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ABSTRACT 

The Saturn IB, SA-207 Launch Vehicle was launched on July 28, 1973, 
from Kennedy Space Center and placed the Connand Service Module con- 
taining three crew members into an 149.87 x 226.29 km altitude earth 
orbit. No anomalies cccurred that seriously affected the mission. 

Any questions or cotmnents pertaining to the information contained in 
this report should be directed to: 

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

Group, SAT-E (Phone 205-453-1030) 
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Rockwell International Corporation 

General Electric Company 

The Boeing C-any 
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AEBi?EVIATiONS 

ACN 

AOS 

APS 

ARIA 

ASAP 

AUX 

BDA 

CDDT 

CG 

CIF 

CM 

CSM 

CYI 

DCS 

EBW 

EC0 

ECS 

EDS 

EDT 

EMR 

EMRC 

EPO 

Ascension Isiand 

Acquisition of Signal 

Auxiiiary Propulsion System 

Apollo Range Instrumented 
Aircraft 

Auxiliary Storage and 
Playback 

Auxiliary 

Bermuda 

Countdown Demonstration Test 

Center of Gravity 

Central Instrumentation 
Facility 

Command Module 

Command and Service Module 

Canar!, Island 

Digital Comnand System 

Explosive Bridge Wire 

Engine Cutoff 

Environmental Control 
System 

E:mzrrgency Detection System 

Eastern Daylight Time 

Engine Mi.!ture Ratio 

Engine Mixture Ratio Change 

Earth Parking Orbit 

ESC 

FCC 

FM 

GBS 

GCS 

GDS 

GFCV 

GN2 

GRR 

HAW 

HE 

HSK 

HZ 

IBM 

ICD 

IECO 

IGM 

IU 

JSC 

KSC 

KWJ 

LH2 

iOS 

Engine Start Command 

Flight Controi Computer 

Frequency Modulation 

Gas Bearins System 

Guidance Cutoff Signal 

Goldstone 

GOX Flow Control Valve 

Gaseous Nitrogen 

Guidance Reference Release 

Hawaii 

Helium 

Honeysuckle 

Hertz 

International Business 
Machines 

Interface Control Document 

Inboard Engine Cutoff 

Iterative Guidance Mode 

Instrument Unit 

Johnson Space Center 

Kennedy Space Center 

Kwajalein 

Liquid Hydrogen 

Loss of Signal 
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I~REVIATIONS (CONTINUED) 

LOX 

LUT 

LV 

LVDA 

LVDC 

MAD 

MAX Q 

MCC. !-i 

MILA 

ML 

MR 

MSFC 

4, NO. 

NASA 

NPSP 

NPV 

OAT 

DECO 

OMPT 

OT 

ows 

PGCSS 

Liquid Oxygen 

Launch Umbilical Tower 

Launch 'ichicle 

Launch Vehicle Data Adapter 

Launch 'ierlic:e Zgital 
f-r\l?b-,a+ L"lll~'dcc:- 

Mad:-i d 

Ma> i,~:u~: Dynamic Fressure 

Mission Control Center - 
houston 

Merritt Island Launch Area 

Mobile Launcher 

Mixture Patio 

Marshall Space Flight Center 

Nu&er 

Nati onal Aeronautics and 
Space Administration 

PCM 

PEA 

PWA 

PSD 

PTCS 

PU 

9 

RDSM 

RF 

RF1 

RLH 

S/A 

SACS 

SC 

SCFM 

Net Positive Suction Pressure 
SCMS 

Non-Propulsive Vent 

Overall Test 

Outboard Engine Cutoff 

Observed Mass Point Trajectory 

Operational Trajectory 

Orbital Workshop (Modified 
S-IVB Stage) 

Project Apollo Coordcnate 
Jpstem Standard 

SL 

SLA 

SM 

STDV 

sv 

sws 

Pulse Code Modulation 

Platform ElectrDnirs Assembly 

Printed Wiring Assembly 

Power Spectral Density 

Propellant Tanking Computer 
System 

Propellant Uti;ization 

Dynamic Pressure 

Remote Digital Sub-Multiplexer 

Radio Frequency 

Radio Frequency Interference 

Retrograde Local Horizontal 

Service Arm 

Service Arm Control Switches 

Spacecraft 

Standard Cubic Feet per 
Minute 

Standard Cubic Meters per 
Second 

Skylab 

Spacecraft Luriar Module 
Adapter 

Service Module 

Start Tank Discnarge Valve 

Space Vehicle 

Saturn Workshop 
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TAN 

TB 

TCS 

TEX 

TVC 

UCR 

US 

UT 

VAB 

ABBREVIATIONS (COY'TINUED) 

Tananarive 

Time Base 

Terminal Counrdown Sequencer 
or Thermal Conditioning System 

Corpus Christi, Texas 

Thrust Vector Control 

Unsatisfactory Condition Report 

United States 

Universal Time 

Vertical Assembly Building 
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SA-207 MISSION PLAN 

The Saturn IB SA-207, designated SL-3, is to boost a manned Command 
Service Module (CSii) to an 81 x 121 n mi orbit coplanar with the Saturn 
Work Shop (SWS) orbiting at approximately 234 n mi. The SL-3 space vehicle 
consists of the Saturn 16-207 launch vehicle and the GM-117 payload. 
The launch vehicle is comprised of the S-IB-7 first stage, the S-IVB-207 
second stage, and the-S-IU-208. SL-3 is the second manned flight in the 
Skylab Program. 

Launch is scheduled to occur on the 28th of July 1973, from Launch Complex 
39, Pad B of the Kennedy Space Center (KSC) at 7:10:50 a.m., Eastern 
Caylight Time. The vehicle is aligned along a 90' azimuth at liftoff. 
Following liftoff the vehicle rolls to a flight azimuth of approxi- 
mately 45.0 degrees measured east of north. Vehicle weight at 
ignition is nominally 1,308,579 lbm. 

The S-IB stage powered flight lasts approximately 140 seconds. The S-IVB 
stage provides powered flight for approximately 453 seconds inserting the 
CSN into a low earth orbit at the proper altitude and inclination to 
allow the CSM to enter a phasing orbit for rendezvous. 

Following CSM separation the S-IVB/IU/SLA will remain in orbit up to 6 
hours, during which tiw data will be gathered by the Galactic X-Ray 
Mapping Experiment, S-150. The auxiliary propulsion system will pro- 
vide attitude control for the experiment to whatever extent that is com- 
patible with deorbit requirements. 

During the fourth revolution a controlled deorbit of the spent S-IVB/IU/SLA 
will be accomplished. The spent vehicle will be oriented to a retrograde 
attitude and residual propellants in the S-IVB stage tanks will be dumped 
through the J-2 engine to produce the impulse necessary to deorbit the 
vehicle. By controlling the vehicle attitude and the time and duration 
of propellant dump the spent vehicle will be impacted into the uninhabited 
Pacific Ocean area at a nominal impact point of 23.75 degrees North 
latitude and 184.50 degrees East longitude. 

The CSM Service Propulsion System and Reaction Control System will be 
used to complete the CSM rendezvous maneuvers and dock axially with the 
orbiting SWS. The crew will transfer from the CSM and activate the SWS, 
inhabiting it for a period of up to 59 days. After completion of the 
scheduled mission activities, the SUS will be prepared for orbital storage, 
the crew will transfer to the CSM and the SWS will be left in a solar 
inertial attitude. The CM will undock from the SWS and deorbit for earth 
r-e-entry. 
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FLIGHT SUMMARY 

The Saturn IB, SA-207 Launch Vehicle was launched at 7:10:50 Eastern 
Daylight Time on July 28, 1973 from Pad 398 of Kennedy Space Center and 
placed the Command Service Module containing three crew members into 
earth orbit for rendezvous with the orbiting Saturn Work Shop. The 
performance of ground systems supporting the countdown and launch was 
satisfactory although some concern was expressed during prelaunch count- 
down about S-I6 LOX venting. 

The reconstructed flight trajectory (actual) was very close to the Post 
Launch Operational Trajectory (nominal). The S-IB stage powered the 
vehicle until Outboard Engine Cutoff (OECO) at 140.73 seconds which was 
1.13 seconds later than nominal. The total space-fixed velocity at this 
time was 0.19 m/s less than nominal. After separation, the S-15 stage 
continued on a ballistic trajectory until earth impact. The S-IVB burn 
terminated with guidance cutoff signal and was followed by parking orbit 
insertion, both 3.14 seconds earlier than nominal. An excess velocity 
of 0.75 m/s at insertion resulted in an apogee 2.16 km higher than 
nominal. The parking orbit portion of the trajectory from insertion 
to CSM/S-IV6 separation was close to nominal. The astronaut initiated 
separation of the CSM from the S-IVB stage occurred at 1380.4 seconds, 
124.2 seconds later than nominal. 

All aspects of the S-IVB/IU deorbit were accomplished successfully. The 
propellant dump was modified during real time to establish a reentry tra- 
jectory that would enable observation by Kwajalein. This modified plan 
was accomplished. The veiocity change obtained for deorbit was very 
close to the real-time predicted value. The breakup altitude was 81.7 km, 
and impact in the primary disposal area. 

The S-15 stage propulsion system performed satisfactorily throughout 
flight. The one propulsion anomaly (possible LOX emanation from the 
LOX tank vents) occurred during countdawn and had no effect on the 
countdown operations or flight performance. Stage longitudinal site 
thrust and mixture ratio averaged 0.68 percent and 0.27 percent lower 
than predicted, rerpectively. Stage LOX, fuel and total flowrate 
averaged 0.75 percent, 0.49 percent and 0.68 percent lower than pre- 
dicted, respectively. Stage specific impulse was within 0.1 percent 
of predicted. Inboard Engine Cutoff (IECC!) occurred at 137.36 seconds 
(0.76 seconds later than predicted). Outboard Engine Cutoff (OECO) 
was initiated 3.37 seconds after IECO by thrust OK pressure switch 
deactuation as planned at 140.73 seconds. At OECO, the LOX residual 
was 2960 lbm canpared to the predicted 3311 lbm and the fuel residual 
was 6145 lbm compared to the predicted 5988 lbm. The stage hydraulic 
system performed satisfactorily. 
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The S-IVB propulsion system performed satisfactorily throughout the 
operational phase af burn and had normal start and cutoff transients. 
S-IVB burn time was 448.53 seconds, 4.24 seconds shorter than predicted 
for the actual flight azimuth of 45.0 degrees. This difference is com- 
posed of -0.13 second due to S-IB/S-IVB separation velocity, radius, and 
weight and -3.90 seconds due to higher than predicted S-IVB performance 
leaving -0.21 second unexplained. The engine perfomance during burn, 
as deteMned from standard altitude reconstruction analysis, deviated 
from the predicted Start Tank Discharge Valve (STW) open +60 second 
time slice by +0.89 percent for thrust and -0.05 percent for specific 
impulse. The S-IV6 stage engine cutoff (ECO) was initiateJ by the Launch 
Vehicle Digital Computer (LVDC) at 592.93 seconds. The S-IVB residuals 
at engine cutoff were near nominal. The best estimate of the residuals 
at engine cutoff is 2551 lbm for LOX and 2326 lbm for LH2 as compared 
to the predicted values of 2843 lbm for LOX and 1957 lbm for LH2. During 
orbital coast the Auxiliary Propulsion System (APS) demonstrated nominal 
performance and responded to a disturbing force on the S-IVB/IlJ stage. 
LH- NPV and Instrument Unit (IU) sublimator operation contributed to the 
digturbing forces. The level of disturbance attributed to the LH2 NPV 
sy;tern is within the specified tolerances on nozzle misalignment and 
area unbalance even if the disturbance were attributed entirely to mis- 
alignbrrnt or entirely to area unbalance. The disturbance had no effect 
on mission accomplishment. An engine pitch actuator oscillation of low 
amplitude and frequency was noted during prelaunch, S-IB boost, and 
orbital coast thermal cycles while no c-n& were input to the servo- 
valve. These oscillations were caused by accunulation of micron sized 
particles in the clearance between the servovalve spool and bushing. 
Operation was normal during powered flight and deorbit dunps. The 
impulse derived from the LOX and fuel dunps was sufficient to satis- 
factorily deorbit the S-IVB/IU. The totai impulse provided 104,000 
lbf-sec. was in close agreement with the tzeal time nominal predicted 
value of 103,500 lbf-sec. As expected after the extended LH2 dunp the 
pnellmatic pressure was not sufficient to cause ,the NPV valves to latch 
open; however all deorbit safing criteria were met. The APS satisfied 
control system demands throughout the deorbit sequence. 

The structural loads experienced during the flight were well below 
design values. The maximun bending manent was 10.6 x 106 in-lbf (approxi- 
mately 19 percent of design) at vehicle station 942. The S-IB thrust 
cutoff transients experienced by SA-207 were smaller than those of SA-206. 
The S-IVB engine cutoff transient produced oscillations on the gimbal 
block of 4.25 g peak amplitude with a predominant frequency of 55 Hz. 
Although this transient exceeded that of SA-206 it was well within the 
envelope experienced on Saturn V flights. The maximun ground wind ex- 
perienced by the Saturn IB SA-207 during the prelaunch period was 14 
knots (allmable with damper, 55 knots). The ground winds at launch were 
13.5 knots frm the west (allowable at launch 38 knots). 

The stabiiizod platform and the guidance computer successfully supported 
the accomplishment of the Launch Vehicle mission objectives. Targeted 
conditions at orbit insertion were attained with insignificant error. 
No anomalies nor deviations from nominal performance were noted. 

xx 



The stabilized platform accelerometers properly reacted to thrust decay 
vibrations following S-IVB stage guidance cutoff. 

The control and separation systems functioned correctly throughout the 
powered and coast flight. Auxiliary Propulsion System (APS) propellant 
usage was greater than expected during coast but the quantity available 
was adequate to fulfill all mission requirements. Engine gimbal de- 
flections were nominal. 6ending and slosh dynamics were adequateiy 
stabilized. No unusual dynamics accompanied any separation. 

The electrical systems and Emergency Detection System (EDS) performed 
satisfactorily during the flight. Battery performance (including voltages, 
currents, and temperatures) was satisfactory and remained within accept- 
able limits. Operation of all power supplies, inverters, Exploding Bridge 
Wire (CBW) firing units, and switch selectors was nominal. 

Environmental pressure dat? in the S-IB base region compared with pre- 
flight predictions and/or previous flight data show good agreement. 

The thermal environment measured in the SA-207 S-IB base region has been 
compared with corresponding data from flights SA-203 through SA-206. 
With the exception of the flame shield radiation heating data (measure- 
ment CO603-OG6), these comparisons show excellent agreement. Two 
possible causes which would allow more radiation from the engine exhaust 
plune to reach the flame shield radiometer are, reduction in opaque- 
ness of the turbine exhaust gas or sustained local burning of the turbine 
exhaust gases. Neither of these provide a complc*ely satisfactory ex- 
planation, but reduced local opaqueness is the most p&able. In all 
areas the measured thermal environments in the base region of SA-207 
were well below the S-IB stage design level. 

The S-IB stage engine compartment and instrument compartment require 
environmental control during prelaun,] operations, but are not actively 
controlled during S-IB boost. The desired temperatures were maintained 
in both compartments during the prelaunch operation. The Instrument Unit 
(IU) stage Environmental Control System (ECS) exhibited satisfactory per- 
formance for the duration of the IU mission. Coolant temperatures, 
pressures, and flowrates were continuously maintained within the required 
ranges and design limits. 

The SA-207 vehicle data systems performed satisfactorily except for a 
failure in the S-IVB telemetry system. This failure resulted in the 
loss of three S-IVB measuremelts, but had no impact on vehicle perfor- 
mance or postflight analysis. The overall measurement system reliability 
was 99.6 percent. The usual telemetry interference due to flame effects 
and staging were experienced. Usable telemetry data were received until 
20,500 seconds (5:41:40' Good tracking data were received from the 
C-Band radar, with Kwajalein (KM) indicating final Los: of Signal (LOS) 
at 21,175 seconds (5:52:55). The Secure Range Safety Coasnand Systems 
on the S-IB and S-IVB stages were ready ":G perform their functions 
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properly, on command, if flight conditions during launch phase had re- 
qui red destruct. The Digital Command System (DCS) performed satisfac- 
torily from liftoff through deorbit. Instrument Unit (IU) telemetry 
data needed for real time support of deorbit operations were not avail- 
able at Mission Control Center-Houston (KC-H) during the third orbital 
revolution pass over the Hawaii (H/U) ground station because of improper 
Implementation Of CJmJnd proCedUreS dt h% Gid ?chs$? 

(JSC) . 
Space Center 

In general, ground engineering camera coverage was fair being 
somewhat below the standard set by previous launches. Three S-150 
experilment data dumps were satisfactorily accomplished. 

Total vehicle mass, determined from postflight analysis, was within 
0.21 percent of predicted from ground ignition through S-IVB/spacecraft 
separation. Hardware weights, propellant loads and propellant utiliza- 
tion were close to predicted values during flight. 

Skylab Experiment S-150, Galactic X-Ray Mapping Etperiment, was performed 
during the flight of SA-207. The object of the experiment was to map the 
X-Ray flux intensity of galactic space. The experiment, which had a 
planned operating time of 265 minutes, collected X-Ray data for only 110 
minutes before the experiment high voltage switched off because of low 
gas pressure in the X-Ray sensor. Even though the operating time of the 
X-Ray experiment was less than planned, it was greater than the accunu- 
lative time of till preceeding similar experiments. The associated spectral 
data continued to be collected by the experiment star sensors, however, 
these data are of use principally in determining experiment pointing 
direction. The lack of one Auxiliary Storage and Playback (ASAP) cycle 
resulted in loss of this spectral data for the third revolution. 
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MISSION OBJECTIVES ACCOWLISHMENT 

Table 1 presents the MSFC Launch Vehicle objective for Skylab-3 as 
defined in the "Saturn Mission Implementation Plan SL-3/SA-207," MSFC 
Document PM-SAT-8010.23, Revision A, dated June 8, 1973. An assessment 
of the decjree of accomplishment can be found in other sections r?f this 
report as shown in Table 1. 

Table 1. Mission Objective Accomplishment 

DEGREE 

NO. LAUNCH VEHICLE OBJECTIVE AC!;M- DISCRE- 
, PLISHMENT PANlXES 

1 Launch and insert a manned CSM Complete None 
into the earth orbit targeted 
for during the final launch 
countdown. [SL-3 was targeted 
for an 81 x 121 n mi (150 x 
224 kmj orbit]. 

SECTION 
iIN WHICH 1 DISCUSSED 

4.2 

i 
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FAILURES AND ANOMALIES 

Evaluation of the launch vehicle and launch vehicle ground support equip- 
ment data revealed the following six anomalies and me failure, none of 
which are considered significant. 

Table 2. Sunmary of Failures and Anomalies 

1 s-10 PlssunlzAllOn POSSIME LOI EwnATIm6 OCcAxullll moK TO LAUICI ViWICLI aosm. fsc MILL Ilo~El0n CQnT- 3.4.2.1 
m m  M Lax TUI ms far a GKlwo MARWPE. owl mal1luncv PmcEwm If TnlS 
APPIOxIM7tLI T-5.5 mOlRS TO RmT mmc TO Gpoulo OPiillTlo*S ~mmua IS mswm p110n m 
aosa a l-2 q  nmcs 43 srcmus. LICIPT fG5SIBLT Otnlmc A5vnul1011011(6. 
Cm-) AsTwau1BMn01lb. IAPD 

1x -11 
- 

2 S-1) ftM SmiELO Tlc.IM WIATIR Eav1mlMnl III(L mom. tmvIlWmT YLS @LL fwx. aosfo. 13.1 
wr~~~llc~~c~com~~mrs YITHll DrsIa LIMITS. (APO 
SLcoms. wuml. mssmtr 19cAJKwlr) 
LaAtlZED ncDuQ0 OKITT 01 
LOCUIZ~D AflEmmIRI ff llmM 
EW67 0scs.j 

1 I-IV'l TELMTII SIX fLlYn~Srn TnMS. LOSS of Tmncf mm-CRITIUI mM. ctosto. 15.3.1 
IUTIEO a PI LIII. AfTm w411- fLIwl lcASLe3EITTs. 1M 
ml111 142 YcaDs. mf  OF I IT. FAILUIC. APO u u- 
MP YIL cm%-STRWPEU mu cafamKE uTccoR1 A.) 
KmmKD ~luc9lL1~. 
(UnDoI tOlQEHT fAILIRE II 
marr 0151111 su-nL11mtPn.l 

4 I-IW tlvmNt1c PIT~~YTWT~~S~~ATPI nun Km. wu I9C -7.1 mm.  CLOXD. : ,I 
ATL(Y wI.ITUE YD nt9IEKI IS 3 2. / 
OllIrnG CICLYIQI. S-II UOOST mn 
omw7u coast ntkau oats. 
lKnA4mascllm vma lMTl15M 
TO STlCTla CAUSED BY Naol 
sum craw~Wn mniacs.1 

S IO/S-IM ASSEmLT tuimcTmI HIe!s-Ines~ m.  suffICIC*T CIO- mawowf roru mw Am0 SUB- ? I 
2PwrtlMTODlSUlTlQm Ic:WUS AVAILABLE R)R ML timron tfffcTs lm funnf Ls5 io 3 2 
WmTAlm Al-flTyot DDnU MI6 mlssla mEw1nE'rcmTs. Pw*cLLAm USAGE cIIcDIcTlom5. 

1 m11LL mAST. (M01cTm ATTI .  crpo lot WomlV.) aosm 
M DI- Fan YnllIR WECI- 
flcma Ipv nusl lnm.ma m  
mza.ERI~lQCtnMI1SlELIEf 
p&rly lDly IU smrmlm 

6 :u TELMTRT WfMTIW WTA m  AVaILMLf I. DCLAVCO EIIfiU- )101101 lm yu IEnTIfIEO 15 3 2 
fa KU TIIC OIWLAV Ml15TnIno non of 5-:y6/1u TO  JX FOI APPROf'PIATC 
omm mama NSI um w XrnBIl COIIIPIID. AcTlrn. CLOSED. 
WI1 6mwD STATIa. (Inon 
IPL~TATIC#Q QRlD -S '. LMs " ft1Gh7 
AT Wull M JSC.1 ElUJlilOR DLTA 

rUTm TO APS 
Ulllllr. 

3. Lass Of s-150 
CntlIrtNT D1TA 

xxv/xxvi 



SECTION 1 

INTRODUCTION 

1.1 PURPOSE 

This report provides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the results of 
the Sk-207 launch vehicle flight evaluation (Skylab-3 launch). The 
basic objective of flight 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 problems are identified, their causes deter- 
mined, and recommendations made for appropriate corrective action. 

1.2 SCOPE 

This report contains the performance evaluation of the launch vehicle 
systems with special emphasis on problems. Surmnaries of launch 
operations and spacecraft performance are included. 

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 should 
prove the conclusions presented herein to be significantly incorrect. 

1.3 PERFORMANCE PREDICTIONS BASELINE 

Unless otherwise noted, all performance predictions quoted herein for 
comparison purposes are those used in or generated by the Skylab-3 
(SA-207) Post Launch Predicted Operational Trajectory (OT) S&E-AERO- 
MFP-114-73, dated July 28, 1973. 
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SECTION 2 

EVENT TIMES 

Range zero occurred at 07:10:50 Eastern Daylight Time (EDT) (11:10:50 
Universal Time [UT]) July 28, 1973. Range time is the elapsed time from 
range zero, which, by definition, is the nearest whole second prior to 
liftoff signal, and is the time used throughout this report unless 
otherwise noted. Time frorr ba;e time is the elapsed time from the 
start of tne indicated time base. Table 2-l presents the time bases 
used in the flight sequence program. 

The start of Time Bases TD and Tl were nominal. T2 and T3 were initiated 
approximately 0.8 second and 1.1 seconds late, respectively. These varia- 
tions are discussed in Section 6 of this document. T4 was initiated 3.2 
seconds early, consistent with the early S-IVB engine cutoff discussed in 
Section 7. Start of T5 was initiated by the receipt of a ground command, 
0.6 seconds later than scheduled in real time as discussed in Section 5.2. 

Figure 2-l shows the difference between telemetry signal receipt at a 
ground station and vehicle (Launch Vehicle Digital Computer [LVDC] clock) 
time. This difference between grouEd and vehicle time is a function of 
LVDC clock speed. 

A summary of significant event times for SA-207 is given in Table 2-2. 
The preflight predicted times were adjusted to match the actual first 
motion time. The predicted times for establishing actual minus pre- 
dicted times in Table 2-2 were taken i'rom 68MOOOOlC, "Interface Control 
Document Definition of Saturn SA-207 and Subs Flight Sequence Program" 
and from the Skylab-3 (SA-207) Post-Launch Predicted Operational Tra- 
jectory (OT) S&E-AERO-MFP-114-73, dated July 28, 1973, unless otherwise 
noted. 

2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS 

Table 2-3 lists the switch selector events which were issued during the 
flight, but were not programmed for specific times. 
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Table 2-l 

TIME BASE I 
RANGE TIME 

SECONDS 

TO 

Tl 

T2 

T3 

T4 

T5 

-16.95 

0.48 

134.38 

140.72 

593.14 

19,193.27 

Time Base Sumary 

SIGNAL START 

Guidance Reference Release 

IU Umbilical Disconnect Sensed by LVDC 

S-18 Low Level Sensors Dry Sensed by LVDC 

S-IB 3EC0 Sensed by LVDC 

S-IVB EC0 (Velocity) Sensed by LVDC 

Initiated by Receipt of Ground Command 

50 50 

40 40 

30 30 

20 20 

10 10 

0 0 
0 0 5,000 5,000 10,000 10,000 15,000 15,000 20,000 20,000 25,000 25,000 

RANGE TIME, SECONDS RANGE TIME, SECONDS 
b b 1 1 . . . . . . 
0 0 1:00:00 2:00:00 1:00:00 2:00:00 3:00:00 3:00:00 4:00:00 4:00:00 5:00:00 6:00:00 5:00:00 6:00:00 

RANGE TIME, HOURS:MINUTES:SECONDS RANGE TIME, HOURS:MINUTES:SECONDS 

l RANGE TIME CF GROUND RECEIPT OF TELEMETERED SIGNAL FROM VEHICLE 

l * RANGE TIME OF OCCURENCE AS INDICATED BY UNCORRECTED LVDC CLOCK 

Figure 2-l. I.VDC Clock/Ground Time Difference 
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Table 2-2. Significant Event Times Summary 

I IEN EVENT OESCRIPTION 

1 GUICANCE REFERENCE RELEASE 
!CPP! 

PANCE 71ME TIME FRC)’ BASE 
bCTlJA1 ACT-PREO ACTUAL ACT-PREI 

SEC SEC SEC SEC 

-1I.C -0.1 -17.4 0.6 

2 S-18 ENGlhE START CWPAlsO -3.1 -0.1 -3.5 0.0 

3 S-18 SIAPT SIGNAL ENClNE IrO. 5 -3.0 -0.1 -3.4 

I 

0.0 

4 S-10 SI‘RT SICKAL ENGINE NO. ? -3.c -0.1 -3.4 0 :o 

5 S-18 SlART SIC&AL ENtIrE LC. 6 -2.9 -0.1 -3.3 0.0 

6 S-18 SIARI 5 ICNAL ENGINE NO. 0 -2.5 -6.1 -3.3 j 0.0 

7 S-18 START SIGNAL ENGINE k0. 2 -2.6 -0.1 -3.2 0.0 

6 S-18 SlAPI SIGhAl ENCIkE IC. 4 -2.0 -0.1 - 3.2 0.0 

9 S-18 START SIGNAL ENGINE NO. 3 -2.7 I -0.1 -3.1 0.0 

10 S-19 SIAR1 SIGN41 ENCIhE CC. 1 -2.1 1 -0.1 -3.1 0.0 

11 RA16E 2ERO 0.c -0.5 

I2 FfRSf NOIION 0.3 0.0 -0.2 0.0 

13 IU uCOILICAC OISCONNECI. STALT 0.5 0.0 0.0 O-0 
OF IIME BASE 1 tfll 

1IFlCfF 
I 

* 14 SINGLE ErGIkE CUIOFF ENABLE 3.4 -0.1 3.0 0.0 
. 

15 OL TALa PLESSURlZAllON 

I ECIN Pl7CM. YAW AN0 P 

6.4 -0.1 6-b 0.0 

SWIOFF VALVES CLOSE 

16 10.2 -0.6 9.7 -0.6 

MANEUVER 

I7 ULT IPLE ENGINE CUTOFF ‘ENABLF 10.4 -0-l 10.0 060 

r1 

16 LllPLE ENGINE CUTOFF ENABLE 1o.t a.0 . 10.1 . 0.0 

a2 

19 ELE”EIER CALIBRATE ON ‘20.5 0.0 20.0 . 0.0 

- 20 7ELEMElER CALIORATE CFF . 25.4 -0.1 25.0 0.0 

. 21 lEtE*ElRV CAL I FRATOP IN-FL IGbT 27.4 -0.1 27.0 0.0 

C4lIBRAlE Ch 

22 TELFMEIRV CAlIliR4fOR IN-FL ICk7 32.4 -0.1 32.0 0.0 . 

CAl.I@RAlE CCC 

23 S-150 VENT VALVE I)pErr Oh ‘15.4 -0. I 35.0 0.0 
. 
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Table 2-2. Significant Event Times Sumary (Continued) 

25 ‘14”NC” vEFICLE FNClhES EDS 
CUTUFF tNn8lE 

27 FACh 1 

2% ltlEP4ilRY CPllf!nA7Ck LN-f LIGk 
CALllMtATL Ch 

30 TtlkMtIR? CPlIl2~4?@R IN-FIICF 
CAlIHR41f CFF 

31 FL IGI-1 CUhlMCl CL)PPLTtR Shl 1C 
PClr81 hrc. I 

32 FlICnl CULIRCL COPPLIER SCITC 
+‘CllYl NC. 2 

33 ItlEntrER c4lIB~4TIcI Ok 

3C FklGhl iChlPCL COCPUTIR SbITC 
PCINT NC. 3 

35 11, CCNlkUL bCCE1. PrR OFF 

30 1fltWcltR CAlIl?kAllCh OFF 

31 IClC~Elfw CAllEliPTE Ch 

38 TflEMtltR CAlleU4TE OFF 

3s ta:tSb aPIE 1P.Y.R) ~UTL’-ABCR 
IhklCllf ENAelE 

SC t&LESS rr4lE IP,Y,RI AUIC-ARCb 
INHI~I 1 nhC SrlTCt R4TE 

i,tQub SC IPClCAflChr ‘A’ 

41 h-ib THJ ENLILES CL7 AUTO- 
AtlLRI Ihklf IT FhAtlE 

42 S-16 lhil EhGlhiS CL1 4u1a- 
At!CWl lrtlelr 

4, PRti)Cltl~D.Nl LEVEL SE&SO:’ 
ihAdlE 

44 IILT 4r*c:1 

sf, S-~6 t~‘r(ut’f~~Ahl LfbEL SEhSOF 

AiTU41 ICh 

SEC 

35.6 

40.4 

51.5 

59.0 

75. c 

90.6 

95.6 

LOO. 4 

10C.6 

120.2 

120.4 

120.6 

IZL,.Z 

126.5 

12 1.5 

127.1 

127.9 

ltd. 1 

128.3 

12n. 5 

129.2 

13’1.4 

1.7 

I. I 

i.0 

-C.l 

-0,l 

-C.l 

-0.1 

-C.L 

-c. 1 

-c. L 

-C.I 

-C.l 

-C.l 

-0.1 

-0.1 

-C.I 

-c. 1 

-C.I 

-c.e 

c.0 

TIVE PCM BISE 
ACTIT PCT-?mJ 

SFC SEC 

35.2 0.0 

40.0 “.I? 

