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AS-203

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 A5-203, the second Saturn IB vehicle to be flight tested, The mission
of this flight was to evaluate the behavior and determine the character-
istics of LHp in orbit, The launch vehicle was launched from Kennedy
Space Center Launch Complex 37B at 0953:17 EST on July 5, 1966, After
1 hour 53 minutes and 17 seconds of countdown holds, the vehicle lifted
off and performed nearly nominal throughout the powered and orbital phases
of flight. No major system malfunctions were evidenced; however, some
deviations were encountered and are discussed in detail within this text,
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MPR-SAT-FE-66-12

RESULTS OF THE SECOND SATURN 1B LAUNCH VEHICLE TEST FLIGHT
AS-203

1.0 (u) FLIGHT TEST SUMMARY

Saturn IB Space Vehicle AS-203, second of the Saturn 1B series
vehicles, was launched at 0953:17 EST on July 5, 1966, The flight test
was the second in a series of R&D test flights, The primary objective
of the flight was to conduct the S-IVB LH, experiment, which utilized
the S-TVB/V stage design. Other important objectives were: toO demon-
strate the launch vehicle guidance operation, to establish the launch
vehicle environment, and to conduct the MSC subcritical cryogenic
experiment, All flight objectives were successfully accomplished,

AS-203 was launched from Launch Complex 37B at Cape Kennedy, Florida,
after holds totaling 1 hr, 53 min, 17 sec, caused principally by loss
of signal from TV camera number 2, intended for use in the §-1VB LH,
experiment, The launch terminal countdown had proceeded satisfactorily,
with no major problems requiring holds, until T-15 minutes, when loss
of signal from TV camera 2 was indicated. All ensuing holds resulted
from efforts to regain signal from this camera, with the exception of
one 2 min hold called to verify Bermuda radar,

The AS-203 vehicle was launched on an azimuth of 90 deg east of
north and was rolled into the proper flight azimuth of 72 deg east of
north. The actual trajectory of AS5-203 was somewhat higher than nominal.
The space-fixed velocity was 0.6 m/s lower than nominal at S5-IVB cutoff,
At S8-IVB cutoff, the altitude was 0.12 km higher than nominal and the
range was 6.93 km shorter than nominal, The S-IVB payload at orbital
insertion (S-IVB cutoff + 10 sec) had a space-fixed velocity 0.8 m/s
higher than nominal, yielding a perigee altitude of 185.2 km and an
apogee altitude of 187.3 km. The orbital period was 88,21 minutes.

The propulsion system performed satisfactorily throughout flight.
The $-IB stage thrust, specific impulse, and propellant flowrate were
1.55%, 0.98%, and 0.56% higher than predicted, respectively. Inboard
engine cutoff occurred 1,20 sec earlier than predicted. Outboard engine
cutoff occurred 3.44 sec after inboard engine cutoff as compared to a
scheduled 3.0 seconds. S-IVB stage thrust was 0.37% higher than predicted,
specific impulse was 0.12% lower than predicted, and weight loss rate was
0.50% higher than predicted. Engine cutoff occurred at 433,35 sec, 2.90
sec earlier than predicted. The S-IVB stage PU system was flown in open
loop with an average mixture ratio of 4.95 to 1 throughout flight. All
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mechanical systems on the §-IB and S-IVB stages functioned properly,
except that the fuel recirculation chilldown shutoff valve (S-1VB)
failed to close after engipe start command,

In general, the performance of the guidance and control system was
satisfactory. The performance of the computer flight program was nominal.
The boost navigation and guidance schemes were executed properly, . and
terminal conditions were within expected tolerances. All orbital guid-
ance operations were as expected, The control system functioned properly,
No excessive body rates were observed, and no instabilities were detected,
The maximum values for the parameters of attitude error and angle-of-
attack, observed near the maximum dynamic region, were: attitude errors
of 1.1 deg in pitch, -0.9 deg in yaw, and 0.6 deg in roll; and angle-
of-attack of -1.3 deg in pitch and 1.3 deg in yaw. The most significant
deviations from predicted control trmsients occurred during S-IB/S-IVB
separation and guidance initiation.

The Auxiliary Propulsion System (APS) provided roll control during
S-IVB powered flight and attitude control during orbital flight. Approxi-
mately 1% of the available propellants was required for control during
powered flight. At the end of the mission, approximately 29,5% of the
APS propellants was consumed. The APS performed effectively during
S5-IVB powered flight and orbital flight,

S-IB/S-IVB separation was accomplished as planned and the sequence
was executed within the desired time period, Separation transients were
small and within the design requirements.

The vehicle electrical systems performed satisfactorily throughout
flight, All current, voltages, and temperatures were within the opera-
ting specifications. The range safety and command systems were operable
thiroughout flighet,

The launch vehicle emergency detection system (EDS) functioned
properly in that no false abort signals were generated. This system
was again flown in open-loop as on AS$-201. Manual/EDS cutoff was armed
at the right time by the switch selector, The cutoff enable backup
timer also functioned properly, Thrust indications were proper through-
out powered flight, and two or more §-IB engines-out were indicated at
S-IB inboard engine cutoff, The redundant Q-ball operated satisfac-
torily, There were no guidance failure indications. There were no
overrate switch closures, and the auto-abort bus was not energized, The
noise that appeared on the EDS angular rate sensors on AS-201 was ade-
quately filtered on A§-203,

A structural analysis of AS-203 indicates that all structural com-
ponents performed satisfactorily, The vehicle loads and bending moments
were well below their limit design values. There was no indication
that Pogo occurred. 1In general, the vibrations on AS-203 were as



expected; however, the J-2 engine LOX turbopump vibration level was
the highest recorded in flight test or static test. No structural fail-
ure or degradation in pump performance was apparent.

The pressure and thermal environment of the flight was in general
agreement with predictions, However, the flame shield pressure was
approximately 1.4 N/cm2 above the prediction, but below the design limit,
The temperatures were consistently lower than expected, These exceptions
are attributed to the rerouting of the turbine exhaust.

The IU envirommental contrecl systems appeared to operate satisfac-
torily during powered flight., During the orbital coast period, the
methanol/water temperature dropped below the 288.15°K control point and
continued a downward trend to 284.82°K over Bermuda during the fourth
orbit. This indicated that component heat dissipation was lower than
expected and/or thermal losses from the envirommental control system
and components were greater than expected,

The measurement evaluation on AS-203 revealed that 98.8% of the
1434 measurements, active at liftoff, performed satisfactorily, A total
of 17 measurements failed during flight. Performance of the RF telemetry
system was as expected, Performance of the tracking systems was good,
except that the Azusa/GLOTRAC overall coverage was poor. The secure
command system and range safety decoder operated satisfactorily.

Thirty-six of the 70 engineering sequential cameras provided good
quality coverage. The 12 tracking cameras provided good coverage. An
unidentified falling particle was seen by two up-range cameras in the
same field of view as the vehicle at about 96 seconds. Both onboard
cameras, viewing the separation sequence, were ejected successfully;
however, only one camera capsule was recovered, TV coverage for the LHjp
experiment was very good, even though only one of the two scheduled TV
cameras was operational at liftoff,

The LH, orbital experiments verified the adequacy of the LH, ullage
pressure thrusting system under general conditions approaching those of
a Saturn'V orbital flight, Directly pertinent to Saturn V development
were the evaluations of propellant control at J-2 cutoff, propellant
control during continuous venting, restart systems, and bottle storage
characteristics. During orbital insertion, LH; was sitccessfully controlled
by LOX ullage thrusting and by tank baffles and deflectors. Control of
the propellant in an essentially settled condition during this criticsl
phase allowed the continuous vent system to maintain the propellant in
position during orbital coast.



