purge Additional ducts were routed 
duct was modified at locations 
19 and 23. 

to the Radio Isotu3e Thewno- 
Ducting. brxkets. 

and nozzles similar to those 
Electrical Generator (RTG) 
fuel cask located in the LM 

used on S-IU-505 were installed 
on S-IU-507. 

descent stage to provide pre- 
flight coo:ing. 

The MFCV will be driven to 
zero bypass prior to liftoff. 

Increase ECS reliability by 
iirivin Modulating Flcm Control 
Valve 9 RFCV) to zero bypass 
prior to going into the flight 
mode. 

Thermal switch settings for 
S-IU-507 Environmental 
Control System (ECS). 

Open: 59.6"F 
Close: 60.YF 

Second source ECS pump Jill 
be flown as primary on 
s-ru-507. 

New design Cormnand and Consnun 
cations System (CCS) coaxial 
switch flown on S-IU-507. 

l- 

Two S-IV5 vibration measure- 
ments added to the DF-1 tele- 
metry link. 

Added Measurements: 

E39-411 Bending Mode 
Vibration. Pitch 
Fotwarj 

ClOO-411 Bending Mode 
Vibration, Yaw 
Fonard 

These settings detelmined from 
preflight test data. 

This punp is being flown as 
part of its flight qualifi- 
cation program. 

The switches flown on S-IU-501 
through S-IO-506 were subject 
to failure if the switch lost 

-internal pressure. Fai.lures 
occurred on S-IU-505 and S-Ill-506 
resulting in loss of CCS doun- 
link. 

Added to monitor law frequency 
structural vibrations. 
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Table B-3. IU Significant Configuration Changes (Continued) 
- 

SYSTtM 

Networks 

CHANGE REASON 

Additional cables and modi- 
fications TV the measuring 

Modifications were required 
to add two S-IVEI vibration 

distributor and DF-1 TM measurements to the OF-1 
assembly. telemetry system. 

Cable modified to interchange 
INT 2 and LJIN l! functions. 

Provide an interrupt to the 
1VUA indicating spacecraft 
cmanded S-IVU EC0 and a 
discrete input for S-IC 
center engine out A. 

Coolant pump filter not in 
Ill networks on S-IU-507. 

Second-source (vendor) 
Coolant punp has an 
internal filter. 

Special Four underwater location 
Equipment devices added to the IU. 

These are self contained 
devices attached to IU cold- 
plates to assist in locating 
the LW RTG fuel cask in the 
event of an over the water 
abort. 

Flight 
Programs 

First generalized flight 
program to be flown. 

Facilitates easier program 
modification and pronWes 
econanical utilization of 
LVOC core memory. 

S-II two engine out detection Prior to this, only one S-II 
capability. engine out couid be detected 

by the program. 
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