57.0 

5c.5 

74.5 

90.2 

95.2 

100.0 

100.2 

119.8 

12c.o 

12c. 2 

I2I.W 

126.1 

127.1 

127.1 

127.5 

lZ7.7 

127.9 

128.1 

128.7 

133.9 

1.7 

1.0 

2.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c- 

0.0 

0.0 

0.0 

0 . i) 

fi.0 

,J . 0 

-17.8 

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

I >4.1 

17P.c 

l3d.D 

13Y.4 

140. 13 

14s. 7 

14u.v 

14 1.0 

141.1 

141.: 

ICI .'I 

I‘1 1.L 

‘.t! 

14.'. L 

I-... I * 

Isi.4* 

14 1.v* 

C.t 

c.7 

C.I 

c. 76 

c.7 

c. 1 

r.1 

C.7 

C.ti 

1.13 

1.1 

I. I 

1.1 

I.1 

1.1 

1.1 

I.1 

I.1 

1.1 

I.1 

1.1 

I I 

TIHF 

AC TtlAL 

0.0 

0.2 

0.4 

2.98 

3.4 

-4.6 

4.3 

4.5 

5.0 

fn.35 

c.0 

O.? 

I-. 3 

c. 4 

0.5 

0 . tl 

C.9 

I.1 

i.1 

I .4 

c. 7 

?.2 

-- 

#CM RASC 
ACT-PEE? 

0.0 

0.0 

0.0 

-0.02 

0.0 

0.0 

0.0 

0.0 

0. n 

n.35 

0.0 

c. 0 

C.0 

0.0 

0 .o 

0. ,I 

c. 1: 

0.f) 

1 . 0 

'I.(# 

c . $1 

6:. 'I 

-- 

* CALCULATED - DATA LOST 
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Table 2-2. Sfgnificant Event Times Sumnary (Continued) 

tvthT CESCWIFTICN 

j-IVtl 5101 LFEh 

“Alh5TAC;E Ehdl!LE [IN 

S-IVb VAlF!ldCf CK FFtSSURE 
5*1lcH I 

‘IXluKt AATIL CUNTWOL VALVt 
C~22.t !5.5:1 Ebqt 

:I-Akbt uLLACE JEIT ISUN 
cl3 FlFlhC LhlTS 

JLLALX HOlOP: JtrllSON 

.hGlht MAlhSlAGk EhbRLe CFF 

JLLAbt: tcnh flRlhG lrhlTS aCSE1 

JLLAGL MJ~l)US lGhl Ilc)k AhCI 
JtTrlSCh CELLIS RESET 

“EAT-EXLIiANbEW BVPACS VALVE 
i~hlrlcll EFAbLE 

IcLLMtIkV CALlt=kAlCR Ih-FLIGI 
CALltlkATE Lk 

‘tLtWirhV CALIERATOR IN-FLltt 
CALIi?hA7E iFc 

LIGk-1 iChrPLL COCPUTFA SWITC 
PLlhT rc. 4 

LIG~-1 Ct~hll(C~ CiPFulEQ ShlTC 
t’clhl hC. 5 

cCt?‘tlhV CALILRATOR IN-FLIcrc 
CALlWAlt Ch 

tLEe4LrhV CAL ICRATJP IN-FL,l(.b 
CALIBRAlE CFF 

FL TANK CiftSSCPI~bll.)N 
~LHTI.C!L 5hlTCt’ CISAWLE 

SEC 

144.4' 

144.4 

l’eb.0 

146.2 

146.0 

149.4 

l49.S 

150.9 

154. c 

154.4 

160.0 

160.2 

164.7 

L6b. 1 

111.1 

116.0 

182.1 

344.4 

346.1 

351. I 

443.6 

‘: 1lPE 
IICT-PIT')‘ 

!tC 

1.1 

1. I 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

I.1 

I. i 

I. I 

I. 1 

1.1 

Tl CE 
AC TIlAl 

SFC 

3.1 

3.7 

5.3 

5.4 

6.1 

R. 7 

9.2 

10.2 

13.3 

13.7 

19.3 

19.5 

24.0 

25.4 

3t.4 

35.9 

42.0 

2c3.7 

205.4 

21C.4 

302.9 

e&i 
4 

0.0 1 
0.n 

0.0 

i 
-C.l 1 

I 

0.1 f 

0.0 I 

i 
0.n I 

!  

0.0 

0.l-l 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0. (3 

0.0 

i 

l CALCULATED - DATA LOST 
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Table 2-2. Significant Event Times Sumnary (Continued) 

v9 5-IbU MIXlURE rn4llC CChIWCl 
V4lVE CPEh 

YO “IXTuwE UbllC CLhlRCl VALVE 
OPEN c4.er1 EWPI 

91 BLGlh IGM PkASt 2 

92 ItlEMETRV C41 IERITOR INFl IGH7 
CAllwl4lt Ch 

93 I ElEMtf.AY CAL I LR4lOR INFL IGbI 
CILIBRI~C CFF 

9c PPuPELLINI CEPLET ION CUTOFF 
ARM 

95 BEGIN TLRClh41 GUIDINCF 

96 L;lICINCE CLTCFF SICIPL (EC01 

91 S-IVe SOLENilIC ACIIVITIUN 
SIGNAL tK1401 

98 S-IV8 MAIhSTACE PRESSURE OK 
SWITCH 1 

99 S-lvt! M4lNSfACE PRESSURE OK 
SblTCM 2 

ItJO ST4RT of- TIME 04SE 4 (141 
IhEPTI AL bT7 ITUCE FREEZE 

101 S-IV0 ENGINE CLTOiF NO. 1 CN 

102 S-IV8 ENGIhE CLIOFF NO. 2 ON 

103 PREVPLVES CLCSE 

104 ,CX T4NK hPk v4lVE CPEN Ch 

105 1CX T4NK PRESSURllAllON SMJT- 
OFF vALIES CLOSE Ch 

lob LCX TANK FlIEeT PRESS SYSTEC 
OFF 

107 PPI‘P~LLINT CEPLET IGA CUTOFF 
01 S4RC 

101 S-IV8 WlXi:.lPE RATIO CONTROL 
VALVE C LCS: 

109 S-IVe MIXTURE RAT IO CONTaCl 
V4lVE dACKlF CCCSE 

b6U.U 

SEC 

1.1 

lC* RISE 
ACT4VE.t 

sec. 

a.0 

b69.0 0.0 328.2 -1.2 

b10.5 

496. I 

C.9 

1.1 

329.0 

355.4 

-0.2 

0.0 

501.1 1.1 360.4 0.0 

5co. I 1.1 400.0 0.0 

571.0 2.7 430.2 1.5 

592.93 -3.14 452.20 -4.27 

592.9 ?. 1 452.2 2.0 

593.1 3.0 452.4 

593.2 3.0 452.5 

593.1 -3.2 0.0 

593.2 -3.2 0.1 

593.3 -3.2 0.2 

593.4 -3.2 0.3 

593.1 -3.2 0.6 

593.9 -3.2 0.6 

594.1 

596.9 

59 1.3 

595.5 

-3.2 1.0 

-3.2 1.6 

-3.2 2.2 

-3.2 2.4 

1.9 

1.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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Table 2-2. Significant Event Times Sumnary (Continued) 

121 ChlLLDUdN StiLlOFF VALVES CLCS 

122 j’I’C” MAhELbEA IC LCCAL bO!tiL 

123 L.“. 

I 

INvEPTER INO CC POWER OF 

I24 ~LCX TANK LPV VALVL CPElY OFF 

125 LC~ TANK VEPT 4hO hFV VALVES 
uocsr ClCSE Ch 

126 LCX TANK bEhT CNO hPv VALVES 

1 

tiocSr CLCSE CFF 

121 SM SEPARATION 
LTE(I1UATE SECCELCE 74A 

ida *cS CJMMAhC S-150 EXPERIMENT 

129 PU&VALVES 0PE)r 

130 :hlLLUtirlU SwTCFF VALVES OPEN 

~31 LFZ 14~~ 1ATCblNti RELIEF bALII 
CPEN L?k 

ITEM EvELl CESCRIPTICN 

110 FLIGHT COIIRCL CCWPUTER S-IV1 
UUlN MOCE CFF ‘A’ 

ill FL11;tiT CCLTRCL CIJPPUTER S-IV1 
t(UdN MOCE CFF ‘8’ 

112 AUX hVDRALLlC FUCF FLIGHT MO1 
OFF 

113 IS/C 

I 

Ci~tlllR~l CF S4luRh ENAt%LE 

114 kAlE MEPSLHEWENTS ShlTCH 

115 1 ‘Rdll INSERllCh 

116 k-Iv8 tiNGlNE ECS CUTOFF 
OlSAbLt 

117 Lk2 TANK LATCtING RELIEF VALI 
/ OPEN Ch 

Ilr) it-2 lAWi LATCFINC RELIEF VALV 
LAKH CL 

119 Lb2 1ANK LATC+ING RELIEF VALV 
OPEN UfF 

LZC ,bZ IANK LAICI-ILG RELIEF VALV 
LATCli OFF 

RI 
bCfUAL 

SEC 

596.6 -3.2 

11 M PCM BASE 
AClUAl ACT-PREt 

SEC SEC 

3.5 0.0 

596.8 -3.2 3.7 0.0 

597.0 -3.2 3.9 0.0 

598.1 

599.1 

602.9 

603.1 

-2.2 

-3.2 

-3.1 

-3.2 

5.0 0.0 

6.0 0.0 

9.e 0.0 

10.0 0.0 

to3.5 -3.2 10.4 0.0 

tos. 5 -3.2 12.4 0.0 

606.7 -!.2 13.6 0.0 

607.9 -3.2 14.8 0.0 

613.1 -3.2 20.0 0.0 

613.5 -2.6 20.4 0.6 

623.1 -3.2 30.0 0.0 

623.1 -3.2 30.6 0.0 

626.7 -?.2 33.6 0.0 

tze. 7 -?.2 35.6 

1080.4 124.2 

1271.0 C.0 

1213.4 -2.9 

1213.6 -2.9 

L213.t) -2.9 

401.3 

611.9 

680.3 

68C. 5 

680.7 

0.0 

127.3 

3.? 

0.3 

0.3 

0.3 

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

RANGE TIPE TIME FlCM BASE 
llE14 EUtLl CESCRIFTION ACTUAL ACT-PPEO ACTUAL AC T-PRF’ 

132 LHZ 1ANK LATCFING RELIEF VALVE 1274.8 -2.9 te1.1 0.3 
dPtlv OFF 

133 ib2 TANK tfEhT 4hc ibTC~ilh(G 1271.0 -2.9 684.7 0.3 
MELlEe &Al&ES BCCST CLOSE Ch 

134 LHZ TANK bEhT LNC LAlCkINuC AE- 1279.5 -2.2 6845.4 0.0 
LIEF VAlbES eOOS1 CLOSE CFF 

135 JCS CLW,MA~C EXECUTE t177 DEG. 1314.0 19. I IZC. 9 22.2 
PI TCn CA~EC~EP 

134 DCS CDMMPhC EXECUTE -177 DEC. 2855.0 ?O. I 2261.9 . 33.2 
ROLL, I CFC. P ITCti YANEIJW 

137 CC5 COMMAhC EXECUTE -L3n CCC. 5000.0 45.1 5206.8 48.1 
RCLL CAkELCER 

136 >CS COMMAhC LXECUTE l 135CEC. 623 1 .O 12t.1 5637.8 129.1 
WC11 @ALELbER 

139 JCS COMMALC ExECUlF t 45 CEG. 8930.0 125.1 8336.8 1za.1 
WCLL )AhEbbER 

1~0 CCS CUMMAhC EXECUTE - 45 CEE. 12900.0 125.1 12386.8 128.1 
RUll CAhCUWER 

141 >CS CWMANC EXEC6TE t 90 DEG. 14280.0 1it.1 13686.8 lZA.2 
RCll CAhLLbER 

142 IU/S-IVb CEORBIT COMMAND 15886.0 -77ce.9 15292.8 -2705.8 

143 :lART OF IIrE t!ASE 5 (15) 19193.3 0.6 l O 0.0 0.0 

144 thGlht HE CCATACL VALVE OPEN 19227.3 C.6.’ 34.0 0.0 
Ch (START LCI CUMPI 

1%5 thG IhE MA IhSTACE Cr’,TRI)I 15672.2 C.5 *a 410.9 -0.1 
VAL~E OPEL CFF (Eht LCX DCCFI 

l+f~ Eh6lNt HE CChTPCL VALVE 19702.3 C.’ - l * 509.0 0.0 
OPEN Oh (START k2 DUYPI 

147 th6lhk IGhITlCh PIiASE CONTRCL sc29z. 3 C.6** . 1099.0 a.0 
IrAlbE CLCCE (STCP HZ liUCP1 

lta S-IVWIU IW’ACl 214592.0 42.7** 21098.8 45.8 

l ' BASED ON REAL-TIME PREDICTIONS, REFERENCE SECTION 5 
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Table 2-3. Variable Time and Comnanded Switch Selector Events 

FUNCTION 

Water Loulant Valve 
Closed 

Telemetry Calibrator 
In-Flight Calibrate ON 

TM Calibrate 3; 

TM Calibrate OFF 

Telemetry Calibrator 
In-Flight Calibrate OFF 

S-150 TM Time Correla- 
tion ON 

S-150 TM Time Correla- 
tion OFF 

Telemetry Calibrator 
In-Flight Calibrate DN 

TM Calibrate ON 

TM Calibrate OFF 

Telemetry Calibrator 
In-Flight Calibrate OFF 

S-150 TM-Tim Correlatlon 
ON 

S-150 TM Time Correlation 
OFF 

S-150 Calibrate Comand 
ON 

S-150 Calibrate Comand 
OFF 

S-150 TM Time Correlatlon 
DN 

S-150 TM Time Correlation 
OFF 

Telemetry Calibrator 
In-Flight Calibrate DN 

TM Callbrate ON 

STAGE 

.Iu 

RANGE TIME 
TIME FROM 
(SEC) 1 BASE (SEC) 

480.1 1 T3 t339.4 

i 
IU 676.0 

s-IVB 679.6 

s-IVB 680.8 

IU 681.8 

IU 3177.8 

IU 3178.8 

IU 6724.8 

s-IVB 6727.8 

S-IVB 6728.8 

IU 6729.8 

IL' 

IU 

*I 

IU 

IU 

IU 

IU 

s-IVB 

6777.0 

6778.0 

9150.9 

9155.9 

12.177.8 

12.178.8 

129260.8 

12.263.8 

T4 t83.6 Bermuda Revoluti. ! 1 

T4 +86.6 

T4 t87.6 

T4 t88.6 

Bermuda Revolution 1 

Bermuda Revolutlon 1 

Ekmuda Revolution 1 

T4 t2584.6 LVDC Function 

T4 t2507.7 LVDC Function 

T4 t6131.7 kdrid Revolutlon 2 

T4 +6134.7 

T4 +6135.7 

T4 t6136.7 

Madrid Revolutlon 2 

Madrid Revolutlon 2 

Madrid Revolution 2 

T4 +6184.7 LVDC Function 

T4 +6185.7 LVDC Function 

T4 +4557.8 LVDC Function 

T4 +8562.7 LVDC Functton 

T4 l 11.584.7 LVDC Function 

T4 +11.585.6 LVDC Function 

T4 +11,667.7 Canary Revolutlon 3 

T4 +11,670.7 Canary Revolution 3 

REMARKS 

LVDC Function 
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Table 2-3. Variable Time and Commanded Switch Selector Events (Continued) 

TIM 

FUNCTION STAGE %F 
(SEC) BAS$EC ) 

REMARKS 

TM Calibrate OFF S-IVB 12.264.8 T4 +11,671.7 Canary Revolution ! 

Telemetry Calibrator IU 12,265.B 
In-Fllght Callbrate OFF 

T4 +11.672.7 Canary Revolution 3 

S-150 Calibrate Cammd IU 14.550.9 *T4 +13.957.7 LVBC Function 
ON 

S-150 Callbrate Conmend 
OFF 

IV 14.555.9 T4 +13.962.7 LVRC Function 

Telemetry Calibrator 
In-Flight Calibrate ON 

TM Calibrate OFF 

Telemetry Calibrator 
In-Fllght Callbrate OFF 

Teleaetry Calibrator 
In-flight Callbarate ON 

TM Callbrate OR 

TH Callbrate OFF 

Tel-try Callbrator 
In-Flight Calibrate OFF 

IU 15.948.9 

S-IVB 15.9ST.9 

IU 15.953.9 

IU 17.774.8 

s-m 17.775.8 

I f-IVB 17.776.8 

IU 17.778.8 

T4 +15,355.B Hauali Revolutlon 3 

T4 +15.359.B Hawaii Revolutlon 3 

T4 l 15,360.8 Hauall Revolution 3 

T4 l 17.181.7 Canary Revolution 4 

T4 l 17.182.7 Csnary Revolution 4 

T4 t17.183.7 Canary Revolution 4 

T4 t17.185.7 Canary Revolution 4 
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SECTION 3 

LAUNCH OPERATIONS 

3.1 SUMMARY 

The performance of ground systems supporting the SA-207/Skylab-3 countdown 
and launch was satisfactory although some concern was expressed during pre- 
launch countdown about S-IB LOX venting. 
3.4.2.1. 

This is discussed in paragraph 

The space vehicle was launched at 7:lO:SO Eastern Daylight Time (EDT) 
on July 28, 1973, from Pad 398 of the Kennedy Space Center (KSC), Saturn 
Complex. Damage to the pad, Launch Umbilical Tower (LUT) and support 
equipment was considered minimal. 

3.2 PRELAUNCH MILESTONES 

A chronological sumnary of prelaunch milestones is contained in Table 
3-1. All stages, S-IB, S-IVB and Instrument Unit (IU) performed satisfactorily. 
The S-IB LOX venting anomaly is discussed in paragraph 3.4.2.1. 

3.3 TERMINAL COUNTDOWN 

The SA-207/Skylab-3 terminal countdown was picked up at T-59 hours (count- 
down clock time) on July 25, 1973. Scheduled holds were initiated at 
T-3 hours 30 minutes for a duration of 60 minutes and at T-15 minutes for 
a duration of 2 minutes. The space vehicle was launched on schedule at 
7:lO:SO EDT on July 28, 1973. 

3.4 PROPELLANT LOADING 

3.4.1 RP-1 Loading 

The RP-1 
placed on 

s stem successfuliy supported countdown and launch, Fuel was 
g oard the S-IB stage on July 11, 1973. Tail Service 

Mast fill and replenish was accomplished at T-8 hours and level adjust/ 
line inert at about T-l hour. Both operations were completed satisfac- 
torily as planned. 
RP-1. 

Launch countdown support consumed 41,604 gallons of 

The fuel temperature probe configuration in S-IB Stage Tank F-4 was changed 
prior to launch due to an intermittent resistance thermometer element. The 
configuration change electrically removed the intermittent operating 
element, leaving the two lower probes connected in parallel to provide one 
temperature output. 

3-l 



Table 3-1. SA-207/Skylab-3 Prelaunch Milestones 

DATE 

August 26, 1971 

Dec. 1, 1972 

March 30, 1973 

April 4, 1973 

May 8, 1973 

May 28, 1973 

May 29, 1973 

June 2, 1973 

June 11, 1973 

June 12, 1973 

June 19, 1973 

June 20, 1973 

June 29, 1973 

July 11, 1973 

July 20, 1973 

July 28, 1973 

T ACTIVITY OR EVENT 1 

S-IVB-207 Stage Arrival 

Command Service Module (CSM) 117 Arrival 

S-I&7 Stage Arrival 

S-IB Erection on Mobile Launcher (ML)-1 

Instrument Unit (IU) S-IU-208 Arrival 

S-IVB Erection 

IU Erection 

Launch Vehicle (LV) Electrical Systems Test Complete 

LV Transfer to Pad B 

Space Vehicle (SV) Electrical Mate 

LV Propellant Dispersion/Malfunction Overall Test 
(OAT) 

SV OAT 1 (Plugs In) 

SV Flight Readiness Test (FRT) Complete 

RP-1 Loaded 

Countdown Demonstration Test (CDDT) Completed (Wet) 

SL-3 Launch 

The fuel temperature rJas monitored during the launch countdown and at T-l 
hour, a final fuel temperature of 66.0°F was projected to ignition. The 
final fuel density was obtained using the projected temperature. 

At approximately 8 l/2 hours prior to launch, the level in the fuel 
tanks was raised from 600 inches to the level of the overfill sensor 
(637.2 inches) to ensure that the final fuel level adjust would be a 
drain. When the overfill sensor indication was received, the Propellant 
Tanking Computer System (PTCS) mass readout indicated that the level in 
the fuel tanks was approximately 83 gallons (+1.24 inches) above the overfill 
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sensor level. This corresponds to an error in the load of approximately 
555 pounds. A bias was input to the PTCS, successfully correcting for 
this error. 

3.4.2 LOX Loading 

The LOX loading system successfully supported countdown and launch. The 
fill sequence began with S-IB chilldown July 27, 1973, and was completed 
1 hour 50 minutes later with all stage replenish. Replenish was auto- 
matic through the Terminal Countdown Sequencer (TCS) without incident. 
LOX consumption during launch countdown was 110,000 gallons. 

3.4.2.1 S-IB LOX Venting During Countcmn 

During the LOX replenishing sequence, LOX was reported emanating randomly 
and independently from the four outboard tank vent valves from approxi- 
mately T-5.5 hours to vent closure at T-2 minutes 43 seconds. During video 
and motion picture coverage of 30 minutes of the coun:down beginning at 
T-l hour, it appeared that liquid oxygen was erupting from the vent open- 
ings of tanks 3 and 4. Alternate camera positions shwed what appeared to 
be LOX emanating from tank 1 and 2 vents, but in that case it could not 
be determined which specific tank was discharging. Approximately 40 dis- 
charges were counted during the period covered by the film, equally dis- 
tributed between tanks 3 and 4. LOX was not observed venting from the center 
LOX tank. Figure 3-l is a series ct photographs showing the venting from 
the outboard tanks. 

Reconstructed flight performance, as it pertains to the problem, shows 
nothing unusual. Actual LOX load was within 76 pounds of predfcted at 
ignition cormaand, and LOX pump inlet temperature averaged throughout 
flight 0.12"F wanner than predicted. Time required to prepressurize 
the LOX tank was 73 seconds, the same as during the CDDT, which indicated 
normal ullage volume. The surface wind during the countdown was light. 
Temperature and relative humidity at the NASA 150 M ground wind tower were 
75.0°F and 93 percent, respectively. 

Figure 3-2 depicts the relative heights of liquid in the center tank and 
a windward outer tank. Restricted flow through the 4-in center tank vent 
valve causes a differential pressure between the tank ullages that is de- 
pendent on heat transfer rate and causes an adjus+nent in liquid levels. 
Note that with a nominal wind speed of 9.2 knots, the windward outer tank 
LOX level is approximately 2.7 inches above the center tank LOX level and 
23.4 inches below the bottom of the vent duct. A wind increase to 34 
knots (maximum expected) would cause the outer tank LOX level to increase 
approximately 4 inches while the center tank LOX level would be unchanged. 
Therefore, it is clear that even with such an extreme condition the steady 
state liquid level is substantially below the vent. 

Instrumentation to detect or investigate the phenomenon is inadequate 
because its intended use was for flight evaluation. However, the eight 
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Figure 3-1. SA-207 Prelaunch Venting 
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LOX pump inlet temperatures (one per engine) were reviewed together with 
the Engine No. 1 LOX pump Inlet pressure for the 8-hour period prior to 
launch. This period covered start of LOX loading until liftoff. Addi- 
tionally, center LOX tank ullage pressure was scrutinized for any unusual 
fluctuations which could be related to the discharges seen on the film. 
None were noted during the 8-hour period. The overfill sensor, located 
21 inches below the vent duct, did not indicate liquid presence during 
LOX loading. Rone of these measurements indicated any unusual conditions 
which would explain the apparent LOX venting. 

Review of films taken during SA-206 countdown revealed slmflar occurrences; 
however, similar eruptions were not observed during the Countdown 
Demonstration Test (CDDT) for either SA-206 or SA-207. This indtcates 
the problem is not stage oriented because no stage hardware changes were 
;Mde between these two events. While the cause is not known, the apparent 
LOX venting phenomenon had no effect on flight performance or vehicle or 
ground hardware. All exposed stage and ground hardware involved It 
capable of satisfactory operation after LOX contact of the type experienced 
and no corrective action is necessary for stage performance. The only 
concern is for personnel safety during astronaut boarding. 

For the SA-208 countdown, a procedural change will be incorporated in real 
time if LOX is venting prior to astronaut boarding. The LOX level will 
be reduced by boiloff and the additional mass required for flight 
replenished later in the countdown. 

3.4.3 LH2 Loading 

The LH2 system successfully supported countdown and launch. The fill 
sequence began at 00:37:00 EDT, July 28, 1973, and was completed when 
normal S-IVB replenish was established at 01:26:00 EDT. Replenish was 
nominal and was terminated at the start of temina? countdown sequence. 
Launch countdown support consumed about 125,800 gallons of LH2. 

3.5 GROUND SUPPORT EQUIPMT 

3.5.1 Ground/Vehicle Interface 

In general, performance of the ground service systems supporting all stages 
of the launch vehicle was satisfactory. Overall damage to the pad, LUT, 
and support equipment from blast and flame impingement was considered 
minimal. Detailed discussion of the Ground Support Equipment is contained 
in KSC Skylab/Saturn IB (SA-207) "Ground Support Evaluation Report." 

The Propellant Tanking Computer Systems (PTCS) adequately supported all 
countdown operations and there was no launch damage. 

The Environmental Control Systems (ECS) performed satisfactorily throughout 
the countdown and launch. 
EDT on July 27, 1973. 

Changeover from air to GN2 occurred at 21:55:DO 
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The Service Arm Control Switches (SACS) satisfactorily supported SL-3 
launch and countdown. The SAC No. 3 primary switch closed at 252 milli- 
seconds and SAC No. 7 primary switch closed at 261 milliseconds after 
comnit. There were no problems and only a minimal amount of heat and 
blast damage to the SACS. 

The Hydraulic Charging Unit and Service Arms (S/A's lA, 6, 7 and 8) 
satisfactorily supported the SL-3 countdown and lauxh. Performance 
was nominal during terminal count and liftoff. 

The damping systems supported the countdown and launch. There were no 
system failures. 

The DEE-3 and DEE-6 systems satisfactorily supported all countdown operation. 
There was no system damage. 

3.5.2 MSFC Furnished Ground Support Equipment 

All Ground Power and Battery equipment supported the prelaunch operations 
satisfactorily. All systems performed within acceptable limits. The 
Hazardous Gas Detection System successfully supported SL-3 countdown. 
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SECTION 4 

TRAJECTORY 

4.1 SUMMARY 

The Skylab-3 vehicle was launched at 7:10:50 a.m. Eastern Daylight Time, 
July 28, 1973, from Pad 398 at Kennedy Space Center. The vehicle was 
launched on an azimuth of 90 degrees east of north. A roll maneuver 
was initiated at approximately 10 seconds that placed the vehicle on a 
flight azimuth of 45.003 degrees east of north. The down range pitch 
program was also initiated at this time. 

The reconstructed flight trajectory (actual) was very close to the Post 
Launch Operational Trajectory (nominal). The S-IB stage powered the 
vehicle until Outboard Engine Cutoff (OECO) at 140.73 seconds which was 
1.13 seconds later than nominal. The total space-fixed velocity at this 
time was 0.19 m/s less than nominal. After separation, the S-IB stage 
continued on a ballistic trajectory until earth impact. The S-IVB burn 
terminated with guidance cutoff signal and was followed by parking orbit 
insertion, both 3.14 seconds earlier than nominal. An excess velocity 
of 0.75 m/s at insertion resulted in an apogee 2.16 km higher than 
nominal. 

The parking orbit portion of the trajectory from insertion to CSW-IVB 
separation was close to nominal. The astronaut initiated separation of 
the CSM from the S-IVB stage occurred at 1080.4 seconds, 124.2 seconds 
later than nominal. 

4.2 TRAJECTORY EVALUATION 

4.2.1 Ascent Phase 

The ascent phase is defined as the interval from guidance reference release 
(-16.953 seconds) through parking orbit insertion (602.93 seconds). 
The ascent trajectory was established by utilizing telemetered guidance 
velocity data as generating parameters to fit the tracking data from 
five C-Band stations, listed in Table 4-l. Approximately 3 percent of 
the C-Band tracking data was rejected due to inconsistencies. The initial 
launch phase (from first motion to 20 seconds) was established by a least 
squares curve fit of the initial portion of the ascent trajectory. Com- 
parisons between the resultant best estimate trajectory and the avail- 
able tracking data show consistency and good agreement. 

Telemetered guidance data were used as a model for obtaining proper 
velocity and acceleration profiles during the transient periods of 
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Table 4-1. Sumnary of Available Tracking Data 

DATA SOURCE, TYPE 

Benuda, C-Band 

Bermuda, C-Band 

Bermuda, S-Band 

Cape Kennedy, C-Band 

:Hawaii, C-Band 

Merritt Island, C-Band 

iPatrick. C-Band 

Tananarive. C-Band 

Tananarive, C-Band 

Wallops Island, C-Band 

PHASE 

Ascent 

Orbital 

Orbital 

Ascent 

Orbital 

Ascent 

Ascent 

Orbital 

Orbital 

Ascent/Orbital 

WGE TIME INTERVA 
(SEC) 

380 - 610 

250 - 712 

230 - 730 

5 - 424 

15,886 - 16,lB 

5 - 507 

25 - 504 

7828 - 8176 

13,390 - 13,66 

255 - 648 

Mach 1, maximun dynamic pressure, S-18 thrust cutoff, and S-IVB thrust 
cutoff. 

Actual and nominal altitude, cross range, and surface range for the boost 
phase alp presented in Figure 4-1. Figure 4-2 presents similar conpari- 
sons of space fixed velocity and flight path apole. Comparisons of actual 
and nominal total inertial accelerations are disk ayed fn Figure 4-3. 
Inspection shows the actual was very close '9 the nanfnal values. 

Table 4-2 presents the trajectory condftj-.cs at engine cutoffs. Tra- 
jectory paraf&ers at significant events are presented in Table 4-3. 
Table 4-4 presents significant parameters at the S-18/S-IV8 and S-IVB/ 
CSM separation events. 

The S-18 stage OECO conrnand was issued at 140.73 seconds as a result of 
LOX depletion. The S-IV8 cutoff signal was issued by the Launch Vehicle 
Digital Computer (LVDC) when end conditions were satisfied at 592.93 
seconds. 