The J-2 engine restart systems and operations--including fuel
repressurization, fuel recirculation chilldown, fuel lead during simulated
restart, fuel anti-vortex screen, LOX recirculation chilldown, and storage
bottles--functioned satisfactorily in general and gave confidence that
restart of the J-2 engine under Saturn V conditions will be successful,

The pressure rise test provided valuable knowledge of the thermo-
dynamic and heat transfer characteristics of the LHp tank, The indi-
cated pressure rise rate was greater than expected,

The subcritical cryogenic nitrogen storage experiment, flown on
AS5-203 for MSC to demonstrate the feasibility of the subceritical cryogenic
storage and delivery systems in a low "g" environment, was conducted
satisfactorily and all objectives were met,



2.0 (U) INTRODUCTION

This report presents the results of the early engineering evalua-

tion of AS-203, the second Saturn IB launch vehicle flight-tested., The
evaluation is centered on the performance of the major vehicle system,
with special emphasis on malfunctions and deviations,

This report is published by the Saturn Flight Evaluation Working
Group-- composed of representatives of Marshall Space Flight Center,
John F. Kennedy Space Center, and MSFC's prime contractors-- and in
cooperation with Manned Spacecraft Center. Significant contributions
to the evaluation have been made by:

George C. Marshall Space Flight Center
Research and Development Operations
Aero-Astrodynamics Laboratory
Astrionics Laboratory
Computation Laboratory
Propulsion and Vehicle Engineering Laboratory
Industrial Operations
John F. Kennedy Space Center
Manned Spacecraft Center
Chrysler Corporation Space Division
Douglas Aircraft Company
International Business Machines Corporation
Rocketdyne Division of North American Aviation
The official MSFC position at this time is represented by this
report, It will not be followed by a similar report unless continued
analysis or new evidence should prove the conclusions presented herein
to be significantly incorrect. Final stage evaluation reports will,

however, be published by the stage contractors. Reports covering major
subjects and special subjects will be published as required.



3.0 (U) TEST OBJECTIVES
3.1 LAUNCH VEHICLE PRIMARY OBJECTIVES
The launch vehicle primary objectives were as follows:
1. Evaluate the S-IVB LH, continuous venting system.
2, Evaluate S-IVB engine chilldown and recirculation system,

Specifically

Evaluate the J-2 engine LHy chilldown and recirculation system,
and ullage requirements for simulated engine restart.

3. Determine S-IVB tank fluid dynamics,

Specifically

Determine cryogenic ligquid/vapor interface configuration and
fluid dynamics of propellants in near zero-g environment,

4., Determine heat transfer into liquid hydrogen through tank wall
and obtain data required for propellant thermodynamic model,

S. Evaluate the $-IVB and IU checkout in orbit,

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

Specifically

a., Demonstrate the S-TIVB auxiliary propulsion system operation
and evaluate performance parameters,

b. Demonstrate the adequacy of the S-IVB/IU thermal control
system,

7. Demonstrate the ability of the launch vehicle guidance to insert
a payload into orbit,

Specifically

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



8. Demonstrate the operational structure of the launch vehicle,

Specifically

Demonstrate the structural integrity of the launch vehicle
dynamic characteristics.

9, Demonstrate the mission support facilities and operations
required for launch and mission conduct.

3.2 TLAUNCH VEHICLE SECONDARY OBJECTIVES
The launch vehicle secondary objectives were as follows:
1. Evaluate the launch vehicle powered flight external environment,
2, Verify the launch vehicle sequencing system operation,
3. Fvaluate performance of the EDS in an open loop configuration.
4, Evaluate separation of §5-IVB/I1U/Nosecone from S-IB.

S. Verify the launch vehicle propulsion systems' operation and
evaluate system performance parameters.

6. Evaluate the MSC subcritical cryogenic experiment,



4.0 (U) TIMES OF EVENTS

4.1 SUMMARY OF EVENTS

Table 4-7 presents a summary of event times, obtained from per-
formance analysis of launch vehicle AS-203. Event times generally were
quite close to prediction, The most significant deviations from predicted
shown in the table are IECO and S-IVB cutoff. Causes of these time
deviations are discussed in detail in Sections 8,0 and 9,0 of this report.

4,2 SEQUENCE OF EVENTS (POWERED FLIGHT)

Range zero was 1453:17 UT and liftoff occurred 0.86 sec later or
at 1453:17.86 UT. Guidance Reference Release (GRR) would be expected at
-4 .4 sec range time (time from range zero). Guidance Reference Release
actually occurred at ~4.485 seconds. First motion of the vehicle
occurred at 0,6 sec range time.

Switch selectors in the S-IB stage, S5-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. 1If a switch selector malfunction had occurred,
a complement address would have been sent to the switch selector, thereby
providing redundancy. The analysis indicated that no output resulted

from complement addresses to the switch selector; hence, the operation was
normal,

Table 4-1T1 lists the switch selector event times through powered
flight, The nominal time bases in range time were established as
follows:

Liftoff = Time Base 1 = 0,86 sec

Propellant Level Sense = Time Base 2 136,27 sec

Qutboard Engine Cutoff = Time Base 3 = 142,68 sec
S-IVB Engine Out Interrupt = Time Base 4 = 433,56 sec

The orbital event times are presented in Table 4-I11.



TABLE 4-1

AS-203 EVENT TIMES SUMMARY

Range Time (sec)

Event Actual Act-Pred

First Motion D.63 -

Liftoff 0.86 0.03
Start Pitch/Roll 12.2 1.4

End Roll 30.1 1.3

Enable Engines EDS Cutoff 60,82 -0.01
Stop Pitch 133.9 -0.73
Low Level Sense (LLS) 136,27 -1.17
1ECO 139,24 -1,20
OECC 142,68 -0.76
S-TB/S-IVB Separation 143,44 -0.80
$-IVB Start Command 144,89 -0.83
Start IGM 158.49 0.86
Command Panel Separation 174,85 -0.79
$-IVB Cutoff 433,35 -2.90
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TABLE 4-11

AS-203 SEQUENCE OF EVENTS~--POWERED FLIGHT

Range Time |{Time From Base (sec)

Function Stage {sec) Actual Nominal
Liftoff Start of Time Base 1 (Tl) 0,86 0,0 0.0
Auto-Abort Enable Relays Reset 1U 5,83 4,97 5.0
Multiple Engine Cutoff Enable S-1IB 10.87 10.0 10.0
S-1B Telemeter Calibrate On S-1B 25,82 24,6 25.0
Telemeter Calibrator Inflight Calibrate 1U 27.81 26,95 27.0
LOX Tank Relief Control Valve Enable S-1B 30.82 29.96 30.0
§-1B Telemeter Calibrate Off S-1IB 31,03 30.17 30,2
Telemeter Calibrator Stop Inflight Calibrate 1U 32.83 31,97 32.0
Tape Recorder Record On §-1B 39,82 38.96 39.0
Enable Launch Vehicle Engines EDS Cutoff iv 60,82 59.96 60.0
Flight Control Computer Switch Point 1 Iu 61,03 60.17 60.2
Flight Contrel Computer Switch Point 2 1U 90,84 89.98 90.0
Telemeter Calibrator Inflight Calibrate iv 91.01 90.15 80,2
Telemeter Calibrator Stop Inflight Calibrate 1U 96,01 95,15 95.2
$-IB Telemeter Calibrate On S-1B 120,62 1159.76 119.8
Flight Control Computer Switch Point 3 U 120,83 119.97 120.0
Control Accelerometer Power Off Iu 121.01 120,15 120.2
Telemeter Calibrate Off S-18 125,61 124,75 124.8
Special Calibration Relays On S-IVB 128,33 127.47 127.5
Regular Calibraticn Relays On §-IVB 128,51 127,65 127.7
Special Galibration Relays Off S-IVB 133.31 132.45 132.7
Special Calibration Relays Off S5-IV 133.52 132,66 132,7
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Table 4-I1 (Cont)

