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1.0 Introduction 

1.1 General 

This report presents the results _of analyses performed of the S-IVB-512 

Stage operation during the AS-512/Apollo 17 Mission~ 

McDonnell Douglas Astronautics Company (MDAC) personnel performed an 

analysis of the prelaunch countdown, launch and flight operations of the 

S-IVB-512 Stage through completion of the lunar impact burn and passivation 

activities. · 

This report is the final report on the S-IVB-512 Stage by the MDAC S-IVB 

Mission Planning and Evaluation Committee. 

1.2 History 

The S-IVB-512 Stage was assembled at MDAC, Huntington Beach, where Stage 

Post Manufacturing Checkout was begun on March 21, 1969. The All Systems 

Test (AST) was completed on July 9, 1969. Following AST, the stage received 

necessary modifications and was placed in storage. No Static Firing Test 

was performed on Stage 512. An expanded checkout was performed on the stage, 

however, and was completed, along with a second AST, on October 9, 1970. 

Modifications and shipping preparations were performed during the period 

October 10, 1970 to December 3, 1970. The stage was shipped to Kennedy 

Space Center (KSC) on December 4, 1970, arriving at KSC on December 21, 1970. 

Upon its arrival at KSC, the stage was installed in the low bay of the 

Vehicle Assembly Building, subjected to post-transportation receiving 

inspections, and placed in storage. Post-storage inspection and modification 

was performed from March 6, 1972 to May 5, 1972. Low bay checkout was 

performed, the aft interstage installed and the stage transported to high bay 

and mated to the SA-512 Launch Vehicle • .. The mated AS-512 launch vehicle was 

subject·ed to a series of integrated checkouts culminating with a "wet" 

countdown demonstration test completion on November 20, 1972. The AS-512 

l-1 



1.2 History (Continued) 

Space Vehicle was launched from Launch Complex 39A on December 7, 1972, 

at 0533:00.631 GMT. Table 1-1 presents significant checkout and test 

history elates. 

l-2 
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TABLE 1-1 

EVENT COMPLETION DATE 

Tank Assembly Complete 13 September 1968 

Stage Post Manufacturing Checkout 21 March 1969 

All Systems Test Nl 17 July 1969 

Expanded Stage Checkout 24 August 1970 

All Systems Test #2 29 September 1970 

Modifications and Preps. to Ship . 10 October through 9 November 1970 

Ship to FTC 4 December 1970 

Stage Rolled Out of VAB 28 August 1972 

FRT 20 October 1972 

CDDT 15 November through 21 November 1972 

Launch Countdown 30 November through 7 December 1972 

Launch 7 December 1972 
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2.0 SUMMARY 

2.1 Mission Objectives 

Launch vehicle mission requirements/objectives for the AS-512 mission 

are those specified in NASA/MSFC Document PM-SAT-8010.10 (Revision A), 

"Saturn V, Apollo 17/AS-512, Mission Implementation Plan," as revised 

to September 29, 1972. Mission objectives applicable to the S-IVB-512 

stage are summarized and discussed as follovs: 

Mandatory Objecti-ves Objective Accomplishment 

Launch on a flight azimuth between 72 and 

100 degrees and insert the S-IVB/IU/SC into 

the planned circular earth parking orbit. 

Restart the S-IVB on the first or second 

opportunity over the Atlantic and inject the 

S-IVB/IU/SC onto the planned translunar 

trajectory. 

Provide the required attitude control 

during TD&E. 

Desirable Objectives 

Pertorm an evasive maneuver after ejection of the 

CSM/IM from the S-IVB/IU. 

Target the S-IVB/IU stage for impact on the lunar 

surtace at 7.0°s, 8.o0 w. 

Determine actual impact point within five 

kilometers, and time of impact withiri 

one second. 

After final LV/SC separation, vent and dump the 

remaining gases an~ propellants to satle the 

S-IVB/IU. 

Achieved 

Achieved 

Achieved 

Achieved 

Achieved 

Achieved 

Achieved 



2.2 Deviations . and Anomalies 

A single anomaly occurred during the flight of S-IVB-512, however, this 

anomaly did not contribute to an early termination of the planned S-IVB 

stage miHion. 

S.ignificant. Anomalies: None 

Less Significa.nt Anoma.lies: 

1. Af't battery number 1, unit 1 primary battery heater 

controller system malfunction in time base 8. 

A discussion of tht■ anomaly is found in Table 2-1. 

2.3 Countdown Operations 

The AS-512 space vehicle was launched at 0533:00.631 GMT from Launch 

Complex 39A on December 7, 1972. The overall performance of the S-IVB-512 

Stage was satisfactory during all phases of the countdown, however, an , 

extended hold occurred due to a terminal countdown sequencer (TCS) malfunctio 

which led to a non-receipt of the "S-IVB ready-to-launch" interlock. No 

significant S-IVB Stage problems occurred during the extended hold and 

launch countdown. No significant damage was sustained by the MDAC ground 

support equipment during the launch operations. 

2.4 

Trajectory end conditions of flight; as specified in the MDAC-WD technical 

performance criteria document were ·within . allowable tolerances. Also, 

flight attitude errors and rates during applicable performance periods 

were maintained within specified limits. Therefore, it was concluded that 

all S-IVB Stage CPIF flight missions accomplishment criteria were achieved. 

2.5 Trajectory 

The AS-512 trajectory showed essentially nominal predicted performance 

during the S-IC B:bage bu,rn phase, whereas the S-II Stage burn phase 



Trajectory (-Continued) 

exhibited higher than nominal performance. The S-IVB Stage first burn 

period was corresponding shorter than predicted due to the high 

performing S-II Stage. The S-IVB Stage second burn performance was 

somewhat less than nominal. A detailed comparison of actual and 

predicted trajectory parameters at key event times may be found in 

Tables 6-1 through 6-5. The S-IVB Stage lunar impact experiment was 

successful. 

2.6 ~ss Characteristics 

At S-IVB-512 first burn Engine Start Command, the mass of the AS-512 

vehicle was 377,480 ± 651 lbm. At S-IVB-512 first burn Engine Cutoff 

Command, the mass was 310,761 ± 604 lbm. At second burn Engine Start Command, 

the mass of the vehicle was 308,122 ± 615 lbm. At second burn Engine 

Cutoff Command, the mass of the vehicle was 144,908 ± 368 lbm. All total 

vehicle mass characteristic parameters were within tolerance throughout 

the flight. 

Engine System 

J-2 engine performance was satisfactory and well within predicted 

bands. 

2.8 Oxidizer System 

The oxidizer system performed adequately, supplying LOX to _the engine 

pump inlet within the specified operating limits throughout J-2 engine 
I 

operation. The NP~P available at the LOX pump inlet exceeded the engine 

manufacturer's minimum requirement at all times. Propellant dump 

occurred as predicted, and the _ LOX tank was adequately safed by latching 

open the LOX NPV valves. 



2.9 Fuel System 

The fuel system supplied the engine with adequately conditioned LH2 

during tirst and second burns. The LH2 tank was satisfactorily safed 

by latching open the LH2 tank NPV valves. 

2.10 

The oxygen-hydrogen burner was successfully used to repressurize both 

propellant tanks for 8-IVB second burn. The burner performance in 

providing thrust for. propellant settling was nominal. 

2.11 Pneumatic Control &nd 'Purge Ststem 

The pneumatic control and purge system performed satisfactorily 

throughout the flight. The S-IVB-512 pneumatic control sphere was 

supplemented by the LOX tank repressurization spheres; and the helium 

supply was, therefore, more than adequate to meet all mission 

requirements and to accomplish all purges. No helium leakage was 

evident during earth orbit. 

2.12 Auxiliart Propulsion sy-stem. 

The auxiliary propulsion system operated nominally throughout the normal 

stage lifetime. The attitude control, maneuvering and ullaging require

ments of the mission were all fulfilled. No helium leakage was detected 

in either module throughout the mission. 

2.13 Prop~lant Utilia•tion 

The propellant utilization system successfully accomplished the requirements 

associated with the leading operation and inflight monitoring modes. The 

best estimate propellant ma.ss values at liftoff were 195,616 lbm LOX and 

43,752 lbm LH2. The val11es are well within the desired stage propellant 

(t 0.75 percent LOX and! l.04 percent LH2) loading accuracies. 



2.14 Data Acquidtion System 

Data a«quilition system perform.a.nee during the mission was good, and 

there were no aysta malfunctions. 

System performance is B\BD&rized as follows: 

Measurements assigned 

Measurements inoperative due to 
stage configuration 

Checkout measurements 

Measurements waived prior to flight 

Measurements active for flight 

Measurement failures 

Partial failures 

Measurement reliability 

284 

1 

7 

2 

274 
2 

2 

99.3% 

The RF system blackout period data losses during S-IC/S-II separation 

were observed at Ro+ 163.01 seconds for a period of 2.55 seconds. 

Data was intermittent for 0.57 seconds at Ro+ 194.08 seconds during 

S-II Aft Interstage separation. S-II retro rocket produced ionization 

particles did not contribute to a.n S-IVB signal strength attenuation 

during S-II/S-IVB separation. 

2.15 Electrical s1stem 

All Electrical systems on the S-IVB stage except for the Aft l, Unit 1, 

Battery Temperature Primary Controller System, performed satisfactorily 

throughout the boost, the powered portions of the flight, and during 

restart. The S-IVB stage electrical control system responded normally 

to all the commands received from the Instrument Unit. The APS 

electrical control system performed within prescribed limitations. The 

battery voltages, currents, a.nd temperatures (except for Aft 1, Unit 1 

temperature), remained within the normal range beyond their mission 

requirements. Forward. Battery No. 2 voltage decEcyed below 26 volts at 

Range Zero plus 30,412 seconds. The a:mpere-hours delivered by the 

battery at this time were calculated to be 26.77, from the data 

available. 



2.15 Electrical System (Continued) 

The Aft 1, Unit 1, Battery Heater Primary High Temperature Controller 

failed to control at the upper temperature point of approximately 554°R 

(308°K) at Ro+ 32,440 seconds. However, the Backup High Temperature 

Thermostat subsequently exercised proper control to limit the temperature 

at approximately 583°R (323°K). The Low Temperature Controller operated 

properly until the end of data. Preliminary evaluation of the data 

indicates the most likely cause for failure is thermal runaway of the 

power transistor. 

The three 5-VDC and seven 20-VDC excitation modules all performed within 

acceptable limits. The LOX and LH2 chilldown inverters performed 

satisfactorily and f'ulfilled load requirements. 

The Range Safety· system was not required for propellant dispersion during 

the flight. All indications were that the system was operating properly 

and would have properly executed its function if required. 

2.16 Flight Control and Separation Dynamics 

A detailed reconstruction of the separation dynamics was not possi.ble 

since the necessary measurements on the S-II have been removed. A 

comparison of the S-IVB longitudinal acceleration and body rates to past 

flights showed essentially nominal separation. 

The S-IVB Stage Thrust Vector Control (TVC) System and Auxiliary 

Propulsion System (APS) provided satisfactory attitude control during 

separation and during first and second burns. Control system transients 

were experienced at S-II/S-IVB separation, guidance initiation, engine 

mixture ratio (EMR) shift, chi tilde Guidance Mode initiation, and J-2 

engine cutoff. All transients were expected and were well within the 

capabilities of the control system. 

The Auxiliary Attitude Control System (AACS) provided satisfactory attitude 

control during parking orbit and translunar coast. Auxiliary Propulsion 

System (APS) propellant uaage for attitude control and ullaging was very 

near the predicted mean usage. Attitude control was verified through the e 
S-IVB/IU (Instrumentation Unit) passive therma.l control maneuver ("three-

a.xis tumble :maneuver"). 



2.17 Hy4l"aulic System 

The hydraulic system performed within predicted limits throughout the 

flight. No overboard venting of system fluid was evident as a result 

of fluid expansion. There were four thermal cycles during the coast 

periods; three prior to second burn and one prior to propellant dump. 

2.18 Stage Structure and Environment 

A review of the AS-512 flight data has revealed no structural anomalies. 

The maximum LOX and LH2 tank ullage pressures recorded during prelaunch 

and flight were below the limit ullage pressures used for tank design. 

The maximum differential pressures experienced by the common bulkhead 

during prelaunch and flight were below the design limits. The maximum 

measured acceleration during the critical first stage launch was less than 

the mission restricted nominal acceleration of 4.o g's. 

The forward skirt thermoconditioning system appeared to operate normally 

during boost and flight. A temperature transducer ranging problem with 

an IU instrumentation temperature parameter precluded determination of 

thermal characteristics down to the lower ICD requirements; however, 

operation of the system was entirely nominal, as evidenced by examination 

of other measurements. 