Mach nuber and dynamic pressure history conparfsons are shown in Figure 
4-4. These parameters were calculated using the reconstructed trajectory 
data and llhasured rneteorologfcal data to an altitude of 62 km. Above 

1 
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Table 4-2. Comparison of Cutoff Events 

Space-Fixed Velocity (Ws) 

Flipht 34th Angle 

malng Angle (dsg) 

Surtrce Renge (kD) 

AcnJu 
l1l.w 

55.41 
22X.27 

25.61: 

53.1w 

57.Y) 

-3.27 

-0.42 

55.90 -0.49 

2244.39 -6.12 

25.927 -0.314 

s.089 0.061 

57.05 0.25 

-0.49 3.22 

-10.50 I 2.0 

59.87 

2302.03 

25.40 

52.97 

L2.23 i 
I 

-0.u 

-10.59 I 

-0.16 lR.38 

-0.19 7929.73 

-0.350 -0.013 

0.010 54.m3 

2.90 179:.s4 

0.22 10.21 

2.11 119.19 

lU.52 

7829.54 

-0.000 

55.900 

iab3.62 

- 10.11 

119.37 

Table 4-3. Comparison of Significant Trajectory Events 

EVENT PARAPETER ACTUAL NWINAL ACT-NON 

:irst Motion Range Time. set 0.28 0.28 0.00 

Total Inertial 
Acceleration, m/s2 

12.272 12.353 -0.081 

bch I Range Time, set 59.00 57.g4 1.06 

Altitude. km 7.54 7.37 0.17 

laximum Dynamic Pressure Range Time, set 75.00 73.00 2.00 

Dynamic Pressure, n/cm2 3.523 3.454 0.069 

Altitude, km 13.17 12.60 0.57 

~xinnnn Total Inertial Range Time. set 137.346 136.595 0.751 
Acceleration: S-IB Acceleration, m/s2 42.733 43.147 -0.414 

S-IVB Range Time, set 592.930 596.070 -3.14D 

Acceleration. m/s2 27.B6B 27.543 0.323 

Maxim Earth-Fixed Range Time, set 141.00 140.28 0.72 
Velocity: S-IB 

Veloc+ty. m/s 2028.24 2027.85 0.39 

S-Iv6 Range Time, set S%.DD 598.28 -2.28 

Velocity. m/s 7533.97 7533.15 0.82 

Dearest Time Points Available 

ACT-ml: 
-3.14 1 -0.14 

0.19 

-0.335 I 

.1.09? 
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Table 4-4. Comparison of Separation Events 

S-16/S-IVB S-IVB/CSM 
PARAMETER ACTUAL NOMINAL ACT-NOM ACTUAL NOMINAL ACT-NOM - 

Range Time (set) 142.02 140.90 1.12 1080.44 956.27 124.17 

Altitude (km) 59.97 60.16 -0.19 169.36 165.80 3.56 

Space-Flxed Velocity (m/s) 2302.95 2302.07 0.88 7826.45 7829.74 -3.29 

Flight Path Angle (deg) 24.806 25.152 -0.346 0.198 0.146 0.052 

Heading Angle (deg) 52.900 52.864 0.036 88.581 78.540 10.041 

Geodetic Latitude (deg. North) 29.046 29.042 0.004 50.183 49.224 0.959 

Longitude (deg. West) 80.148 80.157 -0.009 22.624 35.266 -12.642 

Surface Range (km) 65.42 64.51 0.91 -- BS -- 

Cross Range (km) -0.31 -0.53 0.22 -- -- -- 

Cross Range Velocity (m/s) -8.44 -10.55 2.11 -- -- -- 

. 
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this altitude the U. S. Standard Reference Atmosphere was used. 

A theoretical free flight trajectory was computed for the spent S-IB 
stage, using initial conditions from the actual trajectory at S-IB/ 
S-IVB separation signal. Three trajectories were integrated from that 
point to impact using nominal retro-motor performance and outboard engine 
decay data. The three trajectories incorporate three different drag 
conditions for 1) stabilized at zero angle of attack (nose forward), 
2) tumbling stage, and 3) stabilized at 90 degree angle of attack 
(broadside). Tables 4-5 and 4-6 summarize the results of these simu- 
lations ant', present the impact envelope. Tracking data were not avail- 
able, but previous flight data indicate the tumbling drag trajectory 
to be a close approxi:ation to actual flight. The calculated impact 
for the tumbling drag trajectory was 31.737 degrees north latitude, 
76.907 degrees west longitude, at 539.93 seconds range time. 

Table 4-5. Comoarison of S-IB Scent Staae Imact Point 

PARAMETER I ACTUAL I NOMINAL I ACT-NOM 1 

Range Time (Set) 539.93 541.11 

Surface Range (km) 496.67 498.05 

Cross Range (km) 1.12 -0.10 

Geodetic Latitude (deg. 31.737 
North) 

31.754 

Longitude (deg. West) 76.907 76.905 

NOTE: Data reflects simulation of tumbling stage. 

-1.18 

-1.38 

1.22 

-0.017 

0.002 

Table 4-6. S-IB Spent Staqe Imact Envelope 
DRAG SIMULATION 

PARAMETER 
NOSE FORWARD TUMBLING BROADSIDE 

Range Time (set) 478.08 539.93 . 

Surface Range (km) 508.69 496.67 488.37 

Cross Range (km) 1.28 1.12 1.03 

~o;~h\ic Latitude (deg, 31.81 31.74 81.69 

Longitude (deg, West) 76.81 76.91 76.97 
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4.2.2 Parking Orbit Phase 

The parking orbit originates at orbit insertion and terminates at S-IVB/ 
CSM separation. 

Orbital trackin 
Administration 9 

was conducted by the National Aeronautics and Space 
NASA) Space Tracking and Data Network. One C-Band 

(Bermuda) and one S-Band station (Bermuda) were available for tracking 
coverage during the first revclution. Tananarive provided second and 
third revolution coverage while Hawaii provided additional third revolution 
coverage. Some high speed tracking data beyond insertion were available 
from Wallops Island. These data were edited to provide additional 
orbital tracking information. The trajectory parameters at crbital 
insertion were established by adjusting the preliminary estimate to fit 
the orbital tracking data. A comparison of the actual and nominal 
parking orbit insertion parameters are delineated in Table 4-7. Figure 
4-5 presents the SL-3 ground track from liftoff through CSM separation. 

Table 4-7. Comparison of Orbit Insertion Conditions 

PARAlSTER 

Range Time (set) 

Altitude (km) 

Space-Fixed Velocity (m/s) 

Flight Path Angle (deg) 

Heading Angle (dag) 

Cross Range (km) 

Cross Range Velocity (m/s) 

Inclination (deg) 

Descending Node (deg) 

Eccentricity 

4pogee Altitude (km) 

'erigee Altitude (km) 

cried (min) 

k&tic Latr I,!I.;c t&y, Nor iv-: 

.ongitu;e (de 9icst 1: 

ACTUAL 

602.93 

158.52 

7836.81 

0.001 

56.268 

11.42 

125.10 

50.028 

154.492 

0.0058 

226.29 

149.87 

s.25 

NOMINAL 

606.07 

158.67 

7836.06 

0.003 

56.366 

11.34 

126.32 

50.031 

154.495 

0.3056 

224.13 

149.97 

EL!?.23 

39.696 

tS.Sf? 

ACT-NOM 

-3.14 

-3.15 

0.75 

-0.002 

-0.098 

0.08 

-1.22 

-0.003 

-0.003 

0.0002 

2.16 

X.10 

9.02 

-o.cw 1 
I 

\' -1: 
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SECTION 5 

S-IVS/IU DEORBIT TRAJECTORY 

5.1 SUMMARY 

All aspects of the S-IVB/IU deorbit were accomplished successfully. The 
propellant dump was modified during real time to establish a reentry traj- 
jectory that would enable observation by Kwajalein. This modified plan 
was accomplished. The velocity change obtained for deorbit was very 
close to the real-time predicted value. The breakup altitude was 81.7 km, 
and impact in ,the primary disposal area. 

5.2 DEORBIT MANEUVERS 

Timebase 5 (TBS) was initiated as scheduled by a ground command and started 
the S-IVB/IU deorbit events at 19,193.3 seconds (310 minutes past Time- 
base 4). A real-time decision was made to extend the LH tank dump duration 
in order to improve telemetry coverage of the deorbit, w  ile i providing 
a reentry trajectory allowing Kwajalein to observe breakup. The S-IVB/IU 
ground track during deorbit with the areas of telemetry coverage are 
indicated in Figure 5-l. 

The velocities achieved from the LOX and LH2 tank dumps are presented 
in Figure 5-2 and summarized in Table 5-l. The capabilities predicted in 
real-time are shown for comparison. As indicated, the actual velocity 
was only 0.8% greater than predicted. Refer to Section 7.9 for detailed 
discussion of deorbit propulsion performance. 

5.3 DEORBIT TRAJECTORY EVALUATION 

The S-IVB/IU orbit trajectory from Command Service Module (CSM) separa- 
tion to TB5 was reconstructed using the Tananarive and Hawaii C-band radars 
during revolutions 2 and 3. The available tracking data from these sites 
are included in the tracking data sumnary presented in Section 4. A TB5 
state vector was obtained from the orbit trajectory reconstruction (actual), 
and then utilized in simulations of the propellant dump and subsequent 
reentry trajectory to impact assuming no breakup. Orbit trajectory condi- 
tions at TB5 are presented in Table 5-2. A comparison of the actual 
trajectory and the real-time predicted shows good agreement at this point. 
This is further illustrated in Figure 5-3 showing the real-time predicted 
altitute versus range tim conpared to the postflight reconstructed 
altitude profile which deviates from the real-time only at the very end. 
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Table 5-l. S-IVB/IU Propellant Dump Velocity Changes 

REAL-TIME 
ACTUAL PREDICTED ACT-RT 

LOX Dump AV (m/s) 21.78 21.63 0.15 

LH2 Dump AV (m/s) 9.97 9.86 0.11 

1 Total Dump AV (m/s) 31.75 31.49 0.26 

LOX Dump Duration = 445 Seconds 
LH2 Dump Duration = 590 Seconds 

Table 5-2. S-IVB/IU Orbit Trajectory Components at T85 

r  

ACTUAL REAL TINE 
PREDICTION 

ACT - RT 

Range Time (set) 19,193.3 19.192.7 0.6 
(TD4 +310 min) 

Radius (km) 6599.09 6596.34 2.75 

Space-Fixed Velocity (m/s) 7749.42 7751.75 -2.33 

Flight Path Angle (deg) -0.056 -0.059 0.003 

L&i tude ( deg south) , 42.02 42.32 -0.30 

Longitude (deg,East) 41.43 41.67 -0.24 
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KwaJalein radar tracking data established the S-IVB/IU breakup as 
occurring at 21,175 seconds. The simulated reentry trajectory 
was compared to the Kwajalein data at this time point. Table 5-3 
presents these data, which show reasonable agreement of the breakup 
location. It should be noted that the Kwajalein site tracked for 
only a short time and the time of loss of signal has been selected 
as the most accurate indicator of the breakup time. 

5.4 IMPACT 

The simulated reentry trajectory discussed above provided the ini- 
tial conditions for establishing the limits of the impact area. The 
limits to the impact area were defined by simulation assuming a 
range of ballistic coefficients (W/C 
5-4 presents the short range, 

) from 47 to 650 kg/m2. Table 
nomina PA , and long range impact point co- 

ordinates as they occurred in the plane of the trajectory. These data 
show that the impact area was approximately 500 n mi in length and well 
within the planned disposal area. 

Table 5-3. S-IVB/IU Deorbit Position at Breakup 

POST FLIGHT KWAJALEIN 
RECONSTRUCTED OBSERVED 

-- 

Altitude (km) 81.7 81.7 

Latitude (deg, North) 14.86 15.39 

Longitude (deg, East) 176.49 176196 

Table 5-4. SA-207 S-IVB Impact Disperson Limits 

SHORT LONG 
RANGE NOMINAL RANGE 

Range Time (set) 21,756. 21,650. 21,593. 

Latitude (deg, North) 21.73 23.75 27.51 

Longitude (deg, West) 177.43 175.50 171.60 

. 
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SECTION 6 

S-IB PROPULSION 

6.1 SUMMARY 

The S-IB stage propulsion system performed satisfactorily throughout 
flight. The one propulsion anomaly (possible LOX emanation from the 
LOX tank vents) occurred during countdorm and had no effect on the 
countdown operations or flight performance. Stage longitudinal site 
thrust and mixture ratio averaged 0.68 percent and 0.27 percent lower 
than predicted, respectively. Stage LOX, fuel and total flowrate 
averaged 0.75 percent, 0.49 percent and 0.68 percent lower than pre- 
dicted, respectively. Stage specific impulse was within 0.1 percent 
of predicted. Inboard Engine Cutoff (IECO) occurred at 137.36 seconds 
(0.76 seconds later than predicted). Outboard Engine Cutoff (OECO) 
was initiated 3.37 seconds after IECO by thrust OK pressure switch 
deactuation as planned at 140.73 seconds. At OECO, the LOX residual 
was 2960 lbm compared to the predicted 3311 ltxn and the fuel residual 
was 6145 lbm compared to the predicted 5988 lbm. The stage hydraulic 
system performed satisfactorily. 

6.2 S-IB IGNITION TRANSIENT PERFORMME 

All eight engines ignited satisfactorily. The automatic ignition sequence, 
which schedules the engines to start in pairs with a 100-millisecond 
delay between each pair, began with time for ignition coasnand at -3.064 
seconds range time. The start sequence that occurred was close to 
optimum. The maximum spread in the start tilse, defined by the inter- 
section of the maximum chantn~ pressure or thrust buildup slope with 
the zero line (PC prime times) of engines within a pair was 15 milli- 
seconds and was between engines 5 and 7 (first pair of engines). The 
smallest interval in the planned lOO-millisecond sequence between 
pairs was 80 milliseconds and was between the third and fourth pair 
(specifically, between Engines 3 and 4). 

Table 6-l cornpares predicted and actual start event times. The lndlvi- 
dual engine thrust buildup curves are shown in Figure 6-l. The thrust 
values sharm are the total engine thrusts and do not account for cant 
angles. 

6.3 S-18 MMIISTAGE PERFORWICE 

S-18 mainstage flight perforr#nce was satisfactory although slightly 
lower than predicted as sham in Flgure 6-2. Stage longitudinal site 
thrust, averaged 12,350 pounds (0.68 percent) 1-r than predicted. 
The stage specific inprlse durlng flight was the tm as predicted to 
the nearest 0.1 lbf-s/lk. Stage mixture ratlo averaged 0.0063 (0.27 

6-l 



Table 6-1. S-IB Engine Start Characteristics 
r 
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Y,  SYfi- 9 I 
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percent) lower than predicted. Total propellant flowrate averaged 
43.1 lbm/sec (0.68 percent) lower than predicted. These averages were 
taken between range time zero and IECO. 

The lower than predicted site thrust and flowrates were primarily the 
result of tne engines performing at lower power levels than expected 
for rated operating conditions and colder fuel than predicted. 

Table 6-2 sunanarizes the S-IB engines propulsion performance, com- 
pared to the predicted performance when reduced to standard sea level 
conditions. 

The average sea level thrust and propellant flmrates were 0.45 percent 
lower than predicted values which are much closer to the predictions 
than those of SA-206 where the thrust and propellant flowrates were 0.88 
and 0.67 percent lower, respectively. 

Postflight evaluation of Saturn IB vehicles SA-201 through SA-205 
showed the flight thrust and flowrates to be significantly higher 
than thrust and flowrates experienced during ground tests, when re- 
duced to standard sea level conditions. Consequently, the flight 
predictions, based on ground test levels, were biased upwards to com- 
pensate for this phenomenon and thus more accurate flight predictions 
were achieved through vehicle SA-205. SA-206 flight exhibited a con- 
trary trend as the thrust was lower than the levels experienced during 
ground tests. SA-206 postflight analysis was inconclusive as to the 
cause of the contrary flight thrust trend which could have been (1) 
the unique flight performance of the uprated engine: (205 klbf) first 
used on SA-206 or (2) the known inconsistencies in the various SA-206 
engine and stage ground tests. Since the thrust levels of SA-207. which 
also utilize uprated engines, were in agent with the earlier flights 
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it is now more apparent that the established trend of high flight thrust 
than ground thrust is valid for the 205 klbf engines and that the SA-206 
lower flight thrust was probably due to the inconsistencies in the 
different ground tests and the subsequent effect of these inconsis- 
tencies on the predicted flight levels. 

The lower than predicted propellant flowrates caused IECO to be 0.76 
second later than predicted. The lower flowrates and a greater than 
predicted differential between the center and outboard LOX levels at 
the time of level sensor actuation caused OECO to occur 3.37 seconds 
after IECO instead of the predicted 3.0 seconds. 

Engine No. 7 turbopump gearcase lubricant pressure experienced 
shifts of +7 and -7 psi at 29 and 44 seconds. These pressure steps are 
not unusual, the same type having been observed on Engine No. 1 of 
SA-206, Engine No. 2 of SA-205, and 45 instances during single engine 
static tests. These shifts are attributed to partial restriction of 
individual turbopump bearing jets by particles mining in the lube 
system cored passages from the casting processI or introduced during 
turbopump assembly. No evidence of damage due to jet restriction has 
been experienced or would be expected because redundancy is provided 
by multiple lubrication jets (three per bearing) in addition to splash 
lubrication from the gears to the bearings. 

6.4 S-IB SHUTOOUN TRANSIENT PERFORMME 

The cutoff sequence on the S-IB-7 stage began at 134.35 seconds with 
the actuation of the low-level sensors in LOX tank 02. IECO was initiated 
3.01 seconds later by the Launch Vehicle Digital Collputer (LVBC) at 
137.36 seconds. Thrust decay on each inboard engine was normal. The 
total IECO impulse was 270,728 lbf-sec. Inboard engine total thrust 
decay is shown in Figure 6-3. OECO was initiated by thrust OK switch 
deactuation, as planned, at 140.73 seconds, 1.13 seconds later than 
predicted. LOX starvation occurred IP the four outboard engines. Out- 
board engine total thrust decay is sham in Figure 6-4. Each engine has 
three thrust OK p~ssure switches. As engine thrust level decays dur- 
ing LOX starvation, the first outboard engine to lose thrust OK signal 
from two-out-of-three switches, will simultaneously cut off all outboard 
engines. The telemtry system's sampling rate of these signals (12 
samples Per second) is too low to detemine rrhlch engine had the earliest 
two-out-of-three switch drop-out times necessary for OECO. 

6.5 S-IB STAGE PROPELLANT m 

Propellant managemnt is the relationship of the pmpeilant consumed to 
propellant loaded, and is an indication of the propulsion system per- 
formance and the capability to load the proper propellant weights. The 
predicted and actual (reconstructed) percentages of loaded propellants 
utilized during the flight are shown in Table 6-3. 
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Table 6-3. S-IB Propellant Usage 

PROPELLANT 
I 

Total 

Fuel 

LOX 

PREDICTED (X) 

99.20 

98.34 

99.58 

ACTUAL (X) 
. 

99.20 

98.28 

99.62 

The planned mode of OECO was by LOX starvation. The LOX and fuel level 
cutoff probe heights and flight sequence settings were determined for a 
3.00-second tine interval between cutoff probe actuation and IECO. The 
planned time interval between IECO and OECO was 3.00 seccnds. OEcl) was 
to be initiated by the deactuation of two of the three thrust OK pns- 
sure switches on any outboard engine as a result of LOX starvation and 
the subsequent thrust decay. It was ass-d that approximately 271 
gallons of LOX in the outboard suction lines were usable. The backup 
timer (flight sequencer) was set to initiate EC& 13.00 seconds after 
level sensor actuation. 

To prevent fuel starvation, fuel depletion cutoff probes were located in 
tanks F2 and F4 container s-s. The fuel bias was 15BD lbm. This 
fuel mass, included in the predicted residual, was available for con- 
sunption to minimize propellant residual due to off-nominal conditions 
and is not expected to be used during a norinal flight. 

The cutoff sequence was initiated by a signal from the cutoff level 
sensor in tank 02 at 134.35 seconds. The IECO slgnal was received 3.01 
seconds later at 137.36 seconds. OECO was initiated 3.37 seconds after 
!ECO at 140.73 seconds by thrust OK pressure switch deactuation. Fuel 
depletion probes uelp not actuated prior ti, ret-tar ignition. 

Based on discrete probe data, liquid levels ln the fuel tanks were 
nearly equal and approximately 22.6 inches above theoretical tank bottom 
at IECO. This level represents a mass of 10,767 MI of fuel onboard. 
At that time 10,887 ltnn of LOX remained onboard. Corresponding liquid 
height in the center tank was approxlma~ly 14.3 Inches and average 
height in the outboard tanks was approxlnakly 9.7 inches above theoretIca 
tank bottom. Propellants rrwSnlng above the aaln valves after outboard 
engine decay were 2431 lbm of LOX and 4824 lbn of fuel. Predicted 
values for these quantities uelp 2670 lbr of LOX and 4627 lbm of fuel. 

Total LOX and fuel masses above the main propellant valves beginning 
at ignitjon con#nd are sham In Figures 6-5 and 6-6. A srr#ry of the 
propellants mining at major event times is pnsented In Table 6-4. 

b 
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Table 6-4. S-IB Propellant Mass History 

PREDICTED (LBM) RECONSTRUCTED (LBM) 
[VENT 

i-LIE1 LOX TOTAL FUEL LOX TOTAL 

Ignition Comand 27r.237 632.016 911,023 280.038 631,940 911.978 

1U Umbilical Disconnect 275.705 620.864 896,569 276,036 620.788 896,824 

IECD 10.265 10,512 20,777 10.767 10.887 21.654 

OECO 5,988 3.311 9,299 6.145 2,960 4.105 

Separation 4.891 2,753 7,644 5.098 2,514 7,612 

Zero Thrust 4.627 2.670 7,297 4,824 2.431 7.255 

6.6 S-IB FRESSURIZATION SYSTEM 

6.6.1 Fuel Pressurization System 

The fuel tank pressurization system performed satisfactorily during the 
entire flight. The fuel pump inlet pressure met the minimum Net Posi- 
tive Suction Pressure (NPSP, requirement throughout flight. A cmri- 
son of measured absolute ullage pressure and predicted ullage pressure 
is presented in Figure 6-7. Measured ullage pressure carpared favorably 
with predicted ullage pressure during the flight and at no time exceeded 
a difference of 2.0 psi from the predicted value. 

Fuel vent valves 1 and 2 closed at the beginning of the pressurization 
sequence and remained closed. Tank pressurization began at T-160.8 
seconds. The 1422-gallon (3.4 percent) ullage volrrine was pressurized 
in 2.31 seconds. Due to system cooling, the pressurizing valves opened 
again at T-119.83 seconds for a period of 0.25 second to repressurize 
the fue: tank ullage. The pressurizing valves reopened during the engine 
start sequence at T-l.9 seconds and remained open. 

The helium sphere pressure was 289C 1 psia at ignition, which is lower 
tnan it was on S-IS-6, but acceptable. The sphere pressure is shown 
in Figure 6-8. 

Because the fuel temperature and the ullage pressure were different in 
each of the tanks, liquid levels were also different. Discrete probe 
data shod that the behavior of the fuel tank liquid levels during flight 
was similar to S-18-6. The maximum recorded liquid level difference 
between tanks Fl and f3 was 4.36 inches at 27.0 seconds. The level 
converged to a difference of 0.6 inch at approximately 137.0 seconds. 

6.6.2 LOX Pressurization System 

The LOX tank pressurization system performed satisfactorily during the 
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entire flight. The LOX punp inlet pressure met the minimum NPSP require- 
ment throughout flight. On several occasions during the countdown, 
what appeared to be LOX was seen venting from the outboard tank vents. 
The apparent LOX venting phenomenon under the LOX loading conditions is 
not fully understood, and it is unlikely that this phenomenon will be 
further explained. LOX venting during countdown is not a concern for 
flight performance. See paragraph 3.1 for more details. 

The actual ullage pressure during flight is compared with the predicted 
pressure and presented in Figure 6-9. The initial pressurization level 
satisfied the minimum requirement of 80 psia at the LOX pump inlet for 
engine start. The pressurization system is designed to provide a 
minimum tank pressure at OECO of 47.5 psia. 

The minimum ullage pressure of 48.1 psia occurred during the engine 
start transient and tne maximum pressure of 53.2 psia occurred at 35 
seconds. The GOX Flow Control Valve (GFCV) started to close at ignition, 
and after the normal hesitations during the start transient, reached 
the fully closed position at 18 seconds and remained closed until 72 
seconds as shown in Figure 6-10. The predicted GFCV position is not 
shown since the valve used for stage test was replaced prior to flight. 
The GFCV opened 11 seconds earlier than on S-IB-6; which can be attri- 
buted to the higher tank pressure at which the GFCV actuated; i.e., 
51.6 psia on S-IB-7 versus 50.1 psia on S-18-6. The GFCV continued to 
open gradually for the remainder of the flight to 36 percent open at 
IECO, while the ullage pressure decayed to 49.5 psia. 

The pressure upstream of the GFCV was approximately 4.5 percent higher 
than on S-IB-6 during the period when the valve was closed (18 to 72 
seconds), while the temperature was approximately the same as S-IB-6. 
The higher GOX pressure from 18 to 72 seconds indicates that the GDX 
flowrate was higher than S-IB-6. 

6.7 S-18 PNEUMATIC CONTROL PRESSURE SYSTEM 

The S-IB rrleumatic control pressure system supplied GN2 at a regulated 
pressure o? 770 to 781 psia to pressurize the H-l engine turbopump 
gearboxes and to purge the LOX and lube seal cavities and the radiation 
calorimeters. This regulated pressure was also used to close the LOX 
and fuel prevalves at IECO and OECO. 

The 750 psig regulator was replaced during prelaunch checkout and system 
performance was satisfactory during prelaunch and flight. The actual 
sphere pressure history remained withi I! the acceptable band as shown 
in Figure j-11. 

6.8 S-IB HYDRAULIC SYSTEM 

The system hydraulic pressures were satisfactory during flight and were 
similar to those of the SA-206 flight. At zero seconds, the system pres- 
sures ranged from 3125 to 3240 psig. The pressure decreased approxi- 
mately 50 psi on each engine during flight. This normal pressure 

6-13 



v IECO 
VOECO 

100 
I I I I I I I I I I I I I I 1 

90 
ACTUAL -60 

w-0 - -0 PREDICTED 
80 I L 

70 50 
I I 

40 

30 

20 

10 
810 

0: 
I I I I I I I I I 1 I I 1 

I I I I I I I '0 
0 20 40 60 80 100 120 140 

RANGE TIME, SECONDS 

Flgure 6-9. S-16 Center LOX Tank Ullage Pressure 



I : 

d C 
d 

N3d0 lN33Ud ‘NOUISOd 

6-15 



.  

C 

6-16 



decrease was due to the main pump temperature increase during the flight. 

Reservoir oil levels were also similar to those of the SA-206 flight. 
There was a rise of approximately 2 percent in each level during flight, 
indicatin about a 7'1rise in each hyd 
perature 9 not reservoir oil temperature 

The reservoir oil temperatures were sat 
temperature at liftoff averaged 51OC as 
for the four S-IB-6 hydraulic systems. 
during the flight was 9°C for S-IB-7 wh i 
S-IB-6 hydraulic systems. 

6-17/6-18 

aulic system's average Oil t&n- 
. 

sfactory during flight. Average 
conpared to an average of 49OC 
The average temperature decrease 
ch was the same for the four 



SECTION 7 

S-IVB PROPULSION 

7.1 SUmCIRY 

The S-IVB propulsion system performed satisfactorily throughout the 
operational phase of burn and had normal start and cutoff transients. 
S-IVB burn time was 448.53 seconds, 4.24 seconds shorter than predicted 
for the actual flight azimuth of 45.0 degrees. This difference is com- 
posed of -0.13 second due to S-Is/S-IVB separation velocity, radius, and 
weight and -3.90 seconds due to higher than predicted S-IVB perfonuance 
leaving -0.21 second unexplained. The engine performance during burn, 
as determined from standard altitude reconstruction analysis, deviated 
from the predicted Start Tank Discharge Valve (STDV) open +60 second 
time slice by +0.89 percent for thrust and -0.05 percent for specific 
impulse. The S-IVB stage engine cutoff (ECO) was initiated by the Launch 
Vehicle Digital Computer (LVDC) at 592.93 seconds. The S-IVB residuals 
at engine cutoff were near nominal. The best estimate of the residuals 
at engine cutoff is 2551 lbm for LOX and 2326 lbm for LH2 as compared 
to the predicted values of 2843 lbm for LOX and 1957 lbm for LH2. 

The stage propellant tanks were vented satisfactorily as sequenced 
following engine cutoff. During orbital coast, the LOX tank pressure 
increased due ta tank heating and liquid boiloff. The pressure stayed 
within the predicted band. The fuel tank Nonpropulsive Vent (NPV) 
system satisfactorily controlled fuel ullage pressure during earth 
orbit. 

During orbital coast the Auxiliary Propulsion System (APS) demonstrated 
nominal performance and responded to a disturbing force on the 
S-IVB/IU stage. LH2 NPV and Instrument Unit (IU) sublimator operation 
contributed to the disturbing forces. The level of disturbance 
attributed to the LH2 NPV system is within the specified tolerances on 
nozzle misalignment and area unbalance even if the disturbance were 
attributed entirely to misalignn#nt or entirely to area unbalance. The 
disturbance had no effect on mission accomplishment. 

An engine pitch actuator oscillation of law amplitude and frequency 
was noted during prelaunch, S-IB boost. and orbital coast thermal cycles 
while no coRnrands were input to the servovalve. These oscillations 
were caused by accrarlation of micron sized particles in the clearance 
between the servovalve spool and bushing. Operation was rtonnal during 
powered flight and deorblt draps. 
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The impulse derived from the LOX and fuel dumps was sufficient to satis- 
factorily deorbit the S-IVB/IU. The total impulse provided, lD4,OOO 
lbf-set, was in close agreement with the real time nominal predicted 
value of 103,500 lbf-sec. A real time decision was made to extend the 
dump duration in order to improve the Apollo Range Instrumented Aircraft 
(ARIA) coverage of the deorbit propellant dumps and Kwajalein coverage 
of stage breakup. As expected after the LH dump the pneumatic pressure 
was not sufficient to cause the NPV valves t o latch open; however all 
deorbit safing criteria were met. The APS satisfied control system de- 
mands throughout the deorbit sequence. 

7.2 S-IVB CHILLDOWN AN0 BUILDUP TRANSIENT PERFORMANCE 

The thrust chamber temperature at liftoff was -209OF. which was below 
the maximum allowable redlines limit of -18SOF. At S-IVB STY open 
signal, the temperature was -182"F, which was within the requirements 
of -225 +75OF. 

The chilldown and loading of the engine GH2 start tank and pneumatic 
control bottle prior tc liftoff was satisfactory. At liftoff, the engine 
control sphere pressure and temperature were 2960 psia and -174.7OF 
and the start tank pressure and temperature were 1315 psia and -189.7"F. 
At STDV open the engine control sphere pressure and temperature were 
2967 psia and -176.3OF. The start tank conditions ore 1325 psia and 
-181.2OF, which was within the start box. 

The propellant tank prepressuritations were satisfactory. The propellant 
recirculation systems operation was satisfactory and operated continuously 
from before liftoff until just prior to Engine Start Conanand (ESC). 
Start and run box requirements for both fuel and LOX were met, as shown 
in Figure 7-l. At STDV open the LOX pump inlet izmperature was -294.7OF 
and the punp inlet pressure was 40.7 psia. AT STDV open the fuel pump 
inlet tqerature was -421.1°F and the pup inlet pressure was 31.4 
psia. All conditions were within the start box limits.. 

