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MPR-SAT-FE- 66- 8

By

Saturn Flight Evaluation Working Group

George C. Marshall Space Flight Center

(U) ABSTRACT

This report presents the results of the Early Engineering Evaluation

of AS-2OI, the first of twelve Saturn IB vehicles to be flight tested.

The mission flown was an unmanned sub-orbital type Apollo mission.

Apollo Spacecraft 009 and Launch Vehicle SA-201 were launched from Cape

Kennedy's Launch Complex 34 at 1112 EST on February 26, 1966. After

3 hours and 27 minutes of countdown holds, the vehicle lifted off and

performed nearly nominal throughout the powered and coast phases of

flight. No major system malfunctions were evidenced, however, some
deviations were encountered and are discussed in detail within this text.

Any questions or comments pertaining to the information contained

in this report are invited and should be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working Group

R-AERO-F (Phone 876-4575)
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RESULTS OF THE FIRST SATURN IB LAUNCH VEHICLE TEST FLIGHT

AS-201

1.0 (C) FLIGHT TEST SUMMARY

Saturn IB space vehicle AS-201, first of the Saturn IB series

vehicles, was launched at 16:1201 UT on February 26, 1966. The flight

test was the first in a series of R&D test flights in which the primary

objective is to flight test and qualify the Saturn IB launch vehicles.

Other important objectives are qualification of the Apollo spacecraft .

and qualification of the launch vehicle - spacecraft physical and flight

compatibility.

AS-201 was successfully launched from Launch Complex (LC) 34 at

Cape Kennedy, Florida after being postponed three times due to weather

and a sub-cable failure. The launch terminal countdown proceeded satis-

factorily, but with several holds resulting in a total time lost during

countdown of 3 hrs 27 minutes. The major contributor to the countdown

holds was a S-IB GN 2 control pressure system replenishing problem which
was due to insufficient flow from the ground supply through a 0.160 cm

orifice when purges started on the vehicle at T-35 seconds. A bypass

for this orifice is planned for future flights to be activated for

replenishing after the spheres are initially pressurized.

The AS-201 vehicle was launched on an azimuth of i00 deg east of

north and rolled into the proper flight azimuth of 105 deg east of north.

The actual trajectory of AS-201 was very close to nominal; at S-IVB

cutoff altitude was 0.73 km higher and range was 31.0 km longer than

nominal. The space fixed total velocity was 8.0 m/s higher than nominal

at cutoff of the first stage and 0.5 m/s lower than nominal at S-IVB
cutoff.

The propulsion systems performed satisfactorily throughout flight.

Based on flight simulation data, the first stage thrust and specific

impulse were 0.06% lower and 0.28% higher than predicted, respectively.

The total flowrate was 0.34% lower than predicted and was the principal

contributor to a 0.89 sec later than predicted inboard engine cutoff.

The outboard engines were cut off 5.48 sec after the inboard engines,

0.37 sec later than predicted, caused by a premature activation of the

fuel depletion sensor in the sump of fuel tank F4. This was probably

due to localized voids (bubbles) in the propellant mass draining

through the sump during this terminal phase. Second stage average thrust

and specific impulse were 1.63% lower and 0.50% higher than predicted,

respectively. During the portion of flight with high mixture ratio,

the thrust was 0.1T_ lower than predicted and the specific impulse was

0.53% higher than predicted. During the portion of flight with reduced

mixture ratio, the thrust was 1.10% lower than predicted due to a

slightly incorrect reference mixture ratio command from the PU system

and the specific impulse was 0.48% higher than predicted.



The J-2 engine had a slightly longer thrust buildup time (3.6 sec

compared to 2.9 sec expected ) after start command. This has been

attributed to a colder environment around the engine than expected caus-

ing a slow opening of the main oxidizer valve. No serious consequences

resulted for this flight.

The scheduled mixture ratio change on the second stage occurred 14.2

sec earlier than predicted. The mixture ratio was cut back from 5.50:1

to 5.1:1; predicted reduced mixture ratio was 5.23:1. Because of' the

more rapid mixture ratio step change and lower thrust after cutback than

predicted, the second stage burn time was 9.8 sec longer than expected.

The LH 2 tank ullage pressure decayed much more rapdily after J-2
engine start than predicted, probably due to propellant sloshing. Mini-

mum pressure reached was about 24 N/cm 2 which was still well above the

required minimum.

Performance of the S-IVB auxiliary propulsion system was satisfactory

throughout flight. The average specific impulses for modules 1 and 2

were 237 and 250 sec, respectively. All APS firings were of satisfactory

frequency and duration. The total propellants consumed by the APS motors

was approximately 36% ofthe total loaded propellants. Only 5% of avail-

able propellants were required for roll control during S-I_-B powered

flight.

In general, performance of the guidnaee and control system was as

expected. The control system functioned properly with no excessive body

rates or instabilities. The maximum angle-of-attack observed was -3.5

deg in the yaw plane. Total wind speed encountered by the vehicle was

70 m/s at an altitude of 14 km corresponding to a flight time of approxi-

mately 80 seconds. The space fixed velocity at S-IVB cutoff as measured

by the guidance system was within 0.045 m/s of the preflight trajectory

value. The auxiliary propulsion system adequately corrected for roll

during the S-I'_-B stage powered flight and for pitch, yaw and roll during

the coast period. All maneuvers were adequately accomplished.

S-IB/S-IVB separation was accomplished as planned, and the sequence

executed within the desired time period. The S-IVB engine cleared the

interstage approximately 1.15 sec following separation command, 1.0 sec

after first motion. Separation transients were small and within design

requirements. Ullage and retro rocket performance was as expected.

S-l_-B/Spacecraft separation occurreH at approximately 845 seconds.

The separation system functioned satisfactorily and relatively small

transients were observed.

ml •
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The vehicle electrical system performed satisfactorily throughout

flight. All currents and voltages were within the operating specifica-
tions.

The launch vehicle Emergency Detection System (EDS) functioned

properly in that no false abort signals were generated. The three EDS

buses were energized properly. Automatic abort was enabled at liftoff

and deactivated prior to S-IB stage cutoff arming. The angular over-

rates did not cause an abort signal, and since there were no S-IB stage

engine failures the abort bus was not energized. However, noise was

sensed by the EDS angular rate sensors due to acoustic excitation which

approached the EDS limit in the pitch plane. At approximately 62 sec

of flight, an angular rate of -5 deg/s was experienced. The abort setting

for pitch and yaw, was within a band of 4.725 to 6.275 deg/s.

A structural analysis of AS-201 indicated that all structural com-

ponents performed satisfactorily. The vehicle load and bending moments

were considerably below the design values. The vibration and internal

acoustics were within their expected limits.

The pressure and thermal environment of this flight was about as

expected. The significant deviations noted were the lower than predicted

protuberance temperatures; a lower boundary layer temperature due to

cold LH 2 tank walls and possible mass injection into the boundary layer

from the frost buildup; and the presence of a strong oscillating shock

wave in the vicinity of the Instrument Unit.

The measurement evaluation on AS-201 revealed that 98.4% of the

1213 measurements, active at liftoff, performed satisfactorily. A total

of 20 measurements failed during flight. All RF systems performed

satisfactorily with the exception of the IU telemetry antenna breakdown

for approximately 24.3 sec at retro rocket burn and lack of continuous

coverage from ODOP and from downrange instrumentation sites on Azusa/
GLOTRAC.

Excellent film coverage was obtained from the cameras available at

launch. The first launch attempt which terminated at T-4 sec depleted

the film in 60 of the 75 engineering sequential cameras due to the

inability to stop the cameras after once started. Twelve cameras had

start-stop capability and provided good coverage. The remaining 3 cameras

had not quite depleted their film by launch time.

Excellent coverage was obtained from the tracking cameras. The

tracking film revealed that an unidentified, long slender object exhausted

out of the edge of the S-IB stage plume at 72 seconds.

The onboard cameras appeared to function satisfactorily and were jetti-

_ned as expected; however, the parachutes on both camera pods failed to

open. One camera was recovered and provided good coverage. The other
camera sank.

...,: _/--'=% ..,..,,.s.,.. _, ; i , "



2.0 (U) INTRODUCTION

This report presents the results of the Early Engineering Evalua-

tion of AS-201, the first Saturn IB launch vehicle flight tested. The

evaluation is centered around the performance of each major vehicle

system with special emphasis on malfunctions and deviations.