The vibration environment was similar to the AS-511 flight during S-IC and 

S-I I powered flight. A random noise disturbance that occurred on the 

S-IVB gimbal block .during S-II burn from Ro+ 185 to 205 seconds and again 

from 260 to 270 seconds was not valid vibration data. Low level longitudinal 

oscillations similar to those experienced on AS-505 through AS-511 were 

observed during S-IVB first and second burns. The levels were within the 

range measured on previous flights. Although the astronauts did not report 

a "buzz", the "buzz" frequency was present in the LOX pump inlet pressure 

in the frequency range from 63 to 67 Hertz. The dynamic environments 

throughout the flight were within the stage design criteria. 



2.19 Explosive Ordnance Equipment 

All pertinent data has been reviewed to evaluate the performance of 

Ordnance Systems. Ullage Rocket Ignition, Stage Separation, 

Retro-Rocket Ignition, and Ullage Rocket Jettison occurred in 

response to comaanda from the instrument unit. 

The explosive ordnance portion of the Range Safety System (the 

Propellant Dispersion System) was not re~uired to function, since 

it was not necessary to destroy the stage during this mission. 



TAB1'2-l 

LESS SIGNIFICANT ANOMALIES 

ITEM 
VEHICLE ANO.MALY PROBABLE SIGNIFICANCE 

PARAGRAPH 
SYSTEM CAUSE REFERZNCE 

1 Electrical Power System The Af't 1, Unit 1, Although an extensive analysis The primary controller 16.2 
Battery Heater High is still active, preliminary is backed up by a high 
Temperature Primary data evaluation indicates limit thermostat which I 
Controller failed to the most likely cause for protected the battery ' 

control at the upper failure is thermal runaway of from an extensive I temperature point at the power transistor. overtemp condition. 
Ro+ 32,440 seconds. Failure of the I primary and secondary 

contro.lleri;; would 
result in battery loss. 

i 
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I 
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3.0 '£!!T CONFIGURATION 

3.l 9tnera,l 

Tables 3-l and 3-2 present the S-IVB-512 stage and ground support 

equipment (GSE) orifice data, Table 3-3 presents .pressure switch 

checkout data, and Table 3-4 presents the relief valve vendor data. 

Figure 3-1 is a schematic of the S-IVB-512 propulsion system. The 

details of specific systems and configuration modifications are 

discussed in the appropriate sections of this report. Additional 

stage information is presented in the following document: 

3.2 

MDAC-WD Drawing No. lB66684 "T": S-IVB Stage End Item 
Test Plan, dated June, 1970 

Stage and Hardware ·Modifications 

This section presents the . significant configuration differences between 

the S-IVB-511 and S-IVB-512 stages. 

3.2.1 APS Recharse System - ECP 3657 

In order to provide a back-up heli.um supply for the APS modules, 

the fuel ambient repress bottles were interconnected with the 

APS fill manifold, utilizing an orifice to control flow, and a 

shutoff valve and check valve to direct the gas in the desired 

lll8.ruler. This modification permits replenishment of APS gas 

supply by ground command in the event that flight leakage depletes 

the APS bottle pressure to a dangerously low level. The components 

are a.11 proven flight parts, similar to the presently used J2 

Engine helium bottle recharge system, and no additional qualification 

is considered necessary. 

3.2.2 Elimination of BulkheadFittinss and Teflon "O" Rings in 
the AP$ BY•t!! .. ECP 3655 

' 

The 511-1 APS anomaly investigation resulted in the conclusion that 

the most likely cause of the flight leakage was the bulkhead 

fittings and 'Feflon 11011 rings in the APS system. ECP 3655 was 



3.2.2 Elimination of Bulkhead Fittings and Teflon "O" Rings in 
• ·the ·.APs ·Sy-st~ ~ ECP 3655 . {Continued) 

was submitted to redevelop the piping as required to eliminate 

bulkhead fittings, and replace Tef'lon "O" rings with "K-seals" 

in the low pressure system and Buna-N "O" rings in the high 

pressure system. This was accomplished and the system 

r&verified. 

3.2.3 Redesign of the Transducer Mounting Block - ECP 3656 

The attachment of the two transducers on this block had utilized 

a through bolt design that made standard Conoseal installation 

procedure ineffective in producing a consistently satisfactory 

seal. The potential for . leakage due to misassembly and 

the hard-capped common seal vent port made this assembly a 

candidate for the internal leakage path seen on the 511-2 APS 

in flight. The modifications accomplished on ECP 3656 include 

rotation of one of the transducers to provide for a separate 

attach bolt pattern and provision for separate seal vent ports. 

This eliminates the interconnecting path between the high and 

the .low pressure systema and makes for standard Conoseal installation. 

3.2.4 Modifications to the J2 Enjine ECA - ECP J2-708 

In order to eliminate several single point failures to the ECA 

circuits, the following changes were made by ECP J2-708: 

a. Elimination of the ignition detect circuit. 

b. Replacement ot single timers with redundant (3) timers. 

c. Provisions for monitoring individual timers by multiplexing 

of the hardwire sparks signals from the ASI and GG. 

The qualification has been completed, and the product acceptance 

test for each reworked ECA includes a 60 second static firing to 

verify that the vibration will have no adverse effect on the 

operation. The timers .operate on a 2 out of 3 voting circuit, to 

prevent inadvertent problems due to single point failure. 

3-2 



3.2.5 Modifications to- the J2 Engine Purge System - ECP J2-717 

The J2 Engine purge system was modified by this ECP to correct a 

problem that occurred on the S-II Stage. The problem was a temporary 

failure of the purge control valve to close. A failure of this 

type, if of long enough duration, would deplete the engine pneumatic 

supply and a:tfect engine performance slightly prior to depletion. 

The modification consisted of increasing the actuation pressure 

of the purge control valve from a minimum of 150 psi to a nominal 

300 psi, orificing the vent port to limit overbo.ard dumping of 

pneumatic pressure, and adding a backup check valve to the purge 

system to prevent inadvertent backflow of oxygen into the pneumatic 

system. 

The increase in minimum valve actuation pressure also precludes 

another failure mode which could perturbate the S-IVB Stage. 

That is, failure of the heli:·um control valve to close completely. 

This failure would result in a ~egulator outlet pressure of 150 psi, 

which was enough te operate the purge valve and cause severe loss 

of gas. With the modified purge valve, only the smaller loss of gas 

through the helium centrol valve would occur. 

3.2.6 Modification to the Propellant Utiliiation System - ECP 3613 

The LH2 PU Probe wa.s reworked to provide positive mechanical coupling 

between the probe segments, thus insuring proper electrical contact 

between the segments. 

3.2.7 Data Acquisition System 

The instrumentation differences between the S-IVB-511 and S-IVB-512 

stages were as follows: 

Addition of measurement K0215-404, "Event-APS Helium Recharge 

Valve Open Command", as a result of the addition of the APS 

Recharge System (reference Item 3.2.1 above). 



3.2.7 ·Data Acquisition System (Continued) 

Deletion of measurement K0008-40l, "Event-Ignition Detected", 

as an active measurement on the telemetry stream due to the 

modification of the J2 Engine ECA per Item 3.2.4 above. 

The measurement now remains as a permanent "ON" input to T/M. 



TABLE 3-1 (Sheet 1 of 3) 

S-IVB-512 STAGE ORIFICES 

ORIFICE 

Pneumatic Control System 

LOX Vent Valve Purge 

LOX Fill and Drain Valve Purge 

IH2 Fill and Drain Valve Purge 

LOX Chill Pump Purge (Matched Set of Two) 

LH2 Chilldown Shutoff Valve Microswitch Purge 

Engine Pump Purge Module 

LH2 Non-Propulsive Vent Purge 

LH2 Continuous Vent Purge 

LH2 Continuous Vent Feedback Switch Purge 

LH2 Continuous Vent Actuation Bellows Purge 

PART NUMBER 

lB63206-lE 

1B40622-505 

1B40622-505 

1B40622-513 

1B40622-507 

1A58347-513-AR 

1B40622-501 

1B40622-501 

1B40622-505 

1B40622-509 

LH2 Continuous Vent Actuation Control Module Inlet 1B63023-l 

LOX Non-Propulsive Vent Purge iB40622-501 

Burner LOX Shutoff Valve Bellows Purge iB40622-509 

Burner LOX Shutoff Valve Microswitch Purge 1B40622-505 

Burner LH2 Propellant Valve Purge 1B40622-505 

LH2 System 

IB2 Tank Press Overcontrol, First Burn 

IJI2 Tank Press Under Control 

IB2 Tank Press Overcontrol, Second Burn 

1combination overcontrol and undercontrol orifices. 

1B66230-ll 

1B66230-31 

1B66230-13 

SIZE 

D = 0.020 AE = 0.000406 

15 .:t_ 2 scim@ 3200 psid 

15 ,:t 2 scim@ 3200 psid 

200 scim@ 445 psid (S/N 391) 

14 .:t_ 1.4 scfm@ 3200 psid 

AE = 0.00028 

1728 .:t_ 245 scim@ 3200 psid 

1728 .:t. 245 scim@ 3200 psid 

15 ,:t 2 scim@ 3200 psid 

300 ,:t 30 scim@ 3200 psid 

D = 0.017 

1728 ±. 245 scim@ 3200 psid 

300 scim@ 3200 psid (S/N 400) 

15 scim@ 3200 psid (S/N 424) 

15 :t 2 scim@ 3200 psid 

D = 0,2000 AE = .11291 

D = 0,3551 AE = .0846 

D = 0,2974 CDA = 0.1454
1

'
2 



ORIFICE 

IJi2 §Ystem (Cont'd) 

LH2 Tank Ambient Repress 

LH2 Non-Propulsive Vents (2) 

(a) Nozzle #1 (Fin Plane I-IV) 
(b) Nozzle #2 (Fin Plane II-III) 

LH2 Continuous Vent Nozzles 

(a) Nozzle #1 (Fin Plane I-IV) 
(b) Nozzle #2 (Fin Plane II-III) 

LOX System 

LOX Sensing Line Purge 

LOX Tank Heat Exchanger Bypass 

LOX Tank Primary Heat Exchanger 

Overcontrol Valve (Acts as an orifice) 
LOX Tank Inlet Press Transducer Saver 

LOX Tank Ambient Repress 

LOX Non-Propulsive Vents (2) 

(a) Nozzle #1 (Fin Plane I-IV) 
(b) Nozzle #2 (Fin Plane II-III) 

Orifice 02H2 Burner 

LH2 Tank Cryo Repress 

LOX Tank Cryo Repress 

I 

TABLE 3-1 (Sheet 2 of 3) 

S-IVB-512 STAGE ORIFICES 

PART NUMBER 

lE63437-507 "B" 

lB59265-503 
lB-59265-50 3 

1B44557-501 
lB44557-50l 

lB40622-50l 

1B63047-515E 

1B63046-515D 

1B63023-l 

lB63047-521H 

1B69234-501 
1B69234-501 

1B64352-l "E" 

1B64351-l "E" 

SIZE 

D = 0.3126 AE = 0.0667 

D = 2.1756 AE = 3.1025 
D = 2.1797 AE = 3.1053 

1728 :!:. 245 scim@ 3200 psid 

D = 0.1765 AE = 0.02275 

D = 0.2194 AE = 0.03247 

AE = 0.0618 

D = 0.017 

D = 0.1160 AE = 0.00925 

1.215 .!, 0.002 Throat Area 

AE = 0.0335 

D = 0.089 AE = 0.00575 



• 
ORIFICE 

Orifice 02H2 Burner (Cont'd) 

Helium Primary Secondary Balance 

Start Tank Recharge 

Recharge Orifice 

APS Sphere Recharge 

Re.charge Orifice 

APS Modules 

* Oxidizer Bladder Collapse and Vent 

Cap Assembly - Oxidizer 

* Fuel Bladder Collapse 

Cap Assembly - Fuel 

*These orifices do not control vent rate 

TABLE 3-1 (Sheet 3 of 3) 

S-IVB-512 STAGE ORIFICES 

PART NUMBER 

1B78462-l 

1B63206-501 

1B57762-l 

1B57907-523 

1B57762-501 

1B57907-523 

~ 

SIZE 

AE = 0.00995 Dia.= .0.1200 

D = 0.1305 AE - O.Olll5 

0.032 Dia. 

0.030 Dia. 

0.013 Dia. 

0.030 Dia . 

0.013 Dia. 



w 
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ORIFICE 

Model 432A Pneumatic Console 

Output Dome Supply . 