Fuel lead followed the expected pattern and resulted in satisfactory 
conditions as indicated by the fuel injector temperature. 

The engine start transient was satisfactory, and the thrust buildup 
was within the limits set by the engine manufacturer. This buildup 
was similar to the thrust buiidups observed during previous flights. 
The Hixture Ratio Control Valve (FRCV) was in the closed position, 
4.8 Engine Mixture Ratio (Em), during ths buildup. The total impulse 
from STOV open to STDV open + 2.4 seconds was 172,810 lbf-s. 

7.3 S-IV8 MAINSTAGE PERFORMNCE 

The propulsion reconstruction analysis verified that the stage perfor- 
mance during mainstage operation was satisfactory. A comparison of 
predicted and actual perfornrance cf thrust, specific impulse, total 
flokrate, and EM? versus time is shown in Figure 7-2. Table 7-l 
shows the thrust. specific Impulse, flowrate, and Em deviations from 
predicted at the STDV open +6D second time slice at standard altitude 
conditions. 
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Table 7-l. S-IVB Steady State Performance (STDV Open +60 Second Time 
Slice at Standard Altitude Conditions) 

PREDICTED RECONSTRUCTED FLIGHT DEVIATION PERCENT 
(ACT-PRED) DEVIATION 

FROM 
PREDICTED 

Thrust, lbf 

Specific 
Impulse, 
lbf-s/lbm 

224,081 226,082 2001 0.89 

424.1 423.9 -0.2 -0.05 

LOX Flowrate, 447.96 452.14 4.13 0.93 
1tWS 

Fuel Flmrate, 
lbm/s 

80.47 81.25 0.78 0.97 

Engine Mixture 
Ratio, LOX/Fuel 

5.567 5.565 -0.002 -0.04 

Specific impulse was slightly less than predicted. Engine bum time 
was 448.53 seconds which was 4.24 seconds less than predicted for the 
actual flight azimuth of 45.0 degrees. Of this difference -3.9 seconds 
was due to higher than predicted S-IVB thrust and flowrate. 

The engine helium control system performed satisfactorily during main- 
stage operation. The engine control bottle was connc;ted to the stage 
pneumatic supply bottle. An estimated 0.49 lbm of helium was cons-d 
during bum. 

7.4 S-IVB SHUTKBIN TRANSIENT PERFORHRNCE 

S-IVB EC0 was initiated‘at 592.93 seconds by guidance velocity cutoff 
conmnand. The EC0 transient was satisfactory. The total cutoff inprlse 
to zero thrust was 42,484 lbf-s which was 1752 lbf-s lower than the 
nominal predicted value of 44,236 lbf-s and within the 25320 lbf-s 
predicted band. Cutoff occurred with the IRCV in the 4.8 EN? position. 

IU platform accelerometer oscillations were mported during the 
cutoff transient about 0.5 second after cutoff nnd. These IU 

7-5 



OSCi 1latiOnS occurred at the same time that oscillations were observed 
in chamber pressure (00266-401) and S-IVB gimbal acceleromter data 
(A0012-401). The peak to peak amplitudes near Engine Cutoff (NO) 
+0.5 second were 15 psi and 8.5 g for the chan&r pressure and gllRba1 
:;c;Froeter. respect!vely. The frequency of the oscillations was 

. Review of prevrous S-IV8 data indicates this condition is 
within previous flight experience. The oscillation frequency near 
EC0 +0.5 second has varied from SO-75 Hz and the peak to peak aapli- 
tudes have varied from 8-45 psi for chamber pressure and 3.0 to 1l.U g 
for the gi&al accelerometer. 

The most probable cause of the IU accelerometer activity Is a nmnant 
response to normal turust chan&r pressure oscillations during the 
cutoff transient which is transmitted through the stage to the IU. 
Further details are given in Sections 8.2.4 and 9.3.2. 

7.5 S-IVB STA8E PROPELLART MRA8EpENT 

Comparison of propellant masses at critical flight events, as determined 
by various analyses, is presented In Table 7-2. The best estimate fill 
load pn?pellant mass for LOX is 195,170 +465 lbm and the best estimte 
full load propellant mass for LH2 is 38,567 586 lbm. The best esti- 
mate full load propellant msses were 0.07 percent less for LOX and 
0.48 percent greater for LH2 than predlcted. Thls deviatlon was well 
within the required loading accuracy. The best eAhate for propellant 
residuals at end of thrust decay were 2491 lbm for LOX and 2301 lbn 
for LH2. Cutoff transient propellant consuption was 68 lbm for LOX and 
22 lbm for LH2. 

Table 7-2. S-IVB Stage Propellant Mass History 

Extra latlon of best estimate residuals data to depletion, using the 
pmpe r lant flaw rates, indicated that a LOX depletion (532 lb) would 
have occurred approxinakly 5.4 seconds after the velocity cutoff. 
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The pneumatically controlled two position MRCV was -omMnded to the 4.8 
EMR engine start position 1.9 seconds prior to ESC. The MRCV does not 
respond until it receives engine pneumatic power wh 7 becomes available 
at ESC. 

The MRCV was comMnded to the closed position at ESC +6.0 seconds 
(approximately 5.5 EMR) and indicated closed at ESC +6.8 seconds. The 
MRCV was conrmanded to 4.8 EMR (open) position at ESC +325.4 seconds 
indicating open at ESC +325.6 seconds where it remained for the dura- 
tion of powered flight. 

The MRCV was c-tided to the closed position at EC0 +2.4 seconds. The 
MRCV indicated closed 447 milliseconds after the coammnd was received. 
No further activities were planned for the MRCV during the rest of the 
mission. 

7.6 S-IYB PRESSURIZATION SYSTEM 

7.6.1 S-IVB Fuel Pressurization System 

The LH2 pressurization system met all of its operational requirements. 
The LH2 pressurization system exhibited acceptable performance during 
prepressuritation, boost, burn, earth orbit and deorbit. 

The LH2 tank prepressurization can~nd was received at -119.4 seconds 
and the tank pressurized signal was received 33.1 seconds later. The 
ullage pressure reached relief conditions (approximately 31.7 psia) 
at liftoff, as shown in Figure 7-3. 

The LH2 ullage pressure was 31.4 psia at ESC. The average pressurira- 
tion flourate was 0.62 lbm/s until step pressurization, when it increased 
to o.e8 lbm/s. The total mass used for pressurization during burn was 
314 lbm. Throughout the bum, the ullage pressure was at relief 
(31.6 psia), as predicted. LH2 tank relief venting was accomplished 
by an open/close i&e, rather than the usual "feathering" mode (see 
Section 7.10.1). until 'he venting requirement increased at step 
pressurization. The open/close venting tie had no effect on tank con- 
ditions or pressurization system performance. 

The LH2 punp inlet Net Positive Suction Pressure (NPSP) was calculated 
from the pus, interface temperature and total pressure. These values 
indicated that the NPSP at STDV open was 13.8 psi. At the mininnrm point. 
the NPSP was 4.5 psi above the ninimua required value. Throughout the 
bum, the NPSP had satisfactory agreement with the predicted values. 
Figure 7-4 sunnerizes the fuel punp inlet conditions during bum. 

7.6.2 S-IVB LOX Pressurization System 

LOX tank prepressuriration was initiated at -167 seconds and increased 
the LOX tank ullage pressure from &ient to 4C.0 psia in 13.2 seconds, 
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as shown in Figure 7-5. One makeup cycle was required to maintain the 
LOX tank ullage pressure before the ullage temperature stabilized. A 
total of 4.61 lbm of helium were required for LOX tank prepressurization. 
At -119 seconds, fuel tank prepressurization and the vent valve purge 
caused the LOX tank pressure to increase from 37.8 to 41.0 psia at 
liftoff. 

During boost there was a nominal rate of ull~ge pressure decay caused 
by tank volume increase (acceleration effect] and ullage temperature 
decrease. No makeup cycles could occur because of an inhibit from lift- 
off t6.0 seconds until ESC -2.5 seconds. LOX tank ullage pressure was 
36.4 psia just prior to separation and was increasing at ESC due to 
a makeup cycle. 

During burn, six over-control cycles were initiated, including the pro- 
granmted over-control cycle initiated prior to ESC. The LOX tank pres- 
surization flowrate variation was 0.22 to 0.38 lbm/s during under-control 
and 0.35 to 0.49 lbm/s during over-control system operation. This 
variation is normal and is caused by temperature effects. Heat exchanger 
performance during burn was satisfactory. 

The LOX NPSP calculated at the interface was 23.8 psi at ESC. This 
was 11.0 psi above the NPSP minimum requirement for start. The LOX 
punp static interface pressure during burn follows the cyclic trends 
of the LOX tank ullage pressure. Figure 7-6 summarizes the LOX pump 
conditions for burn. The LOX pump run requirements for burn were 
satisfactorily met. 

The cold helium supply was adequate to meet all flight requirements. At 
ESC, the cold helium spheres contained 255 lbtn of helium. At the end 
of burn, the helium mass had decreased to 96 lbm. Figure 7-7 shows 
helium supply pressure history. 

7.7 S-IV8 PNEUMATIC CONTROL PRESSURE SYSTEM 

The stage pneumatic system performed satisfactorily during all phases of 
the mission. During orbital coast, the pressure decreased from 2835 
psia after the prevalves were open to 2430 psia at initiation of pro- 
pellant dump for deorbit. This decrease was due to the continuous LOX 
chilldown motor container purge and a temperature decrease in orbit. 

The stage pneumatic regulator performance was nominal with a near constant 
discharge pressure of 467 psia. 

This was the second flight with a tie-in of the stage pneumatic sphere 
and the engine control sphere. The tie-in provides additional helium 
to hold the engine propellant valves open during dump. System per- 
formance was satisfactory with helium being transferred to the engine 
system during engine burn and propellant dump. The pneumatic sphere 
pressure at the end of propellant dump was 230 psia. 
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7.8 S-IV5 AUXILIARY PROPULSION SYSTEM 

The APS delnonstrated nominal performance throughout the flight and met 
control system demands, as required through the deorbit sequence. 

The hdule 2 propellant usage exceeded predicted usage during orbital 
coast (Figure 7-8). The majority of the extra usage has been attributed 
to disturbances from the LH2 NPV and IU sublimator as discussed in para- 
graph 10.3.2. The disturbances were within allowable tolerances. 
i;l;:X; disturbance was accounted for in the APS propellant usage pre- 

The Module 1 propellant usage was nominal. Future flflights 
will iniorporate NPV and sublimator thrust perturbations in APS pro- 
pellant usage predictions. Table 7-3 presents the APS propellant usage 
during specific portions of the mission. The oxidizer and fuel pro- 
pellant supply systems performed as expected during the flight. The 
propellant temperatures ranged from 73*F to 95OF. 

The APS pressurant system also functioned nominally. Module No. 1 
regulator outlet pressure ranged from 193 to 194 psia. Module No. 2 
regulator outlet pressure ranged from 194 to 196 psia. 

The performance of the attitude control thrusters was nonrlnal. The 
thruster chamber pressures ranged from 90 to 100 psia. The average 
specific impulse for the engines was approximately 200 lbf-sec/lim. 

7.9 S-IVB/IU STAGE DEORDIT PROPELLANT DW 

All aspects of the S-IVD/IU cieorbit were accomplished successfully. 
The impulse derived fm the LOX and fuel dumps was sufficient to 
satisfactorily deorbit the S-IVB/IU. The total inpulse provided, 
104,880 ?bf-sec. was in close agreement with the real time nominal 
predicted value of 103,500 lbf-sec. The sequence in which the pro- 
pellant dumps were accomplished is presented in Figure 7-9. 

The planned propellant tank safing during the stage passivation 
sequence follwing deorbit propellant dup was not accmplished. This 
was an expected result of the ma1 tim decision to extend the LH2 
dunp duration to 590 seconds (campared to 125 seconds for SA-208) in 
order to improve ARIA coverage of deorbit dups and Kwajalein coverage 
of stage m-entry. The mquiremmt to hold the main fuel valve open 
during the extendad LH 
matic su 

3 
ly to about % 

-bleeds dam the stage regulated pneu- 
30 psia. The propellant tank Won-Propulsive 

Vent (NPV valves will actuate open with about 100 psia pneumatic 
pressure but rquire 280 psia to latch open. Therefore the NPV 
valves opened &en cmmmded during the passivation squence (20,293 
seconds predictedtir)butclosed when the open cmndwas removed 
a few sew&s later. The safing of all stage high pressure storage 
bottles was acmlished during the passivation sequence according to 
the planned preflight squence. 
redaed to low levels duri 

Since the propellant tank pressure was 

7 
the deorbit d-s the pressure was accept- 

ably lw follming the pass vation squence even through nom1 tank 
safing was nst accomplished. 
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Table 7-3. S-IVB APS Propellant Consumption 

mDlnEWO.l mwLLnO.2 

OXIOIZER FUEL OXIDIZER WL 

LW PERCENT Lrn PERCENT LW PERCENT LSM PERCEYT 

In:tlrl Load 39.4 - 23.9 - 39.4 - 23.9 - 

Burn (Roll Control) 2.1 5.3 1.2 5.0 1.9 4.8 1.2 5.0 

EC0 to Spececnft kparrtlon 1.1 2.8 0.7 2.9 1.6 4.1 1.0 4.2 

Spacecraft ScPer4tlon to 1.2 3.0 0.7 2.9 0.9 2.3 0.5 2.1 
hneurer to Retrvgrrdc 
Local tbrlrontll 

RetrogrdeLIcrl Horizontal 6.7 17.0 4.3 18.0 17.5 44.4 10.8 43.4 
(Orbltrl Carst) 

Deorbit Dup (Roll Control) 0.8 2.0 0.5 2.1 0.7 1.8 0.4 1.7 

End Of Dlmp to 20469 sec. 0.3 0.8 0.2 0.8 0.3 0.8 0.2 0.8 

To-1 Pmpellm .̂ Usage . 12.2 30.9 7.6 31.7 22.9 56.2 14.1 59.1 

The LOX d+ was initiated at approximately 19,227 seconds (05:20:57) 
and was satisfactorily accelished. Data were not available until 
approximately 19,545 seconds which was during the gas portion of the 
LOX duap. Ounp performance was reconstruct& for the period when data 
were not available including the liquid phase. Reconstructed and real- 
time predicted nominal LOX w  perfomnce (total impulse, MSS flow- 
rate, LOX tank mass and actual and real-time predicted LOX ullage pres- 
sure) are shown in Figure 7-10. The reconstruction corresponds to the 
best fit on available LOX ullage pressure flight data and the calculated 
velocity change (determined from LVUC accelercmmter data) for LOX dump. 

The LOX tank ullage pressure decreased from approximately 41.0 to 6.9 
psia during the 445 second dump. The maxinun negative bulkhead dif- 
femntial pressure following LOX dump was 25.1 psi which was within 
the allowable 26 psi limit. A reconstructed steady state LOX dump 
thrust of 809 lbf was attained. Ullage gas ingestion, based on the 
reconstruction, occurred at 19,275 seconds (05:21:15). LOX dunp ended 
at approximately 19,672 seconds (05:27:52) by closing the Main Oxidizer 
Valve (MN). 

The reconstructed total impulse before MOV closure was 72,2UO lbf-sec. 
as conpared to real time predicted total impulse of 72,OOU lbf-sec. 
The close agFeenent between the real time predicted and reconstructed 
total impulse is attributed to the compensating effects of hlgher than 
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Figure 7-g.. S-IVB Deorbit Propellant Dump and Safing Sequence 

predicted nominal specific impulse and lauer than predicted LOX mass 
atend of thrust decay. The mxmstructed speciffc ilmpulse during the 
liquid portion of the dunp was 7X higher than predicted, but within 
the predicted limits. LVDC acceleromter data indicates an S-IVB stage 
velocity change of 71.46 ft/sec from LOX dw. 
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Fuel dump was initiated at 19,702 seconds (5:28P2) and was satisfac- 
torily accomplished. Fuel dump impulse, flowrate, mass remaining in 
fuel tank, and ullage pressure are shown in Figure 7-11. Only GH 
remained in the tank at dump start. The LH2 completely boiled of 3 
during orbital coast. A reconstruction of dump indicates the dump 
impulse, 31,800 lfb-set, was in good agreement with the real time 
nominal predicted value of 31,500 lbf-sec. The ullage mass at the 
start of the dump was 343 lbm. Approximately 205 lbm of gaseous 
hydrogen were dumped through the J-2 engine. The ullage pressure 
decreased from 32.0 to 7.2 psia during the dump. The dum 
at 20,292 seconds (5:38:12) when the main fuel valve 
closed. 

(MFV P 
terminated 
was 

LVDC accelerometer data indicates the S-IVB stage *velocity 
change due to fuel dump was 32.71 ft/sec. 

7.10 S-IVB ORBITAL COAST AND SAFXNG 

7.10.1 Fuel Tank Orbital Coast and Safing 

The fuel tank nonpropulsive vent system satisfactorily controlled the 
ullage pressure during earth orbit, as shown in Figure 7-12. A 670- 
second fuel tank vent, initiated at ECD +10.6 seconds, lowered the 
ullage pressure from 31.8 to 10.9 psia. NPV system data indicate that 
liquid hydrogen was vented, as expected, during the last 150 seconds 
of the programned vent. Liquid venting, which begins about 45 seconds 
after spacecraft separation, results from the increase In drag experi- 
enced after separation. The increased drag forces the LH2 residual 
to the top of the tank, near the vent inlet. The liquid ventlng did 
not significantly affect fuel dwnp impulse capability or mission 
accomplishment. 

After the pro 
3250 seconds 4 

ramned vent the LH2 tank reached relief at approximately 
0:54:10). Relief venting of the LH2 tank occurred dur- 

ing most of the mission by an open/close mode as opposed to the usual 
"feathering" mode of the LH2 latching valve. This is verified by both 
the NPV nozzle pressures and the valve closed indication microswitch. 
A possible explanation of this mode of operation is a more than nominal 
static friction or "stickiness" of the latching valve pilot poppet. Nomi- 
nally the pilot would open gradually, increasing its stroke with 
increasing ullage pressure, until enough flow is provided to cause the 
main poppet to unseat. Increased static friction would delay the 
opening and cause the ullage pressure to rise slightly in order to 

pilot 

overcome this additional force. The pilot, when unseated, would 
immediately ass- a position which would allow sufficient flow to 
open the main poppet. 
pressure decreased. 

Reseat of the pilot would occur as the ullage 
This establishes an open/close mode of operation. 

The cycle length was of the order of 10 seconds or more, and 1s mainly 
a function of the venting requirements. The venting tie experienced 
had no effect on tank conditions or mission accomplisbnt. 
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A real time decision was made to extend the fuel dump (see Section 7.9) 
resulting in low stage pneumatic pressure at the end of dump. As 
expected, the LH 
seconds (5:38:13 f 

latching vent valve did not ?atch open at 20,293 
and consequently closed when the open conrcdnd was 

removed after three seconds. There was no decrease in ullage pressure 
during the three-second vent interval. The LH2 ullage pressure increased 
from 7.2 psia at the end of LH2 dump (5:38:12) to 8 psia at loss of 
data (5:41:40). No excessive fuel tank pressures resulted from the 
failure of the vent valve to latch open. 

7.10.2 LOX Tank Orbital Coast and Safing 

A programned 30 second nonpropulsive vent (WV) starting at 594 seconds 
(00:03:54) was satisfactorily accomplished. During the vent, LOX tank 
pressure decreased from 39.0 psia to 29.9 psia (Figure 7-13). Recon- 
struction of the pressure history during the vent indjcates that approxi- 
mately 30 lbm of gas was vented including 25 lbm of helium and 5 lbm of 
GOX. At the termination of venting, the ullage consisted of approximately 
197 lbm of GDX and 138 lbm of helium. 

During orbital coast, the LJX tank pressure increased due to tank heating 
and liquid boiloff. The pressure stayed within the predicted band 
(Figure 7-13). 

LOX tank safing was not accomplished due to a real tine decision to 
extend the LH2 dump duration and the subsequent loss of pneumatic 
pressure as discussed in Section 7.9. As a result of the low pneumatic 
pressure, the LOX NPV valve did not latch open at 20,293 second (05:38:13) 
and consequently closed when the open consnand was removed after tiiree 
seconds. During these three seconds approximately 1.0 lbm of ullage gas 
was vented overboard with no detectable change in tank pressure. NPV 
system nozzle temperature and pressure response was nomina;. The tank 
pressure then increased as a result of cold hsTium dunp from 8.1 psia 
at 20,392 seconds (05:39:52) to 15.5 psia at data loss 67 secondc 
later (Figure 7-13). No excessive LOX tank pressure resulted from the 
failurze of the NPV to latch open. 

7.10.3 Cold Helium Dlnp 

The cold helium supply was safed by dumpinq the helium into the LOX 
tank (see Section 7.10.2). The dump was initiated at 20,392 seconds 
(5:39:52) and was progrann#d to continue for 2800 seconds. At loss of 
data, 67 seconds into dump, the cold heliun pressure was approximately 
750 psia. 
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7.10.4 Stage Pneumatic Control and Engine Control Sphere Safing 

The interconnection between the stage pneumatic and engine control 
spheres permitted simultaneous safing of both spheres through the 
engine purge system. Safing was accomplished by energizing the engine 
helium control solenoid. Safing was initiated at 20,352 seconds 
(5:39:12) with a stage sphei-e pressure of 230 psia. At loss of stage 
sp+re data, 107 seconds into safing, the stage sphere pt%SUE W1S 175 

The engine sphere pressure decreased from approximately 150 psia 
ii'tiitiation of safing to approximately 75 psia at the last available 
engine spnere data 20,4S9 seconds; (5:41:39). 

7.11 S-IVB HYDRAULIC SYSTEM 

The S-IVB hydraulic syctem performed within the predicted limits after 
liftoff with no overboard venting of system fluid as a result of hydraulic 
fluid expansion. Prior to start of propellant loading, the accunrrlator 
was precharged to 2450 psia at 85OF. Reservoir oil level (auxiliary 
pump off) was 90 percent at 84OF. 

The auxiliary hydraulic pump was progrwd to flight mode "ON" at 
T-19 minutes. System pressure stabilized at 3650 psia and remained 
steady. During boost, all system fluid temperatures rose steadily 
when the auxiliary pump was operating and convection cooling was 
decreasing. At S-IVB engine start, system pressure increased to 3655 
psia anri remained steady through the bum period. 

System internal leakage rate, 0.50 gal/min (0.4 to 0.8 gpm allowable), 
was provided for primarily by the auxiliary puap during engine bum as 
characterized by the auxiliary plnp motor current draw. At engine start, 
and during engine bum system pressure and reservoir pressure histories 
indicate proper operation of both the auxiliary and engine driven hydrau- 
lic p-3. 

Prior to engine start, the yaw actuator indicated an offset from zero 
of +0.24 degree while the pitch actuator indicated -0.10 degrees. 
While the shift in actuator position is slightly more than noted on 
previous flights, ii; is well within an allowable emr of 0.40 degrees. 
The allowable error is based on the null bias and hysteresis effects 
of the actuator assembly. Actuator positions were offset from null 
during S-IV5 powered flight due to the displawnt of the vehicle's 
center of gravity off the vehicle's vertical axis, the J-2 engine 
installation tolerances, thrust misalignment, uncorpelrsated gimbal 
clearances. and thrust structure compression effects. 

Following J-2 engine cutoff and prior to the auxiliary hydraulic pump 
off, the actuators extended beyond the null position indicated prior 
to G-2 engine start (Figure 7-14). Data review Indicated that a 
valve current bias of .75 to 1.3 mlllianps corresponded to the shift 
in actuator position fm the origlsal null positions. 
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Pitch actuator oscillations 55ere noted during prelaunch, S-16 boost 
and orbital coast them1 cycling when the Thrust Vector Control system 
was inactive. These oscillations were of low amplitude (0.1 to 0.2 degree 
p-p) and exhibited periods of 100 seconds, 25 seconds and 12 to 20 seconds, 
respectively. See paragraph 10.3.2.1 for further discussion. 

The most probable cause for the actuator motion observed was hunting of 
the actuator servovdlve spool due to increased static friction (stiction) 
caused by contaminants trapped between the lapped surfaces of the spool 
and bushing. The servovalve spools are protected by filters which are 
designed to trap 98 peccent of all particles over 5 microns and 100 
percent of all particles over 15 microns. However, the flow spool 
lapped clearance can be less than the filter's absolute rating. Thus, 
the flow spool is subject to entrapment of microscopic particles between 
the lapped surfaces which results in spool "stiction." With the spool 
at its centered position the phenomena of "silting" (buildup of fine 
partfcles) at the lapped clearances can be expected to decrease valve 
leakage. Spool stiction and a decrease in internal leakage were evident 
from the observed data. The magnitude of erratic actuator motion indi- 
cates that less than eight percent of available spool driving force was 
required to overcome the maximum stiction encountered and therefore this 
does.not represent a control problem. A discussion of the effects of 
spool stiction on the control system is contained in Section 10.3.2. 

Available data during orbital coast indicated all other system measure- 
ments indicated nominal system performance. During deorbit, system 
pressure stabilized at 3650 psia and remained steady. The actuator 
res.ponded nomally to consnands during the deorbit phase. The ma;:imun 
inlet oil temperature noted during this period was HOOF. The actuator 
oscillation noted during prelaunch, SIB boost, and orbital coast did 
not affect hydraulic system performance, and therefore no corrective 
action is planned. 
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SECTION 8 

STRUCTURES 

8.1 SUMMARY 

The structural loads experienced durino the SA-207 flight were well below 
design values. The maximun bending moment was 10.6 x 106 in-lbf (approxi- 
mately 19 percent of design) at vehicle station 942. The S-IB thrust 
cutoff transients experienced by SA-207 were smaller than those of SA-206. 
The S-IVB engine cutoff transient produced oscillations on the qitial 
block of 4.25 CI peak anmlitude with a predominant frequency of 55 Hz. 
Rlthouoh this transient exceeded that of SA-206 it was well within the 
envelope experienced on Saturn V flights. 

The maximum ground wind experienced by the Saturn IB SA-207 during the 
prelaunch period was 14 knots (allowable with danper, 55 knots). The 
ground winds at launch were 13.5 knots from the west (allowable at launch 
38 knots). 

8.2 TOTAl VEHICLE STRUCTURES EVALUATION 

8.2.1 Longitudinal Loads 

The SA-207 vehicle liftoff steady-state deceleration was 1.25 g. Maximum 
longitudinal blnamic response measured during thrust buildup and release 
was +0.20 r; at the Instrunent Unit (19) and +0.80 g at the Camnand Module 
(CTl)-(Figure 8-l). The SA-206 recorded +0.2qg and 20.60 g, respectively, 
for the thrust buildup dynamic responses: 

The SA-207 Inboard Engine Cutoff (IECO) and Outboard Engine Cutoff (OECO) 
transient responses were equal to or less than those of previous flights. 
The maxim longitudinal dynamics resulting from IECO were ~0.1 g at the 
IU and +(.22 o at the CM (Figure 8-2). 

The total longitudinal load at station 942, based on strain data, is shown 
in Figure 8-3 as a function of range time. The envelope of previous 
fliohts (S-IB vehicles SA-202 through 
maximum longitudinal load of 1.37 x 1 d 

A-206) is shown for conrparison. The 
lbf occurred at IECO and was well 

within desion limit capability. The longitudinal lodd distribution at the 
time of maximun bending mnt (67.2 seconds) and IECO (137.4 seconds) are 
shown in Figure 8-4. The steady state longitudinal accelerations at these 
tine slices were 1.87 g and 4.35 g, respectively. 
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Figure 8-3. S-IB-7 Longitudinal Load from Strain Data at Station 942 

8.2.2 Bending Moments 

The maximum flight bending moment of 10.7 x 106 in-lbf occurred at 67.2 
seconds. This value was derived from the eight LOX stud strain gage 
measurements (at station 942) ccrrected to include the bending moment 
carried by the center LOX tank which was not instruaented. 

The measured flight bending moment, tL ,.a bending manent distribution 
(calculated from post flight vehicle mass data and flight trajectory 
configuration), and the lateral acceleration distribution (normal load 
factors) are displayed in Figures 8-5 through 8-7. There were no 
significant lateral modal dynamics contributing to the vehicle bending 
moment. 

8.2.3 Cotiined Loads 

Combined compression and tension loads were caaputed for maximum bending 
moen?nt (67.2 seconds) and engine cutoff (IECO) conditions using measured 
S-IVB hydrogen ullage pressure (32.0 psig). An envelope of these results 
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Figure 8-5. SA-207 Resultant Bending Moment Distribution at Time of P!!ximum 
Resultant Moment 
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Figure 8-6. SA-207 Pitch Bendinq Moment and Nor;nal Load Factor Distributions at 
Time of Maximum Resultant Moment 
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plus an envelope of the allowable cotiined loads are presented in Fipure 8-8. 
The S-IB is not included because the clustered staoe does not lend itself to 
trlis format. 

The minimum safety factors are plotted versus vehicle rtation in Figure 8-9. 
The minimur! factor of safety of 1.52 at station 1186 was experienced at iEC0. 
The ;I,inimun desian safety factor is 1.411. 

8.2.4 Vehicle @ynamic Characteristics 

The lonpitudinal stabilitv analysis of SA-?07 showed all vibration and 
pressure fluctuations to be smooth and low with no POGO instability. 

The first, second and third vehicle bendinq mode frequencies are compared to 
the modes predicted by analysis in Figure 8-10. Amplitudes (Figure 8-11) at 
these frequencies were low and similar to previous Saturn I3 flights. In 
qeneral, the pitch am,Jlitudes were slightlv higher tharl the corresponding 
yaw amplitudes. The largest recorded amplitude was 0.09 Grms in the pitch 
direction (station 895) which occurred during the liftoff portion of flignt. 

The S-IVB stage aimbal block longitudinal low freauency vibration, LOX pump 
inlet pressure and thrust chamber oressure measuremet% were similar to the 
SA-206 fliqht. Comparison of the overall vibration amplftude during S-IB 
stage burn for the SF-207 and SA-206 staqes is shown in Fiqure 8-12. With 
the exception of the initial transient at S-IB engine ignition, the overall 
amplitudes are lawer than the SA-206 flight. The engine ignition 
transient was 20.44 g with a predominant frequency of 16 Hz. 

Low freq;rency lonqitudinal vibration and pressure oscillations during S-IVB 
stage burn are shown in Figure 8-13. The SP-207 vibration and pressure 
data were generallv lower than SA-206, except for the vibration buildup at 
45 seconds after enaine ianition. The maximum level was to.2 g with a 
predominant frequency of 18.6 Hz. This level is within tiie range (+0.04 to 
+0.25 g) of levels measured on previous Saturn IB and Saturn V fligFits. 

Spectral density plots at selected time periods are shown in Figure 8-14. 
These plots show the same characteristics noted cn SA-206 and previous 
Saturn V flights. The 17-19 Hz structural vibration is redominant at 
192 seconds and 15-17 Hz near enqine cutoff (591 seconds P . A mild 
condition of the 76 Hz "buzz" frequency is again apparent in the oxidizer 
punp inlet pressure durinq the period of h'qh Wet 'ositive Suction Pressure 
(NPSP) [300 seconds]. 