This report is published by the Saturn Flight Evaluation Working

Group which is composed of representatives of Marshall Space

Flight Center Laboratories, John F. Kennedy Space Center, and MSFCrs

prime contractors. Those making significant contributions to the
evaluation were:

George C. Marshall Space Flight Center

Research and Development Operations

Aero-Astrodynamics Laboratory

Astrionics Laboratory

Computation Laboratory

Propulsion and Vehicle Engineering Laboratory

John F. Kennedy Space Flight Center

Manned Space Flight Center

Chrysler Corporation Space Division

Douglas Aircraft Company

International Business Machine Corporation

Rocketdyne

This report represents the official MSFC position at this time.

This report will not be followed by a similar report unless continued

analysis and�or new evidence should prove the conclusions presented

herein partially or entirely wrong. Final stage evaluation reports

will, however, be published by the stage contractors. Reports covering

major systems and/or special subjects will be published as required.



3.0 (U) TEST OBJECTIVES

3.1 LAUNCH VEHICLE OBJECTIVES

The launch vehicle primary objectives were as follows:

I. Demonstrate structural integrity and compatibility of the

launch vehicle and spacecraft and determine launch loads.

Specifically:

(a) Demonstrate compatibility and structural integrity of

the Space Vehicle (SV) during S-IB stage power flight and confirm struc-

tural loads and dynamic characteristics - Achieved.

(b) Demonstrate structural integrity and compatibility of

S-IVB and space vehicle during powered phase and coast - Achieved.

2. Demonstrate separation of:

(a) S-IVB from S-IB - Achieved

(b) CSM from S-IVB/IU/SLA - Achieved

3. Verify operation of propulsion, guidance and control systems:

Specifically:

(a) Demonstrate S-IVB propulsion system including program

mixture ratio shift and determine system performance parameters - Achieved.

(b) Demonstrate S-IB propulsion system and evaluate subsystem

performance parameters - Achieved.

(c) Demonstrate Launch Vehicle Guidance System, achieve guidance

cutoff, and evaluate system accuracy - Achieved.

(d) Demonstrate LV control system during S-IVB powered phase,

S-IVB coast phase, and S-IB powered phase, and evaluate performance

characteristics - Achieved.

(e) Demonstrate LV sequencing system - Achieved



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

configuration - Achieved.

5. Demonstrate the mission support facilities required for launch,

mission operations and CM recovery - Achieved.

The launch vehicle secondary objectives were as follows:

i. Confirm LV powered flight external environment - Achieved.

2. Evaluate LV internal environment - Achieved.

3. Evaluate IU/S-IVB inflight thermal conditioning system - Achieved.

4. Demonstrate adequacy of S-IVB residual propellant venting

system - Achieved.

3.2 SPACECRAFT OBJECTIVES

The Spacecraft objectives for AS-201 were as follovs:

I. Demonstrate Separation of:

(a) LES and Boost Protective Cover from CSM/LV.

(b) CSM from S-IVB/IU/SLA

(c) CM from SM

2. Verify the operation of the following subsystems; CM heat

shield (adequacy for entry from low earth orbit); SPS (including restart);

ECS (pressure and temperature control); communications (partial);

CM RCS; SM RCS; SCS; ELS; EPS (partial).

3. Evaluate the CM heat shield at a heating rate of approximately

226.98 watts/cm 2 (200 Btu/ft2-s) during entry at approximately 8,500 m/s

(28,000 ft/s).



4.0 (U) TIMES OF EVENTS

4.1 SUMMARY OF EVENTS

Table 4-1 presents a summary of event times, obtained from per-

formance analysis of launch vehicle AS-201. The most significant

deviations from predicted shown in the table are IECO, Arm Mixture Ratio

Shift, and S-IVB cutoff. Cause of these time deviations are discussed

in detail in Sections 8.0, 9.0 and 12.0 of this report.

4.2 SEQUENCE OF EVENTS

Range zero was 16:1201UT and liftoff occurred at 16:1201.37 UT.

Guidance Reference Release (GRR) occurred at -5.038 sec range time

(time from range zero) and first motion occurred at 0.ii sec range time.

Switch selectors in the S-IB stage, S-IVB stage, and Instrument

Unit provided programmed event sequencing for the vehicle. The Launch

Vehicle Digital Computer (LVDC) provided programmed input to the appro-

priate switch selector. If a switch selector malfunction should occur,

a complement address would have been sent to the switch selector,

thereby providing redundancy. The analysis indicated that no outputs

:esulted from complement addresses to the s_itch selectors and the

operation _as normal.

An analysis of the PCM data from AS-201 was performed and all but

twelve of the command output times were verified. The twelve commands

were lost from telemetry during the separation of the S-IB/S-IVB because

of telemetry dropout. Also, the parallel PCM data verified the LVDC

data.

Table 4-11 lists all switch selector event times. The nominal

time bases were established as follows:

Liftoff = Time Base I = 0.37 sec

Low Level Sense = Time Base 2 = 139.75 sec

OECO = Time Base 3 = 146.94 sec

S-IVB CO Interrupt = Time Base 4 = 603.11 sec

All times discussed in this report will be referenced to range

zero unless specifically identified otherwise.



TABLE 4-I (U) EVENT TIMES SUMMARY

Range Time (sec)
Event Act_lal Act-Pred*

Start Pitch and Roll 11.20 0.89

Roll Disable 20,55 0.89

Tilt Arrest 134 39 -1.72

IECO 141.46 0.89

OECO [46.94 0.37

S-IB/S-IVB Separation 147 76 0.37

S-IVB Engine Start 149 35 0.37

LET Jettison 172 64 0.37

Start IGM 176 ii [.0

Enable Mixture Ratio Shift Detection 181.94 -90.0

(Guidance Computer)

Engine Mixture Ratio Change Detected 275.92 -49.19

(Guidnace Computer)

S-IVB Cutoff Signal (Guidance) 602.86 10.13

Start Pitch Over 613.95 11.24

Start S/C Separation Sequence 663.11 10.16

Achieved Separation Attitude 728.31 13.20

S/C Separation 844.9 [0.5

* Predicted Times as published in Ref. i.



TABLE 4-11

SA-201 SEQUENCE OF EVENTS

Function Stage Range Time Time Fm. Base Time Fm. Base

(see) (actual) (nominal)

Liftoff-Start of Time Base i (TI) @ 0.37 0.37 0.00 0.00

Auto-Abort Enable Relays Reset IU 5.39 5.02 5.02

Multiple Engine Cutoff Enable S-IB 10.38 i0.01 i0.03

S-IB Telemeter Calibrate On S-IB 25.38 25.01 25.01

Telemeter Calibrator In-Flight Calibrate IU 27.39 27.02 27.04

S-IB Telemeter Calibrate Off S-IB 30.38 30.01 30.03

Telemeter Calibrate Stop In-Fllght Calibrate IU 32.38 32.01 32.02

Tape Recorder On - Note i S-IB *39.38 39.01

Enable Launch Vehicle Engine EDS Cutoff IU 60.38 60.01 60.01

Flight Control Computer Switch Point [ IU 90.38 90.01 90.01

Telemeter Calibrate In-Flight Calibrate IU 90.58 90.21 90.22

Telemeter Calibrate Stop In-Flight Calibrate IU 95.59 95.22 95.23

S-IB Telemeter Calibrate On S-IB 120.20 119.83 119.82

Flight Control Computer Switch Point 2 IU 120.38 120.01 120,03
Control Accelerometer Power Off IU 120.58 120.21 120.21

S-IB Telemeter Calibrate Off S-IB 125.28 124.91 124.92

Special Calibration Relays On S-IVB 127,90 127.53 127.51

Regular Calibration Relays On S-]VB 128.09 127.72 127.72

Regular calibration Relays Ola S-lVB 132.48 132.11 132.13

Special Calibration Relays Off S-IVB 132.68 132.31 132.33

Excessive Rate (y,P or R) Auto-Abort Inhibit Enable IU 136.18 135.81 135.81

Excessive Rate (¥,P or R) Auto-Abort Inhibit IU 136.39 136.02 136.O1

S-IB Engine Out Auto-Abort Inhibit Enable IU 136.59 136.22 136.22

S-IB Engine Out Auto-Abort Inhibit IU 136,80 136.43 136.43

Enable Propellant Level Sensors S-IB 137.00 136_63 136.63

S-IB Propellant Sensors Actu_tion -

Start of Time Base 2 @ 139.75 139.75 0.O0 0.00

IU Tape Recorder On iu 140.07 0.32 0.32
Fast Record On S-IVB 141.17 1.42 1.42

Inboard Engine Cutoff S-IB 14i.46 ].71 1.71

Q-Ball Power off IU 143.46 3.7i 3.70
Cameras Start S-IB 143.67 3.92 3.90

Charge Ullage Ignition On S-IVB 144.65 4.90 4.92

Engine 250 Watt Instrument Heaters Off S-IVB 144.85 5.10 5.12

Engine 25 Watt Instrument Heaters On S-IVB 145.05 5.30 5.30
Prevalves Closed Off S-1VB 146.12 6.37 6.31

Fuel and LOX Depl_tion Cutoff Enable S-IB 146.45 6.70 6.72

Note I: Tile tape recorder on cormmand could not be verified in the LVDC dat:_, but was verified in the parallel

PC24 data. The loss of this command in the LVDC data is attributed to telemetry dropout.