Range Time |Time From Base(sec

Function Stage (sec) Actual | Nominal
Excessive Rate (Y,P or R) Auto-abort Inhibit v 134.83 133,97 134.0
Enable
Excessive Rate (Y,P or R) Auto-Abort Inhibit U 135.01 134.15 134,2
S-1B Two Engine Out Auto-Abort Imhibit U 135,21 134.35 134.4
g-IB Two Engine Qut Auto-Abort Inhibit S-1B 135,43 134,57 134.6
Enable Propellant Level Sensors S-1B 135.61 134,75 134.8
Propellant Level Sensor Actuation-Start of S-IB 136,27 0.0 0.0
Time Base 2 (T3)
1U Tape Recorder Record On iu 136,83 0.56 0.6
Fast Record On S-1VB 137,05 0.78 0.8
Cameras Start S-IB 138.63 2.36 2.4
Inboard Engines Cutoff 5-1B 139,24 2.97 3.0
Charge Ullage Ignition On S-1VB 139.62 3.35 3.4
Q-Ball Power Off 1U 140,23 3.96 4.0
Prevalves Closed Off S-IVB 140,53 4,26 4.3
LOX Depletion Cutoff Enable S-1B 140.74 4,47 4.5
Fuel Depletion Cutoff Enable S-1B 141.73 5.46 5.5
§-IB Outboard Engines CO-Start of Time Base 3 5-1B 142,68 .0
(T3)
Engine Cutoff Off S-1IVB 143.05 0.37 0.4
Fire Ullage Ignition On 5-1VB 143,23 0.55 0.6
S-1B/S-IVB Separation On 5-1B *143, 44 g 0.8
Flight Control Computer S-IVB Burn Mode On iu *143,68 g 1.0
Engine Ready Bypass S-IVB *143,88 2‘ 1.2
Engine Start Interlock Bypass On S-1VB *144,08 '% 1.4
Fuel Chilldown Pump Off S-IVE | *144.28 e 1.6

¥Estimated Times
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Table 4-I1 (Cont)

Range Time [Fime From Base (sec
Function Stage (sec) Actual Nominal
LOX Chilldown Pump Qff S-1IVB %144, 48 1.8
Chilldown Shutoff Valves Close On S-1VB *144 .68 § 2.0 |-
J-2 Engine Start On 5-1VB *144, 89 ? 2.2
PEDS Arming of §-TVB Eng. Press, Switches U *145,08 ;‘ 2.4
J-2 Engine Start Off S-1IVB *145,38 % 2.7
LOX Tank Flight Pressure System On S-1IVB *145,68 E 3.0
Fuel Injection Temperature OK Bypass 5-1VB *145, 88 3.2
Engine Start Interlock Bypass Off S-IVE 151.73 9.05 9.1
Cherge Ullage Jettison On S-1IVB 152,34 G, 66 9.7
Fmergency Playback Enable On S-1IVB 154.55 11.87 11.9
Fast Record Off S-1IVB 154,73 12,05 12,1
Fire Ullage Jettison On $-1VB 155.43 12.75 12.8
Ullage Charging Reset 5-1IVB 157,23 14,55 14.6
Ullage Firing Reset S-1VB 157.43 14,75 14,8
1U Tape Recorder Record Off 10 166,25 23,57 23,6
Tetemeter Calibrator Inflight Calibrate U 169,63 26.95 27,0
Emergency Plavback Enable QOff S-IVB 171.83 29,15 29,2
Telemeter CalibratérStop Inflight Calibrate 1vU 174.64 31,96 32,0
Panel Separation iU 174.85 32,17 32,2
Water Coolant Valve QOpen U 179.85 37.17 37.2
Engine Burning Relay 1 On S-1IVB 224 .84 82.16 82.2
Telemeter Calibrator Inflight Calibrate iU 349,82 207,15 207.2
Regular Calibration Relays On S5-1IVB 353.93 211,25 211.3
Telemeter Calibrator Stop Inflight Calibrate 1y 354,83 212.15 212,2
Regular Calibration Relays Off S-1VB 358,95 216,27 216,3

*Fstimated Times



Table 4-II {(Conc)
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Range Time

Time From Base(sec)

Function Stage (sec) Actual | Nominal
Telemeter Calibrator Imflight Calibrate 1U 411.25 268,57 268.6
Telemeter Calibrator Stop Inflight Calibrate 1iv 416,24 273,56 273.6
Point Level Sensor Arming §-1VB 420,35 277.67 277.7
J-2 Engine Cutoff S-1VB 433,35 290.66 293.6
start of Time Base & (Ty) S-1VB 433,56 0.0 0.0
LOX Ullage Thrust Control Valve Open On 5-1IVB 433,77 0.1 0.2
Prevalves Close On §-1VB 434,01 0.45 0,5
Point Level Semsor Disarming S-IVB 434 .22 0.66 0.7
Coast Period On 5-1VB 434 43 0.87 0.9
LOX Tank Flight Pressure System off 5-1VB 434,61 1.05 1.1
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TABLE 4-111

AS-203 SEQUENCE OF EVENTS--ORBITAL FLIGHT

Range Time [ime From Base(sec)

Function Stage hr:min:sec Actual Nominal
Start of Time Base 4 (Tﬁ) S-IVB 0:07:13,56 0.0 0.0
LOX Ullage Thrust Control Valve Open On S-1IVB 0:07:13,77 0,21 0.2
Prevalves Close On S-TVB | 0:07:14,01 0.45 0.5
Coast Period On S-IVB | 0:07:14.43 0,87 0.9
LOX Tank Flight Pressure System Off 5-1IVB 0:07:14.61 1.05 1.1
Command LH; Tank Cont. Vent Valve QOpen On §-1VB 0:08:08.71 55,15 55,2
LOX Ullage Thrust Contrel Valve Close On S-1vs 0:08:33,71 80,15 80.2
Low "G'" Experiment On IU 0:08:34,71 8l1.15 81,2
LOX Ullage Thrust Control Valve Open On S-1VB 1:31:59,01 |}5085.45 5085,5
LH; Tank Continuous Vent Valve Close On S-1VB 1:32:20,01 |[5106.45 | 5106.5
LH, Repress Control Valve Open On S-IVB 1:32:21,11 |[5107.55 5107.6
10X Chilldown Pump On S-IVB 1:32:43,11 §5129.55 5129.6
Fuel Chilldown Pump On S-IVR |[*1:32:45.2 5131.6
Prevalves Close On S-1VB 1:32:55,11 |5141,55 5141.6
Fuel Chilldown Pump Qff S-IVB |*1:38:07.2 5453.6
LOX Chilldown Pump Off S-IVB [*1:38:07.4 5453.8
Auxiliary Hydraulic Pump On S-IVB |*1:38:07.6 5454 ,0
Engine Start On S-IVB |*1:38:13.4 5459.8
LH7 Tank Continuous Vent Valve Open On §-IVB |*1:38:24.7 5471.1
Engine Cutoff On S-IVB |#1:38:25.9 5472,3
Auxiliary Hydraulic Pump Off S-IVB |[*1:38:26,1 5472.5
LOX Ullage Thrust Control Valve Close On S-IVB [*1:38:51.1 5497.5
Fuel Chilldown Pump On 5-IVB {*3:01:25,7 10452, 1

*Estimated Times
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Range Time |Time From Base(sec)

Function Stage hr:min: sec Actual | Nominal
Prevalves Close On s-1vB | %*3:01:35.7 10462.1
Fuel Chilldown Pump Off §-IVB | *3:06:47.7 10774.1
LH, Tank Continuous Vent Valve Close On S-IVB 3.07:17.71 | 10804,15 | 10804.2
10X Ullage Thrust control Valve Open On 5-IVB 4:12:20.52 | 11106,96 | 11107.0
LH, Tank Continuous Vent Valve Open On S-1IVB 3:13:59,23 | 11205,67 | 11205.7
LOX Ullage Thrust Control Valve Close On S-1VB 3:14:23.22 | 11229.66 | 11229.7
10X Ullage Thrust Control Valve Open On S-IVB 3.58:14,01 | 13860.45 [ 13860.5
LH, Tank Non-Propulsive Vent Valve Open On §-1IVB 3.58:15.01 | 13861.45 | 13861.5
LH, Tank Non-Propulsive Vent Valve Close On S-1VB 4:01:18.01 | 14044 ,45 | 14044.5
10X Ullage Thrust Control valve Close On S-IVB 4:01:24.01 | 14050.45 | 14050.5
LH, Tank Non-Propulsive Vent Valve Open On S-1IVB 4:37:56,01 | 16242.45 | 16242.5
L, Tank Non-Propulsive Vent Valve Clese On S-IVB 4:39:29.01 | 16335.45 | 16335.5
LH, Tank Non-Propulsive Vent Valve Open On 5-1VB 4:42+56,01 | 16542,45 | 16542.5
»LHZ Tank Non-Propulsive Vent Valve Close On 5-1VB 4:44:29,01 | 16635,45 | 16635.5
10X Ullage Thrust Control Valve Open On S-IVB 4:44:32.01 | 1663845 | 16638.5
LH, Tank Continuous Vent Valve Close On S-1VB 4:44:52,01 | 16658.45 | 16658.5

*Estimated Times
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5.0 (U) LAUNCH OPERATIONS
5.1 SUMMARY

Apollo/Saturn vehicle AS-203, second of the Saturn IB vehicles,
was launched from Launch Complex 37B at Cape Kennedy, At launch time,
the winds were light from the west and northwest, and the visibility
was about 16 km with a few scattered clouds (See Appendix B.)