The S-IVB enqine cutoff transient produced 55 Hz oscillations on the gimbal 
block of +4.25 g. Both the frequency and the amplitudes a-e within the 
envelope chserved durinq S-IVB cutoff on previous Saturn flights. This 
cutcff transient cadsed unusually larqe vibrations on the Ill ST-124 stabi- 
lized platform (Figure 9-5) for this time of flight. Attention was originally 
focused on this phenomenon because the amplitude ol' the SA-207 transient 
measured in the IU was qreater than that measured on previous flights. 
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The laroer platform response was traced to coupling of the forcing functSon 
with a 55 Hz local structural mode. No such coupling occurred on U-206 
since that forcing function was predominately 17 Hz with a 70 Hz component 
(Figure 8-15). In the event of a forcing function with a strong 55 HZ 
component on subsequent S-IB vehicles, platform response similar to that 
seen on SA-207 can be expected again. 

The 55 Hz structural resonance did not degrade the platform performance 
since it coincides with neither the accelerometer servo loop resonance 
(35 Hz) nor the platform gimbal system resonance (100-150 Hz). Furthermore, 
more severe vibration environments have been encountered at liftoff, max q 
and Mach 1 on this and previous flights. 

SA-207 
AlZ-403 

. 4 

0 0.2 0.4 0.6 0.8 1.0 

TIME FROM ENGINE CUTOFF, SECONDS 

Figure 8-15. S-IVB Cutoff Transients on J-2 Engine Gimbal Block, 
SA-207 and SA-206 

. 
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SECTION 9 

GUIDANCE AND NAVIGATION 

9.1 SUMMARY 

F 

-  I  

The stabilized platform and the guidance computer successfully supported 
the accomplishment of the SA-207 launch Vehicle mission objectives. 
Targeted conditions at orbit insertion were attained with insignificant 
error. No anomalies nor deviations from nominal performance were noted. 

The stabilized platform accelerometers properly reacted to thrust 
decay vibrations following S-IVB stage guidance cutoff. 

9.2 GUIDANCE COMPARISONS 

The postflight guidance error analysis was based on comparisons of 
position and velocity data from the onboard guidance computer with 
corresponding data taken from the final Observed Mass Point Trajectory 
(OMPT) which was established from external tracking and telemetered 
velocity data (see Section 4). Comparisons of the inertial platform 
measured velocities with the OMPT data are shown in Figure 9-l for 
boost to orbit insertion. The velocity differences are small and are 
well within the accuracies of the onboard measuring system and the OMPT. 
The differences in vertical and downrange velocities indicate offsets 
of about 0.20 m/s (0.66 ft/s) and 0.05 m/s (0.16 ft/s), respectively. 
These deviations represent minimum adjustments to telemetered velocities 
to give the best composite fit of the data from several radars tracking 
the SA-207 vehicle during boost. The crossrange velocity difference is 
indicative of misalignment due to some combination of small platform 
drifts. At orbit insertion, the telemetered crossrange velocity was 
approximately 0.69 m/s (2.26 ft/s) less than the OWT value. 

The inertial platform velocity measurements at significant event times 
are shown in Table 9-l. Corresponding data from the OMPT are also 
shown for comparison. The differences in the velocities at inboard (IECO) 
and outboard (OECO) engine cutoffs reflect variances in simulating 
S-IB thrust decay. However, the deviations are small. At S-IVB 
guidance cutoff signal (GCS) and orbit insertion, the velocity dif- 
ferences are very small. 

Velocity gain due to thrust deca 
compared to 6.72 m/s (22.05 ft/s T 

after GCS was 7.37 m/s (24.18 ft/s) 
predicted by the Operational Tra- 

jectory (OT). The oscillations in the accelerometer outputs caused 
by thrust decay vibration (see paragraph 9.3.2) had no accumulative 
effect. 
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Tab le 9-l. SA-207 Inertial Platform Velocity Comparisons 

EVENT 

S-IB 
IECO 

S-IB 
OECO 

S-IVB 
GCS 

ORBITAL 
INSERTION 

*Project I 
reference 

- 

iP( 
!d, 

DATA SOURCE 

LVDC 

OMPT 

LVDC 

OMPT 

- 

LVDC 

OMPT 

LVDC 

OMPT 

,110 Coordinate 

METERS/~C~ND (FEET/SECOND; 

2445.55 
I 

-5.50 
(8023.46) (-?8.04) 

2445.01 -5.40 
(8021.67) (-17.72) 

2482.30 
(8144.03) 

2481.52 
(8141.46) 

3351.50 
(10,995.73) 

3351.16 
(10,994.60) 

-5.75 
(-18.86) 

-5.69 
(-18.66) 

-97.85 
(-321.03) 

-97.21 
(-318.92) 

3350.45 -98.05 
(10,992.29) (-321.69) 

3350.17 , -97.36 
(10,991.37) I (-319.41) 

ystem Standard, non-rotating vel 

1731.80 
(5681.76) 

1730.93 
(5678.89) 

1801.05 
(5908.96) 

1800.16 
(5906.02) 

7724.75 
(25,343.67) 

7724.81 
(25,343.85) 

7732.05 
(25,367.62) 

Comparisons of navigation (PACSS-13) positions, velocities, and flight 
path angle at significant event times are presented in Table 9-2. 
Differences between the Launch Vehicle Digital Computer (LVDC) and 
OT data reflect differences in actual and nominal flight environment 
and vehicle performance. Guidance Cutoff Signal was given with a total 
velocity 0.03 m/s (0.10 ft/s) and radius vector 27 meters (88 feet) 
greater than the OT values. At orbit insertion the LVDC total 
velocity was 0.69 m/s (2.26 ft/s) greater than the OT value. 

The LVDC and OMPT data were in very good agreement for the total boost 
phast. The small transients in velocity comparisons discussed above 
are reflected in the velocity data shown for S-IB IECO and OECO. At 
orbit ir,sertion the LVDC total velocity was ?.06 m/s (0.20 ft/s) less 
than the OMPT value and the radius vector was 138 meters (452 feeti 
greater. The guidance system was highly successful in guiding the SA-207 
launch vehicle to prescribed end conditions as shown in Table 9-3. 
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Table 9-2. SA-?07 Navigation Position ;,ri Veloc ity Compar isons (PACSS-13) 

--. 
lELOCIfIES 

I YTERS/SECONO (FtET/SECON IO ..- - 

I 2s f ‘5 1 

QIGtfT PPTW 
ANSL E 
(DEGREEi: 

5 ONS 
IS (FEET) - 

zc 

90,180.O 
(295.866.1) ( 

90.169.0 
(295.830.2) ( 

89,585. 
(293.916.) i 

97,lCa.O 
(318.595.8) ( 

97.099.1 
(31a.566.7) i 

95.736. 
(313.07U.J , 

1.979.525.2 
(6.494.505.2) 1 

1.373.489.5 
:6,s94.3aa.i) 

1.535.8iO. 
;6,547.933. 

2.054.030.3 
(6,73d,944.6) 

2,054,004.5 
(6.738.859.7; 

2.07G.253. 
(6.732.173.) 

I 

2314.67 
(06C9.81) 

;"13.78 
:6606.)0) 

2514.3! 
i5608.5:; 

EvENl MTA SOURCE 

LVDC 

ONPT 

Opcrstional 
Trajectory 

LVDC 

OWT 

Operational 
Trajectory 

LWOC 

019T 

Operational 
Trajectory 
-- 
LVOC 

OMPT 

Operational 
Trajectory 

R 

2239.29 
i7346.75) 

25.616 

J5.613 

25.327 

6,428,Gll.9 
21.091.2~6.4) 

6.428.582.7 
21,091.150.5) 

6.429.077. 
21,092.772.j 

937.54 
(3075.92) 

276.67 
(9G7.71) 

276.7'3 
(907 81) 

??b.i6 
(301.46) 

6.427,727.0 

I 

5i.959.7 
(21 ,oaa,343.2) (186.875.J) 

937.00 
(3074.16) 

950.37 
(3119.37) 

941.71 
(3089.6i)i 

940.34 
(3'127.Y, 

6.427.698.0 56.956.0 
(21.0aa.24a.o) (186.863.4) 

6.428.204. 56,524. 
(21.089,909.) 1 (185.445.) 

S-18 
IECO 

6.431,897.8 
21 .102.026.9) 

6.430,904.1 57.893.4 
(21.098.766.7) (189.939.0) 

6.430.875.4 57,aa9.9 
(21 .o98.672.5) (189.427.4) 

6.43i.369.1 
,Zi.101,9!2.7) 

s-IB 
OECO 

I 
b.431.066. 57.347. 

(21.U39.258.) (188.147.) 
6,132.334. 

'21.102.474.) 
3-1.31 

;3135.351 

6.52.175.6 
11.417.998.9; 

5.525.337.3 
;21,41:,U7.:) 

6.218.888.6 154.861.4 
!?;.403.177.8) (508.075.5) 

f,Z18.751 .6 155,Olb.l 
(20.402,7?2 11) (5%.575.or 

S-IV8 
GCS 

6,213.647. 
(20,385,982.) 

155.117. 
(508.912.) 

6,5i?..lJ3. 
(21 .417,?12.: 

6.194.650.2 
(20,323,655.5) 

156.010.2 
(5ll.344.5) 

156.169.3 
(512.366.6) 

6.523.175.1 
(21.417.397.3) 

6.526.537.4 
!21.117.433.2) 

6,520.151. 
(21.417.317.) 

ORBITAl 
INSER- 
TION 

6.194,5OJ.J 
(20.323.187.7) 

6.189.215. 
(20.305.824.) 

156.261. 
(512.668.) 

NOTE: Project Apollo Coordinate System Standard, non-rotating, earth centered 



Table 5-3. SA-207 Boost Terminal Conditions 

I CONDITION I DESIRED I ACHIEVED 

velocitys VT (m/set) 7836.04248 7836.06800 

Radius, RT (kilometers) 6528.1995 6528.1705 

Path Angle, eT (deg) 0.0 -.002433 

Inclination, I (deg) 50.031132 50.0320279 

Descending Node, A (deg) 154.495927 154.496372 

ERROR 
';;;;;;;D - 

0.02552 

-0.029 

-0.002433 

0.0008959 

0.000445 

9.3 GUIDANCE AND NAVIGATION SCHEME EVALUATION 

The flight program performed all functions properly. Targeted guidance 
cutoff conditions at orbit insertion were achieved with a high degree 
of accuracy. All events scheduled at preset times occurred within 
acceptable tolerances. Times of occurrence of major guidance and navi- 
gation events are included in Table 2-2, Section 2. 

9.3.1 First Stage Boost 

Timebase 1 was initiated at 0.476 seconds, 17.429 seconds after guidance 
Reference Release (GRR). The roll and time-tilt maneuver was begun at 
10.158 seconds to align the vehicle to a flight azimuth of 45.003 degrees 
east of north and follow a preset attitude time-history during the 
atmospheric boost phase, retpectfvely. 

The roll maneuver was terminated at 57.471 seconds. Tilt-arrest, sig- 
nifying completion of the atnxnpheric boost phase, was cosvnanded at 
129.169 seconds with a pitch attitude consnand of -62.2622 degrees. 
First stage guidance and navigation was nonaal. 

9.3.2 Second Stage Boost 

Second stage guidance was normal with no undue occurrences noted. The 
desired and achieved guidance terminal ccnl'itions for boost are corn- 
pared in Table 9-3. Observed and predicted vehicle rate-limited com- 
manded attitude angles are shown for canparisor in Figures 9-2 through 
9-4. 

The stabilized platform responded to vibrations during engine thrust 
decay following guidance-consaanded cutoff of the S-IVB stage engine 
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(see Figure 9-5). The vibration was similar to that noted during the 
S-IVB thrust decay following the parking orbit cutoff of the last five 
Apollo/Saturn V vehicles. tiowever, the platform response was much 
larger for SA-207 than previously noted. The greater response occurred 
because the vehicle mass for SU-207 was approximately one-half that of 
the Apollo,'Saturn V and the frequency of the burst of vibration from 
the engine matched the 55 Hz characteristic resonance of the platform 
structure. 

The vibration, discussed additionally in Section 8, was insufficient to 
cause any dearadation in the platform, platform structure or IU structure. 
The combination of tile vibration and its result is interesting because 
it is a clear presentation of an S-IVB/IU structural characteristic. 

9.3.3 Orbital Phase 

At the start of Timebase 4 an attitude hold (Chi-freeze) was initiated, 
followed by a local reference maneuver scheduled 20 seconds later. These 
attitude comna.ids are shown in Table 9-4. Initiation of orbital naviga- 
tion (implemented at T4 +15.827 seconds) and all orbital events were witnfn 
the tolerance of one computation cycle. Ground ccnmnands for the initial 
maneuver for the S-150 experiment were issued at approximately T4 +678 
seconds. The commanded maneuver start time was 14 +720 seconds. Reference 
angles for this local reference maneuver were 0, 177 and 0 degrees for 
X, Y, and Z, respectively. 

9.3.4 Deorbit Phase 

The ground command to initiate the S-IVB/IU deorbi t sequence was issued 
at T4 +15,293 seconds. The deorbit parameters comnanded were as 
follows: 

Start Timebase 5 at T4 t18.600 seconds (LOX dump initiated at T5 t34 
seconds). 

Start sequence for stop LOX dump, start LH2 dump at T5 +478.9 seconds. 

Start sequence for Stop LH2 dump, safe vehicle at TS t1098.9 seconds. 

These sequences were implemented within the specified tolerances and 
resulted in deorbit of the S-IVB/IU as planned (see Section 5). 

9.4 GUIDANCE AND NAVIGATION SYSTEM COW'DNENTS 

The guidance and navigation hardware satisfactorily supported the 
accomplishment of mission objectives. 
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Table 9-4. SA-207 Orbital Phase Flight Program Attitude ComMnds 

EVENi 

Time Base 4 

Time Base 4 +20 Set 
(Local Reference, 
Implemented at TB4 
+20.381 Set) 

COMMANDED ATTITUDE (DEGREES) 

ROLL PITCH YAW 

-0.7617 -97.9381 -0.9822 

0.0000 -109.0778 0.8161 

9.4.1 ST-124M Stabilized Platform System 

The three gyro servo loops responded properly to all vehicle motions. 
Maximum gyro pickoff deflection was 0.2 degree during spacecraft 
separation, as was the case for SA-206. Deflections were below 0.2 
degree at all other times. 

The three accelerometer servo loops operated within previously experi- 
ence limits. Maximum pickoff deflections at the significant event 
times are as follows: 

2 X Y 

Liftoff +0.6" <+o.l" +0.4O 
-0.3" <-0.1" -0.1" 

Mach l/Max Q +1.7" tO.6" tl.6' 
-1.9O -0.5" -1.5" 

CSM Separation tO.6' t2.7" +2.3O 
-1.6" -1.8" -2.4" 

There were ro gimbal resolver switchovers noted throughout the flight. 

Temperature variations noted at the inertial gimbals were less for 
SA-207 than for SA-206. Comparative values are as follows: 

SA-207 SA-20t 

Liftoff 40.5"C 41.7OC 

End of Mission 37.8'C 35.3"C 

This difference is insignificant and may be due to the different sun 
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angles required by the respective e .;eriments f'lown on the two vehicles. 

The ST-124M stable platform subsystem voltages were nominal during t:,e 
entire mission. 

9.4.2 Gu.;dance Computer 

The LVDC and Launch Vehicle Data Adapter (LYDA) performed satisfactorily. 
No hardware anomalies were observed during any phase of the SA-207 
mission. 
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SECTION 10 

CONTROL AND SEPARATION 

10.1 SUMMARY 

The control and separation systems functioned correctly throughout the 
powered and coast flight of SA-207. Auxiliary Propulsion System (APS) 
propellant usage was greater than expected during coast but the quantity 
available was adequate to fulfill all mission requirements. Engine gim- 
bal deflections were nominal. Gending and slosh dynamics were adequately 
stabilized. No unusual dynamics accompanied any separation. 

10.2 S-IB CONTROL SYSTEM EVALUATION 

No abnormal dynamics developed as a result of launch from the pedestal. 
Tower clearance was adequate. Table 10-l summarizes liftoff misalignments. 
Effective roll misalignment of the inboard engines was greater than the 
predicted value, but resulted in a roll error of less than 0.5 degree. 

Table 10-l. Misalignment Surmnary 

! PREDICTED 30 RANGE 

I IPrrCH 
Thrust Misalignment, 
deg 

Inboard Engine 
Misalignment, deg 

Vehicle Stacking and 
Pad Misalignment, 
de3 

20.46 

+0.25 - 

+0.39 

YAW 

20.46 +0.19 

50.25 20.25 

+0.39 - 0.0 

ROLL 

T LAUNCH 

PITCH 1 YAW 1 ROLL 

0.0 0.0 -0.05 

0.0 0.0 0.30 

0.0 0.0 0.0 

The SA-207 control system performed as expected during S-16 boost. Jim- 
sphere measurements indicate wind velocities below the 84th percentile 
levels for July. The wind peak was 13.2 meters per second at 13.8 kilo- 
meters altitude fran an azimuth of 14 degrees. In the high dynamic pressure 
region, the maximun total angle of attack of 1.31 degrees occurred pre- 
dominantly in the yaw plane in response to a wind peak. The control system 
adequately stabilized the vehicle response to all winds. 
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Maximums of about 21 percent of the available yaw gimbal angle and 12 
percent of the available pitch gimbal angle were used. Both peak de- 
flections were due to wind speed peaks and associated shears. Bending 
and sloshing dynamics were properly stabilized with neither response 
exhibiting any divergent trend. 

Time histories of pitch, yaw and roll dynamics and control deflections 
are shown in Figures 10-l through 10-4. The maximums are summarized in 
Table 10-2. Vehicle dynamics in the region between liftoff and 50 seconds 
resulted 
the e 

rimarily from steering commands. Between 50 and 100 seconds, 
vehic e responded nonally to the roll and pitch steering programs 

and the wind. Dynamics from 100 seconds to S-IB outboard engine cutoff 
were caused by Inboard Engine Cutoff (IECO), tilt arrest, separated air- 
flow aerodynamics, and high altitude winds. Pitch and yaw plane control 
accelerometers were deactivated at 120 seconds. 

The effects of thrust unbalance, offset center of gravity (cg), thrust vec- 
tor misalignment and control system misalignments resulted in attitude 
errors which were within predicted envelopes. The effective thrust vector 
misalignments were negligible in both pitch and yaw. Only roll plane thrust 
misalignments could be detected in this flight, and they averaged -0.05 
degrees for all eight engines, 0.30 degrees for the four inboard engines 
and -0.17 degrees for the four outboard engines, see Table 10-l. 

The peak angles of attack in the high dynamic pressure region were small, 
-1.31 degrees in yaw and 1.13 degrees in pitch, and did not occur 
simultaneously. Time histories of the free stream angles of atta-k are 
presented in Figure 10-4. The peak average engine deflections required 
to trim out the aerodynamic moments in this region were 0.91 degrees 
in pitch and -1.66 degrees in yaw. The peak engine deflection for roll 
control occurred just prior to this region and was 0.24 degrees. 

10.3 S-IVB CONTROL SYSTEM EVALUATION 

The S-IVB thrust vector contr.01 system provided satisfactory pitch and 
yaw control during boost and during the deorbit propellant dunps. The 
APS provided satisfactory roll control while the vehicle was under thrust 
vector control. The APS also provided satisfactory, pitch, yaw, and 
roll control during orbital coast. APS Module 2 propellant usage was 
larger than predicted, due principaily to LH2 Non-Propulsive Vent (NPV) 
imbalance and ID sublitnator operation. Servo valve spool stiction 
caused a low amplitude oscillation in the J-2 engine pitch actuator 
when the thrust vector control system was inactive. 

10.3.1 S-IVB Control System Evaluation During Bum 

During S-IVB burn, control system transients Mere experienced at S-IB/ 
S-IVB separation, guidance initiation, Engine Mixture Ratio (MR) shift 
and terminal guidance mode (chi tilde) and S-IV5 Engine Cutoff (ECO). 
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Figure 10-l. Pitch Plane Dynamics During S-IB Burn 
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FSgure 10-2. Yaw Plane Dynamics During S-!B Burn 
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Figure 10-3. Roll PlanesDynamics During S-18 Bum 
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Table 10-2. Maximum Control Parameters During S-IB Burn 

PARAMETER 

Attitude Error, deg 

Angular Rate*. degjs 

Average tinbal Angle, 
deg 

Angle of Attack. deg 

Angle of Attach 
iiywmlc Pressure 
Product, de -N/cm2 

9 (deg-lbfift ) 

Nonnal Acceleration. 
Ii& (fVS2) 

T PITCH PLANE Y"1: PLANE t- 

f 

I 
1 

AMPLITUDE 

RANGE RANGE 
TIME TIME 
(5EC) W'LITUDE (SEC) 

0.75 

-1.22 

0.91 

i.13 

3.84 
(8Oij 

0.47 
(1.54) 

67.1 -0.83 

69.7 -3.52 

67.4 -1.66 

67.2 -1.31 

67.2 1 -3.52 
i -735) 

A- 

66.9 0,56 
(1.84) 

31.0 

80.2 

80.7 

86.0 

86.9 

76.9 

ROLL “LANE 

AMPLITUDE 

O.E? 

1.12 

0.24 

*Angular rates are not considered valid due to tne lcu sample rate and high 
noise content of the data from 50 to 60 secoqds. 

1 

RAKGE 
T  I Yi 
iSECi 

The transients were expected and were well within the capabilities of the 
control system. A discussion of the structural response resulting from 
the S-IVB cutoff transient is contained in Section 8.2.4. 

The S-IVB burn pitch attitude error, angular rate, and actuator position 
are presented in Figure 10-5. The yaw plane bum dynamics are presented 
in Figure 10-6. The maximun attitude error and rate occurs for the pitch 
axis at IGM initiation. A summary of the maximnun values of critical 
flight control parameters is presented in Table 10-3. 

The pitch and yaw effective thrust vector misalignments during the first 
part of burn (prior to MR shift) were +D.43 and +0.36 degrees, respectively. 
Following the MR shift, the misalignments were +D.24 and -0.20 degrees for 
pitch and yaw, respectively. A steady state roll torque prior to MR shift 
of 39.3 N-m (29.0 lbf-ft) counterclockwise looking forward required roll 
APS firings. The steady state roll torque following MR shift was 37.7 N-m 
(27.8 lbf-ft) counterclockwise looking forward and required roll APS firings. 
The steady state roll torque experienced on prerious flights has ranged 
between 61.4 N-m (45.3 lbf-ft) counterclockwise and 54.2 N-m (40.0 lbf-ft) 
clockwise. 
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Figure 10-S. Pitch Plane Dynamics - S-IV6 Burn 
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Figure 10-b. Yaw Plane Dynamics - S-IVB Burn 
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Table 10-3. Maximum Control Parameters During S-IVB Burn 
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Propellant sloshing during burn was observed on data obtained from the 
Propellant Utilization (PU) mass sensors and on the pitch and yaw actuator 
position and actuator valve current data. The propellant slosh had a 
negligible effect on the operation of the attitude control system. 

10.3.2 S-IVB Control System Evaluation During Orbit 

The APS provided satisfactory orientation and stabilization durinq orbit. 
Telemetry data following the deorbit propellant dumps and prior to reentry 
indicated tha; the vehicle was stabilized. Higher than preciicteo APS 
Module 2 propellant usage was observed. 

Significant events related to orbital coast attitude control were the 
maneuver to the in-plane local horizontal following S-IVB cutoff, spacecraft 
separation, and seven maneuvers for the S-150 experiment. Table 10-4 
describes the maneuvers during orbit. The pitch attitude error and 
angular rate for events during which telemetry data were available are 
shaJn in Figure 10-7. 

Following S-IVB cutoff and switching to the orbital coast control mode, 
the vehicle was lnaneuvered to the in-plane posigrade local horizontal 
(position I down), and the orbital pitch rate was established. This 
maneuver began at 613 seconds (DO:10:13) and consisted of approximately 
-15 degrees in pitch, +l.B degrees in yaw, ana +0.7 degrees in roll. 

Spacecraft separation, which occurred at approximately 1080 seconds 
(00:18:00), produced vehicle disturbances similar to SA-206. See Section 
10.5.2 for a discussion of vehicle motion during CW sepi -ation. 

At 1314 seconds (00:21:54) the first of a series of seven S-150 experiment 
maneuvers was begun. Table 10-4 describes the type OF maneuver, time of 
maneuver, and the change in vehicle attitude. The first maneuver placed 
the vehicle 3 degrees from a retrograde local horizontal attitude. The 
second maneuver placed the vehicle in the retrograde local horizontal 
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Table 10-4. Attltude Maneuvers During Orbit 

MANEUVER 

Maneuver to Lc;al 
Horizontal (Posltlon 
I Down) 

Pitch Maneuver to +177' 
from Local Horizontal 

Maneuver to Retrograde 
Local Horizontal and Roll 
-177 Oegrees 

-138 Degree Roll Maneuver 

+135 Oegree Roll Maneuver 
(Posltlon III Down) 

+45 Degree Roll Maneuver 

-45 Degree Roll Maneuver 
(Posltion III Down) 

+gO Degree Roll Maneuver 
(Position IV Down) 

TIME OF 
MANEUVER 

(SEC I 

613 to 670 

1314 to 1800 

2855 to 3155 

5800 to 6500 

6231 to 6500 

8930 to 9030 

12?980 to 
13,070 

14,280 to 
14,460 

PITCH ATTITUDE 
IDEG) 

-262.3 to 247 

203 to 350 

274 to 277 

(Note 1) 

(Note I) 

(Note 1) 

(Note 1) 

(Note 1) 

Note 1 OrbItal Pitch Rate of Approximately -0.G68 deg/sec 

Note 2 Yaw Attitude Maintained in Orbit Plane 

YAW ATTITUDE 
(DEG) 

-1.0 to 0.8 

-0.5 to 0.6 
(Note 2) 

1.0 (Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 

ROLL ATTITUDE 
(DEG) 

I 
I 

-0.7 to 0.0 

0.0 
I 

0.0 to -177.0 

-177.0 to 45.0 

45.0 to 180.0 

180.0 to 225.0 

225.0 to 180.0 

180.0 to 270.0 
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Figure 10-7. Pitch Plane Dynamics During Orbit (Sheet 1 of 4) 
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Figure 10-7. Pitch Plane Dynamics During Orbit (Sheet 2 of 4) 
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Figure 10-7. Pitch Plane Dynamics During Orbit (Sheet 3 of 4) 



$ INITIATE +45 DEGREE ROLL MANEUVER 
TERMINATE +45 DEGREE ROLL MANEUVER 

' INITIATE +90 DEGREE ROLL MANEUVER 
v TERMINATE +90 DEGREE ROLL MANEUVER 

wg 
~~ p 2.0 

l--O Eg - 1.0. 

u-g 0.0, 

2:s -1.0, - -. --4- - -:-- - 
EES -2.0 

a& 

4;s 

0.5 1.0 

i3'5; * 0.0 
3 gz 

3:: 

-0.5 

-1.0 
eti-v) ZSP 8600 8700 8800 8900 9000 9100 9200 9300 

RANGE TIME, SECONDS 

1 I I ,V ,v I I I 
02:23:20 02:26:40 02:30:00 02:23:20 

RANGE TM. HOURS:MINlJTES:SECONDS 

1.0 
0.5' 
0.0 L .- ,a_ 

-0.5 

-1.0 
14,200 14,300 14,100 14,soo 14.600 14,700 14,8oD 14,900 

MANGE TIE, SECXmDS 

1 VI 1 v 1 1 I 1 1 
03:56:4Q 04:W:W 04:03:20 04:06:4a 

RASE TIlE. laouRs:NINulES:sECOClM 

Figure M-7. Pitch Plane Dynamics During Orbit (Sheet :! of 4) 
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attitude, where the vehicle remained for the duration of the mission. The 
remaining maneuvers were all about the roll axis. 

Propellant usage rate from APS Module 2 was higher than predicted through- 
out most of time base 4 (refer to Section 7.8 for APS consumption data). 
Prior to the flight, both modules were predicted to use approximately 
the same amount of propeilant. A postflight reconstruction of disturbances 
using APS thruster firing histories indicated that the S-IVB LH2 Non- 
Propulsive Vent (NPV) and the IlJ Envircnmental Control System (ECS) 
sublimator were the major contributors to the higher than predicted 
propellant usage. 

The effect of the LH2 NPV is shown in Figure 10-8. The pitch and 
roll attitude errors reflect a disturbing moment concurrent with the onset 
of LH2 relief venting at 3560 seconds (00:59:20). It is estimated that 
the average NPV pitch disturbing moment was between two and three ft-lb 
and that the NPV accounted for 50 tc 70 percent of the increased APS 
propellant usage. Reconstruction of the total pitch disturbing moment 
(Figure 10-9) h s ows a correlation with sublimator water valve cycles. 
The yaw disturbing moment was also observed to change direction in a 
cyclic manner which correlated with sublimator operation. Net yaw moment 
was slightly more than 1.0 ft-lb prior to a water valve cycle and 
approximately -1.0 ft-lb immediately follming. 

The NPV effect was less than that which can be produced by allowable toler- 
ances of NPV thrust imbalance and vent misalignment. Demands originating 
from the IU sublimator were minor and resulted from normal operation. 

10.3.2.1 Pitch Actuator Disturbance 

The pitch actuator exhibited a low frequency small amplitude oscillation 
during several periods when the thrust vector control system was inactive 
and the auxiliary hydraulic punp was on for thermal conditioning. Available 
data shows that actuator motion occurred during the following periods: 

1. For approximately 300 seconds prior to start of S-IVB bum. 

2. Following S-IVB cutoff until normal hydraulic pressure decay 
(approximately 90 seconds after bum mode off signal). 

3. For approximately the first ten seconds of auxiliary pump cycle 
$2 (5656 seconds to 5704 seconds). 

4. During auxiliary pump cycle #4 (11,056 seconds to 11,104 seconds). 

5. During auxiliary pump cycle #6 (15,646 seconds to 16,126 seconds). 

Prior to S-IVB bum and during auxiliary pump cycles number 4 and number 6, 
the pitch actuator motion was periodic with periods of 100 seconds, 25 
seconds and between 12 and 20 seconds, respectively. The peak-to-peak 
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litude of the motion ranged between 0.1 and 0.2 deorees of enoine 
1 

amp 
def 
the 
was 
max 1' 

0.1 

ectfon. in addition to-the motion observed on th;! pitch actiator. 
engine position null offset observed during auxiliary pump on cycles 
larger than noted on previous fljghts. S-206, for example, showed a 
lnum pitch and yaw null offset for these periods of approximately .- 
aegree, while on SA-207 null offsets were observed to be approximately 

-0.30 degree in pitch and 0.4 degree in yaw. While larger than observed 
on previous flights, these null offset values are within the specification 
range for the servo valve. 