*Estimated Time



TABLE 4-II (CONT)

SA-201 SEQUENCE OF EVENTS

Function Stage Range Time Time Pro. Base Time _i. Base C)

(see) (actual) (nominal) g

Start of Time Base 3 @ 146.94 [46.94 0.00 0.00

S-IB O_Ltboard Engine Cutoff S-IB 146.94 0.00 0.00

Fire Ullage Ignition On SqVB 147.52 0.58 0.61

S-!B/S-IVB Separation On - Note "2 S-IB "147.76 0.82

Flight Control Computer S-IVB Burn Mode On - Note 2 IU "147.96 1.03

Engine Cutoff Off - Note 2 8-1VB "148. 12 1.20

Engine Ready Bypass - Not(. 2 S-IVB ,148.32 1.40

Engine Start Interlock Bypass On - Note 2 S-IVB "148.52 1.61

Fuel Chilldown Pump Off - Not(! 2 S-IVB -148.72 1.83

LOX Chilldown pump Off - Note 2 S-IVB -148.92 2.00

Chilldown Shutoff Valves Closed On - Note' 2 S-IVB -149.12 2.20

Engine Start O_ - Note 2 S-IVB "149.135 2.41

EDS Arming of S-IVB Eng. Press. Switches - Note 2 IU "149.35 2.41

Engine Start Off - Note 2 S-IVB *149.g2 2.91

LOX Tank Flight Pressure System On - Note 2 S-IVB .150.17 3.20

Fuel Injection Temperature OK Bypass S-IVB 150.TU 3.43 3.40

Engine Burning 1 Relay On S-IVB 452.20 5.26 5.22

PU Activate On S-lVB 153.75 6.81 6.80

Engine Start Interlock Bypass off S-1VB 155.07 8.13 8.10

Emergency playback Enable On S-1VB 155.37 8.&3 8.40

Fast Record Off S-IVB 155.57 8.63 8.60

Charge Ullage Jettison On S-1VB 156.64 9.70 9.70

Fire Ullage Jettison On S-IVB 159.77 12.83 12.81

Water Coolant Valve Open 111 160.44 1'I,50 13,50

Ullage Charging Reset S-IVB 165.72 18.78 18.82

Ullage Firing Reset S-IVB 165.95 19.01 19.00

IU Tape Recorder off IU 166.94 20.00 20.01

Telemeter Calibrator In-Flight Calibrate IU 167.46 20.52 20.51

Emergency Playback Enable Off S-IVB 169.34 22.40 22.41
Telemeter Calibrator Stop In-Flight calibrate 1U 172.24 25.30 25.32

LET Jettison "A" [I} 172.44 25.50 25.53

LET Jettison "B" 111 172.64 25.70 i)5.70

Telemeter CalibraU)r In-Pli!_bt Calibrat(' 11] _50.67 203.73 203.71

Regular Calibration Relays On S-IVB 354.74 207.80 207.82

Telemeter Calibrator Stop In-Flight Calibrate 111 355.64 208,70 208.71

Regular Calibration Relays Off S-IVB 359.26 212.32 212.3I

Flight Control Computer Switch Point 3 IU D8.96 252.02 252.0l
Engine Burning 1 Relay Off S-1VB 449.57 302.43 302.41
Telemeter Calibrator In-Flight Calibrate 111 500.b5 353.71 _51.8(}

Telemeter ('alibrator Step In-Flight Calibrate IU 505.66 )58.72 _58.71

Point Level Sensor Arming S-TVB 581.02 /434.08 434.12

S-IVB Engine Cutoff (guidance) S-IVB 602.86 4%.92 .q45.79

Note 2: During tile separation of tile S-IB/S-IVB stages, t_ehe S_itch Sel('_tot Oc_nunands were lost title to

telemetry dropout.

*Estimated Time



TABLE 4-11 (CONC)

SA-201 SEQUENCE OF EVENTS

Function Stage Range Time Time Fm. Base Time Fm. Base

(see) (actual) (nominal)

Start of Time Base 4 @ 603.11 603.11 0.00 0.00

LOX Tank Flight Pressure System Off S-IVB 603 51 0.40 0.40

Prevalves closed On S-IVB 603 71 0.60 0.61

Coast Period On S-IVB 603 91 0.80 0o81

Engine 25 Watt Instrument Heaters Off S-IVB 604 ii 1.00 1.02

LH 2 Tank Vent Open On S-IVB 604 32 1.21 1.20
Engine Cutoff Off S-IVB 604 52 1.41 1.40

Point Level Sensor Disarming S-IVB 604 93 1.82 1.81

Range Safety System Off Enable S-IVB 605 Ii 2.00 2.02
PU Activate Off S-IVB 605 31 2.20 2.23

PU Inverter and DC Power Off S-IVB 605 71 2.60 2.60

Flight Control Computer S-IVB Burn Mode Off IU 608 ii 5.00 5.02
Auxiliary Hydraulic Pump Off S-IVB 608 32 5.21 5.20

Special Calibrate Relays On S-IVB 626 12 23.01 23.00

Regular Calibrate Relays On S-IVB 626 32 23.21 23.21

Regular calibrate Relays Off S-IVB 630 62 27.51 27.50

Special Calibrate Relays Off S-IVB 630 82 27.71 27.71

Telemeter Calibrator In-Flight Calibrate IU 645 31 42.20 43.22

Telemeter Calibrator Stop In-Flight Calibrate IU 651 33 48.22 48.20

LV/SC Separation Sequence Start IU 663 ii 60.00 60.00

LOX Tank Vent Open On S-IVB 693 ii 90.00 90.01

LOX Tank Vent Open Off S-IVB 723 ii 120o00 120.01

LH 2 Tank Vent Open Off S-IVB 723.31 120.20 120.22
LOX Tank Vent Boost Closed On S-IVB 726.11 12'3.00 123.01

LH 2 Tank Vent Boost Closed On S-IVB 726.32 123.21 123.23
LOX Tank Vent Boost Closed Off S-IVB 728.11 125.00 125.00

LH 2 Tank Vent Boost Closed Off S-IVB 728.32 125.21 125.21
Tape Recorder Playback On S-IVB 781.01 177.90 177.91

IU Tape Recorder Playback Reverse On IU 781.21 178.10 178.11

Tape Recorder Playback Off S-IVB 811.01 207.90 207.93

IU Tape Recorder Playback Reverse off IU 811.21 208.10 208.11

Telemeter Calibrator In-Flight Calibrate IU 946.07 342.96 343.22

Telemeter Calibrator Stop In-Flight Calibrate IU 951.32 348.21 348.23

Telemeter Calibrator In-Flight Calibrate IU 1576.32 973.21

Telemeter Calibrator Stop In-Flight Calibrate IU 1581.34 978.23
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5.0 (C) LAUNCH OPERATIONS

5.1 SUMMARY

Launch occurred at 1112 EST on February 26, 1966 from Pad 34 at

Cape Kennedy, under bright clear skies. The launch countdown proceeded

satisfactorily but with several holds due to relatively minor problems

resulting in a total time delay during countdown of 3 hrs 27 minutes.

All launch support equipment functioned satisfactorily to produce

a successful launch, although there were a number of problems encountered.
Corrective action has been initiated to repair or redesign, as appropriate,

and no problems are anticipated for future Saturn IB launches.

At the time of ignition and liftoff, temperature and vibration effects

were somewhat more severe than was experienced with the Saturn I vehicles.

A major power failure occurred at launch when a high voltage fuse

vibrated loose from the holder clips in the pad area substation. This

power failure affected Launch Complex 34, Launch Complex 37, the Converter

Compressor Facility (CCF), and several Eastern Test Range (ETR) areas

and lasted approximately 60 minutes. The power outage also caused loss

of water quenching systems which contributed to the general fire and

temperature damage.

There _as a substantial amount of miscellaneous damage to the pad

and auxiliary systems located on adjacent structures caused by the flames

and vibration. All damage can be easily repaired and adequate preventive
measures taken so that no serious problems are anticipated on future
Saturn IB launches.