The final countdown was picked up at T-1130:00 at 2030 EST on July
4, 1966, and proceeded, with no major preblems requiring holds, until
T-15 min at 0745 EST on July 5, 1966, At this time, the S5-IVB LH,
experimental television camera 2 indicated loss of signal, After a short
hold, the countdown proceeded to T-5 min, when a hold was again called
because of television camera 2, The decision was made to launch with
only camera 1. The countdown was recycled to T-15 min and was resumed
at 0936:17 EST. A two-min hold was called at T-3 min to verify Bermuda
radar, and liftoff occurred at 0953:17 EST without further incident,
A total time delay of 1 hr 53 min 17 sec resulted from the holds,

All launch support equipment functioned satisfactorily and the
launch control measurements indicated nominal operation of the vehicle
and support systems, Following the launch, an agssessment of damage
indicated the general condition of the facility to be nominal, if not
better than on previous launches,

5.2 PRELAUNCH MILESTONES

A chronological summary of events and preparations leading to the
launch of A§-203 is shown in Table 5-I,

3.3 COUNTDOWN

Part II of the countdown was picked up at 2030 EST on
Monday, July 4, 1966. The Part I portion was deleted since all prepara-
tions for launch were made during the countdown demonstration test on
July 1, 1966. At T-1059, approximately 2103 EST, a count clock problem
occurred causing erroneous minus time indication. The clock was checked
and reset without 2 hold being called. At approximately T-0808, a fuel
seepage was detected at fuel pump inlet 2; however, the seepage was
very small and launching was recommended without a fix, No hold was
called, It should be noted that this problem is not related to the 8 to
10 cm”per hour fuel leak which occurred on engine 4 main fuel wvalve
during CDDT RP-1 loading, This leak was also waived. At approximately
T-0457, 0304 EST, a fuel spillage was noted at the fuel mast., Digital
Events Evaluator (DEE) - 3 records indicated that the fuel fill and drain
valve had been opened for 5 min at this time. Investigation revealed



Date

April

April
April
April
April
April
April
april
April
April
April

April

12,

15,
18,

19

?

21,
21,

21

2

22

b

23

25

28,

28

1966

1966
1966
1966
1966
1966
1966
1966
1966
1966
1966

1966

May 2, 1966

May 2
May 2
June
June
June

June

June
June
June
June
June
June
June
June

June

June

July

July

July

5, 1966

6, 1966

3, 1966

1966

7, 1966

9, 1966

9, 1966

29,

1966

1966

1966

1966

1966

1966

1966

1966

1966

1, 1966

4, 1966

5, 1966

i7

TABLE 5-1 AS-203 PRELAUNCH MILESTONES

Event

§-1B Stage arrived at KSC via barge "Promise" and was
of f-1oaded and moved into hangar AF on this date.

Installation of three horizontal fins on S5-IB stage completed.
S-1B Stage erected on Launch Complex LC-37B,

Fin installation completed on S-IB Stage.

$-IVB Stage erected,

I1U Erected,

Nose Cone erected.

Vehicle Mechanical and Propulsion checkout started.

Launch vehicle electrical mate accomplished.

Initial power applied to the 5-IB Stage,

Initial power applied to the IU.

Tnirial power applied to the 8-IVB Stage.

Launch Vehicle Switch Selector functional.

Propellant Dispersion Test accomplished.

Launch Vehicle completed full pressure test.

Launch Vehicle LOX Simulate and Malfunction Test accomplished.
RP-1 Simulate and Malfunction Test accomplished.

LOX and LHy Loading Test accomplished.

Launch Vehicle Flight Sequencer Exploding Bridge Wire (EBW)
Test completed,

Launch Vehicle Sequencer Malfunction Test completed.
Launch Vehicle Plugs In Overall Test No. 1 accomplished.
taunch Vehicle Plugs In Overall Test No. 2 accomplished,
Launch Vehicle Plugs Out Overall Test completed.

Launch Vehicle Ordeance Installation completed.

Space Vehicle Flight Sequence Test completed.

Flight Readiness Test completed.

Commenced RP-1 Tanking operations.

S-1VB Stage Auxiliary Propulsion System {APS) load and
fire accomplished.

Countdown Demonstration Test (Part 1) completed.
Countdown Demonstration Test (Part 1I) completed.

Launch Countdown for AS-203 picked up at 2030 EST this
date at T-11 hours and 30 minutes.

LAUNCH
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that the vacuum break check valve was not seated, allowing fuel to run
out the mast, The check valve was removed and foreign matter was found
holding the valve open. 1t was cleaned and replaced and the leak was
stopped. No hold was called,

At T-0221, approximately 0504 EST, the Bermuda station reported out,
No hold was called,

The count continued to T-15 min, at 0745 EST, when a2 hold was called
because the LH, TV camera 2 failed to transmit a picture and in order
to complete checks scheduled for completion prier te T-15 minutes,

The count was resumed at 0756:30 EST and continued to T-5 min, when
a hold was called for the same TV camera. The decision was made to launch
with only camera 1, with the stipulation that camera 1 was mandatory to
T-3 sec and that the ground commanded alternate sequence No. 3 would be
ordered over Bermuda in the event that camera 1 subsequently failed,
The alternate sequence No. 3 would have used LOX ullage venting to ensure
that the LH, was seated, to provide a reference for the LH, experiment,

The countdown was resumed at 0936:17 EST and continued to T-3 min
when a two-min hold was called to verify Bermuda station radar, The
Bermuda station cleared and the count continued without recycle with
liftoff occurring at 0953:17 EST.

Table 5-I1 is a summary of the terminal countdown showing the major
problems encountered and the resulting lost time,

TABLE 5-I1 COUNTDOWN LOST TIME SUMMARY

Lost time due to unscheduled holds and recycle was as follows:

Countdown
Time Lost Time
T-15 12 min 40 sec Hold to complete checks scheduled prior
to T-15 and to investigate LHy TV camera
2 failure to transmit a picture.
T-5 88 min 37 sec Hold for further investigation of TV
camera 2 failure,
10 min Recycle to T-15 in the countdown,
T-3 2 min Hold to verify Bermuda radar,
Total Lost

Time 113 min 17 sec
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5.4 TPROPELLANT AND COLD HELIUM LOADING
5.4,1 RP-1 LOADING

Initial tanking of RP-1 for launch was accomplished on June 28, 1966.
Other preparations were made during the countdown demonstration test
(CDDT) on July 1, 1966, During Part II of the countdown, fuel seepages
were noted at T-0808 and T-0457 as reported (see Section 5,3), Control
functions that were performed for the launch of A5-203 are outlined below.