3200 Dome Supply 

Output Dome Vent 

Dome Vent 

APS 3000 Helium Supply 

TABLE 3-2 (Sheet 1 of 2 ) 

S-IVB-512 GSE ORIFICES 

LOCATION 

A-11806 

A-12120 

A-11810 

A-12119 

A-11852 

Press Switch Low Press C/0 Fine Feed A-11793 

Press Switch Low Press C/0 Coarse Feed A-11792 

750 psi Helium Purge Supply {T/C Purge) A-11804 

LH2 Sys. C/0 Sup Fine Feed A-11820 

LH2 Sys. C/0 Sup Coarse Feed A-11824 

LOX Sys. C/0 Sup Fine Feed A-11837 

LOX Sys. C/0 Sup Coarse Feed A-11836 

Mainstage OK C/0 Coarse Feed A-12054 

Mainstage OK C/0 Fine Feed A-11779 

63L 

SIZE (DIA.) 

0.013 Dia. 

0.013 Dia. 

0.018 Dia. 

0.018 Dia. 

0.027 Dia. 

0.025 Dia. 

0.015 Dia. 

0.062 Dia. 

0.016 Dia. 

0.016 Dia. 

0.016 Dia. 

0.016 Dia. 

0.025 Dia. 

0.025 Dia. 



ORIFICE 

Model 433A Pneumatic Console 

LOX Umbilical Purge Supply Dome 

LOX Umbilical Purge Supply Dome 

Reg 

Reg 

TABLE 3- 2 (Sheet 2 of 2) 

S- IVB-512 GSE ORIFICES 

LOCATION 

Inlet A-12153 

Inlet A-11912 

LOX Umbilical Purge Continuous Bleed A-12152 

Thrust Chamber Chilldown Supply 

Engine Control Bottle Supply 

Model 438A Heat Exchanger 

Turbine Start Tank Supply Vent 

Circuit #1 Vent 

Lll2 Tank Prepress Supply 

GH2 Danie Reg. Loader Bleed 

Lll2 Fill Valve Closing Control 

Cold Helium Supply 

Heat Exchanger Vent Valve Purge 

Circuit #1 Supply 

*Sintered 

631 

A-11937 

A-11946 

A-12117 

A-12106 

A-11971 

A-12234 

A-11933 

Swing Arm 

A-12121 

SIZE (DIA.) 

0.180 Dia. 

0.305 Dia. 

DR4-0.03* 

0.072 Dia. 

0.125 Dia. 

0.055 Dia. 

0.081 Dia. 

0.114 Dia. 

DR4-0.03 Dia.* 

0.013 

0.114 

DR4-l. 5* 

0. 228 



TABLE 3-3 (Sheet 1 of 2 ) 

S-IVB-512 STAGE PRESSURE SWITCH CHECKOUT DATA 

PICKUP DROPOUT DEADBAND 
SWITCH SPECIFICATION SYSTEM CHECKOUT CALIPS CALIPS CALIPS 

NOMENCLATURE (PSIA) LIMIT (PSIA) (PSIA) (PSIA) (PSIA) 

1. Lli2 Tank Ullage (S-2) P/U: 31.0 Max. P/U: 31.5 Max. 
P/N 1B52624-511J D/0: 28.-0 Min. D/0: 27 .8 Min. 30,8 28.7 2.1 
Serial No. 032 D/B: 0,5 Min. D/B: 0.5 Min. 

2. Lli2 Repress Control (S-4) P/U: 31.0 Max. P/U: 31.5 Max. 
P/N 1B52624-511H D/0: 28.0 Min. D/0: 27.8 Min. 30,5 28.4 2.1 
Serial No. 034 D/B: 0,5 Min. D/B: 0.5 Min. 

3. Lli2 Repress Reg. Backup P/U: 467. 5 :!:. 17 .5 P/U: 467.5 :!:. 23.5 
P/N 1B52624-519H D/0: 352. 5 :!:. 17. 5 D/0: 352. 5 + 23.5 470 351 119 
Serial No. 069 *D/0: 362.5 :!:. 27.5 *D/0: 362. 5 :!:. 33. 5 

4. LOX Tank Ullage P/U: 41.0 Max. P/U: 41.0 Max. 
P/N 1B52624-515J D/0: 38.0 Min. D/0: 37.5 Min. 40.7 39. 6 1.1 
Serial No. 062 D/B: 0. 5 Min. D/B: 0.5 Min. 

5. LOX Press. Reg. Backup P/U: 467. 5 :!:. 17. 5 P/U: 467. 5 :!:. 23. 5 
P/N 1B52624-519H D/0 : 352.2 + 17.5 D/0: 352.5 + 23.5 463 342 121 
Serial No. 054 *D/0: 362.5 :t: 27.5 *D/0: 362. 5 :t: 33. 5 

6. LOX Repress Reg. Backup P/U: 467. 5 :!:. 17. 5 P/U: 467.5 :!:. 23.5 
P/N 1B52624-519H D/0: 352. 5 + 17. 5 D/0: 352. 5 + 23, 5 471 350 121 
Serial No. 064 *D/0 : 362. 5 :t: 27. 5 *D/0 : 362. 5 :t: 33. 5 

7. Engine Pump Purge P/U: 130.0 Max . P/U: 136.0 Max. 
P/N 1B52623- 515L D/0: 105,0 Min. D/0: 99 ,0 Min. 129 111 18 
Serial No. 023 D/B: 5. 0 Min. D/B: 3. 0 Min. 

-631 



<r .... .... 

8. 

9, 

631 

NOMENCLATURE 

Mainstage OK #1 
P/N 308390 
S/N 1142923 

Mainstage OK #2 
P/N 308390 
S/N 1142924 

P/U = PICKUP 
D/0 = DROPOUT 
D/B = DEADBAND 

TABLE 3-3 (Sheet 2 of 2) 

S-IVB-512 STAGE PRESSURE SWITCH CHECKOUT DATA 

SWITCH SPECIFICATION SYSTEM CHECKOUT 
(PSIA) LIMIT (PSIA) 

P/U: 515 + 30 P/U: 515 + 36 
D/0: (P/U:-75) :!:. 25 D/0: (P/U:-75) :!:. 31 

*D/0: (P/U-75) + 55-30 *D/0: {P/U-75) + 61/-36 

P/U: 515 + 30 P/U: 515 + 36 
D/0: (P /u:-75) :!:. 25 D/0: (P /u-::75) :!:. 31 

*D/0: {P/U-75) + 55-30 *D/0: (P/U-75) + 61/-36 

* = CALIBRATION PORT ONLY 

PICKUP DROPOUT DEADBAND 
CALIPS CALIPS CALIPS 
(PSIA) (PSIA) (PSIA) 

531 460 71 

541 448 93 



TABLE 3-4 

S-IVB-512 RELIEF VALVES - VENDOR DATA 

AMBIENT CRYOGENIC 

DESCRIPTION CRACK RESEAT CRACK RESEAT 

LOX VENT & RELIEF 
P/N 1A48312-517 44.o 42.9 44.2 43.2 
S/N 0033 

LOX LATCHING RELIEF 
P/N 1B69030-505 42.3 40.8 42.5 40.9 
S/N 0023 

LH2 VENT & RELIEF 
P/N 1A48257-525 32.2 31.9 33.1 32.l 
S/N 0031 

LH2 LATCHING RELIEF 
P/N 1B74535-1F 32.3 31. 8 32.6 31. 8 
S/N 0013 

3-12 
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4. o SEQUENCE OF EVENTS 

4.1 Postflight Sequence of Events 

The AS-512 post-flight sequence of events is presented in Table 4-1. 

The following paragraphs define the four types of items included in 

the sequence and the times provided. 

4.1.1 LVDC CoillI!).ands 

These items originate from the Launch Vehicle Digital Computer 

(LVDC) in the Instrument Unit (IU) and direct vehicle system 

actions. 

4. 1 .2 S-I VB Responses 

These items are responses at the S-IVB switch selector to commands 

issued from the IU. Times are monitored in the S-IVB. 

4.1.3 Non-Programmed Events 

These items are monitored occurrences resulting from vehicle 

performance; e.g., the time of maximum dynamic pressure. 

4.1.4 Ground Commands 

These items are ground - initiated flight sequence changes; 

i.e., additions or modifications to the pre-programmed sequence 

of events. 

4.1.5 Detailed Evaluation Sequence 

A detailed flight evaluation sequence is provided as Table 4-2 . 

This sequence includes significant switch selector command times 

and the instrumentation monitored talkback times derived from the 

"K" type event measurements. The detailed sequence was primari ly 

used in conducting the analysis associated with the stage system 

performance. 
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4.1.6 Sequencing 

All events are listed in sequential order based upon monitored 

range time. Each item is preceded by a number indicating its 

sequential position. Sequential series of related commands and 

responses are listed under the same event number with letters 

distinguishing separate items. 

4.1.7 Range Time 

A time from range zero is provided for all items. Range zero, 

which is by definition the even second prior to lift-off, occurred 

at 5:33:00 GMT, December 7, 1972. 

4.1.8 Time-From-Base 

A time-from-base is given for all pre-programmed LVDC commands and 

for the monitored S-IVB command responses. A time-from-base is 

not applicable (N/A) for events which are not pre-programmed, such 

as maximum dynamic pressure. 

4.2 Time Bases 

Eight sequential series of pre-programmed commands were issued from the 

LVDC. Each sequential series was initiated by the establishment of its 

time base in the LVDC. Listed below are the eight time bases with their 

respective originating events. 

a. Time Base One, TBl - IU Umbilical Disconnect 

b. Time Base Two, TB2 - S-IC Inboard Engine Cutoff 

c. Time Base Three, TB3 - S-IC Outboard Engines Cutoff 

d. Time Base Four, TB4 - S-II Engines Cutoff 

e. Time Base Five, TB5 - First S-IVB Engine Cutoff 

f. Time Base Six, TB6 - Begin Restart Preparations for Second 

S-IVB Burn (LVDC Solves an Equation ) 

g. Time Base Seven, TB7 - Second S-IVB Engine Cutoff 

h. Time Base Eight, TB8 - Initiation of Propellant Dump and 

Stage Safing 

4-2 
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4.3 Predicted Times 

A predicted time from range zero is provided for all predictable items. 

Predicted range time was determined for all items by adding .240 seconds 

to the predicted time from first motion. The monitored time of first 

motion from range zero is .240 seconds. 

4.3.1 Pre-Programmed Commands 

Predicted times for pre-preogrammed commands were determined for each 

command by adding the programmed ti.me-from-base to the predicted time 

of time base initiation. The time-from-base for each command was 

obtained from the flight sequence program, Interface Control Document -

Definition of Saturn SA-512 and 514 Flight Sequence Program, 

ICD 40M33627E, dated October 26, 1972. 

4.3.2 Major Flight Events 

Predicted times for major flight events up to Time Base Four (TB4) 

were obtained from Boeing Company Saturn Engineering Report D5 -

1551(1)-12, dated August 25, 1972. Subject: Saturn V AS-512 Launch 

Vehicle Operational Flight Trajectory - December 6 and 7, 1972 

Launch Days. 

Predicted times for major flight events subsequent to TB4 were 

obtained from MDAC trajectory simulations. 

4.3.3 Non-Predictable Events 

Predicted times for S-IVB command responses, some scheduled ground 

commands, all unscheduled ground commands, and telemetry calibration 

and water coolant valve cycling cominands made when passing over 

ground stations were not estimated. 
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4.4 Monitored Times 

4.4.1 Pre-Programmed Commands 

Commands issued from the LVDC to the S-IC, S-II, S-IVB, and IU 

were monitored at the LVDC. All of these times came from the 

S-IU-512 Final Flight Evaluation Report for the Apollo 17 Mission 

by IBM, dated January 9, 1973. Commands issued from the LVDC to 

the S-IVB were also monitored at the S-IVB switch selector. 

Times for these items were obtained from MDAC Flight Sequence of 

Events - S-IVB-512 (Apollo 17) Mission. 

4.4.2 Major Flight Times 

Monitored times for guidance parameters, S-IVB attitude maneuvers, 

and other special events were obtained from the IBM S-IU-512 

Final Flight Evaluation Report for the Apollo 17 Mission and from 

MDAC Saturn Flight Controls systems analysis. 