5.2 PRELAUNCH MILESTONES

A chronological summary of events and preparations leading to the
launch of AS-201 is shown in Table 5-1.

5.3 COUNTDOWN

The launch countdown for AS-201 began on Sunday, February 20, at

2400 hours, at T-52 hours and 30 minutes. The count proceeded _s planned
until held for weather and recycled to T-13 hours on February 22, at

1830 hours. The count was again delayed on February 23, due to weather

and sub-cable failure, for 24 hours. An additional 24 hour hold for

weather was called at 1715 hours on February 24. The weather during the

hold period was characterized by high winds, heavy overcast, low ceiling,
intermittent rains and high seas in the recovery area.

UNCLASSiFI _,



TABLE 5-1

AS-201 PRKLAUNCH MILESTONES

Date Event

August 14, 1965 S-IB stage arrived at KSC via barge and _as elf-loaded

and mo_'ed into }_angar AF on this daLe.

August [8, 1965 S-IB stage transported to Launch Complex 3_ and erected

on the pad. The stage _as used as a spa, er for S-IVB-F

propellant tanklngs Lo verify the LOX and LH 2 loading

systems.

Sept. 10, 1965 The forward bulkhead on fuel tank FI _ms reversed by

overpress,lr_zation during instr,lment compartment leak

tests.

Supt. 19, 1965 S-IVB stage _rr_ved _t _SC vin barge am3 _aS take_ to

hangar AF for inspection and modifications.

Sept. 28, 1965 S-IVB-F stage de-erected.

Sept. 29, 1965 Fuel Tank Pl of the S-IB stage _as e×chr_:_ged.

Oct. l, [965 S-IVB stage erected.

Oct. 20, 1965 IU arrived at KSC via barge and _as off-loaded and

transported to hangar AF on this l!ote.

Oct. 21, 1965 Initial power applied to the S-IB stag_, with interim

operating system programs for the RCA-110A computer.

Oct. 25, 1965 IU erected.

Oct 25, 1965 Command Mod. le 009 arrived at KSC.

Oct 26, 1965 Initial po_er applied to the S-IVB stage.

Oct 27, 1965 Service Module arrived at KSC.

Nov 10, 1965 Launch vehicle electrical mate nccomplished.

No_ 12, 1985 Primary RCA-IIOA computer operating tape affixed.

Nov 29, 1965 Cat.hand guidna_e and control system checkout co_un_nced.

Dec 26, 1965 Spacecraft erected.

Dec 27, 1965 CSM/SLA mating completed.

Dec 31, 1965 Exploding Bridge Wire (EBW) test completed.

Jan 5, 1966 Holddown arm qualification test completed.

Jan. 18, 1966 Launch Vehicle/Spacecraft electrical mate completed.

Jan. 2t, 1966 Flight Readiness Revie_ (FRR) completed.

Jan. 24, 1966 Umbilical-In overall test completed.

Jan. 24, 1966 LES mate and thrust vector alignment completed.

Jan 28, 1966 Space vehicle flight electrical mate completed.

Feb 2, 1966 Plugs out overall test completed.

Feb 8, 1966 Countdown demonstration test (dry) completed.

Feb 9, 1966 Countdown demonstration test (wet) completed.

Feb 12, 1966 Flight Readiness Test completed.

Feb 19, 1966 Commenced RP-I Tanking Operations

Feb 20, 1966 Launch Countdown for AS-20I began at 2400 hours this

date at T-52 hours and 30 minutes.

Feh. 25, 1966 Terminak countdown commenced.

Feb. 26, 1966 LAUNCH . _I _ - _ : :
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Terminal countdown began at 1715 hours, on February 25, at T-780
minutes. Launch occurred at 1112 EST, 3 hrs and 27 minutes later than

scheduled. Table 5-II is a summary of the terminal countdown showing

the major problems encountered and the resulting delay time.

5.4 PROPELLANT AND COLD HELIUM LOADING

5.4.1 RP-I LOADING

Loading of RP-I commenced at 1420 hours on February 19, 1966.
Manual slow fill was initiated at a rate of 0.015 m3/s (240 gpm). At

46% mass readout, the loading rate was increased to 0.076 m3/s (1200 gpm).
At a mass readout of 95%, the manual slow fill operation was secured.

The Propellant Tanking Computer System (PTCS) was then programmed to a

S-IB tank ullage of 1.75% (corresponding to thumbwheel setting of 0.9010

for a pressure of 12.5 N/cm 2 gauge (18.14 psig). Automatic slow fill to

complete loading to 100% was attempted, but could not be accomplished as

liquid sensor 2 indicated dry, preventing an automatic slow fill standby
indication. Therefore, an automatic replenish sequence was initiated to

complete RP-I loading. The RP-I overfill sensor picked up at 100% mass

readout which automatically terminated the replenish sequence. As the

programmed 1.757o ullage is within 1.27 cm (0.5 in) of the RP-I overfill

sensor levels, this was considered a satisfactory termination of RP-I

loading. The PTCS was reprogrammed to a pressure of 12.476 N/cm 2 differ-

ential (18.095 psid) which was equivalent to a 2.0% ullage, and an
automatic level adjust drain was initiated to drain the vehicle to a

2.0% ullage and verify PTCS operation. The PTCS satisfactorily controlled

the automatic level adjust drain. The RP-I loading was completed at
1715 hours.

The RP-I tanks were replenished at 0645 EST on February 26, 1966. To

obtain flight mass requirement, a 2.0% ullage was used due to an increase

in density from low bulk temperature. The vehicle tanks were level

adjusted at T-If minutes in the countdown to required flight mass. Due

to holds, and declining temperature gradient during holds, the tanks were
again replenished to 2.0% ullages. The RP-I automatic replenish sequence

had to be reinitiated twice due to cutoff by the overfill sensor. Pickup

of the overfill sensor is attributed to gas bubbles being forced into

the RP-I tanks. The problem is in the RP-I transfer air release system.

Replenishing of the tanks during holds, required that another level adjust

drain be performed during countdown from the first T-15 recycle.
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TABLE 5-II

COUNTDOWN SUMMARY

One hour built-in hold at T-30 was utilized as follows:

Countdown Hold Time

Time (min_ Cause

T-266 min 30 Work caused by Apollo access arm problem*

T-90 min 30 To catch up on work caused by helium

regulator problem (GSE)**

Lost Time Due to unscheduled holds and recycle was as follows:

Countdown Lost Time

Time (min) Cause

T-30 min 78 Hold to complete spacecraft closeout

T-4 sec 73 Hold due to low nitrogen control pressure

in S-IB Stage ***

15 Recycle to T-15 min in countdown

T-5 min & 31 Hold for additional assessment of

34 sec nitrogen control pressure and special

test of control pressure system

i0 Recycle to T-15 min in countdown

Total 207 minutes

Lost Time

Notes: *See Section 5.6.5

**See Section 5.6.6

***See Section 5.6.7
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The S-IB RP-I parameters at final reading prior to ignition were:

Thumbwheel setting 0.9046

Delta pressure 12.519 N/cm 2 differential

(18.159 psid)

Mass readout (auto) 99.74%

Mass readout (manual) 99.68%

Mass 129,489.3 kg

(285,475 ibm)

Average temperature 280.3°K

Average density 815.18 kg/m 3

(50.89 ib/ft 3)

Malfunctions: The only anomaly associated with the RP-I system was

the pickup of the overfill sensor and corresponding high PTCS readout

when mast purge came on after adjust level drain.

Corrective Action: Design action has been initiated to replace the

existing 5.08 cm (2 in) air release valve with a 10.16 cm (4 in) air
release valve identical to that installed at Launch Complex 37. Modifi-

cations are being contemplated to prevent issuance of any propellant

tank computer system discrete signals during terminal count and/or after

liftoff.

5.4.2 LOX LOADING

The S-IB IX)X fill command to 22% was initiated at T-6 hours. Revert

occurred at 22% after a total elapsed time of 22 minutes and 34 seconds.

S-IB main fill was at a rate of approximately 0.057 m3/s (900 gpm).

After replenish was initiated, the flow through the main fill valve was

_.056 m3/s (890 gpm) and through the replenish valve was 0.006 m3/s

(i00 gpm). LOX fill command to 100% was initiated at T-4:42:48. At this

time the stage contained 42.2% of the LOX load. Flow rate after pump

command was 0.177 m3/s (2800 gpm). After replenish pre-cool, main fill

was 0.173 m3/s (2750 gpm) and replenish was 0.008 m3/s (120 gpm). The

eight minute timer, which was initiated at 50%, timed out at 86%. Stop
fast fill at: 95% occurred 18 minutes and 20 sec after fill command. The

system was then set up for manual replenish, and fill command to the

S-IVB stage was initiated. The S-IVB stage was loaded at a rate of

0.057 m3/s (900 gpm) and in a total elapsed time of 35 minutes and 7 sec

was filled to 99%.