At T-1 hour, the propellant tanking computer system (PTCS) was set
at 8841, based for a projected RP-1 temperature at T-0 of 295,39%K, Delta
P between ullage gas pressure and the head pressure from the bottom of
the tank at this setting equals 12,275 N/cm? differential (17.8033 psid).
RP-1 density at this setting equals 804,383 kg/m> (50.216 1b/ft3),

This PTCS setting would have permitted an RP-1 temperature drop in the
range of 291,59k before a replenish would have been required,

At T-58 min, RP-1 replenish was initiated and proceeded to a satis-
factory completion,

At T-18 min, the PTCS was set at 8793, based for a projected RP-1 2
temperature of 295.3° at T-0. At this setting, AP equals 12,209 Nécm
differential (17.707 psid), RP-1_density at a temperature of 295,33 K
equals 801,019 kg/m3 (50,006 1b/ft?),

At T-1l min, adjust level drain was initiated and proceeded to a
satisfactory completion,

At T-6 min, line inert was initiated and proceeded to a satisfactory
completion.

At T-5 min, the &P was 12,207 N/cm? differential (17.705 psid),
the mass readout was 100,01%, and the manual mass readout was 99,98%.
The RP-1 temperature was plotted during the hold and did not drop out
of permissible tolerance; therefore, a second RP-1 replenish and adjust
level drain was not required.

5,4.2 LOX LOADING

An outline of the LOX control functions that were performed for
the launch of AS-203 is presented below.

Majn fill command was initiated at T-0430:05. The S-IB stage was
filled in 66 min and 40 seconds. Thirty seconds after the 5-1B replen-
ish light came on, the §-IVB system started main line chilldown, and
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the main line fill command came at T-0318:38. The S-IVB stage was loaded
at a rate of 0.05 m3/s (875 gpm) to the 98% level, then at 0,02 m3/s

(365 gpm) to the 100% level, at which point automatic replenish was
initiated. The S-IVB stage was filled in 26 min and 4 seconds. The $-IB/
S-IVB stages were both replenishing at 100% at T-0302:27, Total elapsed
loading time for both stages was 1 hr 27 wmin and 38 seconds.

Two miner problems, which did not hold or delay the launch, were
encountered during the operations:

1. At approximately 2 min into S$-IB chilldown, the feedback on the
LOX isoclation valve was lost momentarily, Revert was received and it
was decided to reinitiate fill, A similar loss was noticed on the LOX/
LH, loading test on June 7, 1966, The micro switches were readjusted
at this time,

2. At approximately T-5 min on the first countdown from T-15 min,
it was noted that the propellant tanking computer system (PTCS) for
S-IVB was not responding properly, The panel operator quickly changed
the system operation of the PTCS from automatic teo manual and continued
to manually adjust the S-IVB replenish system until launch.

5.4.3 LH, LOADING

LH, system loading was satisfactory but exhibited a very small leak
around the stem packing of the fast fill valve. The flow was shifted
to the slow fill valve and the leak subsided. No hold was necessary and
all automatic sequences were accomplished. The §-1 was loaded at
0.019 m3/s (305 gpm) to the 5% level, then at 0,14 m”/s (2,275 gpm) to
the 98% level. TFill to the 100% level was accomplished at 0,026 m3/s
(420 gpm); then automatic replenish was initiated.

5.4.4 COLD HELIUM LOADING

Prior to the initiation of LH, loading, the cecld helium spheres
were pre-pressurized to 869 N/cm? (1,260 psi) from the ground support
equipment (GSE) cold gas system, to prevent them from collapsing as they
cooled during the initial part of LH; loading. Cold helium loading was
initiated when the LH, 92% mass level was achieved, The sphere pres-
sure was increased to and maintained at 2,167 N/cm? (3,143 psi) at
8,900 sec after the start of cold helium loading., At liftoff, the spheres
indicated 2,167 N/cm? (3,143 psi) at 21,6°K.

5.4.5 AUXILIARY PROPULSION SYSTEM PROPELLANT LOADING

The auxiliary propulsion system (APS) was loaded with fuel and
oxidizer on June 29, 1966, for the APS confidence firing, Propellants



21

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
module 1 was 2.39 cm/min (0.94 in/min) and for module 2 was 2.31 cm/min
(0,91 in/min). The oxidizer tanks were loaded to 25,25 cm (9.94 in) and
25.02 ¢m (9.85 in), respectively.

Fuel was loaded in module 1 at a bellows extension rate of 4,32
em/min (1,70 in/min) and in module 2 at 4.17 em/min (1,64 in/min), The
fuel tanks were loaded to 25.20 cm (9,92 in) and 25.04 cm {9.86 in),
respectively,

5.4.6 S-IB STAGE PROPELLANT LOAD

The new LOX vent system for the A5-203 S-IB stage was designed to
provide adequate venting capacity in order that vaporized LOX would be
dissipated without appreciably increasing the LOX ullage pressure.
Therefore, the LOX weight indicated by the loading system 1is relatively
unresponsive to the heat transferred to the LOX during loading and
stand-by,

The §-1B-3 propellant loading criteria were based on the environ-
mental conditions expected at launch. The desired LOX weight, shown in
the loading table, was computed by using the density predicted for these
environmental conditions in conjunction with a nominal LOX ullage volume
of 1.5%. Figure 5-1 shows the temperature density relationship of the
fuel, determined by chemical analysis of a fuel sample taken from Launch
Complex 37B storage tank on April 8, 1966,

Propellant load adjustment was made at T-15 min for a 0800 EST
launch. The average fuel temperature projected to launch time was
295,3°%K, requiring a fuel weight of 126,045.2 kg (277,882 1bm), Due to
the two hour delay in launch, a 124.7 kg (275 lbm) increase in fuel load
was required. However, it was decided not to adjust the fuel load. The
average of temperature measurements in each tank showed the fuel tem-
perature to be 294,6%K at ignition. The desired weight, shown in the
loading table, for this fuel temperature was 126,155.8 kg (278,126 1bm).
The propellant tanking weights are shown in Table 5-I1I.

The values shown for the required load are the LOX and fuel weights
prescribed by the loading table for the fuel density 801.56 kg /m3
(50.04 1bm/ft3) at stage ignition. The KSC load is based on the LOX and
fuel mancmeter readings just prior to automatic sequence. At T-3 min
in the terminal count, the LOX and fuel manometer readings were 16.972 N/cm
differential (24,615 psid) and 12,207 N/cm? differential (17,705 psid),
respectively. The reconstructed load was determined from discrete probe
data telemetered during flight. Probes were located in three LOX tanks

2



Density (kg/m3)

815

810

805

800

795

790

280

285 290 295 300
Temperature (°K)

FIGURE 5-1 FUEL DENSITY (LAUNCH COMPLEX 37 STORAGE)

305

Density (lb/ft3)

50.8

50.6

50.4

50,2

50.0

49.8

49.6

494

iz



TABLE 5-111

AS-203 S-IB STAGE PROPELLANT WEIGHTS AT IGRITION COMMAND

Weight Reguirements

Weight Indications

Weight Deviations

Propellant Pred, Prior to Ignition Xsc Reconstructed KSC-Ign, Reconstructed-Ign. Reconstructed-Pred.
Launch (1) (2) (3} Load (&) (%) (%) (%)
LOX (kg) 286,881.8 286,881.8 286,881,8 286,864.9 0 -16.9 -16.9
(1lbm) 632,466 632,466 632,466 632,418 0 (o] -48 -0.01 -48 -0.01
Fuel (kg) 126,532.7 126,155,8 126,031.1 125,904.,4 -124.7 -251.4 -628,3
(1bm) 278,957 278,126 277,851 277,567 =275 -0.10 -559 -0.20 -1390 -0.50
Total (kg) 413,414.5 413,037.6 412,912.9 412,762.3 -124.,7 -275.3 -652.2
(1bm) 911,423 910,592 910,317 909,985 -275 -0.03 -607 -0.07 -1438 -0.16

(1) Predicted propellant weights were based on 2 nominal LOX density of 1131.30 kg/m3 (70,625 1bm/ft3) and a nominal fuel density of

803.42 kg/m? (50.156 lbm/frdy,

{2} Propellant weights required at ignition were based on a nominal LOX density of 1131,30 kg/m3 (70.625 1bm/ft3) and a fuel density of
801,56 kg/m> (50.04 1bm/ft3) determined immediately prior to launch.