4.4.3 Ground-Initiated Commands 

Commands were sent from the ground for initiation of the following 

events: 

GROUND COMMAND UPLINK RANGE TIME 

HR:MIN:SEC SEC 

Evasive Yaw Maneuver 4:51:59 17,519 
Time Base 8 Initiate 5:02:59 18,179 
Water Valve Logic Inhibit 5:49:58 20,998 
S-IVB/IU Lunar Impact - APS #1 6:02:14 21,734 
S-IVB/IU Lunar Impact - APS #1 6:02:25 21,745 
Solar Heating Maneuver* 6:17:39 22,659 
Solar Heating Maneuver* 6:17:47 22,667 
Solar Heating Maneuver* 6:17:57 22,677 
S-IVB/IU Lunar Impact - APS #2 11:02:34 39,754 
S-IVB/IU Lunar Impact - APS #2 11:02:46 39,766 
Three-A.xis Tumble 11:31:41 41,501 
Flight Control Computer - Power 11:31:58 41,518 

Off "A" 
Flight Control Computer - Power 11:32:09 41,529 

Off "B" 
Open Water Valve 11:32:33 41,553 

*These commands were sent to prevent excessive heating during the coast period 

between the APS 1 burn and the APS 2 burn. This pitch maneuver was divided 

into three segments each requiring this command. 
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4.4.4 Data Omissions 

Data omissions are indicated in the sequence with the words "no 

data." A dashed line is inserted for predicted times of S-IVB 

command responses and other times which are not predicted. The 

times for command issuance from the LVDC, guidance commands, and 

attitude maneuvers are supplied to MDAC by IBM and no explanation 

is available for data omissions. Missing data include the 

following item numbers: 11, 58-67, 83, 96, 98, 104, 167-172B, 

176B, 177B, 179 A-B, 180 A- B, 184B, 185B, 188-189B, 194-195B, 

197B, 199B, 200B, 205B, 206B, 209B, 210B, 347, 351, 356A, 361A, 

363A, 380A, 381, 406A, 414 A- B. The "A" events are LVDC command 

issuance times and predicted times and the "B" events are S-IVB 

response times. The loss of these "B" times was due to the fact 

that the vehicle was out of range of a ground station at that 

time. Systems evaluation indicates that these events occurred 

on time. 

4.5 Comments 

Some of the IU monitored timed listed in Time Base Six appear to be in 

error by 6 or 7 milliseconds. At the time of publication, IBM was investi

gating this possibility. The times in this document are the original IBM 

monitored event times. 

The predicted times in this sequence reflect the change of flight azimuth 

to 91.5 degrees when a malfunction of the Terminal Countdown Sequencer 

caused a launch delay of 2 hours 40 minutes. 

The accuracies of the S-IC, S-II, and IU monitored times are not included 

in the sequence. The accuracy of IU signals is not available. The accuracy 

of S-IVB command response times is +0, -9 milliseconds. In addition, it 

should be noted that due to a fast LVDC clock speed and telemetry 

transmission distance, the times given as LVDC times must be converted to 

ground telemetry received time in order to be comparable to the MDAC-S-IVB 

received time. Figure 4-1 shows the time difference relation which should 

be used in this conversion. Adding the time difference at a specific 

range time to the vehicle range time converts the range time from vehicle 

range time to ground telemetry received time. 
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; ------------

TABLE 4-1 

ASM,12 MISSION J•3 
SEQUENCE or EVENTS 

PREDICTED TIME MONITORED TI ME 

·--- --- --- -·-- -- TIHE· f"ROM - ·-----· · - TIME fROM --- ---- - -- - ·- --- ---- ·-- --- -
&VENT · RANGE ZERO TIHE FROM SlGNAL RANGE ZERO Tl HE FROM DATA ACCURACY 

CMR HIN sec, BASE MONITORED (HR HIN SEC) BASE SOVRCE CHS) 
·- ------------ csec, --- ·-csec, -------·- AT-------· cs1::c > ·------csec, -------

1 GUIDANCE R&rERENCE RELEASE •00100117 1 010 

2 RANOS ZERO 

3 

- - • - - C • 17 , 010 ) --- -

0 0 I O 0 I O O , 000 
- -------c· -- - o, ooo, ·-

00100100,240 

NIA ·•00100'16,960 NIA 
- C •16,960) 

NIA 00100100,000 NIA 
--c- · 0, 000 , ---. ----- -·--

NIA . 00100100,02,- NIA 
--- ---·- - C - 0,24 0> ---·-- - ·- - - -----·------- c 0 , 0e'1-J -· - -- --

MSF'C 

4 HOLDDOWN ARHS RELEASE! 00100100,240 NIA 00,00100,240 NIA M~rc 
t------ ---- ·-· · ··- ------ ---- ----, ·-·- o-, 240,-------------( --- 0, 2 40) ----·------

0010010·0, 631 TB1 • 
- - -· -- - --- ··· - ------ - -- C - 0, 631 > 

' TIME BASE 1 0D100100 1 640 
---_,; ·-- - LIP'TOr r . IU UHS11.tCA~i--- ---- --- C 0,640) 

I DISCONNECT ...... 

TB1 · • 0,000 0,000 

--; --- eeo1N - VAW ·NANEUVE,t-------01ooio1 ·;·64 -o---N/AA---------noO-t00101,6!3Z>----N1A-----M$P~ -,."!'-.------
C 1,640) C 1,~52) 

·-- -- ----1• .•. SIGNAi. · PROM 1.VDC roR - -- - - - -- 00t00106,640 ··- ·· Te1 · • , -- ·-· t-.000 ----1u-- ·- 00100106d591 Tei ·• · -- ,,960 ···- M~F'C----. , . ? __ _ 
LOK TANK PRESSURIZATION C 6 , 640) C 6,,91) 
SH UTOrf, VALVES CLOSE 

-----·---·-·- ·-··· .... _ ---·-------------------- ---- - -----
7B SIGNAL RECEIVED JN S•tV8 ,oA ~•••••-••••• ~-~••••• ~••• S•JVB 00100106,596 TB1 • MDAC 

LO X TANK PRCSSURIZATJON ( 6,596) 
SHU!OF" P- VALVES CL.CSE -------- - ---------- - - · --------· ----·------------ · 

8 END YA W MANEUVER 00100109,640 NIA 00100109,688 NIA H$F'C ----- -- ·--- ---· ·--- - -· - ---- ---r-- - 9, 640) -. --- --------#- ----9,688) • 

9 BEGIN PITCH MANEUVER 00100112,490 NIA 00100112,949 NIA . MJF'C ee• 
---- -- --- - - - ---- --c 12,490) · - - --- - ---·------ - -- C 12,949) ··-- · --- ·- -- ·--- ------· ---------- --------

10 BEQI N ROLL MANEUVER 00100112,490 NIA 00100112,949 NIA -iijFC ·•••· 
------- ------ --12 , 490) ----------------·( -- 12 t 949 ,----------- - --------

--------------------·-----··· 

---- --- - -----· ·--- · ----------



( ( ( 

PAGE i 

PREDICTED TlHB HONITORED TlHE 

----·---··---· ·-- ------- u11e · rR011 -- --- - - ·- ------- ·-·- ---·--· TIHE ,ROH - --·· - ·- - ------ ---···-----·- --- ---- - -
lTEH BYENT RANGE ZERO TIME rAOM SIGNAL RANGE ZERO TIME rROH DATA ACCURACY 

NO, ; (MR HIN SEC) BASE HONlTOReD (HR HIN sec> BASE ~OijRCE CHS) 
- ------------------ --csect- ----csaer-----A,- · ---- - csi;c> -- ·-- -. · csec, ------

NIA 11 ENO ~OLL HANEUVER ____ NO DATA NO DATA 00100114,~05 
- · · ---· - -- -- - - ·- ·------ ·· ------···- ------- -·-·· --·- · - c H,30,, ---- ·- - - --- --· ··---- - ---

12 IIQNAL rROH LVDC roR 00100114,640 TBl • 14,000 IU 00100114,,91 T81 • U,960 11i,c 
--- ·HULTl~LE "ENQINE,.. CUfO,r-:-Pnt,;a- c·-- 14,640) ( - - 14,591, -· --- - --- ------

13 SIGNAL rROH LVDC FOR 001001201440 TBS.• 191800 IU 00,00120,404 TB1 • 
·- S•IC OUTBOARD ENGJNES: CAN-r- - - c- 20,440) ---·-- -- ··- -- · ·-· - ·--- c · 20,40'4) ·-·-

ON ~A• -

--1~·11GNAL rROH"LVDC· roR - -
S•IC OUTBOARD ENGINES. CANT 
ON •B• 

oo, 00, 20 ,u0-,u.-- 20, ooo
c 20,640) 

10 00,00-120 ,,o:s- ,11- ..-- 19-,nr---"src . 
C 20,60~) • ·•••· 

19 SIGNAL rROH LVDC roR 00100120,840 TB1 • · 20,200 lU 00,00120,789 T81 • ·20,1,e 
S•IC OUTBOARD ENGINES· CANT C 20,840) C 20 1 789) 

--·-- ON •C• - -------- --- --·- - - ------ - -- - -------- - ----- - · -- - -····---·---

16 SIGNAL rROH LVDC roR 00100124,640 TBl • · ·2,,000 IU 00100124,,e, T81 • ·23,,,4 HSPC ·•·•· 
TELEl'!ETEA CAL18RATE · oN ----- -- , --- 2,4,&40, ·---- ---- ----- C ·24,,a,, ·-- --- -- - ·--····--· ----- -·--------

.,,.. 
I 

ClO 17 SIGNAL rROH LVDC F'OR 00100l27,640 TU• " IU 00100121,,a4 TB1 • 26,9,3 H~rc ..... . 
--·--- - TELEMETRY CAL J 9RATOR- -----c- -- - 27 .i 640t · 

IN•~LlGHT CALIBRATE ON 
-c -- 21,,e◄, --- -- ----------

-----1&--- IIONAL rROH LYDC· f'OR ·- -- ·- - -·---- 00100129 1 640-- --T81- • - ·2?,0U-------1u-- 00100129,,93 -· TB1 - • ·- ·H,962- .- - 11,rcr ----,u•· 
TELiHETEA CALIBRATE or, C 29,640.) C 29,,93) 

19- ·s10NAL· 'ROM LVDC· ro"-
LAUNCH VEHICLE ENGIN&S SD' 
CUTOF'F' ENABLE 

00I00130t640---r-Bt.- 301000 
( 30,640) 

20 SIGNAL rROH ~voe f'OR 00100132,640 TB1 • 32.,000 
TELtMETRY CALIBRATOR C 32,640) 

I u--0010 o I Jo, ,94-rh-.-'"29,96~3 --,.,,.,.,c,.----, .• -.=.,...._. -----
c 30,594) 

- • ·- . - ·--·- •• -- - - -- - - ·- --. ----·- - ---~--
IU 00100132,586 TS1 • 31,95, 

C 32,566) 
·•••· 

------ iN•'LJGHT CALlBRATE · or,--- ·---- - . - - · -------- - - ·- -------·- -·. - -·------·------ - ---------

21 SIGNAL rROH LVDC roR 001001,0,140 T81 • 49,,00 lU 00,00150,084 Te1 ·• 49,453 
-- - - -·- ruei. PRESSURIZING YALWe ·r.o, 2 c · ,0,140, ---- ---- -- -· ·- ---·---· -·- c - 50,084) ·--·- -----

OP6N • 

--2~ HACH· 1- ·---·--- ·-------00-rc11t 07-,49o----Nn:--

• 
C 6'1, ◄ 90) 

- -- ·23 - - HUIMUH DYNAMIC PRESSU"e - --··· 00101123 1 61, · -- NIA 
C 83,615) 

-------- - ---------- -- - -· -- ------

0 t01 l 01 -.-,0'0 
C 67,500) 

NIA 

00101122,500 -·--- - NIA - -• ·• --- HSrc: -- ·- •e••··--
( 82,500) 

·- --- •·-----------~ 



----------------------------
PREDICTED TIH& HONUORED TIME 

' -- - - - -- - . - - - ---· - --- - -- - --- ----- ------ TIME ,ROH - - -- -- ·· -- ---- - ------ - ·· - TIME F"ROH 
IVENT RANGE ZERO TIME rROH IIQNAL RANGE Z~RO TIK& rROH DATA ACCURA CY 

CMR MIN SEC) BASE MONITOR80 CHR MIN SEC> BASE ~OijRCE CHS) 
-----·-(SECt ------nee, • AT -------· ·CSEC) - -- --.---- (SEC>----- ------------- ------

24 IIQNAL rROH LYDC roR 00101iJ0,640 TB1 • 
TELEHETRV CALlBRATO": - - - -- -- - c 90,640) • ---- • -
IN•[LIGHT CALIBRATE ON 

90,000 IU 00101130,,a, Th• 89, 9'4 H(U'C 
• - C 90,58,) 