An analog ccmputer simulation of the valve actuator dynamics was implemented 
to investigate the low amplitude oscillation characteristics of the system 
with non-linear characteristics in the valve. Stiction (static fiction) 
in the valve spool (due to minute contaminants in the valve), suspected 
to be the cause of low amplitude oscillations, was included in the simu- 
lation. Figure lo-10 presents a comparison of a simulation generated 
engine position and the actual engine position during auxiliary pump 
cycle number 6. A small amount of spool stiction (equivalent to 0.01 
inch-pounds of torque-motor torque) is all that was required to produce 
the oscil?ations. A slight as-try in the stiction characteristic was 
included to achieve the asyrmaetric engine position trace. These simula- 
tion results substantiate the conclusion that spool stiction caused the 
low amplitude oscillations observed and that the level of this stiction 
was quite low, having a negligible effect on system performance at higher 
amplitudes such as during powered flight or during deorbit dump. 
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Figure 10-10. Comparison of Measured S-IVB Pitch Actuator Motion 
with Simulation Incorporating Effects of Stiction 
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10.3.3 S-IVB Control System Evaluaticn During Deorbit 

Satisfactory vehicle stability and control characteristics were observed 
during the deorbit propellant dump. Thrust Vector Control (TVC) was used 
for pitch and yaw, while the APS was used for roll control. Attitude 
error and attitude rate data for the pitch, yaw and roll axes along with 
APS firing data are presented in Figure lo-11 (Sheet 1 of 2) for the last 
132 seconds of the 445 second LOX dump and the 590 second LH2 dunp. The 
figure also shows the 30 second period between LOX and LH2 dump, during 
which time there is no thrust to provide pitch and yaw control moment. 

Although telemetry data could not be obtained for the first 313 seconds of 
the LOX dump, a comparison of the steady-state value of the attitude error 
data in the figure with predicted maximum values shows that, in general, 
performance was better than predicted. For example, the steady-state 
pitch attitude error was predicted to be approximately -3.12 degrees, 
while the actual is observed to be approximately -0.15 degree. The pre- 
dicted maximum value is based on the known attitude error contribution 
due to center of gravity (cg) offset, which is approximately -1.12 degrees 
and a worst case thrust vector misalignment (in magnitude and direction) 
which adds an additional -2.00 degrees. A comparison of the average yaw 
attitude error shows a similar improvement over the predicted values. The 
predicted maximum steady-state yaw attitude error is dpproxitnately -3.7 
degrees, while the actual is only -2.1 degrees. The predicted yaw atti- 
tude error is also based on contribution due to cg offset, which is known 
to be -1.7 degrees, and the worst case ttrust vector mlsaligmnt contri- 
bution of -2.00 degrees of attitude error. 

Analysis of the observed data shows that, in addition to attitude errors 
due to cg offset and thrust vector misalignment, actuator null bias pro- 
vided a significant contribution to the total attitude error. (Actuator 
null bias is obtained as the difference between the observed actuator 
position and the cormnanded actuator position.) Actuator null bias on 
previous flights has been near zero. For example, SA-206 actuator null 
bias during deorbit was not measurable and during paJered flight amounted 
to approximately -0.06 degree and 0.07 degree in itch and yaw actuator 
position, respective1 
amounted to -0.1 and 6 

. On the other hand, the S -207 average null bias 1 

.27 degrees in pitch and yaw, respectively, during 
powered flight and -0.26 and 0.40 degrees during deorbit. Including the 
actuator null bias in the analysis of the SA-207, the average pitch attitude 
error during deorbit shms that the observed value of -0.15 degrees is can- 
posed of (a) -1.12 degrees of attitude error due to the known cg offset, 
(b) 0.52 degrees of attitude error due to null bias and (c) 0.45 degrees, 
of attitude error due to the effective thrust vector misaligmnt. A 
similar breakdown for the average yaw attitude error shaws that the ob- 
served value of -2.1 degrees is composed of (a) -1.70 degrees of attitude 
error due to the known cg offset (b) -0.80 degrees of attitude error due to 
null bias and (cj 0.40 degrees of attitude error due to thrust vector 
misalignment. 

During the 30 second period between LOX and LH dump (19,672 seconds 
[05:27:52] to 19,702 seconds [05:28:22]), in which there is no thrust 
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for control, it is noted from the figure that the delta increase in 
attitude error is much larger in yaw than in pitch. The reason for this 
is that the residual yaw rate at LOX dump termination is much larger than 
the residual pitch rate (-0.2 de,,*ees/second versus approximately 0.03 
degrees/second). In both axes, the sense of the rate tends to increase 
the attitude errors during the uncontrolled period. 

A comparison of the maximum peak to peak amplitudes for SA-206 and SA-207 
attitude error data shows the SA-207 data to be well within that reported 
previously for SA-206. For example, the maximum peak to peak amplitude 
occurred in yaw for SA-206 and was approximately 4.6 degrees. The SA-207 
maximum peak to peak attitude error also occurred about the yaw axis but 
was only 2.7 degrees. 

The vehicle was observed to be limit cycling in the roll axis during LOX 
and LH2 propellant dumps, thus indicating a very low or no roll torque 
on the vehicle during the propellant dumps. There was a slight roll dis- 
turbance at approximately 19,900 seconds (05:30:00) which required one 
pair of roll APS firings to control. 

The programd command for S-IVE burn mode off "B" was commanded at 20.292.9 
seconds (05:38:12.9), caapleting the requirements for transferring pitch and 
yaw attitude control from the thrust vector control system to coast attitude 
control system. 

Initial conditions for coast attitude control were as follows: 

Pitch Attitude Error -0.4 deg Pitch Angular Rate 0.1 deg/sec 

Yaw Attitude Error -1.2 deg Yaw Angular Rate -0.1 deg/sec 

Roll Attitude Error -0.4 deg Roll Angular Rate 0.1 deg/sec 

These attitude errors and angular rates were nulled out by the coast 
attitude control system. As can be seen from Figure 10-11, disturbances 
on the vehicle following the propellant dumps were small. 

10.4 INSTRWENT UNIT CONTROL COMPONENTS EVALUATION 

The control subsystem functioned properly throughout the SA-207 mission. 
All planned maneuvers occurred at or near the anticipated times of flight. 
Gain switching and the limited use of control accelerometers during S-IB 
boost were accomplished properly. 

10.5 SEPARATION 

10.5.1 S-Is/S-IVB Separation 

A detailed reconstruction of the separation dynamics was not possible, 
since S-IVB data dropped out for approximately 2.3 seconds following 
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separation. The separation analysis was done by comparing SA-205 data 
with the available SA-207 data. Comparison of S-18 and S-IV6 longitudinal 
acceleration and body rates with SA-205 data showed essentially nominal 
separation. 

Figure lo-12 shows the S-16/S-IVB longitudinal acceleration, and Figure 
iO-13 shows pitch, yaw, and roll anqular rates during S-IB/S-IVB separation. 
Vehicle dynamics were nominal and well within staging limits. 

10.5.2 S-IVB/CSM Separation 

S-IVB/CSM separation was accomplished on SA-207 with the vehicle in the 
in-plane local horizontal attitude with an orbital pitch rate of approxi- 
mately -0.068 degrees/second. S-IV6 disturbances due to spacecraft 
separation were first observed at 1080.6 seconds (00:18:00.6) on APS 
engine firing data. However, disturbances may have occurred earlier, 
but were not evidenced due to data dropout during separation. The S-150 
experiment deployment sequence which is referenced to S-IVB/CSM separation 
indicates that S-IVB/CSM separation occurred at approximately 1080.4 
seconds (00:18:00.4). Maximum vehicle rates following separation were 
0.09 degrees/second pitch, -0.09 degrees/second yaw, and 0.0 degrees/ 
Second roll. APS firings occurred for approximately 30 seconds following 
separation in response to separation-induced disturbances. 
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The three measuring voltage supplies performed satisfactorily and remained 
within tne allowable range of 5.000 +.0125 V. 

All switch selector channels functioned as comnanded by the Instrument 
Unit (Ill) and were within the required time limits. 

The separation and retro motor EBW firing units were armed and triggered 
as programned. Charging tilne and voltage characteristics were within 
performance limits. 

The range safety connand system EBW firing units were in a state-of- 
readiness for vehicle destruct had it been necessary. 
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SECTION 11 

ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM 

11.1 SUMMARY 

The electrical systems and Emergency Detection System (EDS) of the SA-207 
launch vehicle performed satisfactorily during the flight. Battery perfonn- 
ante (including voltages, currents, and temperatures) was satisfactory and 
remained within acceptable limits. 0 eration of all power supplies, 
inverters, Exploding Bridge Wire (EBW P firing units, and switch selectors 
was nominal. 

11.2 S-16 STAGE ELECTRICAL SYSTEM 

The S-IB-7 stage electrical system was modified to eliminate a single-point 
failure mode in the premature ignition detection circuit and to add shield- 
ing to the Remote Digital Sub-Multiplexer signal input and signal return 
wires. There were no malfunctions associated with the changes. 

The S-IB stage electrical system operated satisfactorily. Battery voltage 
and current excursions during flight coincided with significant vehicle 
events as predicted. Voltages of the lDl0 and lD20 batteries averaged 
29.0 and 28.3 V, respectively, from power transfer to S-IB/S-IVB separation 
and remained within the allowable range of 27 to 30 V. The current from 
batteries 1010 and lD20 averaged 10.2 and 19.2 amperes, respectively, 
throughout the boost phase. The most pronounced power drains were caused 
by the H-l engines conax valve firings and prevalve operations during S-IB 
stage engine cutoff. Battery power consumption was within the rated 
capacity of each battery as shown in Table 11-l. 



lrblc 11-l. S-IB Stage Battery Power Consumption 

. 
POWER CONSUMPTION* 

RATED PERCENT 
IUlTLRV CAPACITY AMP-HR OF 

(W-HR) CAPACITY 
/ 

1010 33.3 4.7 14.0 

1020 35.3 5.3 15.8 

l Fmm rctivrtlon until end of telemetry (at 386 seconds). 

11.3 S-IVB STAGE ELECTRICAL SYSTEf! 

The f-IV8 strgc electrical system perfomd satisfactorily. The battery 
voltagas and currmts remained within the normal range. 

Battery tcnpcratums remained within specified limits indicating that all 
battery heater controllers operated properly. 

Baa: ;lyqe. current and teqzrature plots are shown in Figures 11-l 
' - - . 

Battery peer conslRption was within the rated capacity of each battery as 
sham in Table 11-2. The thee 5 V and five 20 V excitation modules all 
perfomd within acceptable limits. The LOX and LH2 chill&n inverters 
perfomd satisfactorily and fulfilled load requirements. 

All switch selector channels functioned properly, and all sequencer outputs 
were issued within required time limits. 

Performance of the EBW circuitry for the separation system was satisfactory. 
Firing unit charge and discharge responses were within predicted tinae and 
voltage limits. The cwnd destruct firing units were in the required 
state-of-readiness had vehicle destruct been necessary. 
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Table 11-2. S-IVB Stage Battery Power Consumption 

POWER CONSUMPTION* 

RATED PERCENT 
BATTERY WAC ITY AUP-hR OF 

(AMP-HR) CAPACITY 

Forward No. 1 (4030) 227.5 89.5 39.3 

Forward No. 2 (4020) 3.5 3.4 97.1 

Aft No. 1 (4010) 59.8 15.7 26.3 

Aft No. 2 (4040) 66.5 55.1 82.9 
L 

*From battery activation until end of telemetry (at 20,459 seconds) 

11.4 INSTRUMENT UNIT ELECTRICAL SYSTEM 

The IU electrical system was modified to incorporate the Galactic X-Ray 
(S-150) experiment. Experiment pa#er was provided fmn the 6030 battery 
through the 6031 bus by the addition of an experinrent distributor and 
associated cabling. 

The IU electrical system functioned satisfactorily. All battery voltages 
remained within performance limits of 26 to 30 V. The battery temperature 
and current were nominal. Battery voltages, currents and temperatures are 
shown in Figures 11-5 through 11-7. 

Battery power consumption and caoacity for each battery are shown in 
Table 11-3. As expected, addition of the S-150 experiment equipment 
increased battery power consumption. 

The current sharing of the 6010 and 6030 batteries, to provide redundant 
power to the ST-124M platform was satisfactory throughout the flight. 
During the S- IB burn, currpnt sharing reached a maximum of 24 and 25.5 
amperes from the 6010 and 6030 battery, respectively. 

The 56 volt power supply maintained an output voltage of 55.5 to 56.5 V 
which is well within the required range of 56 22.5 V. 

The 5 volt measuring power supply performed nominally, maintaining a 
constant voltage within specified tolerances. 
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The switch selector, electrical distributors and network cabling performed 
nominal1.Y. 

Table. 11-3. IU Battery Power Consumption 

BATTERY 

6DlO 

6D30 

6D40 

RATED 1 
CAPACITY 
(AMP-HR) 

350 
I 

132.6 
I 

37.9 

150.1 

350 
I 

183.2 
I 

52.3 

I 
+From battery activation until end of telemetry (at 20,500 seconds). 

11.5 EMERGENCY DETECTION SYSTEM 

The performance of the SA-207 EM was normal acid no abort limits were 
exceeded. All switch selector events associated with EDS for which data 
are available, were issued at the scheduled times. The discrete indications 
for EDS events also functioned normally. The performance of all thrust OK 
pressure switches and associated voting logic, *Rich monitors engine status, 
was nominal insofar as EDS operation was concerned. S-IVB tank ullage 
pressures remained below the abort limits. EDS displays to the crew were 
normal. 

As shown in Szction 10, none of the rate gyros gave an indication of angular 
overrate about the pitch, yaw, or roll axis. The maximum angular rates were 
well below the abort limits. 

The opc'ration of the EDS Cutoff Inhibit Timer was nminal. The tir;er ran 
for 41.58 seconds which is within the specified limits of 40 to 42 seconds. 
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SECTION 12 

VEHICLE PRESSURE ENVIRONMENT 

12.1 S-IB BASE PRESSURE 

Environmental pressure data in the S-IB base region of SA-207 have been 
compared with preflight predictions and/or previous flight data and 
show good agreement. Base drag coefficients were also calculated using 
the measured pressures and actual flight trajectory parameters. There 
were three base oressure measurements in the S-IB base region; two on 
the heat shield and one on the flame shield. One measurement on the 
heat shield was a differential pressure across the shield, whereas the 
other two measurements were of absolute pressures. 

Results of the heat shield and flame shield absolute pressure measure- 
ments are shown in Figures 12-1 and 12-2, respectively. These data are 
presented as the difference between measured base pressures and ambient 
pressure and in coefficient form ([measured-ar&ient]/dynamic pressure). 
Values are compared rJith the band of data obtained from previous S-IB 
flights of similar vehicle base configuration and shm good agreement. 
Both the heat shield and flalne shield pressure measurements were almost 
identical to the data from SA-206 fiight. The data indicate that durinq 
the first 70 seconds of flight (up to 6 n ml) the H-1 engine exhausts and 
base flow were aspirating the heat shield region, resulting in base 
pressures below ambient pressures. In t>e flame shield area, the aspirating 
affect was terminated at an altitude of 4 n ml. Above these altitudes 
the reversal of engine exhaust products, due to plume expansion, resulted 
in base pressures dbOVe a,tiient as was expecti. 

Pressure loading, measured near the outer wrilneter of the SA-207 heat 
shield, is compared with data from previous flights in Figure 12-3. 
The SA-2C7 data remained on the lower side of the data band during flight 
at altit:ldes below 5 n mi. This also occurred on the SA-206 flight and 
the two sets of flight data agree very well. 

Also shown in the figure is the predicted differential pressure band for 
the heat shield. The flight values were well within these limits during 
the entire flight. Above 15 n ml altitude, the SA-207 flight data returned 
to near zero indicating the engine compartment had vented to near base 
pressure. This is normal and occurred on all p;?evious flights except 
SA-205. 
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Base drag coefficients calculated from the SA-207 data are compared 
to the data band from previous flights in Figure 12-4. The comparison 
is very good considering that the drag coefficients were determined 
from measurements taken at only two locations on the base. However, 
these measurements are representative of average base pressures. 
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SECTION 13 

VEHICLE THERMAL ENVIRONMENT 

13.1 S-IB BASE HEATING 

The thermal environment measured in the SA-207 S-IB base region has been 
compared with corresponding data from flights SA-203 through SA-206. 
With the exception of the flame shield radiation heating data (measure- 
ment CO603-006), these comparisons show excellent agreement. In all areas 
the measured thermal environments in the base region of SA-207 were well 
below the S-IB stage design level. There were seven base region thermal 
environment measurements flown on SA-207. 

Heat shield thermal environment data are presented as a function of 
vehicle altitude in Figures 13-1 through 13-4. The trend and mgnitude 
of the SA-207 data traces are consistent with the bands fonned by data 
from SA-203 through SA-206. These data are also consistent with the base 
pressure data presented in Figure 12-2, showing the effect of exhaust gas 
reversal into the heat shield region beginning at an altitude of approxi- 
mately 5 n mi. Additionally, these data show that there is a sustained 
reversal of exhaust gases into the region at altitudes above 15.5 n mi. 

Data from the three flame shield thermal mea%-ts are presented in 
Figures 13-5, 13-6, and 13-7. The bands formed by the data recorded on 
previous flights are also shawn for comparison. 

Measured flane shield total heating rates fraa SA-207 (Figure 13-5) 
were about as expected, being in the upper portion of the band of previous 
data between the altitudes of 0.4 and 2.5 n mi. The slight droo helm 
this band at 4 to 5 n mi altitude is minor and of little significance. 

Gas temperatures, presented in Figure 13-6, also show generally good 
agreement with 5. slight deviation from the previous data band between 
the altitudes of 0.25 and 1.25 n ml. These tenperature data then 
tended to remain near or just above the previous data band up to an 
altitude of 2.7 n mi. Beyond this point, the SA-207 data follared the 
normal Q.‘oD in gas temperature to a value that is conparable to the 
turbine exhaust gas exit temperature. This drop in flane shield gas 
temperature is brought about by the reversal of engine exhaust gases 
that trap the cmler (approximately BOOOK) turbine exhaust gases below 
the flaw shield. 
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The flame shield radiation heating environment, a5 recorded by measurement 
C36034;?E, is presented in Figure 13-7. As shown, there is an appreciable 
deviatior, in the trend of the V-207 radiant environment in comparison with 
the previous data band. It should be noted, however, that the magnitude 
of these data remained well below the flame sh!eld design level. This 
deviation occurred from an altitude of 0.2 n mi unts'l the aspiration of air 
intc the area was terminated with the intersection of inboard engine 
exhaust Plumes and subsequent exhaust gas reversal (approximately 2.7 
n mi). Following this reversal the radiant environment returned to near 
nominal remair,ing 1 to 2 watts/cm2 above the previous data band. 

The flame shield thermal design is based on the much higher environ- 
ments recorded prior to the configuration change that was effective on 
SA-203. Prior to SA-203 the inboard engine turbine exhaust gases were 
ducted overboard and the flame shield was recessed approximately 6 inches 
above the inboard engine nozzle exit plane. This is shown schematically 
by Section AA in Figure 13-8. Effective on SA-203 the inboard turbine 
exhaust gases were rerouted such that they were dumped through the flame 
shield on the inboard side of the engines (Section BB, Figure 13-8), 
and the flame shield was moved aft 6 inches. 

The overall impact of this configuration charge on the flame shield 
thermal environment is shown in Figures 13-9, 13-10 and 13-11. These 
figures compare the data envelopes from the Saturn I, Block II vehicles 
and the Saturn IB vehicles since SA-203. Also shown are the SA-207 
data traces along with the S-18 flame shield radiant and total heating 
design levels. As shown by these comparisons the rerouted turbine exhaust 
design resulted in a significant reduction in the severity of the flame 
shield :-ermal environment. The gases that are n(M dunped into this 
regi cn ~"5 very opaque and prevent much of the radiation from the hct 
exhaust plumes from reaching the flame shield. The comparison in Figure 
13-9 also shows that the aforementioned deviation in the trend of the 
SA 207 radiant environment remaineo well below the flame shield thermal 
design capability. 

The cause of the increased radiant heating is unknown; however, several 
possible causes trzrve been investigated. The data trend does not indicate 
erroneous measurements. The data trace is smooth, with no irregularities, 
and decays to zero after OECO in a ~lonnal manner. Hone of the data indi- 
cate a deviation in either engine or turbine perfomnce. 

There are two possible causes wtrich k?l;lG e?law more radiation from the 
engine exhaust plume to reach the flanm shield radimter: 

a. A reduction in opaqueness of the turbine exhaust gas would allar 
more radiation to be detected. Houever, because a c-arable 
deviation was not detected by the total calorirnekr, it would be 
necessary for such a reduction to have been localized; pmducrr‘q a 
much greater effect in the vicinity of the radiation caloriAleteb. 
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This could have been induced by a slight alteration in the flow 
pattern from one of the turbine exhaust ducts. A small window in 
the turbine exhaust of Engine No. 5 or 6 could allaw the radiation 
calorimeter to view a relatively constant emission source until 
exhaust gas reversal was realized. The position of this windon 
could be such that the total calorimeter did not view the emission 
source and hence, did' not experience a comparable deviation. 

b. Sustained local afterburning of the turbine exhaust gases could 
also cause an increase in the reading of the radiation calorin#ter. 
Combustion analyses and films verify that the turbine exhaust gases 
can be ignited if mixed with sufficient air. However, except under 
controlled conditions, the flame from this ignit!on is of low infrared 
intensity and. remains shrouded by soot. In the flame shield area 
it is questionable if a combustible mixture could be maintained 
by the zir supply that is being drawn into the region during aspiration. 
Furthemare if a combustible mixture did exist something would have 
to serve as a flame holder in order to sustain local burning. Othemise, 
the flame, and the combustible mixturea would be drawn downstream 
by the action of the engine exhaust plums. It is difficult to 
conceive of any deformation or flaw disruption in this region that 
would serve as a viable flame holder. 

The SA-207 flame shield and turbine exhaust duct configurations were 
unchanged from previous :@ehicles since U-203. Only two notable 
deviations were found as a result of reviewing manufacturing records 
and work order sheets. One was that En ine No. 5 was replaced on 
SA-207 after static tests. Hanever, al flight performance data B 
fran this engine appeared nomal. The second was an Unsatisfactory 
Condition Report (UCR) that was filed concerning Engine Position 6 
turbine exhaust duct warpage. The position in response to this UCR 
was that " --the exhaust duct warpage was within tolerances expected 
following an engine hot-firing.* As related to the subject devia- 
tion, such a warpage aqy or may not have been sufficient to cause 
a disruption in the nornral exit flow pattern of the turbine exhaust 
gases. 

Neither of these explanations is curqlekly srtisfactory, but reduced 
To<al rpaqwness is more robable. The Sk207 thenal enviromnt 
was we 11 belaw the thenna ! design capability. and neither the devi- 
ation nor its cause is of continuing concern. 
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SECTION 14 

ENVIRONMENTAL CONTROL SYSTEMS 

14.1 SUMARY 

The S-IB stage engine compartment and instrument compartment require 
environmental control during prelaunch operations, but are not actively 
controlled during S-IB boost. The desired temperatures were maintained 
in both compartments during the prelaunch operation. 

The Instrument Unit (IU) stage Enviromntal Control System (ECS) 
exhibited satisfactory performance for the duration of the IU mission. 
Coolant temperatures, pressures , and flowrates were continuously main- 
tained within the required ranges and design limits. 

14.2 S-IB ENVIRONlG!HTAL CORTROL 

The S-IB engine compartment temperature was maintained at approximately 
63OF for 7 hours prior to liftoff. Data from this measurement are moni- 
tored during p-launch activities to assess ECS flow and supply tern- 
perature requireimznts for maintaining engine cunoartment tenperature 
within the specified limits of 53 and 75OF. In maintaining the 63'F 
engine temperature, the ECS delivery was nominal, with 6N2 being sup- 
plied to the S-IB stage aft comparmnt at the average rate of approxi- 
mately 300 lbm/min, with an interface temperature of approximately 
139OF. 

The S-IB instrument compartment environmental conditioning system also 
perfomd satisfactorily during countdown. This was evidenced by the 
020 and 010 battery case temperatures. Battery temperatures remained 
at approximately 76OF throughout the countdown. This temperature 
range was maintained after LOX load by a 8W2 conditioning flow of 
44 lbm/min at a temperature of 78'F. 

It was concluded that the critical colrponents in the engine and instru- 
Alent compartments were -11 within their qualification limits. 

14.3 IU ENVIRDHIUITAL CONTROL 

The IU ECS exhibited no-1 performance for the duration of the IU 
mission including initiatlon of &orbit. Coolant temperatures, pressures, 
and flwrates were continuously maintained within the required ranges and 
design limits. 
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14.3.1 Thermal Conditioning System (KS) 

The TCS performance was satisfactory throughout the IU mjssion. The 
temperature of the coolant scpplied tn the IU thermal conditioning 
panels, IU internally cooled cqonents, and the S-IV6 was con- 
tinuously maintained within the required limits of 45 to 68'1: for the 
IU lifetime. 

Sublimator performance parameters for the initial cycle are presented 
in Figure 14-1. The water supply valve opened as progransned at approxi- 
mately !80 seconds, allowing water to flow to ths sublimator. Sig- 
nificllnt cooling by the sublimator was evident at approximately 230 
seconds at which time the temperature of the coolant began to decrease 
rapidly. At the first thermal switch sampling (480 seconds), the coolant 
temperature was below the thermal switch actuation point; hence the 
water supply valve closed. 

Figure 14-2 shows temperature control param&ers over the total mlssion. 
Sublimator cooling was normal and the coolant control temperature 
was maintained within the required limits of 45 to 68°F. 

ilydraulic performance of the TCS was nominal as tndicated by the para- 
meters shown in Figure 14-3. System flowrates and pressures were 
relatively constant throughout the mission. 

The TCS GN2 supply sphere pressure decay, which is indicative of the GN2 
usage rate, was nominal as reflected by Figure 14-4. 

14.3.2 Gas Searfng System (MS) 

The GBS perfowance was nominal throughout the IU mission. Figure 14-5 
depicts the platfonn pressure differential and platfnrm internal 
pressure. 

The GM GN2 supply sphere pressure decay was naninal as shown in Figure 
14-6. 

14.3.3 Component Tvratures 

Low emissivity surfaces welp installed on SA-207, S-IVB stage, between 
the forward skirt cold plates and stage structure to insure that IU 
component temperatures remain above minimun operating tenperaturos. 

All internally cooled vncnt meratures were no-1 throughout the 
mission as shown in Figures 14-7 and 14-b. 
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SECTION 15 

DATA SYSTEMS 

15.1 SUmARY 

The SA-207 vehicle data systems performed satisfactorily except for a 
fziltire In the S-IVB te?emetry system. This failtAre resulted in the 
loss of three S-IVB measurements, but had no impact on vehicle perfor- 
niancr tar postflight analysis. The overall measurement system reliability 
\r;as 99.6 percent. The usual telemetry interference due to flame effects 
and c,ta@ng were experienced. Usable telemetry data were received until 
20,500 seccnds (5:41:40). Good tracking data were received from the 
C-Band radar, with Kwajalein (KWJ) indicating final Loss of Signal (LOS) 
at 21,175 seconds (S:52:55). The Secure Range Safety Corrmand Systems 
on rhe S-IB and S-IVB stages were ready to perform their functions 
properly, on comnand, if flight conditions during launch phase had 
required destruct. The Digital Comnand System (DCS) performed satisfac- 
torily from liftoff through deorbit. Instrument Unit (IU) telemetry 
data needed for real time support of deorbit operations were not avail- 
able at Mission Control Center-Houston (MCC-H) during the third orbital 
revolution pass over the Hawaii (HAW) ground station because of improper 
implementation of ground procedures at HAW and Johnson Space Center 
(JSCj. In general, ground engineering camera coverage was fair being 
somewhat below the standard set by previous launches. Three S-lS0 
experiment date dunps were satisfactorily accomplished. 

15.2 VEHICLE MEASUREMENT EVALUAT!ON 

The SA-207 launch vehicle had 821 measurements scheduled for flight; 
one measurement was waived prior to start of the automatic countdown 
sequence leaving 820 measurements active for flight. Three measure- 
ments failed during f?ight, resulting in an overall measurement system 
reliability of 99.6 percent. A sumMry of measurement reliability is 
presented in Table 15-1 for the total vehicle and for each stage. The 
waived measurements and partially failed measurements are listed by 
stage ln Tables 15-2 and lS-3. These measurement problems had no sig- 
nificant impact on postflight evaluation. 

15.3 AIRBORNE TELEMETRY SYSTEM EVALUATION 

The stage telemetry systems provided good data from liftoff until each 
stage exceeded each subsystem's range limitations. A failure in the 
S-IVB +elemetry subsystem at approximately 142 seconds resulted in the 
loss of three measurements. This failure is discussed in detail in 
parEgraph 15.3.1. Procedural error-; at HAW and JSC caused some real 
time data display problems during the third orbital revolution pass 
over HAW. This anomaly is discussed in paragraph 15.3.2. The five 
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Table 15-l. SA-207 Measurement Sumnary 

MEASUREMENT S-16 s-IVB iNSTRUMENT TDTW 
CATEGORY STAGE STAGE UNIT VEH:CLE 

Scheduled 

Kaived 

Failed 

Partial 
Failed 

266 239 316 821 

0 1 0 1 

0 3 0 3 

0 0 0 0 

Questionable 

Reliability 
Percent 

0 

100% 

0 

98.7% 

-, - 

0 

100% 

0 

99.6% 

telemetry links performed satisfactorily although data dropouts, as 
indicated in Table 15-4, were experienced at various times. These 
dropouts are similar to those on previous flights and are not indi- 
cative of flight hardware problems. Tile S-IB telemetry dropout is 
attributed to widely varying signal strength and to bursts of 
electrical noise. These effects are normally sensed at the ground 
station during the first 10 seconds of flight. A dropout caused by 
S-IB/S-IVB separation (S-!B retro'motors) occurred at Central Instru- 
mentation Facility (CIF) from 142.1 seconds to 145.0 seconds. A 
dropout in the DP-1 link occurred over the Canary Island (CYI) ground 
station because of a vehicle antenna null resulting from vehicle 
attitude. The effect of the dropout on ronmmnd histories is discussed 
in paragraph 15.6. All inflight calibrations occurred as programned and 
were within specifications. The last telemetry signal was received at 
approximately 20,500 seconds (5:41:40) by the Honeysuckle (HSK) ground 
station; A sumnary of Ill ?nd S-IVB telemitr;, coverage showing ,Icquisi- 
tion of Signal (ADS) and LOS for eacl, station is shown in Figure 15-l. 

Three S-150 experiment Auxiliary Storage and Playback (ASAP) data dumps 
were satisfactory. Times of commanded switchover between nomial IU 
Pulse Code Modulated (PCM) data and S-150 ASAP data are shown in Table 
15-5. The normal data dump duration is approximately 300 seconds and 
contains data recorded during the previous 5400 seconds. The first 
and third data dumps were as expected. The second data dump, however, 
had been started rather late in the pass over Goldstone(GDS~_an_d__~d_not_been 
completed before the signal to noise ratio became so low, just prior to 
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Table 15-2. SA-207 Flight Measurements Waived Prior to Flight 

MEASUREMENT TITLE 

S-IVB STAGE 

Table 15-3. SA-207 Measurement Malfunctions 
----- 

l-----I (TIME 0F I DURATION OF 

"::=::'"'/ MEASUREMENT TITLE 1 NATURE OF FAILURE j 'Eii 1 ;;;$;;;""' 

KEASUREMENT FAILURES, S-IVB STAGE 

K0124-401 Event-Ox Turbine Measurement+ lost because 
-- 

Approxj- No satisfactory data 
Bypass Valve - Open of failure in the tele- mately obtained. 

metry system. (See 142 sets. 