(3} Ksc propellant weights

based on loading system pressure values immediately prior to propellant system pressurization,

(4) Reconstructed propellant weights are based on discrete probe data in conjunction with the Mark IV reconstruction, and are a
"hest estimate' of the actual load.
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(0C, 01, and 03) and two fuel tanks (FL and F3), The reconstructed load
is therefore a '"best estimate" of the propellants on board at stage
ignition.

The LOX pump inlet temperatures monitored during flight indicated
that the temperature of the LOX load at ignition was approximately 0,6°K
warmer than expected. The envirommental conditions at launch time were
very close to those predicted. The exact reason for the slightly warmer
LOX temperature cannot be readily explained, but the condition will be
further investigated.

5.4.7 S§-IVB STAGE PROPELLANT LOAD
Table 5-1IV presents the $-IVB propellant load at S-IB ignition

command, The best estimate includes loading determined from the PU
system, engine analysis, and trajectory reconstruction,

5.5 HOLDDOWN
The fire detection system performed satisfactorily during AS-203
launch, There were no sudden temperature rises of the fire detection

measurements between ignition and liftoff. All functions coccurred at
nominal times during the holddown,

5.6 GROUND SUPPORT EQUIPMENT

The general condition of the facility after launch was nominal, if
not better than on previous launches., The observed areas and their con-
ditions are listed as follows:

1. Tower - condition nominal

2, ZLauncher - condition nominal

3, RP-1 System - condition nominal

4, LOX System - The door on LOX pit distributor was blown ajar
but no internal damage was noted.

5. LHp System - condition nominal

6, Holddown Arms - The condition of arm 2 indicated a harder than
usual rebound which sheared the shear rods; otherwise, no abnormal
damage,

7. Pneumatic Distribution System - Minor damage was sustained on
twe tube assemblies of the 10,7 m (35 ft) level, Also, flame damaged the
insulation of the water glycol lines on the 10,7 m (35 ft) level,.



TABLE 5-1V

AS-203 S-IVB STAGE PROPELLANT WEIGHTS AT S-IB IGNITION COMMAND

Weight Requirements Weight Indications Weight Deviations
Propellant Pred, Prior Ignition Loading Best Loading Sys-Ign | Best Est-Ign Best Est-Pred
to Launch System Estimate (%) (%) (%)
10X (kg) 53,753.4 53,753.4 53,972.5 53,8446 219.1 91,2 91.2
{ 1bm) 118,504 118,504 118,987 118,705 483 0.41 201 0.17 201 0,17
Fuel (kg) 19,188.2 19,188,2 19,188,2 19,149,2 0 -39.0 -39.0
(1bm) 42,302 42,302 42,302 42,216 0 0 -86 -0.20 -86 -0.20
Total (kg) 72,941.6 72,941,6 73,160.7 72,993.8 219.1 52,2 52,2
(1bm) 160,806 160, 806 161,289 160,921 483 0.30 115 0.07 115 0,07

1Y
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8. Environmental Control System - The Johnson Controller beams
vibrated off their pivot points on units A-1, A-2, and A-4, similarly
to the AS-201 launch, Unit A-3 had been equipped with vibration dampers.

9. Propellant Tanking Computer System - condition nominal

10, Swing Arms - A hydraulic leak was observed in the auxiliary
hydraulic control panel at the 26,8 m (88 ft) level. 1t appears that a
tube coupling vibrated loose,

11. Firing Accessories - The fuel mast mechanical assembly holding
the retract cylinder broke and fell back. Engineering sequential camera
film indicated that an unusual amount of RP-1 burned at the mast exit,
This indicates a possible failure to obtain a good line drain and inert.

Also, an unusually large puff of GOX was observed at the LOX mast
at ejection. This indicates an unusual pressure in the mast; however,
no measurements are available in this area.

5.7 LAUNCH FACILITY MEASUREMENTS
All Launch Control Center (LCC) measurements indicated nominal

operation of the launch vehicle and support systems. The red line values
were all within limits.



6.0 " MASS CHARACTERISTICS
6.1 SUMMARY

Postflight analysis indicated that the vehicle weights were lower
than predicted during S-IB powered flight, ranging from 259 kg (570 1bm)
at first motion to 2,950 kg (6,504 lbm) prior to the establishment of
time base 2. These deviations were primarily attributable to 630 kg
(1,390 1bm) less fuel tanked in the §-IB stage and a higher mass flowrate
during this period. The vehicle weight was 258 kg (568 lbm) higher than
predicted for the inboard cutoff event and 329 kg (725 lbm) lower than
predicted for the outboard cutoff event, Vehicle longitudinal center
of gravity was slightly forward of the predicted value throughout S-1B
powered flight, primarily due to a heavier upper stage weight and lower
residuals in the S-IB stage. Mass moments of inertia were slightly less
than predicted due to lower vehicle weights.

Vehicle weight during the S-IVB powered flight was 193 kg (425 lbm)
higher than predicted at engine start command and 105 kg (232 1lbm)
higher at cutoff signal, Vehicle longitudinal center of gravity and mass
moments of inertia very closely approximated the predicted values during
this period.

6.2 MASS ANALYSIS

Postflight mass characteristics are compared to the final predicted
mass characteristics (Ref, 1) which were used in determination of the
final predicted trajectory (Ref. 2). The postflight mass characteristics
were determined from an analysis of all available actual and reconstructed
data, from ground ignition through S-IVB stage J-2 engine thrust decay.
Dry weights of the S-IB stage, S-TVB stage, vehicle instrument unit, and
nose cone were based on an evaluation of the Weight and Balance Log Books
(MSFC Form 998). §-IB stage propellant loading and utilization was
evaluated from the S-IB propulsion system performance reconstruction,
§-1VB propellant loading and utilization was evaluated from a composite
of Propulsion Utilization (PU) system, engine flow integral, reconstruc-
tion,and level sensor residuals.

Deviations in the dry weights of the stages were all within the
predicted three sigma deviation 1imits. The total weight of the dry
vehicle was 58 kg (127 lbm) higher than predicted, At ground ignition,
the vehicle weight was determined to be 544,214 kg (1,199,765 1bm),
which is 477 kg (1,052 lbm) lower than predicted, This decrease is
primarily due to 652 kg (1,438 1bm) less propellant loaded into the S-1IB
stage, The remaining deviation is primarily attributable to higher
propellant and service item loading in the S-IVB stage and the dry stage
deviations,

S ON DRIk
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Thrust buildup mass losses were 219 kg (482 ibm) less than predicted
due to lower propellant densities. The vehicle weight at first motion
was 537,998 kg (1,186,062 1bm), which was 259 kg (570 1bm) less than
predicted. At 130 sec, the vehicle weight was 2,785 kg (6,140 lbm) less
than predicted,which reflects the higher propellant flowrates, 1Inboard
engine cutoff signal occurred 1.20 sec earlier than predicted and the
vehicle weight for this event was 141,691 kg (312,370 1bm). The vehicle
weight compared to that predicted for this event was 258 kg (568 lbm)
higher than anticipated. At outboard cutoff signal, the deviation was
329 kg (725 1bm) less than predicted, The difference in the deviations
of positive 258 kg at inboard cutoff and negative 329 kg at outboard
cutoff was caused by a 0.44 sec longer time increment between these sig-
nals, The vehicle weight at separation was 135,289 kg (298,257 1lbm),
which is 395 kg (870 1bm) less than anticipated and is a result of lower
propellant residuals,

The second flight stage weight at S-IVB engine start command was
88,712 kg (195,573 1bm) and at 90% thrust was 88,466 kg (195,031 1bm),
These weights were 193 kg (425 lbm) and 165 kg (365 1bm) higher than
predicted. Mass losses during the S-IVB powered flight were 60 kg
(133 1bm) more than predicted, leaving a vehicle weight at cutoff signal
105 kg (232 1bm) higher than anticipated. The weight of liquid hydrogen
availlable in the tank at end of thrust decay for experimentation was
8.633 kg (19,033 1bm) or 15 ke (32 1bm) less than predicted. Vehicle
flight sequence mass swimary is presented in rable 6-1., venicie mass
history from ground ignition through §-IVB thrust decay is presented in
Table 6-II. Graphical representations of this data, center of gravity,
and mass moment of inertia histories with respect to time are illustrated
in Figures 6-~1 and 6-2 for the $-IB stage and $-IVB stage powered flights,
respectively,

6.3 CENTER OF GRAVITY AND MOMENT OF INERTIA ANALYSIS

Evaluation of the vehicle longitudinal center of gravity during S-1IB
powered flight indicated that the CG was slightly forward of the predicted
value. This deviation is caused by a heavier upper stage weight and lower
residuals in the 'S-IB stage. Mass moment of inertia variations during
S-IB powered flight were slightly less than predicted primarily due to
the lower vehicle weights, The longitudinal center of gravity travel
during the §-IVB stage powered flight closely approximated the predicted
values. Mass moment of inertia deviations were minor and not considered
significant,

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-ITI.