---J--- IIONAI. rROH· LYDC F'OR------00101 t J5, 640---T8h--9'f000·----1u- -oo 1011 J5, 601-- '81--+-·94·,91-0---Hl'C--- --~- ----
TELtMETRV CALIBRATOR C 95,640> C 9, 1 601) 
IN•[LlGHT CALIBRATE or, 

26 SIG NAi. rRo H LYDC roR 001011J5,940 TB1 • ,,,,oo IU 00,0113,,89, TSi • 9',264 MJf'C 
FU EL PRESSURIZING YALVI ~0, 3 C 95,940) C 95,695) 

1---- -- 0PEN · - ·• -· -- ·--- -------~--- ·- - · -------·------- ---------------------

·17 SIGNAL rROH LYDC roR OOI01i45,640 TB1 • · .io,,000 IU 0010114,,587 T81 • · 104,956 HSrC- -e•• · 
- --- ---- 'LIGHT CONTROL COHPUTEA·- ---- , --10,,640) --·---·· -- -- -- -------c 10,,,e7> - - - -------- - --- --- • ___ __ • ____ _ _ 

SWl!CH POINT NO, 1 

--... &-- SIGNAL- rRoH · LYOC· fOR 00t0115'·,--,4-0--TB1-•-11,,2;00 Hr.- 0010115,·.688·· - ·Tei- • ---u-,T0,1--Hif'O--·--•·-------
TELEMETER C~LIBRATE ON C 115 1 740) C 11,1688) 

- - •19- - SIGNAL rROH L,YDC roR -- ----oo,02,ooi440 --T81·-. ---U9,UO -- --1u- -- oo,02100,;su TB1- • -·· 119,762- ---H,rC----·-- ,.,,.-- - - - ·- ·--
f EXCE:SS RATE CP,Y,R) AUTO• C 120,440) C 120,3n> 
'° ABORT INHIBIT ENABLE, 

- - - - - ·- --·•··· - ---------- ------------------------------------------
30 SIGNAL rROH LYDC roR oo,02io0,640 TB1 • 120,000 IU 00102100,,97 TS1 • 119,966 HJ,c ·•••· 

EXCESS RATS CP,Y,R) AUTO• ( 120,640) C 120,,97> 
·----·- -- •• ABORT JNHl81T AND SWITCH RAye- ---- · · --- - ---- --- -- -·-··· - ·-----

GYROS SC INDICATION •A• . 

---.3i--stGNAt;- ,RoM-1;Yoe -,o•R-----01tttt1·0-0-.111v--rH • u~.-,.~-o---1u--00102100 ·.-101 TBi • 120,076 
TELEMETER CALIBRATE orr C 120,740) C 120,707) . 

HJPJ,C!!-- ............. .-------

--- -32---- SIGNAi. rRO H LYDC FOR · ---- --oc,02110,640 - TU·-.-- uo,ooo--1u- 00102110.,u--- lB1--.- 1ur960--H,,of----,.-•• , ....... -----
rLIGHT CONTROL COMPUTER C 130,640) C 130,,91) 
SWITCH POINT NO, 2 ------. - - - -· -··- --· · -- ·- -- ·- --·------

33 SIGNAi. rROH LYDC roR 00102113,040 TB1 • 13~,400 IU 00102112,,e, T81 • 1~2.~,4 H,,c , 
rueL PRESSURIZING YALWB NQ, f C 133,040) C 132,98,, 

- OPEN · · · -- - - - - - -- -· ··---- - ---- --·-- - - --- ·-·- . ··- -·-· ·· --- ·--- ---- ----- --------

34 SIGNAL FROM LYDC F'OR 00102118,740 TB1 • 13~,100 
----- s.te Two · eNatNes· ou~w~,o~-~---c 13Bi7 ◄ o 

ABORT INHlBIT ENABLE: 

SI GN AL FROM LVD C F'OR -- --- 00102118,940 ·- -,u··· --ue,;soo·- - ·- 1u--
s-1c !WO ENGINES OUT AUTO• • C 138,940) 
ABORT INHl81T 

00102118,88, - TB1 · ·• ··· 1:n,a,4 - - HS,C~ •t1 
( 138,885) 

------ ------------- - --- ·-------------------



( ( ( 
------'----- ---------- ------- ---- ----------

PAGE • 
------ - ~-------------

PREDICTED TIHB HON ITORED Tl HE 
···- - -- - - - --- - ---· --- ---- - ----, 11'1E rR01'1 - ----------------- -- --·- --·- TIME rROH --- -- - · -- - --- - --- -- - -- -------- -- ------- -- ------

&VENT " RANGE ZERO ,,~e rROH SIGNAL RANGE lERO Tl~E rROH DATA ACCUR ACY ITEM 
NO, (MR HIN sec, BASE 1'1QNITORED (HR HIN sec, 8ASE ,ouRcE (HS) ·---------------- csec, --- - -- --csec, ---------·A1 --- --- -- csec, ---------· csec, - - --- - --- -----

36 ltGNAL rROH LYDC roR 0D102119,140 TB1 • 1:S§,,00 IU 00102119,097 TS1 • 138,466 H$PC •w• -
. - -Two ADJACENT ouT&OA110· eNOtNes · c- 139, uo, ----------- - - ---- --- ·· - - - c 139, 097> : ----- ---· • --------- - -- - ---- -----

ouT CUTorr ENABLE 

- --- :,, --- SIGNAL- F'ROM LVDC FOR -------00 I 02119 i:S4o ·- 1'B1 -. --ue, 100 ----1u - 110102119, 28~ -- Th -.- ·-·1:se,-u2-----H,,c--- --:H 
IN AO ARO ENOINE cu,orr1 ( 139,340) C 139,283) 

38 · - TIME BASE 2 -- - --- 00102119,4'40 --Tez • -- 0,000 - -- ···- ·- • 00102119,444 - TS2 • - 0,000 -- - H,,c --- .. .,.-----
S•I~ INSOARD ENGINE CUTO'f C 139,440) C 139,444) 

---- 39-;-- SIGNAL, rROH LVDC roR ··--
INBOARD ENO I NE CUTOrF1 BACKUP 

ooro2119,&40 - 1u- .- ·- -o-,201r- - -1v-- -00102119,,u - ,e2--•- -- --0,1,i---"f'C -•~• -
c 139,640) C 139,,96) 

40 SIGNAL. rROH '-VDC roR • - --· 00102119,840 -- - TU • -- o,400 -- ·---1u - 00102,u,eo, Tu- • -- o,Ju- -· H5rc --· - -:-••· 
START PAH•rH/FH CALIBRATION c 139,840> c 139,eo,, 

--- 41-- - SIOIJAL· rROM LVoc - F'OR ---------00102120,040-- Tat- .-- o,60Q--- 1u---ooro2120, 00,- ---,e2 -·• ·--o,,6t--·M~P'C--11!!•'------
AUTO•ABORT ENABLE RE~AVS C 140,040) C 140,00,) 
RESi:T 

.i:--
1 42 SIGNAL. rROH LVOC F'OR 00102i20,24o 
~ EXCESS RATE CROLi.) AuTO• · C 140 1 240) 

TB2 • 

------ - ·- · · ABO~T INHIBIT ENABLE· • ·- ---- --- -- - ----- - ---· 

4J SIGNAL. rRoM LVOC roR 
EXCESS RATE CROLL> AUTO• ----
ABORT INHIBIT AND SWITCH RAT! 

0DI02i20,440 Tea• 
140,440) ' • ---

GYROS SC INDICATION •B• 

o,eoo IU 00102120,107 T82 • 
( 140 t 197) -----

IU ooio2120,401 
C 140,401) " 

T82 • 

----·--- -· --· - -·--- - -- --- - - - ---- ---- -------- ------ --- - -- - ·-- - -------

44 SIGNAL. rROH LVDC roR 
STOP PAH ■rHtrH CALIBRATION 

00102124,840 Tea• 
( 144 I 840) 

~,4D0 IU 00102124,81, T82 • 
c 1 ◄ 4,81H 

••• 

HSP'C · ., ... 

•• • -- -- - --- ----- - - - -- ·- - ------

4, SIG NA L rRoH LVDC roR 
SEPARATION ANO RETRO 

---· --·- · EB W r1RJNQ UNJTS · ARH 

·46 SIGNAL rRoM LVDC roR 
------ -·- SEltARATION AND RETRO 

EB W F'IRING UNJTS ARM 

001021J4 1 140 TB2 • 1, 1 100 JU 001021J4,09' TB2 • 14,6!1: 
NO, 1 · C 154 1 140) C 154,095) 
-· - - -- ------ - ···- - ----------- ----- · -- --- ----------- - - - ------

HlrC ...... 

·•••· 

_, ---.1--·SIGNAL· rROM LVDC f'OR - -----0-01r21J,,24a--TB2- ..--i,-,eo,...o---+1,u---oo,021:s, -.-200- ,s2 • 1' ,·~,6.,_ __ !'1, .. ,c---. ......... ..,..._ -----
O•B~LL POW ER orr C 1,5,240) C 1,,,200, 

·- --- o SIGNAL P'ROM L.VDC roR ·--------001021J5, ◄ 4o ·- TB2 - ~- ·1t,ooo --1u-- - 0010213,,41, -· T&2 - • - - -15,t,2, - -- H,rc---•••·-----
~ OUT~OARD ENQINES CUTor, C 1,5,440) C 155,41,, 

ENABLE - - - --- ---·-·-- · -- - -------- ------- ----------------------------- --------



- ·- - -- - - ------ - - - - -· - ----------- -· --- ·--·----··- ··-- - - ··-- - - - - - . - --- -··· ··---· - --- _(_ - --

PAGE 9 

--- - - --·- ··--·-----
MONITORED TIHEi 

·· ·· -· - • ·· •-- -- TIHE rROH ··- ·· ·· · -- - -· -·· - TIHE rROH ·- ---
8YENT · RANGE ZERO TJHE rRo~ SIONAL RANGE ZERO TIHE rROH DATA ACC URAC Y 

(MR HIN sec, BASE · MONITORED (HR HIN sec, BASE 50URCE (H9J 
--- ---- ----- -- <sec, · · ---- -csec, - - ---u -- --- -csEc> · ·--- - - -- rsect- ---- - -- - - --- - ------

49 SIGNAL rROH LVDC• ,oR 
OUTBOARD ENQINES CUTo,, 
BACKUP ENABLE 

0010213!5,640 T82 • 1~1200 
C 155,640> 

IU . 00102135,596 T82 • 16,1'2 
• C 155,596) -- - --- -

- !50--- ENO PJTCH MANEUVER· ------OOI02140 124~o--
C 160,240) 

N/A -------OOI02140,076---- ·N/-----HS,O!---.,.-------
C 160,076) 

!51 • TJME SASE 3 00102141 1678 T83 • · 
S•IC OUTBOARD ENOINEI cuTor,, C 161,678) 

0,000 - ··- ----00102141,221 T93 • 
C 161,221) 

'2· - SIONAL· rROH LVOC· F'OR--- - ·00102141,na-TBJ·-.---0-;1,00 - -- - 1u--00102141;·291-1'8"3·· • ,--·o·.-070---H5,c--,-t!'IP"~------
LM2 TAN K HIGH PRESSURE veNT ( 161,778) C 161,291) 
HOOE 

93 SIGNAL rROH LVDC roR 00102141,878 
S•Jl LH2 R6CIRCU~ATJON PUHPS C 161,878> 

TB3 • · IU 00102141,382 T83 • 
C 161,382) 

0,2.61 • "" • . 

·---orr· · --- · ---·--- -- ------- - · - · ·- ---------- ----- - -------

- ~ 
I 

. .... 
.... 

!54 SIGNAL rRoM LVDC roR 
S ■ JC OUTBOARD ENGINES· CA~T
OF'F' •B• 

00102142,978 c- 162,978) -
TB3 • 2., HO IU 00102142,472 TBJ • 

··- C • 162,472) -
Hff'C ...... 