KOt25-401 Event-Oxid Tutiine paragraph 15.3.) 

Bypass Valve - Closed 

K0216-404 Event-Engine Start on 
Backup - 

NOTE: There were no partial failures. 

I l- 
I 

REMARKS 

System performance 
analysis verified that 
the basic events pro- 
perly occurred. 
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Tabld 15-4. SA-207 Launch Vehicle Telemetry Links Performance Sumnary 

LINK 
I 

FREGUENCV 
(MHZ) 

__.--- .____-- 
GF-1 240.2 

GP-1 256.2 

CP-1 258.5 

DF-1 250.7 

DP-1 255.1 

MODLILATION 

--- 
FM/FM 

I'CMJFM 

PCM/FM 

FM/FM 

PCM/FM IU 

STAGE 

s- I6 

S-IB 

S-IV6 

IU 

FLIGHT PERIOD 
(RANGE TIME, SEC; 

0 to 386 

0 to 386 

0 to 20,459 

0 to 20,500 

0 to 20,500 

T 3P DATA DR( 
RANGE TIME 

(SEC) 
__----- 

2.25 

OIJTS 
DURATION 

(SEC) 
-_ -.--- 

.;5 

2.25 .25 

142.1 2. 3 

142.5 
17,992.g 

2.5 
.9 

142.5 2.5 
17,992.g .9 
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Table 15-5. SA-207 S-150 Experiment ASAP Data Dumps 

COMMAND DUMP DUMP 
TIME START END 

GROUND 

(SEC) (SEC) (SEC) 
STATION 

5552.3 5555.5 5856.4 TEX 

10,948.3 10,952.5 During LOS GDS 

14,756.4 14,758.8 15,061.2 HSK 1 

LOS, that the data was unreadable. 
at GDS could not be detemined. 

As a result, the data dump end time 
The data contained in the last part 

of this dump was recovered during the third S-150 ASAP data dump which 
occurred over HSK. This happened because the ASAP tape recorder, having 
a capacity of 5400 seconds, had been recording for approximately 3500 
seconds following the data dump at GDS which left approximately 1900 
seconds of data recorded prior to the data dump at GDS. 

15.3.J S-IV6 Remote Digital Sub-Multiplexer Failure 

Six S-IVB PCM flight measurements were not transmitted after S-IB/S-IVB 
separation, ap;roximately 142 seconds, because of component failure in 
the Remote Digital Sub-Multiplexer (RDSM). Three of the six measure- 
ments were cross-strapped to the IU DP-1 link and were successfully 
transmitted and received. The other three measurements were lost. 
The six flight measurements were located in PCM telemetry format time 
slot channel 9B, word 4 and were processed by one of ten digital gate 
Printed Wiring Assemblies (PWA) in the RDSM. There are nine components 
on the digital gate PWA and two components on the decoder PWA that could 
cause the observed failure. The exact failure mode cannot be deter- 
minea from the flight data but it is suspected that one of these eleven 
components did fail resulting in an inability of the PMA to properly 
handle data. There has been no previous RDSM flight failure of this 
We. However, five similar failures have occurred during ground tests. 
Each failure WAS traced to a different one of the components. Failure 
analysis indicated that these failures were random and no corrective 
action was required. 

Analysis of S-IVB engine performance shows that the events associated 
with the three lost measuremenets did, in fact, occur as expected. Because 
approximately 650 of these digital gate cards have been flown on Saturn 
vehicles with no similar failures, this failure is considered to be of 
a random nature. Therefore no corrective action will be taken. 
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15.3.2 Loss of Operational Data Display During Revolution No. 3 

IU telemetry data needed for real time support of deorbit operations were 
not available for display at #CC-H during the third orbital revolution 
pass over the HAW ground station. Display of the commanded Launch 
Vehicle Digital Cquter (LVDC) memory dump on measurement H60-603 
(G,idance Computer Operation) was not obtained and, as a result, veri- 
fication of the S-IVB/IU deorbit c-and was delayed until the pass over 
the CYI ground station. After this verification there was not enough 
time remaining for the scheduled third LVDC compressed data dump and 
fourth S-15G experiment ASAP data dump prior to LOS at CYI. Failure to 
obtain the third LVDC compressed data dump slightly reduced confidence 
in the conclusions derived from evaluation of the attitude disturbance 
anomaly discussed in paragraph 10.3.2. Loss of the S-150 experiment 
data dump resulted in loss of spectral data collected by the star 
sensor. however, the primary X-Ray portion of the experiment was not 
affected because the X-Ray sensor was inoperative due to the problem 
discussed in Section 18. 

Postflight review of data, including ground station tape recordings, 
has shown that the vehicle telemetry system and command system performed 
satisfactorily. The failure to obtain real time display data resulted 
from improper implementation of ground procedures at HAW and JSC. This 
problem has been identified to JSC for appropriate action. 

15.4 C-BAND RADAR SYSTEM EVALUATION 

The C-Band radar performed satisfactorily during flight. A sutmnary 
of C-band radar coverage time from AOS to LOS for each station is shown 
in Figure 15-2. As on previous missions, phese front disturbances 
were observed at Merritt Island Launch Area (MILA) and Bermuda (BDA) 
during the boost phase. These phase front disturbances result from severe 
antenna nulls or distorted beacon returns and cause momentary tracking 
errors at the ground stations. 

A dropout at BDA from 545 t;r 573 seconds was attributed on the operator's 
log to beacon dropout. However, MILA was tracking during this same 
time period and experienced no problem, indicating that the dropout at 
BDA was caused by a ground station tracking problem rather than an 
onboard problem. No problems were reported by the ground stations 
tracking the transponder after orbital insertion. 

The last station to interrogate the transponder was KWJ. KWJ tracked 
the transponder until vehicle break up at 21,175 seconds (5:52:55). 

15.5 SECURE RANGE SAFETY COMMAND SYSTEMS EVALUATION 

Telemetered data indicated that the comaand antennas, receivers/decoders, 
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Exploding Bridge Wire networks, and destruct controllers on each powered 
stage functioned properly during flight. They were in the required 
state-of-readiness if flight conditions during the launch had required 
vehicle destruct. Since no an/cutoff or destruct co;lmands were required, 
all data except receiver signal strength remained unchanged during the 
flight. Power to the S-IUB stage range safety consnand systems was cut off 
at 607.2 seconds by ground command, thereby deactivating (safing) the 
systems. 

15.6 DIGITAL COrnAND SYSTEM EVALUATION 

The DCS performed satisfactorily throughout this mission. Fifteen 
commands were initiated by MCC-H and all but one were accepted by the 
onboard equipment. Table 15-6 lists the commands transmitted to the IU. 

The deorbit dump command transmitted from HAW at 15,906 seconds (4:25:06) 
did not produce the desired memory data display at MCC-H and the same 
command was retransmitted at 16,049 seconds (4:27:29). The second 
transmission als iiled to produce the desired display although tele- 
metry data indic :d the comMnd was accepted by the DCS. It was later 
discovered that the ground station was not relaying the memory data to 
MCC-H (see paragraph 15.3.2). The deorbit dump comMnd was reinitialized 
by MCC-H when the vehicle was over CYI at 17,993 seconds (4:59:53). 
The look angles from CYI at this time were such that numerous antenna 
nulls were being encountered. The command mode word was transmitted 
and accepted onboard. A telemetry dropout occurred which prevented the 
ground station from receiving the verification pulses. The mode word 
was retransmitted three times. However, the onboard computer *as 
waiting for the first data word in the command and rejected the retrans- 
mitted mode word. A terminate command was then transmitted to clear the 
computer and the deorbit dump c-and was reinitialized at 18,010 
seconds (5:OO:lO). No problems were encountered during this last 
transmission. 

15.7 GROUND ENGINEERING CAMERAS 

Ground camera coverage was fair, being somewhat below the standards estab- 
'ished on previous 'launches. Forty-nine items (43 from fixed came-as and 6 

ram tracking cameras) were received from Kennedy Space Center for evaluation. 
Ata loss was experienced on 16 items. One camera failed to operate, 
one jamned, one had erratic timing, one had an incorrect field of 
view, four had their field of view obscured by falling frost and ice, 
three had severely overexposed film, and five had severely underexposed 
film. The three long range cameras are included in the five having 
underexposed film. The three short range cameras contained usable data 
although it was somewhat degraded due to underexposure. The under- 
exposed film is attributed to lower than expected light levels resulting 
from overcast skies and fog. The overexposures resulted from high 
levels of engine plume light reflected from the ground fog, falling frost, 
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Table 15-6. SA-207 IU Comnands 

RANGE TIME T 
SECONDS 

1271 

1278 

1338 

1340 

5552 

6715 

10.950 

12,473 

14,756 

15,886 

15,906 

16,049 

17,993 

18.004 

18.010 

HRS:MIN:SEC 

0:21:11 

0:21:18 

0:22:18 

0:22:20 

1:32:32 

1:51:55 

3:02:30 

3~27153 

(::05:56 

4:24:46 

4:25:06 

4:27:29 

4:59:53 

5:co:o4 

5:OO:lO 

TRANS. 
STATION 

WAD 

MAD 

MAD 

WAD 

TEX 

MD 

GDS 

CYi 

FISK 

HAW 

HAW 

HAW 

CYI 

CYI 

CYI 

COMAND 
(NO. OF WORDS IN 

S-T% Maneuver Change (21) 

Memory Dump (7) 

S-150 Return to Ttme Line (6) 

mry Dunp (7) 7 

S-150 ASAP Dump (6) 6 

Compressed Data Dump (1) 1 

S-150 ASAP Dump (6) 6 

Compressed Data Dump (1) 1 

S-150 ASAP Dump (6) 6 

Deorblt (7) 

Deorbit Dump 

Deorbit Dump 

Deorbit Dump 

7) 

Terminate (1) 1 

Deorblt Dump (7) 7 

REMARKS 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Accepted 

Not vcrlfled 

Accepted 

Accepted 

*The first word of this comnand was accepted onboard; but was not verified at the ground station due to a 
telemetry dropout. The first WOFd was then retransmitted three (3) times. 



and falling ice. T+e incorrect field of view resulted when the camera 
mount allowed the camera to rotate forward at about 1 second. Equip- 
ment age and usage is suspected as a prime contributor to the field of 
view shift. As a result of the 16 failures, system efficiency was 67%. 
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SECTION 16 

MASS CHARACTERISTICS 

16.1 SUMMARY 

Total vehicle mass, determined from post-flight analysis, was within 
0.21 percent df predicted from ground ignition through S-IVB/spacecraft 
separation. Hardware weights, propellant loads and propellant utiliza- 
tion were close to predicted values during flight. 

16.2 MASS EVALUATION 

Pest-flight mass properties are compared with final predicted mass 
properties (MSFC Memorandum S&E-ASTN-SAE-73-59) and the oqerational 
trajectory (MSFC Memorandum S&E-AERO-MFP-100-73). 

The post-flight mass properties were determir?d from an analysis of 
all available actual and reconstructed data from S-IB ignition 
throuqh S-IVB c :off. Dry weights of the launch vehicle are based 
on actual weighings and evaluation of the weight and balance log 
books (MSFC Form 998). Propellant loading and utilization was 
evaluated by stdge contractors from propulsion system performance 
rcconstnlctions. Spacecraft data acre obtained from the Johnson 
Space Center (JSC). 

Differences between predicted and actual dry weights of the inert 
stages and the loaded spacecraft were all within 1.2 percent of pre- 
dicted, which is within acceptable limits. 

Durirg S-IB burn phase, the total vehicle mass was greater than pre- 
dicted by 738 kilograms (1628 lbm) (0.12 percent) at ignition, and 
greater than predicted by 172 kilograms (379 lbm) (0.09 percent) 
at phys,ical separation. These small differences may be attributed 
to a larger than predicted fuel loading and a larger than predicted 
upper stage weight. 

S-IB but-n phase total vehicle mass is shown in Tables 16-1 and 16-2. 

During S-IVB burn phase, the total vehicle mass was more than pre- 
dicted by 265 kilograms (584 lbm) (0.19 percent) at ignition, and less 
than predicted by 67 kilograms (147 lbm) (0.21 percent) at S-IVB 
stage cutoff signal. These differences are due primarily to a greater 
than predicted spacecraft weight and a less than expected residual. 
Total vehicle mass for the S-IVB burn phase is shown in Tables 16-3 
and 16-4. 
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I', sumary of mass utilization and loss, both actual and predicted, 
from S-16 stale ignition through spacecraft separation is presented 
in Table 16-5. A comparison of actual and predicted mass, center of 
grav'ty, and moment Isf inertia is shown in Table 16-6. 
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Table 16-1. SA-207 Total Vehicle Masses (Kilograms) 

_____________-____--_l_____l____ ___-___-___- _____-___--_-_.-----_----------------------------------------..- 

1 ‘.dJAt?ii se .uI..E durbirua c .bf.,“t atl’r\kkT lu’. 

EVEVT GROU%l) IG’.: 1 I L) . F Ia>; ‘, jr * i, ‘, ,LT”*FC 51Ge.A~ CLITUFF hIGa’.AL SIG;.AL 
‘̂ ““-‘-‘-‘-------‘---‘-‘-‘-------------------’--------------. -- --------------------__________________I_-- 

PRE3 ACTUAL ?RE’j A,T,L, PRLJ ACTUAL PdELJ AC 1 UAL PdtL AC DJAL 
,,,,,,___,,__-_~___I_,___---_-,----I---1-------------~--------------------------------.--------------------- 

RANGE Tl”E ISECI y>.uu -5.;: “..‘- .-‘m 13b.bU 1:?.4 l>V.ba 140.73 1 c. 3 . 9 .J 142. iJ.1 
,,,,,,,,_,,-_--__,-,___,__-I,_,------------------------------:---------------------.-------------------------------~- 

S-IB SfG ORY 
LOX IN TAidK5 
LOX BELO* TAhKS 
LOX ULLAGF 
RPI IN JA\KS 
APA BELOdi 1ANtw.S 
RPl ULLAGE 
MEL IUM SUPPLY 
N I IROGEN 
HYDRAULIC OIL 
ORCJY I 1 E 
FROST 

3az14. 
28315~3. 

35111. 
13. 

124410. 
2145. 

2. 
35. 

1;: 
14. 

453. 

332.11. 31rilA. 
263124. 2 17cJs. 

351c. 3722. 
13. 35. 

124877. 12249:. 
2145. 2566. 

2. 3. 
35. a!. = 

h. 6. 
ii. 12. 
14. iL. 

L53. -53. 

38214. 38211. 332:4. 
lu94. 1264. 
3673. jblj. A,,;: 

1174. li74. lld9. 
2390. 2jAl. 3bbr 
2566. 25bo. L345. 

26. Lb. 26. 
11. Il. 11. 

4. 4. 4. 

12. 12. 12. 
2. 2. 2. 

jdL14. j3LAI. 
“. V. 

AL4d. 114u. 
IIYU. : IYV. 

0. 22. 
LLIH. 216~. 

Lbr 26. 
1;. AU. 

4 . 4. 

12. AL. 
I’. L. 

y _-_-_-__,__-- - --_---__--_---__-- -- -.--.-- - 

TOTAL S-IH STAGE 451936,. 

4,2,,,7. ----------------48;;~~---~~~~~~-~-~~~~~~~--~~~~~~~--~~~~~~---~~~~~~ 

tiG5S53. *Lb>.-:2. 
____---_-__----__-_------------------- --_--------------------------_--~--------~_---___---________________ 

S-1B/S-lVB ClHY 2bl;e 2639. Lbl2. 25;i. 26A2. i?bcY. LbI2. 2609. 2612. 2633. 
RETAO PROPELLAhT Idle 431. 4dl. 43;. 481. 4bl. 481. 431. 461. 4dl. 

--__---__I_-_-___-------~-------------------------------~--- --------------------------------------~-------- 

TOTAL FIRST STG 455380. 455500. 443545. 448376. 51965. 52357. 4b774. 40680. 4bJLj. 4tuos. 
-_------------------~---------------------------------------------------------------------.----------------- 

TOTAL S-IV6 SrG ll6535a 116572. 1 i6525. :I557&. 116460. 1164trl. 116460. 116481. I’l64bO. lib4i31. 
INSTRU~EYT UUI T  2072e 2094. Z372. 2;r-. 2072. 2094. 2072. 23Y4. 2072. 2394. 
SPACECRAFT 19902. c!a123* AYLJi. 2JliJ. lYYOZ* LJlL3. 1YYUC. LUl23* 19Yi)Z. 29123. 

- _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - -_____I____o__________----- - - - - - - - - - - - - - - - - - - - - - -  

TOTAL VEHICLE 593560.’ 594299. 5r7hl27. 53776s. 1904CO. 191057. 185209. 185300. Id4r5tl. ~04704. 
_---_-----------_-------------- ------._-------------------~-------------------------------------___________ 



Table 16-2. $A-207 Total Vehicle Masses (Pounds) 

- - - - - B - - - - - - - - - - I - -  - m m - - - - - - - B - - - - - . - - -  - - - _ - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

FIRST MOTl& 
1 ,qBOARD EiIG I I.E 0u10;i0 E:.crl .i St?AHAT iOi. 

EVEYT GROUND fGhlfl91~ CUTOFF SIGdAL CuT3iP SlG;.A- 2ilGb.A~ 
____________________------------------------------------------------------------------------~----~-----~--- 

PAED ACTUAL PRED ACTUAL PREO ACTUAL PHEJ ACl4, PRL3 AClbAL 
---‘--‘--“--‘-r---------------“-”” -_-------_---------------- ------------_-------_^__________________--- 
RANGE TlME ISEC) -3900 -39 10 Je30 a30 13b*6(r 137.4 13Y.6; irg.73 144*Yd 14L.UU 
,,,,,,-,,,,,,,,,,,,---------------~-------------------~---------------------------------------------------- 

S-19 STG DRY e42*1* 042420 a4249* J4242 l 842W. d424L* 242see* d4i!4&. d4243. d424Z. 
LOX 1N TANKS b24259m 624193. 612658a 612592e 2413a 2751e t!  . .-)’ Lb* 
LOX 0ELOd IANKS 77570 7757. 0206a 82Oba 0hkY9e OUYY 0 ‘3311. 2YLU. 273:: 2514. 
LOX ULLAGL 3oe 2753%: 7Y* 79* 2590. 259(Ja L6LLe . 26i>.. ibL5.. 2625. 
RPl IN TANKS 274270. 270047. 271376. 4607. 51UY. lib. YJ.t. 0. lib. 

APa BELOd 7ANKS 47299 4729m 5658.a 5658* stsu* 5t5u* 5193. 51f3. 4dYl. 4502. 
API ULLAGE 5* a* 580 509 se. 50. 59. 59* 
HELfUM SUPPLY . 7:: 7LIb 75. 7:: 240 24. 240 26. 24; 24. 
Nt TRDGEN 15. 15e 15* 15. 9* Y. 99 Y . Y. Y. 
HYDRAiJLlC OIL 289 .. LB* 2Ba 28. 2tJe 260 La. LO= La* LO. 
ORONlfE 339 33. 33* 33* be 6. 'bm 5. 6. 6. 
FRO51 10000 l(iDi)e lOOQ* 1000* 

________-----~~--~~ 

TOTAL S-18 STAGE 99646 1. 997416. YY&d5ba V81005* 107745. lr)(1614* Yb27b.’ +0&j. 94644. 94606e 
,,,,,,-,,,-i-.h-,- ‘----I------------------‘-‘-------- --_-----_-_---------------------------~------------------ 

S-18/S-IV5 DRY 5759. 5753.. a 799. 57>jb 5729. $753. a7tl9. 5 79,. 5739. SiSO. 
RETRO PROPELLWT - 1062e -- lu62e 10629 1ObSe 10620 iOC2* :u62* AUSZ. iOb2. 1062. 

-------_--------__----------------------------------------------------------------------------------------- 

TOTAL FIRST STG lOil3202e lOU4225a VBd87f. 9UVBZc)a 114564e 11542Ya 13311s. IJZ;rl,* 131445. lJ14216 
,,,,,,,,,,,,,,,,-,,,,,,,,,,,,,,,,,,,,L,,--------------~-~----------- -------------------------i--------------- 

TOTAL S-IVB STG 25685:. 256999. 2tib851. 256999. 256751. 256799m 256751. 25b79i. 256751.’ 156799. 
INSTRUMENT UNIT. 4568. 46lUa 45b8m 461(1m 4568. 461(1a 45680 461ae 4500. 4616. 
SPACECRAFT 43878* 44365. 43178. 44365. 43876. 445b5e 4d070* 44362. 45d7U. r43b5. 

- -~----------------------------------------~------------ ---------------------------------------------------- 

TOTAL VEHICLE 1300579. 1310207. 1294174. 1295802e 419761. 421211. 43ri31b. 4UiB69i l 4J56b2. 4072E3. 
--------~---------------------------- --------------------------- -----------_----_--_----------------------- 



Table 16-3. SA-207 Upper Stages and Payload Vehicle Masses (Kilograms) 

-B_--- -.------.-_-_---___--.-_______^___ -----_--- ---- ---_-------------..----------------------*----------------- 

5-11: SfASc J-2 E\L I ‘.F J-Z r’.;l’.t ur(t!I TAL 
~POU’.J Ihul r 10 d STAN1 CO.‘,64 .3 ‘.AI’.STA~< 

PREO ACTUAL PhkU AC r IJ:A P7ii r*CrJeL G,-.i4 “CT”,.- PRiJ ACI,AL 
_----_-_------------_____^______________----- ----_---------------_L__________________----------------------- 

4A>.CE ll:E :SECJ -3.02 -3.L 1c2.j; A*3.*J j43.7” 146.5- jv5. -7 jr.f.73 i,b..7 b-i?.~j 
----------------------------------~~-~---------------------------------------------------------- ------------ 

S-IvR StAGt 3-t-f 
ULL WC&ET CASES 
ULL R3CKET WA” 1 1 
LOX I:. TA:iK 
LOX E’ELO,. TA:*.% 
LOX cLLASL 
Lkl IX 14:1u . 
~rl2 ‘ELJ,~ TA','. 
~2 tiLLAX 

15057. 
97. 
791 

ecrctl. 
:dS. 

ll* 
173:j. 

2: 

lbu55* l”Jil* l;J*ire 

Yd* 9-i* Pbe 
‘IY. 41a 46. 

943r7. 50sLl. 33,47* 
iYu* 139. 1ucr 

ll* ?I* t:* 
17379. :7315. 17379. 

22. 26. 2,* 
55. .I 2 . 59* 

IAb. 114. lib* 
57. 59* 27. 

2. 2. 20 
C* he be 
i* !* . . 

li* 6. i.. 
l* l* i* 
5. 5* >. 

f 3ba 0. U5. 

:,u*1* 
Y7 . 

iJ..L... 
93. 

116. 
39. 

or’r98. 
i&O. 
,t4* 

lldbk. 
ib. 
72a 

il-0 
59e 

‘J . 
0. 

i. 
6. 
;* 

;: 

dOi*:. 
1OJ. 

15. 
17339. 

23. 
59. 

jl>* 
5i. 

I. 
6. 

1;: 
L. 
5. 

4J, 

I_am- * -_._- :-‘--___-- - ---_-_- -----------------,.--------------------------------------- .--- “---- ----_---_--__ 

TOTAL s-1vn ST5 1!6535* 114571* llbkll. iib432* libr’+Za ?lbL:>. ij,j,* iL7r.m AL9OJO lLb56. 
; -Ba-- ----e--- ----- - ---.- ------s------ ---------------~--------~----------------------------------------- 

I’ISTPU’.‘E’.l U\I 1 2272a LJY*. Zv72a Z’ji49 2172. 2js-. d .7L. La-*. LU72. 23YU. 
SOACiC~Ait 199;2e 2Ll23* l’iOJ2. LJld3e ‘YYJl. LblL>. iJ’l>im iJi;se 1: I:;. 1;9oo. 

--------------------------~-------------------------------~--------- --------------------̂ ___________________ 

TCTAL VEufCiE 13“Li.J. 13”7?i. A3Y366. :9uc31. :%41bFr A-3$*7*. ,r.t+.>. 9.77;. >J70>. ‘jU71 h 
_--_-----_-------_------------------------------------------------------.----------------------------------- 
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Table 16-S. SA-207 Flight Sequence Mass Summary 

------------------------------------------------------------------------------------ 

ACTJI-- PRt:31C~cC 
_i__-_----__-____-_------------------- 

,,,__,___,________-,,,_,____________,___----------~~-------~~~-------~~---------~~~- 

s-111 STAGE AT G~JU~[? Icr:.ITIo~* lG.1.) c52*17. f?ldbld. sJir86. 9LGsbi. 
s-IC/5-IVL i .TE~,Sltf,5 AT 6.I: - 3JYl. 551,. 3SY5. LUil. 
s-IVH STA5F PT ‘-.I. llbtB:i. 2jCT7Y. :lbjab. L508kJA. 
I i,STHI, .‘> .T ” .I T  AT 2.1. 2396. ctrlo. <illi. 456P. 

CSvrSLC*Lt5 2:123* LS365. :i53CZ. 433 lc. 

~-----------------------------------------~-------------------------------------~--- 

,f!‘“!_~‘!“~I_“I’;‘_“1_Jrf- -_-_-_-__-----_ - -_-_ “‘~frl~-_r3’~rIl-___~~~~~~~- 13-o’i’* -----..--- 

TSdLST dcI~“J2 PRul -6559. --r’.-d.. -03>>. -;“*“‘.. 

----w----w- .-------_-_- - ---_-___ - ----- -- -.-_----_._--_---------.--- - -.---- - --_-- - ----_-__ 

f  r-‘-i G L 1 C-, i >TAS: AT i i*jl “>T((; 4 !Jt! 7763. ;2’;3:3‘. aci,27. ACL*174. 

-_-----__-_---__ --- -_.-____--___------- -es- -_..__- ---we -..-- - -__- -_- _----- __--___-____ 

V;.:: STA,t Zr73F -‘+b,Jj:b. -ccisl. -2, +s74. -?.t,re 5-. 
C d,3.ST -*!a>. -*w-c. -65,. -1uv4. 
SiAL v:,dci I\121 -2. -6. -SC. -0. 
GcA:< Pvi ;-‘SU”2IIS. Iv<P-: I -il7. -099. -;ri?. -tlVd. 
FULL aLDDPi i,,‘5 li)k;‘.ITEl -12. -27. -AL. -2 I. 
1.t.T.L’. b+CY -YY2. -2;:;. -;‘9&. -2. t'. 
s-Iv3 F~LJT --Y4. -2-4. -45. -1dl.l. 

---------------*-------------------------------------------------------------------- 

FlhST FLIG-T SrAGt A? 0.t.C.J.S. 1853dd. 4.#assa. .e5c JC. *bb31o. 
------------------------------------------------------------------------------------ 

CFTi, TJ SE+ PR3P -639* -;>i;. -7bd. -1bdi. 

---,,----,--,------,,--,--------,,,-----------------~-----------------------------~-------- 

FIRST FLIM: STAjt AT SErA~dnTtrj\ ~IP~YSICALI 1~6691. *;7;7a. .t4**5. * .rbb>>. 
---------------------L--------------------------------------------------------------,-- 

S-LB STAGE AT 3cQAkATlGN -42.ddJ. L-La 19. -L&s1 7. -Ys5?7. 
s-It)/+1~8 INTE$sTAC-F ->bhrl. -5513. -sJP>. -bad,. 
S-IVLi AFT FRA”t -14. -,i. -14. ->I. 
S-IV8 ULL.\E DdC<rT ~RWELLA.~T ->a. -7*. -ad. -IA. 
S-IV5 LCTu .A1 I;;.. PPCKAbt -1. -3. ‘d.. -5.. 

--------------___-----------------------------.---------------------.--------------- 

SEcO’rti GLICJ~T ST.1l.r AT I~.~LITI?I IESCI 13tZbt.i. :,5674. .;a>50. >J>L.Y,. 

----------- ------- --_- --_- --. __-- ---- ----__---------^------------- ----------_------_ 

,‘,;4”,: y;;T;~‘v.(“E~ -i40. -32 1. -1t.7. -> 1-w.. 
.-. b c ., r -*5. -;C‘. -*7. -;,a. 

c.r c ..lL.<’ -. z -;. -2. -*. -*. 

-- -.-.-w-m-- -me_ ---- __m__ _ _____ __-e-m____-_ ________ ._ ___ ---- -.-___ _ _ 

;i i .,‘u CL:%-T 3TAlt Al v’ rt%Cc.T T,,WS! ; a-54. : - ; ,z 7.s . .;:rcJ?. , J4D”S. 
-- ----------------_------- _ __-______ -. _-.-- --.-__. _ _---. e-s- -__- -------w 
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Table 16-5. SA-207 Flight Sequence Hass Sumary(Continued) 

---------------------------------------- -------,-,----------,------------------------- 

ACTUAL PRLCiCfE3 
-_--------------------------------- 

ICC LBM KG LdY 

SECOh3 FLIG+iT STAGE AT 90 PERCENT THRUST 198454. - 30524u* 13[11bfe 3346.%* 
.------------------------------------r--- -~----------------------.--i----------r------ 

AUX-PR3P. *‘;JER ROLL -2. -6.. ; -2* -6. 
WIldSTAGE 
U&AGE ROC<ET CASES . 

-103w3. -228OCO. -iujosa* 
-97. 

-d*L?iYi* 
-9a* -217e -214* 

LES -4156. -9164e -4171* -9l'ro. 
. 

-------_------------------------------------------ ---------------------------------- 
SECCNO FLISriT STACt AT KC 30773. 67044. 39Y4G. C7rl:. 

--------------------_______u________ --------------------------------------u------- 
TttRUSi CECAI PROP -37. -82. -3ue -aSa 
PRO? E%ELOs VALVE -18. -40. -189 -43. 

SECGkG FLiWi STAGt AT ETD 30 117. 67721. N783. 67ob6. 
'--------‘--"--"-'---‘-------------""-'---u------'-----~-----L------------,--- 

CS# -14167~ -3l234. -ISY3d* -3crli5. 
SLA PANELS ROtAtE@ Go o* U* Y. 
V&W -107. -414a -97. -LAS* 

CSM SEPARATED 16362m 36Of3e -l675*. )6Y37* 

S-1VB STAGE ~1246b. -2748a. -12su3. -2ss~i. 

VmI*U* -2094a -4ta. -2lilZe -4abdm 

SLA -1799. -3967. -1799e -3,678 
-----------------------------------------____u_______________---- w--------------- 
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SECTIDR 17 

SPACECRAFT SUMARY 

The SA-207/Skylab-3 space vehicle was launched at 11:lO:SO Universal 
Time !UT) (7:10:50 a.m. Eastern Daylight Time) on July 28. 1973, (first 
visit day) from Launch Complex 39B at the Kennedy Space Center, 
Florida. This vehicle, the second to visit the Saturn Uork Shop, was 
manned by Captain Alan L. Bean, Ccxmaander; Owen K. Garriott, Science 
Pilot; and Major Jack R. Lousma, Pilot. 

The space vehicle, consisting of a modified Apollo ccxmnand and ser- 
vice module payload on a Saturn IB launch vehicle, was inserted into 
earth orbit approximately 10 minutes after liftoff. The orbit achieved 
was 226.29 by 149.87 kilometers. 