UNCL_A ....
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At T-00:02:43, the computer indicated 99.99% for the S-IB stage

and 100.20% for the S-IVB stage.

Materials consumed: 505.35 m3 (133,500 gallons) of LOX were con-

sumed in loading the S-IB and S-IVB stages prior to launch. In order

to provide the necessary quantities during countdown plus adequate

reserves, it was necessary to replenish the storage tanks.

System Performance: LOX system performance _as satisfactory;

however, a number of changes are being incorporated which will improve

the overall performance.

Modifications are being considered to prevent issuance of any PTCS

discrete signals during terminal count and/or after liftoff.

5.4.] LH 2 LOADING

The LH 2 system performance was nominal for this launch. No leaks
were detected and all automatic sequences were accomplished. One item

of concern was the difficulty in maintainin$ the LH 2 storage tank pres-
sure. When the liquid level reached 94.6 m_ (25,000 gallons), it was

impossible to repressurize the tank. The final pressure at launch was

33.1N/cm 2 gauge (48 psig) as compared to normal system pressure of

44.8 N/cm 2 gauge (65 psig). This problem is under investigation.

Modifications are being considered to prevent any PTCS discrete

signals during terminal count and/or liftoff.

Materials consumed: Approximately 408.8 m3 (108,000 gallons) of

LH 2 were consumed for this mission.

5.4.4 COLD HELIUM LOADING

Prior to the initiation of LH 2 loading, the cold helium spheres
were pre-pressurized to 483 N/cm 2 (700 psi) from the Ground Support
Equipment (GSE) cold gas system to prevent them from collapsing as they

cooled during the initial par_ of LH 2 loading. Cold helium loading
was initiated when the LH 2 92% mass level was achieve_. The sphere
pressure was increased to and maintained at 2068 N/cm _ (3,000 psi). A

temperature of 277°K,at a pressure of 2068 N/cm 2 (3,000 psi), was reached

1,500 sec after the start of cold helium loading. At liftoff the spheres

were charged to 2068 N/cm 2 (3,000 psi) at 216°K.

U NCLASSI
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5.4.5 AUXILIARY PROPULSION SYSTEM PROPELI_NT LOADING

The Auxiliary Propulsion System (APS) was loaded with fuel

and oxidizer on February 20, 1966 for the APS confidence firing. Pro-

pellants were not unloaded, but were maintained in the tanks under a

blanket pressure until the launch.

During oxidizer loading, the bellows extension (fill) rate for

both modules i and 2 was 3.81 em/min (1.5 in/min). The tanks were

loaded to 24.9 and 25.0 cm (9.8 and 9.85 in), respectively. Fuel was

loaded at 3.81 cm/min (1.5 in/min) to a bellows extension of 24.9 cm

(9.8 in) for both modules.

5.4.6 S-IB STAGE PROPELLANT LOAD

S-IB-I loading system is similar to that used for the first stage

of the Saturn I Block II vehicles. Notable exceptions are the use of

new loading computers in the GSE, and the determination of the fuel

density from temperature measurements in each tank rather than the

pressure difference between fixed probes in one tank.

The load required at ignition and the reconstructed load are shown
in Table 5-III. The reconstructed load _as determined from telemetered

probe data in conjunction with the Mark IV computer program propulsion
simulation reconstruction.

The values shown for the load required at ignition are the LOX and

fuel weight prescribed by the loading table for the fuel density of

815.18 kg/m 3 (50.89 Ib/ft 3) determined just prior to ignition. The

reconstructed load _as based on discrete probe data, _Jith consideration

given to the effect of the ambient conditions on propellant density, and

tank volumetric changes due to dynamic conditions. The reconstructed

load shows good agreement with the loads required for the fuel density

at ignition, with a total off-load of 214 kg (472 Ibm). The KSC loads

are based on the percent mass readout from the loading computers. The

computer output was last recorded at T-460 seconds. At this time,

the percent mass readout indicated that LOX was loaded to 99.99% and

fuel to 99.68% of the desired load. This represents a total off-load

of 443 kg (976 ibm), which shows good agreement _ith the reconstructed

load. The fuel manometer delta P and the mass read-out show good agree-

ments, but such is not the case for the LOX. The delta P manometer

indicated 635 kg (1400 ibm) less LOX than the mass readout at T-7 minutes

and 40 seconds. During LOX replenishment, earlier in the countdown,

computer readings sho_ed good agreement between manometer delta P and

percent mass readout, with indicated LOX load near that required. The

percent mass readout was used for comparison _ith the reconstruction

as it is felt that it more accurately reflects the true case.
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TABLE 5-111 >

(C) AS-201 S-Ig STAGE PROPELLANT WEIGHTS AT IGNITION CON_ND

Weight Requir_ents Weight Indications Weight Deviations

Propella,t LaunchPred'Prior(I) to Ignition(2) KSCRead.outMass LoadRec°nstructed(3)KSCignitionMaSSReadout-(_) Reconstructed-_gn.(_) Reconstructed-Pred.(_) _i
LOX (kg) 286,078. 9 286_078.9 286,050.3 286,015.8 -28.6 -63.1 -63.I "_"

(Ibm) 630,696 630,696 630,633 630,557 -63 -0.01 -139 -0.02 -139 -0.02 _'--_'_

Fuel (kg) 127,974.7 129,489.3 129,075.2 129,338.2 -414.1 -15hl 1,363.5

(ibm) 282,136 285,475 284,562 285,142 -913 -0.32 -333 -0.12 3,006 1.07 Lj
Total (kg) 414,053.6 415,568.2 415,125.5 415,354.0 -442.7 -214.2 1,300.4

(ibm) 912,832 916,171 915,195 915,699 -976 -0.ll -472 -0.05 2,867 0.31

(I) predicted propellant weights were based on a LOx density of i129,62 kg/m 3 (70.52 Ibm/ft 3) and a fuel density of 810.05 kg/m 3 (50.57 ibm/ft 3)

C.J0 (2) Propellant weights required at ignition were based on a LOx density of l127.8_kg/m 3 (70.41 Ibm/ft 3) and a fuel density of 815.18 kg/m 3 (50.89 ibm/ft 3)
determined immediately prior tO launch.

i73] (3) Best estimate of actual load.

J
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5.4.7 S-IVB STAGE PROPELLANT LOAD

Table 5-1V presents the S-IVB propellant load at S-IB ignition

command. The best estimate includes loading determined from the PU

system, level sensors, engine analysis and trajectory reconstruction.

5.5 NOLDDOWN

Hazardous Monitoring: No fire alarms or indications of gas concen-

trations were recorded before or after fueling operations prior to liftoff.

Both GH 2 and LH 2 propellant systems appeared to be exceptionally tight.

5.6 GROUND SUPPORT EQUIPMENT

5.6.1 ACTIVE GROUND SUPPORT EQUIPMENT

All active ground support equipment systems performed as designed

to achieve a successful launch. Some systems will require minor modifi-

cations to correct deficiencies.

The postlaunch evaluation of the active ground support equipment

system revealed that refurbishment of these systems can be made with a

minimum amount of delay. The GSE will not pace the launch of AS-202.

The launcher, engine service platform, holddown arms, firing accessories,

environmental control system and pneumatic distribution system all sus-

tained some damage. The loss of water on the launch just after liftoff

was one of the major contributors to the damage incurred. During liftoff,

the exhaust blast was deflected along the deck at the 8.2 m (27 ft) level

of the umbilical tower and _as directed against the vertical cable run

causing considerable damage. Details of the incurred damage are described

in more detail in the following paragraphs.

Damage to the propellant systems (RP-I, LOX and LH2) was quite minor.
The RP-I transfer reset was rotated due to whip action of the mast flex

hose at liftoff. All pneumatic valves, relief valves and piping about

the LOX shutoff valves to the 8.2 m (27 ft) level will be removed, cleaned,

and replaced. Some 17 mineral insulation (MI) cables will be replaced

along with facility cable. Burst discs on the dresser couplings (LH 2

mainfill line) uill be replaced as will blown transducers. To_er LH 2

vent line supports _ill be repaired.