----,,--- -· t GNAL 'ROH LVoc- ,o"- - ----AQOI 02143 i 019---193-. • ..-----1,1-c,-, 4011--0--...-,u- ·oo I 02 I ,2-.-,11--,93-.--i .~,o--t1s,c--- •-w 
ACCUMULATOR BLEED VAI.WB CLOS! C 16:S,078) C 162,571) 

- ·-- !56 • SIGNAL F'ROH LVOC F'OR 
• s-J~/S•II ScPARATION 

00102143 1378 ·· T83 • ----- ~1700 ·---- 1u-- 0.0102142,811 T83 • - -----1 ·,6!50 - --- - HJf'C·-- -•n•·--
C 163,378) C 162,871) 

- ·--97----, JGtJAL·· F'ROM LVoc· roR · ---00102 I 43,47S--TB:t --. --,.-; 9011-0 --1u--1>0t02f 42, 97t-Te:s·· . --1;.:1,,..0--11~,c ·••· 
S ■ lC/S•ll SEPARATION (N0~2J C 163,478) C 162,971) 

-- --- ,e · SIGNAL F'ROH LVOC F"OR ---- 00102143,,711 ·- TeJ · · ·--- -,.,,oo·-- 1u--···· -·NO DATA 
SWITCH ENGINE CONTRO~t TO S•II 163,578) 
MOOE •A• AND S•IC OUTBOARD ------- CANT orr ,u · · _ __ _ : __________ ·-- -

!59 SIG NAL F'ROH LVDC roR 00102143,678 T83 • ~.ooo IU NO DATA NO DATA HJf'C ·••• 
SWITCH ENGINE CONTRO~rTO ·t•rt · - c- 163,678) - - ---·------ ·-· · ··-- ·---:---· · • ·· ·----- ---- - -··· -- ---·---- ··-· ----· 
HOOE •B• 

-·--eo---s I GNA I. F' ROH L voe - F' OR --- -- --·o O t 02143 117 s-----re~~---2 i li oo--1·u---NO -f)UA--'---N0·-0A , .... ----H,,,...c ---... 
s-11 ENGINES CUTOF'F' ~o. 1 C 163,778) 
IH:.SCr 

·--- - u - S ra~AI. F'ROM LVDC roR 00102143 1 878 - · TBJ · ---- 2,·200 ----- ru---- NO ··DATA ·--·- No DATA·-- ·----- H~,c---1!'•• · 
S•ll ENGINES CUTOF"f' NO, 2 C 163,878) 
RESET ----- • ··- ·· - - - -·-------



( ( ( 
------------------ ----

l'AGE, 6 

PREDICTED TIHB HON 1. TORED Tl HE 
---- -- -- -- ---- TrHE rROM ·· ---- - --- --- ---- · -- - - -- --- -·TIHE·· f'ROH - -- --- · -- - --- -- -- ------ ·- - -- - --

RANGE ZERO Tl~E rROM SIGNAL RANGE ZERO TIME f'ROH DATA ACCURACY 
(HR Hlij SEC) 6ASE MONITORED (HR MlN SEC) BASE 5CVRCE (HS) - -----· csec, --··- -------- cseo, -- ---- --AT · · --- -- ,sec, ---- --- · cse:c, - --- --- ---- -- ------

62 SIGNAL rRoH LVDC roR 00102143 1978 TB3 • 2,~00 IU NO DATA NO DA TA o1src • •· 
- !HQS,~ES READV l'fl'ASS·- - C 163,978 > ·- - -- - -- -- - -- - -- - - · - --- ·-··· - --------- ---

63 SIG NAL rROM LVDC f'OR 
·- - ----- --- · s-11 ENGINE$ sr.11r -Na·-r 

0010214 4,078 TB3 • a,400 IU NO DATA NO DATA M~rc 
·c 16•,01e, -------- • --- ··------·-- -·------·- - -· --·· -- ---- -- - --·--------· . --

64 SIGNAL rROH LVDC f'OR 00102144 1 178 TB3 • IU NO DATA NO dATA H~PC ••• 
Sell ENG INES START NO, 2 -- --·- C 164,178) • --- .. . - ---- ·----·-----

,, SIGNAL F'ROH LVOC F'OR 00102144 1 278 TB3 • 2,600 IU NO DATA NO DATA 
- -------- S• t l ENGI NE OUT INDICATTON---c- 164,278) ____ __ --------- ------- ---- ----

•A• ENABLE, S•ll AF'T lNTeR• 
STAGE SEPARATION INDICATION 

----- • - • •Al ENABLE 

66 SIGNA L F'ROM LVDC F'OR 00102144,478 TB3 • ~.eoo IU NO DATA NO DATA M~PC 
--- --------- s-11 ENGINE OUT INDICATION - - -r-- U4.-478)_____ _ -- --- --- ---- ---

~ 
I 

•a• ENABLE, s-11 AF'T INTER• 
STAGE SEPARATION INDICATION 
•B• ENABLE 

~ 67 SIGNAL F'ROH LVDC roR 00102i44,578 TB3 • 
---- · ··--·- EN GINES READY BYl'ASS · R&sey---·c ... 164i,78)··-

2,900 IU NO DATA NO DATA 

68 SIGNAL rROH LYDC roR 001D214,,678 TB3 • ,,oOO IU 00102145,177 TB3 • 
1 - S• ll HYDR AU LIC ACCUHULA TORS ·-· 
' UNL,OCK 

C 165,678) · -- - -----· - ·· -· - ·-· - - C • 16,,111, -- -- --

••• 

---·· 69· - S 1 QNAL. · F'ROH LVDC roR • --- ---·---oo I 02146 1 979---ra:t- • ·---·, ,-300----iu- --oo I 02146, .,., -·n3--.---, -,-2,~--1'1S,.C ••• 
CHILL.DOWN VALVES CLOSE ( 166,978) C 166,475) 

70 SIG NAL F'RO H LVDC F'OR 001D21 ◄ 7,978 ·- TB:I ·• --- t,uo ···-- ·· 1u- 00102147,4'4 TB3 • • 6,a,3 - H~rc- --- - .,. -------.----· 
CENTER ENGIN E BACK UP curer, C 167,978) C 167,47 ◄) 
SYS TE M AR M NO, 1 

••• + - • 0 - -- - •------- - - • • •- - • --- - • - ---- • --• - - •------------ - - ••H-- 0 0 - ----·•-• - •• • - -•---- - - - ---• •----------

71 SIGNAL. fRO H LYDC F'OR 
CEN TER ENGINS BACKUP CUTOrr 
SVS fEM AR H NO, 2 

00102148,078 
C 168,078) 

TB3 • t,400 IU 00102147,,73 TB3 • 
C 167,573) 

72 IIG ~AL F'RO H LVO C F'OR 00102148,178 TB3 • ~.,00 lU 00102147,673 TB3 • 

6,~,2 

- -- - . ·-- ---

6,4!52 
--- - AC CUM ULATOR Me · SUPPLY- ~,ro ,1-on-- , - - ue,11e, - --------- - - - c- - u7 ·,013,--------

73 SIGNAL F' ROH LYDC roR 0D102 148 ,3 78 TB3 • ~.100 IU 00102147,880 TB3 • 6,0!59 
ACCijMUL AT OR ME SUPP LY· N0 , 2 ON ( 168, 378 ) C 167,880) 

... - -- -- ----

HJF'C · ••· 
-- - . - - -- -

Hs,c · •• · 

HS,'C ·•••· -- ----



·eVENT 

74 SIGNAL rROH LVOC roR 
S•II START PHASE LIMIT!R 
CUTOF"F" ARM 

PAG E ; 

PREDICTED TIH8 HONITORED TIME 

TIH~ rROH TlHE fROH 
RANGE ZERO Tl11E rROH SIGNAL RANliE Zt:RO . 
(MR HIN SEC) RASE MONITORED (HR HIN SEO) 

--- (SEC) ... _____ _ csec,-- -- ---·· AT - -- - (SEC) 

00102149 1 378 T83 • 
C 169,378) 

JU 00102148,892 
C 168,892) 

TlHE fROH DATA AC CURAC V 
BASE SOURCE CHS) 
,sec>· --------- - ----

TBJ • 7,411 H~rc ••• 

---,,---SJGNAL rROH LVDC roR ---------00102149,578---TB3 ··· --7i90o---1u---00102149,0'1 ·-· T83 · ------1,e,o ---- H,,c---· "!'!•---
HIGH C5,5) ENGINE HIXTUR& C 169,578) C 169,071) 
RATIO NO, 1 ON 

76 SIG~AL F"ROH LVOC roR 00102149,778 T83 • · 
· HJGH (5 1 5) ENGINE H1XTUR& ( 169,778) 

---- RATIO NO, 2 ON ------ --- • -· - -- - -----

77 SJG ~AL F"ROM LVDC F"OR 00102150,278 T83 • 
PREV4t.V ES LOCKOUT RESET··-- -- -- C 170,278) 

IU 00102149,280 T83 • 
C 169,280) 

-- - ·- .... -- ---- --------- . - ------- ---

lU 001021 ◄ 9,780 TBJ • 
C 169,7110) 

8,,59 .... 
78 SIGNAL F"ROH LVOC roR 00102150,378 T83 • 8,700 IU • 00102149,873 TB~• 8,652 HSrc P~• · 

--- - -- S•II STA~T PHASE; LIHIT&R---( - -· 170,3711)------- ---- 169,87J) -- -- · _; ___ · --- --- -- -- - ·- -------------
CUTOFF ARH RESET 

-.- -- 79 · SIGNAL rnon LVtJC F'OR ------- 00102150,478 - -- TB:S ·· -· e,eoo -- - IU - 00102149,91 ◄ TB:,• - e,1,3 • H5PC ..... . 
C 170,478) C 169,970 ~ PREVALVES CLOSE ARH 

\,J eo - - StG~:AL rRoH LVDC ' roR . oo, 03101, 01s--re:, ---•--19, 400--.u- ·oo, oJ I oo. ,12 -Te:, - • --19. 3,,.--- Hsrc· ____. - -,.,. 
~ATER COOLANT VALVE OPEN C 181,078) C 180,572) 

81 StG IJ•L rRCH LVo:: roR -- ------ 00,03106,078 --- TeJ • - -2,,000 -- 1u- -- 00103106,178 TB:,• 24, ,,1 - Hsrc "'··· . • . - •• - -

S-11 4rT lNSTG, SEP, ARH C 186,678) C 186,1781 

e2 - ·- ·stG NAI. ' rROH LVDC POR • 
5•11 Af'T (NT~RSTAGE 
SEPAl'lATlON 

oo I oJ 113, 378--ra:, --. -- ·-:n-1 ,o ..... o --1u-oo 103112. 874 ·-· TB3 · .- - 31, u;s --- Hsrc-- ... 
C 193,378) ( 192,874) 

83 

84 

LAUNCH ESCAPE TOWER JETTISON 0010Jt19,078 
C 199,078) ---

ITER4T1VE GUIDANCE HODB (lOH) 00103124,11' 
INITIATIO~ • PHASE 1 C 204,115) 

NIA 

NIA 

85 StG ~AL rROH LVOC roR 00103i44,078 TB3 • 6'! 1 400 
FLIGHT CONTROL COHPUTER C 224,078) 

--· Slol ITCH PO I NT NO, 3 -· - ----· ---- -- - . -- -- . --------------

86 SIGNAL rROH LVOC roR 00104146,678 TBJ • 12,,000 
SHRT PAH•F'H/FM CALlBRATtON - C 286,678) 

NO DATA 

00103124,11' 
c 20 ◄ ,u,, 

NO DATA 

NIA 

lU 00103143,,18 TB3 • 62,:,,7 
( 223,5781 

IU 00104146,177 T83 • 124,9,6 
---c 286,1771 

Hsrc 

Hsrc 

-- --- ---------·-· -- --- - --------------- --- -·--·----- ------ -·--·--------- -- --------------

' 



( ( ( 

PREDICTED TIH& HONJ'rORED TlM& 
--- - ' - ·-- --- - - ---- - - ------- ·- ---- -T1He- rROH···- - . - ---·-··-·· - - --------· --·T&HE F'ROH - -- - --- -- - ·-·------·--- - ------ -------
JTEH !VENT RANGE ZERO TIME F'ROH ltONAL· RANQE ZERO TIME F'ROH DATA ACCURACY 

NO_, ________________ (!\;~~/~--~----~::~ '40N!~~~~D_ (~R c-:~~) !~_C_J __ __ ~::~t ~OURCE (HS > 

87 IIONAL rROH LVDC roR 00104151,678 TB3 • 130,000 IU 00104J51,180 TB3 • 129,,,, Hire 
----- ----· STOP -,AM•F'M/F'H CAt;t8~ATtON--c· 291,678> · ----- -- - -------- --- - - --- C 291,180) _________ ------- -------- -

88 IIONAL F'ROH LYDC roR 0010,154,078 TB3 • 192,400 JU 001051,a,,;7 T83 • 192,156 ,,.,,c. ..,. 
---- - --- 'LIGHT CONTROL co11PUTER- ----· c- ·354,07e) -· ·-·-· -- - ·• ·- --- -- --- ---c --- 3,3,,11, --- ----- ----- --------- ----- -