Rendezvous maneuvers were performed as planned during the first five 
revolutions after insertion. Durinq this time, a leak was detected 
in the cormand and service module reaction control system engine 63 
of quad B (one of four reaction control system modules) and determined 
to be caused by an oxidizer valve which was stuck in the open oosition. 
The quad was isolated and the mission continued. Stationkeeping with 
the Saturn Work Shop began approximately 8 hours after liftoff. Dockinq 
occurred approximately 8 l/2 hours into the mission. 

All three c-n experienced motion sickness during the first three 
mission days, with the result that the Saturn Work Shop activation and 
experiment implementation activities were curtailed. By adjusting the 
crew's diet and maintaininq a low work load, the crew was able to complete 
the adjustnent to space fliqht by visit day 5, and the flight activities 
were increased to the preflight planned levels. 

The service module reaction control system quad D (opposite quad B) 
engines were inhibited and the isolaticn valves closed after an oxidizer 
leak developed on mission day 6. Acceptable control modes and procedures 
were defined consistent with the constraints imposed by the two reaction 
control system problems. 

The first extravehicular activity was delayed to visit day 10 because 
of the crew's motion sickness. The extravehicular activity lasted almost 
8 hours during which time the crew changed the Apollo Telescope Haunt 
film, deployed the twin-pole sun shield, inspected and perfonaed repair 
work on the S-055 (Ultraviolet Spectrometer) experiment and deployed the 
S-149 (Particle Collecticn) experiment. 
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The second extravehicular activity was performed on visit day 28 at 
which time the Apollo Telescope Mount film was replaced and a gyro 
package was installed. 

Final activities consisted of workshop closeout, suit donning and 
checkout, undocking, deorbit, and entry. There was no workshop fly- 
around maneuver following c-and and service module undocking. 
Tunnel hatch installation was completed on September 25, 1973 at 
14:30 UT, and command and service module undocking occurred at 
19:48 UT. Separation occurred at 19:50 UT, followed by a service 
propulsion system firing at 21:38 UT. The single firing deorbit 
maneuver resulted in spacecraft splashdown approximately 250 miles 
southwest of San Diego, California, at 22:20 UT. The spacecraft 
assumed a stable attitude and crew recovery followed approximate;: 
43 minutes after splashdown. 
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SECTION 18 

MSFC INFLIGHT EXPERIMENT 

18.1 SUMARY 

Q 

Skylab Experiment S-150, Galactic X-Ray Happing Experiment, was performed 
during the flight of SA-207. The object of the experiment was to map the 
X-Ray flux intensity of galactic space. The experiment, which had a 
planned operating time of 265 minutes, collected X-Ray data for only 110 
minutes before the experiment high voltage switched off because of law 
gas pressure in the X-Ray sensor. Even though the operating time of the 
X-Ray experiment was less than planned, it was greater than the accm- 
lative time of all preceeding similar experiments. The associated spectral 
data continued to be collected by the experiment star sensors, however, 
these data are of use principally in detennining experiment pointing 
direction. The lack of one Auxiliary Storage and Playback (ASAP) cycle 
discussed in Section 15 resulted in loss of this spectral data for the third 
revolution. 

18.2 EXPERIMENT ABM&Y 

During the second revolution of S-IVB/IU -Wtal flight, abnormally low 
readings in measurements 071-602, P-10 gab -upply 1~ pressure, and 
D73-603. collimator pressure, were reported by the Goldstone ground 
station. The experiment was designed to be fully operational when the 
internal experiment sensor P-10 gas (90% argon, 10% methane) pressure 
reached 14.5 psia with an operational pressure range of 14.5 psfa to 
15.1 psia. The experiment will operate at a minimum pressure of 12.0 
psia; however, sensing capability for the 1-r energy X-Ray (200 EV to 
1 KEV) is lost at pressures below 14.5 psia. When the pressure drops 
below 12.0 psia, the experiment high voltage power is automatically 
switched off, but spectral data continues to be collected by the star 
sensor. 

At approximately 31 ai :I' .c range tilne the experiment was fully opera- 
tional (P-10 gas to mir...:wn operational pressure). The experiment 
operated normally for one revolution (92 minutes per revolution) plus 
18 Gnutes out of a planned operating time of two revolutions plus 81 
minutes. At approximately 2 hours 20 minutes the experiment high voltage 
automatically switched off when the pressure dropped be?ow 12.0 psia 
and no further X-Ray data were received. Star sensor data received through 
the last IU&lSO ASAP data dunp (total star sensor data 2 revolutions 
plus 32 minutes) were not affected by the P-10 pressure loss. However, 
star sensor data were lost because of a revolution 3 data display problem 
(see Section 15). 
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18.2.1 Gas System Description 

A schematic of the P-10 Supply System is shown in Figure 18-1. In the 
normal flight operation mode, P-10 gas is supplied from a high pressure 
storage sphere through a combination of two regulators wherein the 
pressure is reduced and controlled tc the level required by the S-150 
Experiment counter package. The orifice regulator consists of two fixed 
orifices in series through which gas is continuously vented to space 
at a nominal t-ate of about 0.000142 Standard Cubic Meters per Second 
(SCMS) [0.26 Standard Cubic Feet per Minute (SCFM)]. The?pressure across 
the upstream orifice is maintained at a nominal 8.96 N/cm& (13.0 psid) 
by thr. pressure regulator. The pressure between the two orifices is 
supplied to the experimen, + interface at a nominal leve? of 20.68 N/cm2 
(30 psia). 

The functional interface between the S-150 and the P-10 sirpply system 
for the operational (flight) mode is a normally closed solenoid vaive 
B (Figure ?8-1) at the counter package inlet. 4 control system internal 
to the experilnent counter package is designed to maintain a constant 
density of P-10 gas through frequency modulation of this solenoid valve. 
The valve is cycled (opened and closed) at a frequency required to 
replenish gas leaked from the counter package through the thin film 
(0.3 mil Kimfoil) X-Ray incident window. The maximum gas consumption 
rate by the S-150 experiment in this mode of operation is 0.000020 SCMS 
(0.038 SCFM, reference Interface Control Document 13M07394). The P-10 
supply system was designed to provide gas to the experiment interface 
at a pressure of 20.68 + 3.45 N/cm2 (30 +5 psia) for consumption rates 
not to exceed this value: 

- 

The gas supply system is inactive until initiation of the experiment 
subsequent to completion of the primar, SA-207 mission. After Connand 
Service Module separation but prior to the deployment of the experiment 
package, the normally closed shut-off valve at the storage sphere out- 
le: is opened by switch selector conmiand, permitting gas to flow to the 
regulators. 

18.2.2 Gas System Performance 

System operation was initiated at 0:23;35 when programed switch selectcrr 
commands opened the high pressure supply solenoid valve A and powered on 
the S-150 sensor. The S-150 control valve B opened fully at this time 
and the counter package began fiiling with gas. Deployment of the experi- 
ment sensor was initiated with firing of the pyrotechnic devices at 
approximately D:24:14. At approximately 0:24:22, the sensor was fully 
aeployed against its mechanical stop. Filling of the control package 
continued at the predicted rate, and at approximately 0:29:44, the experi- 
ment counter collimator pressure D73-603 approached the desirec' operating 
pressure, and the S-150 control valve B ucnt from full open to cyclic 
mode of operation. By 0:31:3@ the supply pressure at the S-150 interface 
(measurement 371-602) had reached operating pressure. 
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At this time the S-150 and P-10 supply systems stabilized into the as-designed 
operational mode with all performance parameters nominal. The frequency 
of cycling of the S-150 control valve B was constant at about one cycle 
every three seconds. This period of nominal operation continued through 
the first revolution until just beyond two hours of flight time when the 
P-10 supply pressure, followed by the collimator pressure, decayed below 
allowable limits. 

Pertinent data for the anomalous period is shown in Figure 18-2. At about 
2:04:56, the frequency of cycling of the S-150 control solenoid valve began 
to decrease, indicating less demand for P-10 gas. This was coincident 
with the start of an increase in S-150 counter package temperature 
(C148-603) which had been stable prior to this time. The heating up of 
the counter package is thought to have been brought on by exposure to 
solar radiation. As the temperature did increase, the response of the 
S-150 control system was a decrease in the gas demand. Valve B eventually 
closed altcgether and remained closed for about 100 seconds beginning 
at 2:08:GS. 

During this period the supply pres ure 
d 

to the valve drifted upward slightly 
and stabilized at about 22.89N/cm (33.2 psia), a natural response of 
the regulation system to the decreasing consumption. The counter internal 
pressure remained constant at 10.14 N/cm2 (14.7 psia). 

As shown in Figure 18-2, the control valve B began cycling again at 
about 2:09:57 but a a much higher rate than previously observed. Opera- 
tion was erratic with frequency alternately increasing and then decreas- 
ing until the valve went to the full open position near 2:12:50 where it 
remained for the duration of the missio The demand for gas by the S-150 
counter package was higher than the P-10 supply system was able to pro- 
vide at the nominal pressure level and thus the supply pressure began 
to decline. As the valve cycle frequency momentarily slowed about 2:11:21, 
i;he rate of decay of the supply pressure was decreased markedly as the 
regulation system attempted tc recover. It is also significant to note 
that the counter pressure was maintained constant at its nominal 10.14 
h/cm2 (14.7 psia), through rapid cycling of the valve, until the supply 
pressure had decayed to less than one psi above the counter pressure. 
Only then did the valve go full open and the counter pressure be in to 
decrease. When the counter pressure reached 8.27 N/cm2 (12 psia s the 
sensor high voltage was switched off by the experiment sensor, as 
designed, thus ending the X-Ray experiment at 2:20:25. 

18.2.3 Gas Consumption 

Calculation of total gas consumption through use of the storage sphere 
bleed dowr data, and the vent flowrate using the proven orifice regulator 
flow rela,ionship, results in the following values: 
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Total Flow 

Period of Nominal Period Following 
Operation (00:32-2:lO) knomaly (2:10-5300) 

0.000179 SCMS (0.336 SCFM) 0.000107 SCMS (0.201 SCFM) 

Vent Flow 0.000160 SCMS (0.304 SCFM) 0.000064 SCMS (0.120 SCFM) 

Experiment Flow 0.000018 SCMS (0.034 SCFM) 0.00043 SCMS (0.081 SCFM) 

The P-10 gas supply system was designed to maintain a minimum pressure 
of 17.24 N/cm2 (25 psia) at the experiment interface for a maximum 
experiment consumption rate of 0.042 SCFM. The loss of positive pressure 
control of the S-150 experiment counter package was due to excessive 
consumption of P-10 gas by the experiment - over twice the specification 
value and beyond that for which the system was designed and capable 
of providing. 

The most probable cause of the pressure loss is increased gas leakage 
through the X-Ray incident window. This window is a porous "Kimfoil" 
film approximately 0.3 mil thick which :s age and temperature sensitive. 
A slight deterioration was noted in the window two weeks prior to launch 
but the leakage rate at that time was considered acceptable. Replacement 
of the existing window very well could have resulted in a window with 
a higher leakage rate. The most imnediate cause of accelerated deteriors- 
tion and failure was exposure to direct sunlight. The times and durations 
of these exposures were normal and predicted, but the effects on the 
integrity of the sensor were underestimated. 

Since the S-150 experiment was unique to the Skylab-3 flight, no corrective 
action is required. However, if the experiment is flown again, the 
"Kimfoil" window film thickness will be increased to 0.5 mil and the 
operating band of the pressure regulator will be broadened to reduce 
sensitivity to this recognized failure mode. 
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APPENDIX A 

ATMOSPHERE 

A.1 SUMMARY 

This appendix presents a sumnary of the atmospheric environment at launch 
time of the SA-207/SL-3. The format of these data is similar to that 
presented on previous launches of Saturn Vehicles to permit comparisons. 
Surface and upper level winds, and thermodynamic data near launch time 
are gfven. 

A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 

During the early morning launch of Skylab 3, the Cape Kennedy launch area 
was experiencing cloudiness, fog, mi',d temperatures and gentle surface 
winds. All frontal activity was located in the middle and northern 
regions of the United States as is shown in the surface synoptic 
weather map of Figure A-l. Numerous thur:derstonns occurred over the 
state on the previous afternoon (July 27) with rather Extensive cloud 
cover remaining during the night and through launch. Surface winds 
in the Cape Kennedy area were light and southwesterly as Ishown in Table 
A-l. Wind flow aloft is shown in Figure A-2 (500 milljbar level). 
The maximum wind belt was located north of Florida, giving less intense 
wind flow aloft over the Cape Kennedy area. 

A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 

At launch time, total sky cover was lO/lO, consisting of broken alto- 
cumulus at 4.6 kilometers (15,000 ft), with cirrus clouds observed at 
6.4 kilometers (21,000 ft) altitude. Visibility was limited to 3 
miles due to the formation of early morning ground fog. The fog was 
approximately 600 feet thick in spots. Neither precipitation nor 
lightning were observed at launch time. 

Surface ambient temperature was 296OK (74.0°F) with 93% relative hunidity. 
During ascent the vehicle did pass through the cloud layers. All sur- 
face observations at launch time are sunanarized in Table A-l. Solar 
radiation data for the day of launch is not available, due to miscali- 
bration of the instruments. 

A.4 UPPER AIR MEASUREENTS 

Data were used from three of the upper air wind systems to compile the 
final meteorological tape. Table A-2 summarizes the wind data systems 
used. Only the Rawinsonde and the Loki Dart meteorological rocket 
data were used in the upper level atmospheric thermodynamic analyses. 
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Table A-2. Systems Used to Measure Upper Air Wind Data for SA-207 

T RELEASE TIME PORTION OF DATA USED I 

TYPE OF DATA TIME 
(UT) 

0URS:MIN 

-. 
TIME 

AFTER ---END 
ALTITUDE 

Al 

FPS-16 Jimsphere 

Rawi 5Sciiide 

Loki Dart 

11:25 

11:21 

12:44 

14 

10 

93 

100 14 
(328) 

15,000 59 
(49,212) 

61,750 93 
(202,590) 

14,975 
(49,130) 

25,250 
(82,840) 

25,500 
(83,660) 

A.4.1 Wind Speed 

Wind speeds were light, being 1.0 m/s (1.9 knots) at the surface and 
increasing to a peak of 13.2 m/s (25.7 knots) at 13.83 kilometers 
(45,357 ft). The winds decreased slightly above this altitude, and then 
became stronger again as shown in Figure A-3. The overall maximum 
speed was 59.0 m/s (114.7 knots) at 47.50 kilometers (155,838 ft) 
alti.tuae. Maximum dynamic pressure occurred at 15.30 kiiometers 
(50,200 ft), At max Q altitude, the wind speed and direc'ion was 6.8 
m/s (13.2 knots), from 33 degrees. SL-3 pad 398 wind datd is avail- 
able in MSFC memorandum, S&E-AERO-VT-28-73. 

A.4.2 Wind Direction 

At launch time, the surface wind direction was from 200 degrees. The 
wind directions had a westerly component throughout the troposphere, 
switching northerly by 10 kilometers (32,808 ft) and becoming easterly 
above 17 kilometers (55,774 ft) altitude. Figure A-4 shows the complete 
wind direction versus altitude profile. As shown in Figure A-4, 
wind directions were quite variable at altitudes with low wind speeds. 

A.4.3 Pitch Wind Component 

The pitch wind velocity component (component parallel to the horizontal 
projection of the flight path) at the surface was a tailwind of 0.9 
m/s (1.8 knots). The maximum wind, in the altitude range of 8 to 16 
kilometers (26,247 to 52,493 ft), was a head wind of 11.7 m/s (22.7 
knots) observed at 12.43 kilometers (40,764 ft) altitude. See Figure 
A-5. 
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Figure A-3. Scalar Wind Speed at Launch Time of SA-207/SL-3 

A-6 



- ,m 

h 
4 

- I20 

. 

D -i “. -Lo 
e 

-f- 
-lo 
- 20 

Figure A-4. Wind Direction at Launch Tim of SA-207/SL-3 
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Figure A-S. Pitch Wind Velocity Component (W,) at Launch Time of SA-207/SL-3 
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A.4.4 Yaw Wind Component 

The yaw wind velocity component (cross range wind component) at the 
surface was a wind from the riqht of 0.4 m/s (0.8 knots). The peak 
yaw wind velocity in the hi h dynamic pres&e region 
left of 9.6 m/s (18.6 knots at 8.60 kilometers (28.2 3 1 
Fjgure A-6. 

was from the 
5 ft). See 

A-4.5 Component Wind Shears 

The largest component wind shear (Ah = 1000 m) in tnc max Q region was 
a pitcrl shear of 0.0063 set-1 at 10.15 kilometers (33,300 ft). The 
largest yaw wind shear, at these lower levels, was 0.0083 set-1 at 
15.50 kilometers (50,852 ft). See Figure A-7. 

k.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 sutnnary of the extreme wind shear values (Lh = lCG0 meters) 
is givep in Table A-4. 

A.5 THERMODYNAMIC DATA 

Comparisons of the thermodynamic data taken at SA-207 launch time with 
the annual Patrick Reference Atmosphere, 1963 (PRA-63) for tenrperature, 
pressure, density, and Optical Index of Refraction are shown in Figures 
A-8 and A-9, and are discussed in the following paragraphs. 

A.5.1 Atmospheric Temperature 

Atmospheric temperature differences were small, deviating less than 3 
percent from the PRA-63 below 62 kilometers (203,410 ft) altitude. 
In tne max Q region, temperatures did deviate to +2.31 parcent of the 
PRA-63 value at 9.75 km (31,988 ft;. Air temperatures b!ere ger:erally 
warmer than the PRA-63, over the entire profile, as shcwn in Figure A-8. 

A.S.2 Atmospheric Pressure 

Atmospheric pressure deviations were small in +'e lower levels of the 
atmosphere. Deviations were less thzn 3 percent of the PRA-63 below 
18 kilometers (59,054 ft) altitude. See Figure A-8, which shows the 
entire pressure profile with altitude. 

A.5.3 Atmospheric Density 

Atmospheric density deviations were small, generally being within 4 
percent of the PRA-63 below 28 kilometers (91,862 ft) altitude. The 
density deviation reached a maximum of 4.28 percent greater than the 
PRA-63 value at 14.75 kilometers (48,392 ft) as shown in Figure A-9. 
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Figure A-6. Yaw Wind Velocity Component (W,) at Launch Time of SA-207/SL-3 
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Table A-3. Maximum Wind Speed in High Dynamic Pressure Region for 
Saturn Launch Vehicles 201 through 207 

VEHICLE 
MAXIMUM WIND MAXIMUM WIND COMPONENTS 

NUMBER 
SPEED DIR ALT PITCH (W,) ALT YAW (W,) ALT 

M/S (DEG) 
KM M/S KM M/S KM 

(KNOTS) m (KNOTS) m (KNOTS) (FT) 

SA-201 70.0 250 13.75 57.3 13.75 -43.3 13.25 
(136.1) (45,100) (111.4) (45,160) (-84.2) (43,500) 

SA-203 18.0 312 13.00 11.1 12.50 16.6 13.25 
(35.0) (42,600) (21.6) (41,000) (32.3) (43,500) 

SA-202 16.0 231 12.00 10.7 12.50 -15.4 10.25 
(31.1) (39,400) (20.8) (41,000) (-29.9) (33,600) 

SA-204 35.0 288 12.00 32.7 15.25 20.6 12.00 
(68.0) (39,400) (63.6) (50,000) (40.0) (39,400) 

SA-205 15.6 309 14.60 15.8 12.08 15.7 15.78 
(30.3) (44,500) (36.7) (36,800) (30.5) (47,500) 

SA-206 42.0 286 13.38 27.9 14.93 36.3 13.35 
(81.7) (43,881) (54.2) (48,966) (70.6) (43,799) 

SA-207 13.2 014 13.83 -11.7 12.43 8.60 
(25.7) (45,357) (-22.7) (40,764) (28,215) 



Table A-4. Extreme Wind Shear Values in the High Dynamic Pressure Region 
for Saturn Launch Vehicles 201 through 207 

VEHICLE 
NUMBER 

T 

SA-201 @.?'06 

SA-203 0.0104 

SA-202 0.0083 

SA-204 0.0118 

SA-205 0.0113 

SA-206 0.0145 

SA-207 0.0063 

L 

(Ah = 1000 m) 

PITCH PLANE 

SHEAR 
ALTITUDE 

(SEC-l) 

16.00 
(52,500) 

14.75 
(48,400) 

13.50 
(44,300) 

16.75 
(55.000) 

15.78 
PWOO) 

14.93 
(48,966) 

10.15 
(33,300) 

A.5.4 Optical Index of Refraction 

YAW PLANE 

SHEAR 
(SEC-l) 

0.0205 

0.0079 

0.0054 

0.0116 

0.0085 

0.0141 

0.0083 

ALTITUDE 

(:I 

12.00 
(39,400) 

14.25 
(46 SW 

13.25 
(43,500) 

14.00 
(45,900) 

15.25 
(46,500) 

14.33 
(47,162) 

15.50 
(50,852) 

The Optical Index of Refraction at the surface was 7.01 x 10-6 units 
lower than the corresponding value of the PRA-63. The maximum negative 
deviation of -9.22 x 10-6 occurred at 250 meters (820 ft). The devia- 
tion then became less negative with altitude, and approximated the PRA-63 
at high altitudes, as is shwn in Figure A-9. The maximum value of the 
Optical Index of Refraction was 2.18 x 10-6 units greater than the PRA-63 
at 14.5' kilometers (47,818 ft). 

A.6 CDMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN IB LAUNCHES 

A sumnary of the a-spheric data for each Saturn IB launch is shown 
in Table A-5. 
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Figure A-8. Relative Deviatfon of Tqerature and Pressure from the PRA-63 
Reference Atmosphere, SA-207/SL-3 
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Figure A-9. Relative Deviation of Density and Absolute Deviation of the Index 

of Refraction From the WA-63 Reference Atmosphere. SA-207/SL-3 
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Table A-S. Selected Atmospheric Observations for'saturn Launch Vehicles 201 through 207 
at Kennedy Space Center, Florida 

VEHICLE DATA SURFACE DATA INFLIGHT CONGITION 
I 

JEHICLE 
TIME 

LAUNCH PRESSURE TEHPERA- 
RELATIVE YINP HAXIHUM WIND IN 8-16 KN LAYER 

SUBER DATE NEAREST 
MINUTE 

COWLEX wun2 TURE 'C 
HUHIDITY CLOUDS 
PERCENT SPEED DIR ALTITUDE SPEED DIRECTION 

m/s DEG km m/s DEG 

SA-201 26 Fcb 66 1112 EST 34 10.217 16.1 48 6.5 330 Clear 13.75 70.0 250 

SA-203 5 Jul 66 0953 EST 37% 10.166 30.2 69 6.3 242 l/10 Cumulus 
l/10 AltocumulJs 13.00 18.0 312 
l/10 Cirrus 

SA-202 25 Aug 66 1216 EST 34 10.173 30.0 70 4.1 160 8/10 Cumulus 12.00 16.0 231 
l/10 Cirrus. 

SA-204 22 Jan 68 1748 EST 378 10.186 16.1 93 4.2 45 3/10 C!mlulUS 12.oc 35.0 288 

SA-205 11 Ott 68 1103 EDT 34 10.180 28.3 65 10.2 90 3/10 Cumulonim- 14.60 15.6 309 
bus 

U-206 25 Ray 73 0900 EDT 390 10.105 26.1 85 5.5 212 5/10 Fractocu- 13.38 42.0 286 
lmllus 

6.1 224 5/10 Altocunulus 
l/10 Cirrus 

U-207 28 Jul 73 0711 EDT 398 10.162 23.9 93 28 264 910 Altocumulus 13.83 13.2 014 
274 5110 Cirrus 

l Instantaqcous readings from charts at T-O (unless otherwise noted) from anemometers on launch pad light poles at the following 
levels: Pad 34 at 19.5 m (59.4 ft). Pad 378 at 20.7 m (63.1 ft). and Pad 398 at 18.3 m (60.0 ft). Beginr.ing with SA-206, 
wind mdsurelnents were required at the 161.5 m (530 ft) level from anemometer charts cn the LUT. These Instantaneous LIJT winds 
drt given directly under the listed pad light pole winds. Heights of anemometers are above natural grade. 
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APPENDIX B 

SA-207 SIGNIFICANT CONFIGURATlON CHANGES 

B.l INTRODUCTION 

The SA-207 launch vehicle configuration was essentially the same as the 
SA-206 configuration with significan C, exceptions shown in Tables B-l 
through B-3. The basic vehicle description is pr%ented in Appendix B 
of the Saturn IB Launch Vehicle Flight Evaluation Report SA-20C, Skylab-2, 
MF'R-SAT-FE-73-3. 

Table B-l. S-IB Significant Configuration Changes 

---_ -- 

SYSTFN 
L-- 
Electrical The stage preaiatum ignition detection circuit ua5 

modified so that the &o Gas Generator auto Igniter 
links on each engine are wired in parallel, Instead Of 
series. thus qulring both links to open in order 
to actuata the ground detection circuit. 

PERSON 

Decrease po'siblity of receiving a 
false wemature ignition signal. 

Design changa to provide additlonal shielding on To reduce elertraxagnetic interfer 
Rcrote Dlgital Sub-uultiplexer (f@vI) input wires. ence p:cw~p on data inputs to RDSM 

Table B-2. S-IVB Significant Configuration Changes 

t@oificatlms to extand the coast capability of 
$-Iv%201 uem ilplantad. T&se cdlficatlms 
bring S-IVB-207 to the xr ConfiSwatim as 
S-IVb206 and S-iVR-2W. 

ms3N 

Nodlflcations extend the strge orbl- 
tal coast capability frue 4.5 to 
?.S hours. 

?ropulsion Increased size of purq! control valve vent llna fm Eliuinatc potential valva instability 
l/4 incll to 3/a Inch. during an nroency l ccwlator 

shutd;rm. 

Installed lw crlsslvlty surfaces betrm fomard /zr---; if:::~~:~:.. ~~~~~1 
Ptwellant Utll~zatlon (W) sysUm Internal 
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Table B-3. IU Sfgnificant Configuration Chmges 
__ 

SYSTEM 

StNctures 

Elcctrlcrl 

Envl-ntbl 
ContNl 

flight Progrr 

Boost. Marl- 
galon. Md 
6uldWW 

1ntcrmpt 
ProwSIng 

TcleQtrY 

&NSSlon 

Subllmator exhaust wrt cllilnrtcd. 

P-10 3,s supply panel mounted at Location lb. 

Ixprrlmnt power was Pnwldcd frm the 6D3O 
battery throuqh the 6031 bus by the addition 
of pn crperlmnt distributor and associated 
cabling. 

lhe following ccqomnts were rddvd: 

0 ASAP Intcrfbcc Unlt 6D3AB3 

0 WAS tkquter Interfrce Unit 6OWJ4 

0 ISAP Ica9 AsslNly EmA 

0 ASA? DC-DC Convcrtbr 6Dw6 

0 A5AP Tap Rcco-dcr 603M7 

0 Frper!*nt Control 6DM6 
Dlstrlbutor 

0 S-150 X-Ray Sensor UIIt 6D3M2 

0 Signal Condltlomr kse&ly 6OlA679 

The fcllainS conpmcnt was uwd: 

0 C-bnd Tr.nsponbcr 6OW35 
mvcd from panel 23 to 

Tk f01la1ng ccqonents *cn? dclcted: 
l 

0 Rcbsurlng Rut 6D2MD5 

0 Measuring Rack 60&06 

Rtchwmllzrtlon of masumts to minlmlZe cross- 
talk be-n Ze volt and 5 volt rbw-tS. 

Eblirtor vest baffles Mded. 

P-10 grs supply systm added. 

The nccclcrcrtcr bbctup thrust mlsrllgrmt 
calculations we rcfercmcd to 13 IllSted of a 
filed time after TO.  

&wing I6M. If an rccclcmter frllure Is de- 
tected, tie next cm caqutbtlons of steering 
n lsrllprrnt corrtctlon (SK) ul11 be Inhibited. 

If no blt Is wt In the lnlcrrrqt Storage 
mglster (ISR) Ir 12 ~111 not k processed. 

If teqorbry loss of control (TLC) pccws during 
1: .RrNpt prtxessing. Ml 11 and Il(T 12 will bc 
reschcdulcd. 

Delete newfoundland statim. 

R&et E!ts 1 l d 19 of It 27 at 15. 

PA S-150 trblc. 

mAsal 

?he port was prcvlously covered 
with a bolted on cover plate. 

Rqalred for S-150 :xpvrimt. 

kgulrcd for S-150 cxprlrent 

Wired for S-150 cxprimt. 

Exess. (Once used for deleted 
M-415 rxgdmt) 

Provldc nolsr rttenuatlan farlVDA. 
swltcll SClHtor an4 control signal 
pmcessor~sv-ts. 

lo prwmlt line of slghtl~l~- 
mt  of s~&l1utorwtrr vapor 
cxhrust on the s-150 caperimt 
psscdly. 

(*pulrrd for S-150 prprlmt. 

This chbngrIq~*cs rccelcrol~r 
bbCtup thNSt IliSbll$W-“t CblCU:b- 
tloas for ,nm-mlnbl S-16 burn. 

lo InsUN saoth guldMcc Eoqu- 
t4tions rfter m  rcalcrater 
frllure. 

To prevent porslblc loss of cad-01. 

TO  provent possible loss of control. 

Not active this fllght. 

Indlcrtes that all pending cruute 
alternate s-as l d/or t!xecutC 
gmrallzed mneu*cr UCS caunds 
have been cancelled. 

Required for S-150 crprlrnt. 
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Table 0-3. IU Significant Configuration Changes (Continued) 

SYSTEM 

Flight Program * 
(Conttnued) 

Ciscr:te 
Inputs 

S-150 Gaiactlc 
X-Ray Experiment 

CKARGE 

Stop checking for DI g at T4a or T5. 

DI 6 added. 

Mode Code 27 

0 Bit 6 indicates TQa initiated. 

z be acttvatcd after Taa~~ 

0 CCS camand 

0 DI 6 

Sequencing 

0 Alternate sequence T4a actlvrtes the 
experinent 

0 Alternate squence T4b ~111 Inltlate a dup 
of l xperlmt data stored on auxiliary 
storage and playback rocordor l LL.~ time It 
Is requested by DCS ~amnd after T4bw and 
before T5. 

0 Tllc cormlatlon alternate sequence Issued at 
14, etW.6 and every 18OD seconds thereafter 
until TS. 

0 Calibrate co#nd alternate squence l~sued at 
T4a +2096.6 and every 1800 seconds thereafter 
until 15. 

0 Redefine class 4 alternate squence logic to glvc 
internal priority to experiwt sequences and to 
alla, multiple class 4 squence to be pending. 

OrMtal Guidance 

0 kneuver the S-IVB/IU to the attitudes rewired 
to perform the l xperlnent. 

o Table 1 ad&d 'Process Input-Output’s 3034. 
3035. and 3031). 

0 Caqmss gl&al angle data and associated time 
every 4 secalds. 

0 Mlnlu capcblllty of 1500 srples. 

RCAUIl 

'3 eliminate single point fallurc 
IS a result of erroneous 01 9 
,fter spacecraft separatlon. 

ndtcates spacecraft separation 
nd activate Tla. 

:equlred for S-15-O erperlment. 
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