Weight data presented in this section are weights of masses under
acceleration of one standard Yg". The sign convention utilized herein
conforms to the Project Apollo mass properties coordinate system (Ref. 3)

~ -
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TABLE 6-I1a

VEHICLE MASSES (KILOGRAMS)

INBOARD GITBRIARD
TGHTTT COMMANT FIRST MOTTON FNGTNE CUTOFF ENGINT ey SEPARATT N
EVENTY
PRED N PRED ACTUAL PRED ACTUAL PRED ACTUAL PRED AGTUAL

RANGE TIME (sec) = 47 = 48T 47 R RN AN 129,.4 WA li: 68 1hhoody MY}
5-1B stage dry DHI13.7 0 39008 1 39 w39 L ey e ag nia et wane ] o1 e] setie
LOX in tanks STTMNLL 278,10 AN 1,399, ¢
TP-1 in tanks ORI SIS D V2 =3 b AP BRI 1,7.040.9 LoRn <) el
LOX below tanks Gy, 1,907.8 1, 266, 5, BLY. 1,583,585, 1,h0t.% o
RP-1 below tarks RN s 2,005 2,897 Sy, 20,7 .8
LOX ullage gas (GOX+HE) A4 1,236, 1,243.8 Lasioe| ) ok y 8
RP-1 ullage £gas {helium) 2.7 26, 28 S S 7
Nitrogen 209 P 14, TBUF 6.3 13,1 3
HE-RP-1 pressure supply Wi 2.7 7.1 7.3 5.9 [ .9
Hydraulic oil 2.7 1z.7 12.7 0.7 12.7 oy .7
Cronite 5.0 4.0 3.2 [ 4.2 L L8
Frost L53.6 453.6

TOTAL T-IB STAGE A530BL LR |48 35,3 LLG,EN0L0L L6, 2165 LG, 8727 L9,935.0 L, 837,05 | 44,,114.4 L, 12736 h1,5%8.7
S-TB/S<TVB interstage-dry <,008.0 | ,510.0 7,508 .0 5,510, 2 08 | L TsE 2570, 2 7, 508.0 2,510.2
Retrorocket propellant LBL LY LE87.6 L84 .4 LB7.6 L8L L LET. 6 LB87.6 L8L 4 487.6

TOTAL S-TB/S-~IVR INTSTG. newz g |os, 7.8 29904 99T R 2,964 | 2,997.8 Y ,597.8 | 2w | 209m.e
3-TVB stage dry in orbit 11,2973 11,3178 11,777,3 F11,317.8 PR3 P L317.8 | L ATA [T AT.8 | A, 2T 3 | I, 9170
LOX in tank 54,586.9 | 53,678.1 53,586.9 | 53,6781 o3, 586.9 | 51,678.1 | S2,584.9 [ 53,678.1 | 53,586.9| $3.678.1
LHy in tank 19,0R6. 19,1274 19,166.4 19,1274 19,1664 19,1274 19,1664 £ 19,127.4 19,166, 19,127.4
TOX below tank 166,45 1665 166.5 P 166.5 16h.% 166.5 1665 16605 146.E
LH, below tank 21,8 ~1.8 21.8 21,8 J1.8 “1.8 21.8 S8 Sl M.
I0X ullage g5 (GOX+HHE) 1365 170,71 136.5 2701 136.5 174.6 36,5 1746 136, 5 17,6
Hy ullage gas {helium) 48.] 19,1 Lell 19,1 L8.2 19,1 L8l 19.1 48,1 9.1
fxft frame 13.6 11.13 13.6 1.3 13.6 1.3 13.6 11.1 13.4 1.3
Jeparation and ullage comp. 1.8 1.8 i.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
llage rocket cases 99.8 99,1 99.8 99.3 99,8 99.73 Ny, 8 99.1 99.8 99.3
Tllage rocke!t grain R, A 80.73 87,6 80.3 Br.6 8,1 2.6 80,3 B A 75.3
APS propellant [N 56,2 A1 56.2 40,8 56.2 AR 56.2 60,8 542
Hytraulin oil AR &8 6.8 6.8 %1 A8 [ r 2 4.8 A8
Ritraogen hydraulic reservoird 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Environmental control fluid 1.5 19.5 19.5 19.8 19.5 19,5 19.5% 19,5 1g.% 19.5
Helium - pnenmatic 1.4 3.5 1.7, 9.5 1.4 9.5 1.4 9.5 1.4 G4
Helium-LO¥ pressure supply ALY 165.1 lad .7 165, 1 1247 160.6 1eh? 160.6 10,7 160.6
Helium - APS .5 1.4 .6 A % 1.k o 1.4 W h 1.4
G - start tank ra 2.1 204 i 23 2.3 23 L 2
Frost 45,4 61,2 LS. 4 61.2 38,6 38,6 38.6

_ — o —_—

TOTAL S-IVR GTAGE B, 860,1 85,016,9 BL,860,1 25,0169 8.,814.7 84,994 .3 BL,814.7 {84,994.3 | 84 R14,7 84,9893

VERTCLE TNSTRIMENT UNTT 2,072.9 210704 AT 107,04 ENEZARA 2,107.4 SO0 SO 2,720 D07k

NOSE DONE 1,681.5 1,656, 1 1,H81.5 1,656 1,681,5 1,656.1 1,681.5 | 1,656.1 1,681.5 1,4656,1

VEHTICLE [CR TN G4, 283.% (518 000y, 537,997.7 |141,41471.% 11,6910 o, 2wa, 1 11%,069,1 135,684.1 | 174,289.1

of



TABLE 6-1Ib VEHICLE MASSES (PCUNDS)