The pneumatic system on and around the launcher received considerable

damage. The fuel and LOX mast retract solenoid, boxer solenoids, and

tubing, and the 34.5 N/cm 2 (50 psi) launcher purge line around the out-

side of the Torus area _ill be replaced. All pneumatic tubing on the

launcher must be thoroughly checked out. The doors of Valve Panel 4

were blown open by the engine blast. These panel doors will be repaired.

} f ." i
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Weight Requirements Weight IndicatLons Weight Deviations

Propellant Pred. Prior I Ignition Loading Best Loading System- _est Estimate- Best Estimate-

to Launch I System Estimate Ignition (%) Ignition (%) Pred. (%)

LOX (kg) 87,464.4 87,429.9 87,398.2 87,302.5 -31.7 -127.4 -161.9

(ibm) 192,826 192,750 192,680 192,469 -70 -0.04 -281 -0.15 -357 -0.19

Fuel (kg) 16,906.3 16,914.0 16,851.8 16,953.4 -62.2 39.4 47.1

(Ibm) 37,272 37,289 37,152 37,376 -137 -0.37 87 0.23 104 0.28

Total (kg) 104,370.7 104,343.9 104,250.0 104,255.9 -93,9 -88.0 -114.8

(ibm) 230,098 230,039 229,832 229,845 -207 -0.09 -194 -0.08 -253 -0.ii b ....

Fq

t-J
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The Environmental Control System (ECS) building received minor

damage _hen one wall was dislodged. Vibration during launch caused

damage to serveral Johnson Controllers, however most of the damaged

controllers are repairable.

The swing arms experienced no damage, however, the air conditioning

ducts on swing arms i, 2 and 3 did receive minor damage.

Several of the firing accessories received heavy damage. The Q-Ball

cover and the cover inflator flexible hose were damaged beyond repair

on impact with the umbilical tower and _¢ilI require replacement. The

fuel mast damage was moderate to heavy. The lower pipe weldment _as

buckled near the top and the blast removed the control box from its mounts.

The only damage to the LOX line was the loss of expansion joints and

both short cable masts were damaged in the flex lines. The LOX replenish

system will be replaced. The ECS and boattail quench control and feed-

back mineral insulation (MI) cables were damaged by heat and vibration.

Damage to the MI cables was extensive enough to cause possible failure

of circuits. Twelve hard run cables were replaced, but jackets on the

remaining cables are to be repaired.

Damage to the launcher water system and the control system cabling

was extensive. All boattail quench valves were burned to various extents

and several to_er ring nozzles were damaged.

5.6.2 FACILITIES AND STRUCTURE

The complex facilities all performed normally. There was no mal-

function of any critical equipment during the prelaunch countdown to

liftoff. The industrial power failure a few seconds after liftoff was

the only failure noted. The industrial po_er outage occurred when high

voltage fuses vibrated loose from their holder clips in the pad area

substation. All three fuses were found lying in the bottom of the

cabinet. The resulting condition caused a cable failure external to

the complex. Complete loss of industrial power in Complex 34, Complex

37, the Converter Compressor Facility (CCF), and several ETR areas that

were supporting the launch occurred. It required approximately eight

hours to clean the pad area and restore power, however industrial power

was restored to other areas within an hour. Corrective action is being

taken to eliminate the recurrence of this type power loss.

5.6.3 ELECTRICAL SUPPORT EQUIPMENT

The integration Electrical Support Equipment (ESE) overall performance

was satisfactory throughout the entire countdown and launch except for
one malfunction that occurred at T-9 hours 15 minutes. Voltage + 4D310

became erratic and it was determined that a pin jack (JI8/D) was faulty

due to a jumper that had been installed. Corrective action has been

taken to eliminate this problem area.
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5.6.4 GROUND COMPUTER

The launch computer systems functioned satisfactorily through the

launch countdown of AS-201, with the exception of two malfunctions.

I. The Launch Control Center (LCC) Computer dc power failed. The

exact cause of this power failure could not be determined due to the

lack of monitoring circuitry. This malfunction caused a loss of computer

service of approximately 50 minutes which included power up and acceptance

test and required that both the Automatic Ground Control Station (AGCS)

and Blockhouse computers be reinitialized.

2. A positive high voltage power supply failed in Display Console 6.

This failure, however, did not cause any problems as it was not required

during the countdown.

5.6.5 APOLLO ACCESS ARM

Mating of the environmental chamber to the spacecraft, at approxi-

mately T-9 hours, required disabling of the Adapter Positioning Device
(APD) Centered signal. This was accomplished by physically displacing

the APD. Subsequently the APD inadvertently returned to a centered

position and electrically permitted a partial mating to occur. From

this configuration_ it was necessary to manually retract from the space-
craft by applying pneumatic pressure directly to the individual pneumatic

cylinders. After completion of the manual backout, it was noted that

the "Hooks Open" signal was not being received_ even though the hooks

were physically open. This was due to the "Left Hook Open" limit switch

being out of adjustment. This switch was adjusted and two successful

automatic mating-demating sequences were performed with the chamber left
in the mated condition.

During the retraction of the Apollo Arm at T-30 minutes, the "Left

Hook Open" limit switch again failed to close. This faulted the retrac-

tion sequence. In order to continue, the "Hooks Open" signal was

jumpered (after visual verification of "Hooks Open") into the logic

circuit and the retraction sequence reinitiated. The retraction cycle

then went to proper completion.

5.6.6 PNEUMATIC DISTRIBUTION

During the performance of procedure CSD-E-8019, Pneumatic Launch

Preparations, the Helium number 2 system malfunctioned, in that the

4137 N/cm 2 (6000 psi) inlet pressure leaked through the APCO regulators

into the 2068 N/cm 2 (3000 psi) outlet pressure_ causing the pressure on

the Pressure Control Device (PCD) He panel manifold to increase to

2344 N/cm 2 gauge (3400 psig). After determining that the number 2 system

was causing the manifold pressure increase, it was brought back to zero
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pressure and secured. Launch was supported by the number i helium

system without any further problems.

Examination of the APCO regulators revealed a bubble in the rubber

coating on the diaphragm plate that prevented proper seating of the stem.

This was the second occurrence of this problem in the helium systems,

however APCO regulators in GN 2 systems have no record of similar mal-
functions.

Corrective Action: The APCO regulators were removed from the

system and reworked. Regulators with new diaphragms were installed

Recommendations are being prepared to change the helium systems APCO

regulators to Grove regulators.

Potential Problem Areas: The only potential problem area, the LOX

Dome Purge Bypass System, is being redesigned for AS-202 and subs. This

system's flow rate was low, requiring a waiver of the vehicle flow

requirements for AS-20I. AS-201 launch was not affected.

5.6.7 S-IB GN 2 CONTROL PRESSURE PROBLEM

The launch holds and countdown recycling resulted from the problem

with the ground holds system which supplies GN 2 for purges of engine

injectors and the flight system which supplies GN 2 to actuate S-IB stage
valves, purge calorimeters, pressurize the engine gear boxes and purge

the LOX seal area of the engine turbopump. This system is shown in Figure

5-1. The high pressure storage sphere is filled from a ground source

with the pressure being maintained from the ground source until liftoff.

Initial pressure was 2103 N/em 2 (3050 psi).

At T-35 sec the high flo_rate purges to the LOX dome and the thrust

chamber fuel injector manifold were started. At T-28 sec the pneumatic

controls and calorimeter purges were started. By power transfer (T-10

sec) the pressure in the high pressure spheres had decreased to approxi-

mately 1999 N/cm 2 (2900 psi) instead of the normal 2068 N/cm 2 (3000 psi).

By T-4 sec the pressure in the high pressure sphere had dropped below

the redline value of 1951N/cm 2 (2830 psi) and automatic cutoff was

initiated by a pressure switch.

After discussions it was decided that the high flow rate ground

purges (to fuel and LOX dome) were starving the ground manifold, thus

preventing it from maintaining pressure in the flight sphere. The

pressure regulator of the GNo ground source was reset from 2103 to

2172 N/cm 2 (3050 to 3150 psi_ to provide increased flow and pressure.

The countdown was recycled and at T-5 minutes, stage system engineers

requested a hold. Quick calculations indicated that if the high rate

of flight sphere pressure decrease were the result of excessive purge
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flow or leakage in the flight system, a liftoff sphere pressure of

1999 N/cm 2 (2900 psi) might not he sufficient to maintain the 689 N/cm 2

(I000 psi) required to pressurize gear boxes, purge seals, and operate

LOX and fuel pre-valves, at stage burnout. Stage engineers recommended

that the calorimeter purges be cut off to reduce demand'. It was quickly

determined that the launch window would expire before the estimated

2 hours of disconnect work could be completed. The recommendation to

scrub was made at this time. Launch crew engineers then devised and

suggested a test of the flight system to check the actual GN 2 flow

requirement of the vehicle control and purge systems during a simulated
flight. This procedure was concurred in by stage engineers and the

countdown was restarted at T-15 minutes, pending results of this test.