SWl!CH POINT NO, 4 

- -- -- a, -- - SIGNAL, F'ROH L,VDC F'OR --- - ·--- 00106104,J78 - Te3 · ··- 20~.-100 '- - -- 1u-- -- 0010610J,8U --- ,e3 · - 202,t6o ----H,,c,---... .., • . c--- ----
TELEMETRY CALIBRATOR C 364,378) ( 363,881) 
IN•~L.IGHT CALIBRATE ON ----

to SIGNAL. F'ROH LYOC F'OR 00106109,378 TBJ • 207,700 IU 00106108,873 TBJ • 201,0,2 H~rc _______ __ rn=~~i~~; g!tl:~:~~R0,.,. , __ 3~~•~?-~, ________ _ _ _______ _ _ __ , 368,8'13_, ______ __ _ ___ __ ___ _ 

91 llGNAL F'ROM LVDC F'OR 00106126,678 TB3 • 22,,000 IU 00906126,17, TS3 • 224,954 Hs,c 
----- ·-··· START· PAM•,tit/F'l'I CAL18RATf01t--t ·u&,678) _ _ _ --- -- -- ---- - ·c- " 386,1'1,, ________ - ·-- ----· --------------

92 SIGNAL. F'ROH LVDC F'OR 00106131,678 TBJ • 230,000 IU 00106131,18, TBJ • 229,964 M~rc -~• -
-~-- --- STOP ,AH•f'H/F'H CAL!BRATtCN-- - c · -391·, 678) -.. - - -- - • - · -- ---- --- - -- , - 391;18,, ;- --- - --- - - - ---- ····-- --- - - --

1 -

~ 93 SIGNAL rROH LVDC roR ___ 00107~32,578 TB3 • 2,0.,00 IU 00107132,0'11 TS3 • · 2to,e,o H~rc 
--- -- TELEMETRY CALIBRATOR· -- r ·· 452,,1a, ·- -- -- ---------- - 1 -- 4,2,01u ·-·- · ---------

IN•fLIGHT CALIBRATE ON 

----- -94 ----·· SIQNAL ,ROH LVDC f'OR -- - - - -- -- 00101u,,'1e -- -,u .-.- -2,,,,oo-----1u- 00101,:s1,ou:--,e;s- . -- -2,,.,u--H1,c-. - - .• l!~-----
TELEMETRY CALIBRATOR. C ◄ ,1,,78) ( 4,7,082) 
IN•[L.1GHT CALIBRATE or, - ----·· -- - --- · - - - · -- - -- - ------ ----------

t, IIGNAL. F'AOH 1,,YDC f'OR 00107141 1678 TU• :S00,000 IU OOI07J41,192 TB3 • ·299,?71 
( 461,192) S•ll INBOARD ENGINE CUTo,, . ( 461,678) 

- · - -·--··-. - -- - -·--------- --- - - - ---- ---~-
96 IIGNAL f'ROH LVOC F'OR 00108110,978 lU NO DATA NO DA TA 

LOW (4,8) ENGINE MIX TURE C 490,978) --- P!ATlO NO, 1 -0N ·- - - -- -- -- --- -· ·- -· · ·· - ·- ---------

START ART1r1c1AL: TAU HODS 00108110,990 NIA 00108108,981 NIA 14,,c. ·••· ----- --- c 00,990, ---- -- - ---- -- ------------- , - 488,9eu ··-- ------- - ------ - ·-------------

98 SIGNAL. F'ROH LVDC F'OR 00l08i11 1 178 T83 • · 321,,00 IU NO DATA NO DATA ·•••· - -----1.ow (4,a, ENGPHi HtXluR-e--~c--491;11e,-------------- - - -------------------
RATIO N0 1 a ON 

SIGNAL rROH LVDC roR 
CHARGE ULL.AGE IGNITION ON 

0010811 2, 87 8 
( 492,878) 

-·TeJ • -:s:n,200 --- 1u- -· 0010e112,372-- -,e3- • ;s:s1,1.,1--- Hs,c---~••' 
c 49z,n2, 

--·-------- - - --- - - -- - ---· ---- --· - - -·--·· ----- ---- - ------ - - ----- - -- ---- -



------·- -- ------ - -- --- - -- - -· --- - - ···- ---------- ----- ----- ----- -----------------------

PREDICTED TIM& HONlTOReD TIME 

·• • ·• ··-·· ··--· · TtHl!rROl1 - --·· ----·- ····--- -· - TIHEF'ROH ---------------------
ITEH 

NO,. 
l!YENT RANGE ZERO TIME FROM SIGNAL RANGE Z~RO TIME- rROH DATA ACCURACY 

(MR H1N SEC) BASS MONITORED CHR HIN SEC~ BASE SOYRCE CHS) 
- ------------ - ------- . (SEC) . ---- ·nee, - --- ·· AT--- ·---·· (Sl:C) ••. ·-·--- (Si:C) ------- ----- ------

999 SIGNAL RECEIVED IN S•IV8 ,oR 
• - CHARGE ULLAQE lGNITI ON· ON 

S•lVB 00f08112,J18 TB3 • 331,1'7 
C 492,J'78) 

100 END o, ARTU'ICIAL ' TAU MOD& 00108122,240 NIA 00108118,981 NIA H~rc- WP.• 
-- ·---- 11U _IN 1GH PHAS! 2 ------- - ·· --- t · · ,02,240)---------------- ---c -- 498,981) - --· -- • - · -------- ·--- ----

101 S1GNAL FROM LVDC ,oR 
S•1IIS•IV8 ORD~ANCE ARH 

00108131 1 678 TB3 • 350 1 000 
511,618) -···· - -· ·-

IU 00108131,114 TB3 • 349,9,J 
C 511,174) 

102 SIGNAL rROH LVDC FOR 00108136,6'78 TBJ • · Js,,ooo IU 00108136,112 TB3 • 3,4,951 

••• .... ---------

----- - S-1 I LO)C DEPLETION UNSORa - - ·c • ·· 516,678) --- - -·-·•·-•-- ·--- c - 516,112, - ------ ···--· --
euTOF'F ARH 

-- ·1U ·IIGNALFROHLVDCFOR - --·· - ·· 00108136 1 878 · TB3• · J,, 1 200 -- IU 00108136,J87 TBJ• 35',U6 - H~PC·--·- -n•----- ---- ----
5•11 LH2 DEPLETION S!NSOA' C 516,878) C. 516,387) 
CUTOF'f' ARM 

- ---------- - · -- - --- -----·--

. 104 START CHI rREEZE HOD& · 

! 105 T IHE BASE 4 

00109120,133 
C ,60,133> 

00109120 1143 TB4 • · 
C 560, 143> _Y!_ ____ ~•J l __ ~_NG_I_N~-~~~'.f~_~F' ------ ----

106 S1GNAL rROH LVDC F'OR 
S•ll ENGINES CUTOrr ~0 l ON 

00109~20,243 Te•• · 
C 560,243) 

107A 1 SIGNAL F'ROH LVDC roR 00109120,343 TB4 • 
PREYALVES CLOSE orr C '60,343) 

0,000 

0 ,.100 

0,200 

------ - ---- - - -- -
NO OAT4 NO DA TA 

-·---- - -- -

00109119,631 T84 • 
( 559,651) 

--- ~· -----
. IU 00109119,720 T84 • 

C. 559,720) 
···---· --· -

IU OOI09119,8U T84 • 
( 559,811) - ---- ··-· - -- --- - •· - •• -------- ---- - ----- ---- --· - -·· - -· -

1078 SIGNAL RECEIVED tN S•tVB ,oA 
PREVALVES CLOSE orr ····---·~·--

1084 SIGNAL F'ROH LVDC F'OR 00109120 1 443 TB4 • · 
LOX TANK PRESSURIZATtON C 560,4 ◄ 3) 

----- - - · sMU!Ofr :-" VALVES oPew-· ----

S•IVB 00109119,821 
t 559,821) 

T84 ♦ 

IU 00109119,904 T84 • 
C 559,904) -------- - -· - . . -----

1088 SIGNAL RECEIVED IN S•IVR ,oA -•w•••••••••• •••••••••••• S•IVB 00109119,91J T84 • 
------ - LOX TANK PRESSURIZATION - ---······· -- -- -·-··-· ·· - ----· ·-··-· ··-·- --· ·- · C 559,913) ··- - --

SHU!Orr VALVES OPEN 

.... 
0,000 HSF'C 

0,069 HSF'C ·••• · 
---··- - - -------

11s,c 

0,110 MDAC •~• 

o,i,J 11src 

0,26:Z HOAC 

iou·-stGNAL F'ROH"LVDC . roR . - 0-0109120,-,4~TBf-.----t.·400---·10- 1JOI09120,003 ·-·TB4 ·•- - o, :s,z---113,ec---.••---------
SeJYB ENGINE CUTOrr ~0,1 OF'~ ( 560,,43) C 560,003) 

' ----------- ----- ---- - - - --------------·-------------------- - -------

., 



( ( ( 

PAGE 1D 

PREDICTED TIME MONITORED TIME 
; 

··-- -··- - -.--·-------··- - -·- - - ···- ·- ·- ----- uHE rR011 ·- - -------- ---- ·- -------- ·- TIHE ·• ,ROH - -- ·- - •. ·· ·-·--
BVENT RANG& ZERO TIME rROM SIGNAL RANGE ZERO TIME FROM DATA ACC URACY 

(HR HIN SEC) BA!e MONITORED (HR HIN s~c, BA SE ~O~RCE CHS) 
---- - ------csec, - --- -csec, ------AT--·---- csfc> -- - -~ ·-csec,---------------- -

109B SIGNAL RECEIVED lN S•lYB roR •••••••••••• ···········" S•IVB OOI09120,0t3 TB4 • 0,~62 HDAC ••• 
--- -· - - s-1ve ·ENQJNE CUTOrr ·~o.1-0,~·- · · - ·-·-·---- ---· - -·------- --·- - ·- c ,6~,013) ·- - --- --- --·· -· --- -- - ·-- - - - -------

110A SIGNAL rROH LYDC roA 00109120,643 TB•• o,,oo IU 00f 091 20 , 107 TB4 • o.496 "''c 
-- - -·- -· S•IYB ENG INE CUTOrr - N0,2 or;i-··c- - '60 ,643) ------··- ·---··· ·-- -.· ·--•--- ·--c -· 560,107) -- ---· - - ·- ·--·-- · ·- ·-·- -- ----------

1108 SIGNAL RECEIVED IN S•tva ,oR ••••••• ••••• · ·~···· ~·-·· S•IYB 00109120,121 T84 • O,i10 HDAC ·••· S• IV B ENO IN6 CUTOFF' ~0,2 orr·- ... --- ·-··- - ---·----. ·--·· c '60,121) - - -

111A SIG NAL f'RO M LVDC FOR 00109120,743 TB•• 0,680 IU 00109120,203 TS4 • 0,,,2 H~rc, ·•••· ------- ·- c.ox "TAN K f'LIGH T- PRESSURE'---, - ·noi74H -·· 560,ZOJ) ____ --- ----------
SY STEM ON 

-- 1119 -· ·SIG NAL · RECEIVED JN S• l VII roR --- 0 @•••w!'•• .. •••:-·••1!••• .... • .. • •--··-cS•IV8 - 00 i 09f 20 ,2U -· T84· • ·-- -o ·,~62:-Ml)AC~, --.-• ..,~-----
LOX TANK 'LIGHT · 'RESSURe C ,60,21~) 
SYS TE M ON - --- ------------·------ --·-- -- ---- -------- - - -------

112A SIGNAL rAoH LYDC roR 
ENGINE READY BYPASS 

--~ 
I 112B llGNAL RECEIVED IN s-tva 
~ ENGi~& R&ADY BYPASS 

00I09i20 1 843 TB•• 
C 560,843) 

IU 00109120,JOJ TB4 • 
C 560,3D3) 

S•lVB OQI09,2D,3l3 T84 • · 
C 560,313) 

0,062 

--- ------------- ---- -- - - - ---
113A SIGNAL · 'ROM LVDC roR 

LOX CH I LLDOWN PUHP, o,r , 
00109120 1943 . TB4 • 
C 560,943 > 

O,IOO 

113B SIQNAL RE CEIVED IN S ■ tva ,oR • ••• • • ••• •••• ··· ····~·-·· 
• LOX CHILLDO WN PUHP orr, 

JU 00109120,403 TB4 ♦ 0,752 
C 560,403) 

S•JVB 00109120,412 TS4 • · 0,761 
C 560,412) 

·•••· • 

·••• · 

·••• · 

HD4C .. , . . 
- - -- . ------ --------------- ---------·- -·- • •• ------- - - --- ---- ---- ----

114A SIGNAL rRo~ LVDC roR 00109121,043 TB4 • 0,900 IU 00f09f20,503 TB4 • 0,052 
r1R E ULLA06 IGNITION ON C 561,043) C 560,50J) 

- -- ·•·· - - - - . 