TNBOARD AUTROARD e
- TONTTTON COMMAND FIRST MOTTON WETHE “UTOFR NGINE CUTOFF SEPARSTION
PRED ACTUAL PRED ACTUAL PRED ADTUAL PRED AITUAL FRED ACTUAL
RANGE TIME (sec) —2.47 -2..87 .63 L6 4. Lh 179,20 L300k 1.2.68 1404 .74 143.L4
5-1B stage dry 86,2730 86,2732 86,230 86,232 RA, 230 86,275 86,23C 8,2 26,230 86,510
10X in tanks A2, 117 624,251 612,794 513,120 1,908 2,940
RP-1 in tanks 27,146 272,767 270,N08 268,778 L, b5 3,805 UL 0 161 o
LOX below tanks 8,149 2,167 8,653 8,615 8,503 8,486 3,491 3, 58L 2,926 ©,91%
RP-1 below tanks 4,811 4,800 5,739 5,726 5,719 5,726 5,274 4,953 5,048 3,913
LoX ulluge gas (COK4HF) 30 o4 7 &) 2,7 2,782 LT B 7N B
RP-1 ullage gas (helium) 4 L 6 6 5 P2 £] 8l 61 e
Nitrogen Lo 50 ib 50 16 4 26 Ll 36 40
HF-RP-1 pressure supply ™0 VN 68 72 16 16 13 1 13 14
Hydraulic oil 28 28 28 28 28 28 o8 28 28 8
Oronite 33 33 33 33 7 9 7 7 7 7
Frost 1,000 1,000 1, XN 1,000
TOTAL S5-TB STAGE 998, 864 997,432 984,579 983,729 | 109,%.9 113,087 v8,8L8 97,693 97,874 35,985
~IB/S-TVB Interstage-dry 5,529 5,534 5,529 5,534 5,629 5,531 5,509 5 53L 5,500 5. 5%
etrorocket propellant 1,068 1,075 1,068 1,075 1,068 1,075 1,068 1,075 1,068 1,075
TOTAL S-IB/S-IVB INTSTG. 6,597 6,609 &, 597 6,609 f,597 b, 609 6,597 t,h0% 5,597 6,400
“TVB stage dry in orbit. 7L, 53 214,951 7L,857 24,951 2L, 853 7L, G5l oL,853 | 2h,9°1 L85 |, 95
[OX in tank 118,137 118,338 118,137 118,338 | 118,177 118,338 118,177 | 118,338 118,137 § 118,338
Lit, in tank L2,25h 12,168 42,254 42,168 L2,0%h 42,168 12,054 42,168 L2, 050 47,168
LOX below tank 367 367 367 367 367 167 367 67 407 6T
IH, belaw tank A Le L8 L8 LB L8 18 L8 L8 LE
NOX ullage gas (GOXHE) 301 375 301 375 anl 385 301 385 30} 345
j, ullage gas (helium) 106 42 106 42 106 42 106 42 106 42
kTt frame 30 25 ke 25 0 25 0 25 40 i
Separation and ullage comp. 4 A L L L IN A 4 4 4
)11age rocket cases 220 219 220 mneg 220 219 20 219 9
[l11age rocket grain 182 177 182 177 142 177 182 177 182 166
kPS propellant 134 124 A 124 134 124 17 1% 134 104
fydraulic oil 15 15 15 15 15 15 15 15 15 15
itrogen hydraulic reservolr 3 3 3 3 i 2 E 3 3 ?
Environmental control fluid [ %] L3 L3 3 L3 [ L3 L3 L2 L3
Helium - pneumatlc 3 21 3 21 3 i) 2 ol 3 o1
Helium-LO) pressure supply 275 kG e 364 275 254 ) 154 270 354
Helium — APS 1 3 1 3 1 3 1 3 1 3
M, - start tank 5 5 t 5 5 5 ) 5 5 4
Frost. 100 135 100 135 85 85 85
TOTAL 3-TVR STAGE 187,081 187,427 187,081 187,427 | 186,981 197,377 186,981 | 187,377 186,981 | 187,366
VEHTCLE INSTRUMENT UNTT 5, 568 L, 646 L, 56R b, CLO L, 568 L, ALE L, 568 L, ALb 4, HER L,6LE
NOSE CONE 3,707 3,651 5,07 3,651 1,707 3,051 i 1,661 3,707 1,451
VEHIGLE 1,700,817 1,199,765 |1 186,672 | 1,186,062 ) 111 B0 17,370 30,7101 | 299,976 P9a,127 | 298,257

1t



TABLE 6-IT¢ VEHICLE MASSES (KILOGRAMS)

3-TVB STAGH

5-1VH

STAGE

O-TVR STAGH

PNGINE SUTGHM COMMARD

S-1VEB STAGE
ENGINE THRUIST DECAY

SVENT TCRITTON DOMMAND (ESC) G0 THINST
PRET ACTYHAT PRED ACTUAL D ACTIZAL PRED ACTUAL

RANGE TIME (sec) 5.2 1l . 8BS 149.55 1L8.21 Li0L 19 33,35 4369 L
5-1VB stage dry in orbit 11,:072.3 13,417.8 LL 2733 11,717.8 11,273.7 15,+417.8 11,273,310 11,317.8
LAY in tank 5, 506.9 53,678.1 53,L07.72 53,513.9 ,183.6 2,244 4 D1A5.00 2,180.9
ILH, in tank 19, 160, 0 19,127.4 19, 110,07 19,677.0 8,657.4 8,646.0 2,647 .4 8,633.3
INY below tank 166.5 166.5 129,01 180.1 180.1 180, 1 18,1 146, 5
Lil, below tank ClLB 21.8 LR 26,2 261 DELY JAL P1.8
¥ ullage gas (GOXHIER) 140,5 174.6 1465 175.5 EINARE 233.6 RIS 233.6
Ho ullage gas (helium) L8.1 19.1 L2, 20.0 119.73 104.8 119.7 104.8
Aft, frame
Separation and ullage comu
Jllage rocket cases 95.8 99.73 59.8 99.3
lillage rocket grain 9.0 L7.6
APS propellant 60.8 56.2 60.8 56,2 59.0 55.8 59.0 55.8
Hydraulic oil 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8
Nitrogen hydraulic reserwir 1.4 1.4 1.4 1ok 1.4 1L 1.4 Lok
Environmental control fluld 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5
Helium - pneumatic 1.4 .5 1.4 9.5 1.4 9.5 1.4 9.5
Helium-LOX pressure supply 12L.7 160.6 1247 159.7 88.0 108.8 gg. o 108.8
Helium - APS .5 1.4 0.5 1.4 Q.5 1.4 0.5 1.4
GHy - start tank 2.3 e 0.5 0.5 3.6 S 2,6 E
Frost : 38.6 37.6

TOTAL 3-TVB STAGE 84,765.7 | 84,948.5 B4,,547.1 [8L,702.5 2, BOL . 70,959.4 | 20,8146 | 22,865.1

VEHICLE INSTRUMENT UNIT 2,072.0 2,107 .4 2,700 S 107 L 207000 210700 LOTRLG 2,107.%

NOSE CONE 1,681.5 | 1,656.1 1,681.5 | 1,656.! 1,481.5 1,656.) 1,681.5 | 1,656.1

VEHICLE 88,519.2 [88,712.0 | 88,300.6 [88,466.0 | 26,617.7 | 2,722.9 | 26,570.1 |»4,628.6
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TABLE 6-11d VEHICLE MASSES

(POUNDS)

S-IVB STAGE S-IVB STAGE S-IVB STAGE $-IVB STAGE
FURNT TGNTITION COMMAND (ms0) 90% THRUST ENGTNE CUTOFF COMMAND FNGINE THRUST DECAY
PRED ACTUAT PRED ACTUAL PRED ACTUAL PRED ACTUAL
RANGE TIME (sec) 145,72 144,89 14,9.53 148,21 L36.19 L33.35 436.9 436.1
5-IVB stage dry in orbit 21, ,853 24,951 24,853 24,951 21,853 24,951 2,853 | 21,951
10X in tank 118,137 118,338 117,853 117,976 L, 814 4,948 4,730 4,808
LH, in tank 42,254 42,168 42,130 42,057 19,086 19,061 19,065 19,033
0¥ below tank 367 367 397 397 397 397 397 367
IH; below tank L8 L8 58 58 58 51 58 L8
LOY ullage gas (GOX+HE) 301 385 301 387 538 515 538 515
o ullage gas (helium) 106 42 106 4t 263 231 263 231
Aft frame
Separation and ullage comp.
Ullage rocket cases 220 219 220 219
Ullage rocket graln 108 105
PS propellant 134 124 134 124 130 123 130 12
Hydraulic oll 15 15 15 15 15 15 15 15
Nitrogen hydraulic reservolir 3 3 3 3 3 3 3 3
Frvironmentil control fluid L3 L3 43 L3 43 3 43 43
lelium - pneumatic 3 21 3 21 3 21 3 21
Helium—-LOX pressure supply 275 354 275 252 191 240 194 RIAH
[elium - 495 1 3 i 3 1 3 1 3
GHo - start tank 5 5 1 L 8 7 8 7
Frost. 85 83
TOTAL 5-TVB STAGE 186,873 | 187,276 186,391 186,734 57, K06 50,616 50,301 50,408
VERICLE TNGTRUMENT UNTY L, 568 L, 616 i, 568 I, bLE L, h68 L, AL6 I, 568 I, 6LO
NOSE CONF 3,707 3,651 3,707 3,651 3,707 7,651 3,707 3,651
YEHTCLE 195,148 | 195,573 194,666 | 195,031 58,581 58,913 58,576 | 58,705

£e
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