The test consisted of shutting off the ground supply at a simulated

liftoff and running all flight system purges and controls for a 150 sec

simulated flight. From this test it was determined that a liftoff

pressure of 1993 N/cm 2 (2890 psi) in _he flight sphere provided by a
ground regulator setting of 2172 N/cm (3150 psi), resulted in at least

896 N/cm 2 (1300 psi) in the sphere at the end of the simulated S-IB

stage flight. These test data were confirmed with calculations by the

stage engineers who concurred in continuing the count.

The countdown and launch were then successfully completed, with
no change in sequencing required since the flight sphere pressure was

above the pressure switch dropo_ point of 1951N/cm 2 (2830 psi) at

liftoff. Telemetered flight data confirmed a residual pressure in the

sphere of 896 N/cm 2 (1300 psi) at S-IB cutoff.

It has been determined that the low pressure reading was caused by

slow replenishing rate due to limited flow through the 0.160 cm (0.063 in)

orifice, shown in Figure 5-1. To avoid recurrence of this problem, a

bypass line around the filling orifice will be installed and used during

GN 2 replenishing and the initial sphere pressure will be increased to
2172 N/cm 2 (3150 psi) for future flights.

5.6.8 DIGITAL DATA ACQUISITION SYST_

The Digital Data Acquisition System (DDAS) station performed satis-

factorily during countdown and launch, but with a few minor problems

resulting in minimal, if any, loss of data. During RF switchover, the

output signal of the S-IB Line Receiver was distorted, which resulted in

dropping sync after liftoff. This system is currently being redesigned
to eliminate this problem.

I
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5.7 LAUNCH FACILITY MEASUREMENTS

The data obtained by the facilities measurement systems (Digital

Recording System, Vibration Data Acquisition Systems, and Strip Chart

displays) was of high quality, and sufficient in quantity. A total of

232 facility and environmental measurements were recorded. All except

one were performing properly at liftoff. The recording systems in the

AGCS were not adversely affected by launch, and recorded valid data

during ignition, holddown and liftoff.

The acoustic measurement system was essentially the same as used

during the Saturn I program at LC 34. A new pre-amplifier was employed

to reduce the data dropout from pyroelectric effect. Data was obtained

from 42 of 45 stations and revealed that the RMS sound pressure levels

on Complex 34 were from 2 to 8 db higher than levels recorded at the

same location during the Saturn I launches. The far field stations

did not indicate a significant change from Saturn I levels.
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6.0 (C) MASS CHARACTERISTICS

6.1 SL_4_,ARY

Postflight analysis indicated that the vehicle weights were higher

throughtout S-IB powered flight than predicted. Weight deviations

ranged from 1,144.9 kg (2,524 ibm) at first motion to 1,076.4 kg (2,373 Ibm)

at S-IB/S-IVB separation, and were primarily attributed to approximately

1,360 kg (3,000 Ibm) more fuel (RP-I) tanked in the S-IB stage. Vehicle

longitudinal center of gravity was aft of the predicted value throughout

S-IB powered flight, and mass moments of inertia were slightly higher

than predicted primarily due to the increased propellant load in the S-IB

stage. The vehicle was approximately 180 kg (400 Ibm) lighter than

predicted at S-IVB ignition, and approximately 136 kg (300 lbm) lighter
at S-IVB first motion.

6.2 MASS ANALYSIS

Postflight mass characteristics are compared to the final predicted

mass characteristics (Ref. 2) which were used in determination of the

final predicted trajectory (Ref. I ). The postflight mass characteristics

were determined from an analysis of all available actual and reconstructed

data from ground ignition through spacecraft separation. Dry weights of

the S-IB stage, S-IB/S-IVB interstage, S-IVB stage, and vehicle Instru-

ment Unit were based on an evaluation of the Weight and Balance Log

Books (MSFC Form 998). Spacecraft mass characteristics were obtained

from MSC. S-IB stage propellant loading and utilization was taken from

the Mark IV propulsion simulation reconstruction. S-IVB stage propellant

loading and utilization was taken from the postflight propulsion eval-

uation by DAC. Propellant loading was within the specified tolerance.

The postflight dry weights were within the predicted three sigma

deviations. The MSFC/MSC interface weight (weight above the vehicle

instrument unit, excluding the LES) was only 43.5 kg (96 Ibm) high. At

first motion the vehicle weight was determined to be 592,684.6 kg

(1,306,646 ibm), which was 1,144.8 kg (2,524 Ibm) higher than predicted.

This increase is primarily due to the S-IB stage total propellant loading

being 1,303.2 kg (2,873 ibm) more than anticipated in the predicted

document by 1,363.5 kg (3,006 Ibm) more RP-I and 60.3 kg (133 Ibm) less

LOX. This additional fuel weight was required to compensate for the fuel

bulk temperature which was colder than anticipated due to the lower

ambient temperature and long hold time. The vehicle weight at outboard

engine cutoff signal was 189,733.1 kg (418,290 ibm) and at separation

189,011.4 kg (416,699 Ibm). The vehicle weight at S-IB/S-IVB separation

was 1,076.4 kg (2,373 ibm) more than predicted which was directly

attributable to higher S-IB propellant residuals. The vehicle weight

U NCLASS! c-:_
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at S-IVB ignition was 137,963.7 kg (304,158 ibm) which was 187.8 kg

(414 Ibm) less than predicted. Weight at $-IVB cutoff was 33,533.1 kg

(73,928 Ibm) being 141.1 kg (311 Ibm) less than predicted.

The vehicle mass history is presented in Table 6-1. A vehicle

flight sequence mass summary is presented in Table 6-11. Graphical

representations are illustrated in Figures 6-1 and 6-2.

6.3 CENTER OF GRAVITY ANDMOMENT OF INERTIA ANALYSIS

The vehicle longitudinal center of gravity was slightly aft of the

predicted value at ground ignition and approximately 0.152 m (6 in) aft

at separation. These devotions were mainly caused by the additional

S-IB propellant mass located aft of the predicted center of gravity. As

S-IB stage propellants were consumed, the combination of this additional

mass moving to a lower position on the vehicle and the decreasing

vehicle weight result in a progressively greater deviation between the

actual and predicted centers of gravity.

Mass moments of inertia of the vehicle during S-IB powered flight

were slightly higher than predicted values. Deviations of 0.5% in roll

and 1.3% in pitch and yaw were noted at separation. These deviations

were primarily a result of the additional S-IB propellant mass.

The center of gravity and mass moments of inertia at the beginning

and end of the S-IVB powered flight were essentially as predicted. The

longitudinal center of gravity was 0.043 m (1:7 in) forward of the pre-
dicted value at cutoff due to less propellants. The radial center of

gravity was within 0.012 m (0.5 in) of the predicted value at cutoff.

Weight, center of gravity, and moment of inertia data for the dry
stages and the vehicle at significant events during flight are presented

in Table 6-117. Graphical representations of th_ data are illustrated

in Figures 6-1 and 6-2.

All weights presented are of masses for one standard "g" acceleration.
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TABLE 6-11 (C) AS-201 FLIGHT SEQUENCE MASS SL_'LCRY

ACTUAL PREUIC'fED

MASS HISTORY

kg (Ibm) K_ (ibm)

S-IB Stage at Gro.nd Ignition &58.107.9 1".009,955 456)641.6 [._O6,721
S-1B/S-IW_ Interstage at Ground Ignition 2,910.7 6,417 2,884.8 _,360
S-ZVB Stage at Gro,md Ignition 1[5,3q2.1 25&,3n6 115,445_6 _,_1_
Vehicle Instr,ment Unit at Ground Ignition 1,980.8 4,367 2,053.0 .,526

Spacecraft at Ground Ignition 20,788.1 &5,830 20,756._ _,_=

First Flight Stage at Gro,_nd Ignition 599,179.6 1,320,965 597,780.8 L,317,881

S-IS Thrust Buildup -6,495.O -14,319 -b,241.0 -13,7%9

First Flight Stage at Liftoff 592,684.6 1,306,646 591,_3Q._ 1,304)122

S-IS Mainstage Propellants o401,O27.8 -884,115 -401,219.3 -S84,537
S-lg Frost -453.6 -l,O00 -453.6 -I,O00

S-IS Gear Box Cons_Jmption (Re-I) -331.6 -731 -751.8 -5%5

S-IS Seat P_lrge -3.6 -8 -4.5 -lO
S-Ig Fuel Additive (Oronite) -I0.9 .24 -I0.9 -2&

S-IB fEED Propellants -977.5 -2,155 -977.0 -2,15&
S-IVB Frost -136.0 -ZOO .45.4 -lOO

S-IVB R2 Press,re Gas Vented -10.5 -23

First Flight Stage aC OECO Signal 189,733.1 418,290 188,%77.t 4|5,7_2

S=IB OETD to Separation -71_.4 -t,575 -642.2 -I,416
SºTVB Ullage Rocket Propellant -7.3 -16

First Flight Stage at Separation 189,Oll.4 416,699 18),q35.l _14,32b

S-IB Stage at Separation -48,093.% -IO6)O28 -_6,840.7 -103,266

S.IB/S-[VB Interstage -2,910.7 -6,417 .2,884.8 -6,360
S-IVB Aft Frame -11.3 =25 -11.3 -25

S-IVS Ullage Rocket Propellant -30.3 -67 -4&.9 -gq

S-IVB Separation System Components -1.4 -3 -1.4 -I
S-IVB Ullage System Cc_aponents -O.5 -1 -O.5 -!

Second Flight Stage at Ignition t37,963.7 30&,lSg 138,151.5 304,572

S-IVB Thrast g,,ild,*p Propellant -276.3 -609 -164.2 -362

S-IVB LH 2 Start Tank -1.8 -& -1.4 -3
S-IVB Ullage Rocket Propellant -&2.6 -qh -38.1 -8_

Second Flight Stage at Liftoff 137,643.O 303,&51 137,9_7.8 304,123

S-IVB Mainstage -100,227.6 -220,964 -IOO,363.2 -221,263

S-IVD Ullage Rocket Cases -101.2 -223 -98.0 -2L6
S-IVB Heli_ Engine enema,s tics -O O -O.5 -1
S-IVB APS po_er Roll -0.9 -2 -19.9 -4_

La,nch Escape System -3,780.2 -8,336 -3,792.0 -8,360

Second Flight Stage at O_toff Signal* 33,533.1 73,q28 33,674.2 74,21_

S-IVB Thr_*st Decay -67.l -[48 .&l.7 -9_

Second Flight Stage at ETD 33,466.0 73,780 33,632.5 74,147

S-IVB Engine Liq,xids -lS.t -gO -15.9 -35
S-IVB APS ALtitude Control -8.2 -18 -34.5 -76

S-IVB LaX Ullage Vented -63.5 -140 -b3.5 -140

S-IVD H2 Ullage Vented -221.8 -489 -181.4 =4OO

Second Flight Stage at Separation 33,154.4 73,0q3 33,_37.2 73,_q6

S-IVB Stage at Separation -14,165.7 -31,230 -14,319.9 -il,StO

Instrument Unit .1,980.8 -_,367 -2,053.0 -_,526

gdapter (Less R_ng) -1,674.2 -3,691 -1,602.5 -l,%13

Spacecraft 15,333.7 33,805 15,361.8 33,867

Command Mod.le 4,990.4 11.002 5,030.4 ii,OqO

Service Hod,le Less Propellant 3,653.7 8,055 3,742.1 8,250

Service Module Propellant 6,650.1 1&.661 6,561.2 I&,465

S_Attach gin s ]9.5 87 28._ 6_

*Guidance Cutoff

Note: IETD - Inboard Engi.e Thrust Decay

OETD - Ontbnard Engine Thrust Decay

UNCI " ".........' i "{:'-:" "-"'":'".-..::.,,--J ,¢.D/_L" ,
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Center of Gravity in Calibers

Mass (I000 kg_ (Ref Sta 2.54 m) (I cal _ 6.53 m)6

600

"-... ,
500

-.....
_Mass

400 _ f 4

Center of Gray _ J

200 _ 2
-20 20 40 60 80 i00 120 140 160

Range Time (sec)

Mment of Inertia-Pitch Moment of Inertia-Roll

(lO00 kg-m2) (i000 kg-m2)
80,000 2500

_ 20_

70,000 _

60,000 __ _ _ 150050,0_ _ 1000

5_
40,000

o
3°'00°-20 0 20 40 60 80 100 120 140 160

Range Time (sec)

FIGURE 6- I VEHICLE HASS, C_,'TER OF GRAVITY, ANDHASSHOMENT
OF INERTIA DURING S-IB S_,_E POWERED FLIGHT
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Center of Gravity in Calibers

Mass (i000 kg) (Ref Sta 27.59 m) (i cal = 6.604 m)
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FIGURE 6- 2 VEHICLE MASS, CENTER OF GRAVITYp AND MASS MOMENT
OF INERTIA DURING S-IVB STAGE POWERED FLIGHT
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7.0 (U) TRAJECTORY

7.1 SUMMARY

The actual trajectory of AS-201 was very close to nominal. The

space-fixed total velocity was 8.0 m/s higher than nominal at OECO and
0.5 m/s lower than nominal at S-IVB cutoff. At S-IVB cutoff the actual

altitude was 0.73 km higher than nominal and the range ,as 31.00 km

longer than nominal. The cross range velocity deviated 4.6 m/s to the

right of nominal at S-IVB cutoff.

The S-IB stage was calculated to have impacted at a surface range

1.39 km greater than nominal. S-IVB stage impact was calculated at a

surface range 81.81 km greater than nominal.

The vehicle at S-IVB/CSM separation had a space-fixed velocity of

0.8 m/s more than nominal. Altitude and range were 1.4 km and 31.9 km

greater than nominal, respectively.

7.2 TRACKING DATA UTILIZATION

Tracking data were available from first motion through S-IVB/CSM

separation. Tracking data, excluding radars, showed deviations between
the various systems of less than 25 m in position components until 250

seconds. After 250 sec, GLOTRAC was the only precision tracking system
that furnished data.

The postflight trajectory was established from the data sources
shown in Table 7-1

TABLE 7-1

DATA UTILIZATION

Time Interval (sec_ Data Source

0.II - 27 Fixed Camera

27 - i00 ODOP

I00 - 135 GLOTRAC Station I

135 - 165 Adjusted Telemetered Guidance

165 - 844.9 Best Estimate Trajectory
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All tracking data were smoothed and transformed from the tracking

point to the vehicle center of gravity. Telemetered guidance data;

adjusted to ODOP, GLOTRAC Station I, and the computed trajectory; were
used to obtain the proper velocity and acceleration profiles through

Mach I, S-IB stage cutoffs, and S-IVB stage cutoff time periods.

The best estimate trajectory, beginning at 165 sec, utilized the

telemetered guidance velocities as the generating parameters and fit

GLOTRAC Station I data along with data from 5 different radar systems

through an 18 term guidance error model. The radar data used as obser-
vations in this solution went to S-IVB/CSM separation. Comparisons were

then made with the resultant computed trajectory and showed the data

from the various radars to be consistent and in good agreement.

GLOTRAC provided the only high precision data available after 250

seconds. The GLOTRAC data and the best estimate trajectory agree to

within 200 m in position components for the S-IVB powered portion of

flight. GLOTRAC was not used in the final trajectory due to late
arrival and the differences between GLOTRAC and the computed trajectory

were insignificant for most evaluation purposes.

7.3 TRAJECTORY ANALYSIS

Actual and nominal altitude, surface range, and cross range for

the launch vehicle powered flight, are presented in Figure 7-1. The

actual and nominal total earth-fixed velocities are shown in Figure 7-2.

Comparisons of the actual and nominal parameters at the three cutoff
events are shown in Table 7-11. The nominal trajectory is presented

in Reference i.

Through the major portion of the powered flight the altitude was
lower than nominal and the surface range _as greater than nominal. The

longitudinal acceleration shown in Figure 7-3, was less than nominal

for both the SolB and S-IVB powered flight phases.

The S-IVB stage cutoff 10.13 sec later than nominal; considering

a 0.37 sec late S-IB stage cutoff, the S-IVB stage had a 9.76 see longer

than nominal burning time. The actual space-fixed velocity at the S-IVB

cutoff signal, given by the guidance computer, was 0.5 m/s less than
nominal. The late S-IVB cutoff is mainly attributed to low performance

of the S-I%rB stage. The longer burning time explains the 31.0 km excess

in surface range at S-IVB cutoff. The larger than expected altitude

deviation (0.73 km higher than nominal) at S-IVB cutoff is the result

of errors that have been discovered in the nominal trajectory computation.

These errors amount to 0.78 km. The actual altitude would then only be

0.05 km less than the corrected nominal.