1148 SIGNAL RECEIVED IN S• IVB roR -~----·-· · ·••· ·······~·-·· S•IVB 00109120,512 TS4 • 
r1RE ULLAG6 IGNITION ON C 560,512) --- - -- --- -- ------- ------ -- - - ·· ------ -- ------ ·--- • ----- -- - - -------

11, SIG~AL rROH LVDC roR 
S•II/S•lYB SEPARATION 

00109121 1143 TB4 • 
( 561,143) 

lU 00109120,603 TS4 • 
C 560,603) 

·•••· 

--------- ·•-- ----- ------- - ------
1164 SIG NA L rRoM LVOC roR 00109121,243 T84 • i,100 • IU 00109120,702 TB4 • .• , . . 

S ■ IVB ENOlNi START 0~ C 561,243) ( 560,702) 
-------- ····- ·- --····· --- - ·--- -------··· ----0------- ---------··· - · - ·--

- - -- ·· - - --- ------- ----- ·-· 



( -
---·-·- ·---- - - -- -------------· ----

-- ------- - - -- - - --
PREDICTED TlH& MONITORED TJHE 

• • ' •• -· 
ITEM 

NO, . 
IVENT · 

TIME rROH --· . . -·· . ·-··TIME rROH 
RANGE ZERO TIME rROH IIQNAL RANGE ZERO TIME rROM DATA ACCUR ACY 
(HR HIN SEC) 8ASe MONITORED (HR HIN s~o, BASE SOURCE (MS) 

---------- ( sec, - - ---- (sect----- AT·---·- (SEC>-- .-·· - - - ($EC,-----------------

1168 SIGNAL R&ce1veo IN S•tYa ·,oR "···-~---··· 
······-·--·· - S■ IY9 ENOlN& START ON ··-- ---- · • 

117 S!QNA~ rROH LYDC roR 00109121,343 TB•• .1,200 
- --- 'LIGHT · CONTROL · COMPUT!ft- S.-l~t-r-·· 561 i 34J , - ------- - - 

BURN HOOE ON •Ae 

S•lV8 00109120,71~ TB◄ • 
C 560,713) ·· -- • 

IU 00109120, 802 TB4 • · 

1,062 MDAC .• ,. 

Ms,c 
t - ·560, ao2,---· ------ ------- --- - -

- ua SIGNAi. FROM LVOC· roR 00109121,543 ·- TB◄ · • - - 1,400 . -- -·IU 00109121,006 TB4 • · • 1,~,, -·- Hs,c ·----~--------
FLIG HT CONTROL COMPUTER S•IVB ( 561 1 543) C 561,006) 
BURN HOOE ON •h 

----- --------------------- --- -- --------------- - --- -----------
, 119A SIG NAL rROH I.VDC roR 

rue~ CHILI.DOWN PUHP or, 
1198 SIGNAi. RECEIVED IN S•IYB ,oR 

FUE~ CHILI.DOWN PUMP orr 

00109122,343 T84 • 
C !J62,J43) 

IU 00109121,810 T84 • 
C 561,810) 

8•1VB 00109121,821 TB◄ • · 
C 561, .82'.) 

,-----·-· · -----. ------------- --------------·---
120 SIGNAL rROH LVDC roR 00109122,643 TB•• ~.,00 IU 

S•IYB ENOlNi OUT INDICATION C 562,643) 
- - ·- -- •A• ENABLE -- ·- · ------ · -· ----- ------ ·-- --··----- ---
f 

00109122,103 ,e, • · 
C 562,103) 

00109122,313 T84 • · 

2. ,.,, 

HDAC-

2,452 HSF'C-

·•••· !:::; 121 SIGNAL FROH LYDC roA 00109122,843 Te•• ·2,700 IU 
- - - ---a.us ENOINI OUT- tNDtltTtON C -·5U,843) ,&2 i J1u·---------------

•Be ENABLE 

- - 1224·· - SlGNAL· FROM I.YDC· roR· --------0010,12A,243·- f84 ·• • -c-·- -.. ,uo--1u- 00109123,7U - ·'94-.-- - 4.ou--HS,C,-~ ••• ~ --- --
ENGINE HAINSTAGE ENAIL& HO,l: C 56•,243) C ,6~,71~) 
ON 

1228 SIGNAL RECEIVED IN S•IY9 ,oA •••••••••••• ••~••••~•••• 
ENGINE HAINSTAGE ENABLB N0,1· 

S•lVB 00109123,721 T84 • · 
C 563,721) . 

4,070 

- - --- ON - · - --· - - - - · ·----·-- ·--·--

i23A SIG NAL rROH LVDC roR 00109i24,343 TB•• · 4,200 lU 00109123,813 T84 ·• ·••· ENG l Ne-HA I NIT AGe-ENU!;W-WO ,r-T-,6'4-;-3~3..----------·------ -5n • an r --------------------
ON 

- -un--stGNAL- IIECEIVED IN· ht Ylt -,oA·-·••·· .. ···~·-·---·~---·,.....,..-----s•IVB- oO I 09123 i e11---Te4-.------.,~,o---' 'DAc~-............ ~. ------
ENGINE HAINSTAGE ENABL& N0,2 C 563,821t 
ON • 

124A ltONAL rAOH LVDC roR 00109124,443 Te•• 4~300 lU 00109123,937 T84 ·• · 
S•IVB ENGINE START o,r ( 56 .. ,443) C 563,937) 

4,286 ·••·· 
·--- ------ -· ...• - ---·- ------- ------ ----·· ·· - • --- - ---- .... -- --···- - --------



( ( ( 

PREDlCTED TIHE HONJTORED TlME 
i . -- - . - - ·---- --- ---- -·· Tl HE rROH ·-·- - ·----TIME ·rROH . . ----·---------- - ---- ---

JTEH EVENT · RA NGE ZERO TI ME fROH &lGNAL RANGE ZfRO TIME rROH DATA ACCURA CY 
NO, : (HR HIN sec, BASE MONITOR&D (~R HIN SE01 BASE ,ovRcE CHS) --- - --- - ------------ --- csec, ·· - --·cssc, -------u - --·-·csec> -----~--- csect ----- ------ ---

1248 l!ONAL RECEIVED IN S•lYB ,oR ·• ••••••••••• •••••••••••• S•lVB 00109123,946 T84 • ••• 
S-IY8 ENGINs START orr: • • ---- • • --- - -· ·· --- --- - - --- ·- C 56~,946) •••• ··• • - -- -- - ·------. - ·----- --- - ---

125A SIGNAL rROH LVDC roR 00109125,943 TB4 • ,,eoo lU OOI09l2,,404 T84 • ,,r,~ "''c --~-
- - -- --- r1Rn- sURN RELAY " ON - ------- - r - ,6!5i94"3)--- -··-·--·-·-•··- -- -- ---- ·- -r '"565,404) - -- ---···- -·- ·- ------ -----------

1258 SIGNAL RECElYED IN SefV9 ,oR ·••••• .. •••••• ·••~••••~•••• S•lVB 00109125,41~ T84 • · ,,762 HDAC ·••• · 
- --- · - · · rtR~T BURN RELAY ON -· -- -- - --- - ---- --- ·----- ··--·--- -- · ------ -- · -· c . 56,,413) • -· ·----- --- -------

126 END or CHI rREEZE HOOE· •---00109126,643 NIA _____ 00109128,@90 ___ NIA HSFC ••9• · 
- ----· START ' ARTtF'lCUL nu-- H1'DI c-- · ,u;64"3' ---- 1 ·· ·,68,890) 

BEGIN IGM PHASE i 

--UfA - ·IIGNAI.· rROH LVDC- fOR - - - 001ot129_-943~-T94- .----·••100---1u- - -o0I091H,404 --,e4- 0• ·-- ·t ·,~'3 - HSrC-~irw,.,..., --·---
CHARGE ULLAGE JETTISON ON C '69,943) C ,&t,404) 

- - 1ne- -s lGNAL· RECUVED · IN S.tV1t··,oR--.-. ............ ,. •• ,--.~.-.. .. -~--11••--S•tv8-00 I 09129, 4U--TB.-......---9i"7U--i4DACr..--.... -------
CHARQE ULLA OE JETT lSON ON C ,69, 413) 

---.-1.UA · SIGNAL· f'ROM LVDC f'OR - --00109132 1 943- -- fB4 ~• ~--ta,H0 - ·---· JU · - 00109 I 32,423 - T84 - ♦ r -• U, r,a--Hi,C·-~••• 
~ rtRE UL.LAGE JETTISON ON C 572,943) C 572,423) 

o:, s.ue - -SIGNAL RECEIVED tN S ■ tVB -,oR-- ............... __..., • •• lf••'!o'l!-•----s -rve- 00 f Q9t 32, 429----Te4- ..---12-,,,a---110Ar.-C----·---.,·--------
r I Re \JLl.AGE JETTISON ON C 572,429) • • 

- - -- 129" SIGNAL rROH LVDCF'OR ·-- -··- 00109133 1 943 -·-Te• -• ---1;,,eo0----· 1u ·- oOI0 9 13J,418 - · TS4 -♦ ---- u,767 -- H~,c---·-,u•· 
lJLL.AGE CHARGING RESET C '73,943) C 573,41&) 

---ius- - SIGNAL - RECE IYED IN s..zvg ··roR---. ................. - ...... lle8 ••••• ---s-tve-oo I 09 J 33, 429--Te4--.----i,.11e---HDAC· 
UL.LAGE CHARGING RESET ( 573,429) 

- - -- 130A SIGNAL F'ROH LVDC f'OR 
ULLAQE FlRING RESET 

·- ---- 00109134,143· TB'4 - • 11,000- -- lU - 00109133,601 • T84 -• · - u,,,o ----- H~rc ·---- • .,. 
C 574,143) C 573,601) 

- - 1309-- StGNAL RECEIVED -1N· S•IVB - ,ott--................... -.9!!' ........... .-----·--s--1va·-oo J 09133, 61J-- ··,a4 - .. -- -13,962-·,.DAC·-----.-.•-...,·------
ULLAGE f'IR!NG RESET C ,13,61~) 

---1,:,14 st GNAL rRoH LVDC· roR • • ---- -- oo, ot 1 :,4, :,43 • - ,e, · • ··-- 1,, 200 -- --- 1u - oo 109, :s:s. 806 TS4 • --- 14, ,,, • -- ,:,,c----.• .,.,------- -
ENO I NE HAINSTAGE ENABLE ~0,2 ,14,343) ( 57~,806) 
orr• 

------ ·---------- - ---- - - -------- -------- --- ------------------

- - -------... -~. --- - -- ----- -
,\ 



- - - -·--·- • -- -- - -- - --- ---- - .. . - - -- --- - - -- --- - ---·- ----· 
PAai 1S 

- ---- - --------- ------------·------------- ---·------------------
PREDICTED TlHi MO NIT ORED TlHE 

--- - -- · t--
1 TEH I 

NO, i 

TIME rROH • · - • 
RANGE ZERO 

-------- --- · TIHE fR OM --- - ·- - - - - · - - -·----- --- ----·- -·-
!VENT TIME rROH SJQNAL RANGE ZfRO TI HE rROH DATA ACCU~ACV 

(HR HIN sec, BASE MONITORED (HR HIN sec, BA SE ,auRCE (HS) 
------------ ---- tSEC) ·---- csec, - --- -- AT - -.- - - - (Si;C) ··----. - (Sict -------

131e 110NAL· RECEIVED tN ••tva ,oR •••••••••••• ••·•··•••R•• 
••• - ENUNE· MAlNSTAOe· ENAILII ~o,z ·- ·- . 

orr · 

S•IVB OOI09r33,821 TB4 • 
( 57~,821) - --

-iu--s1<1 NAL- ,R0H -1,;voc· r-oR·- ----oo Io, ; :,6·, t4S---fB4 ---.--H-,♦o·o---Ju-- oo I o91 J6, 412- ,s4--.---t6T76~HIP01--- ......... !!-•~-----
, TEL~HETRY CALIBRATOR C '76 1 943) ( ,16,412) 

IN•~L IG HT CALIBRATE ON 

13~ SI O~AL rROH LVDC roA 00109~41,943 TB4 • · 2i,100 
TE L~HETR Y CALIBRATOR C 581 1 943) 

IU 00109141,404 TB4 • 21,753 
C 581,404) 

- ---- 1N•'LIGHT -- CALIIIRATE-·0rr--------- - ----------------

134 END Or ARTlflCIAL 1 TAU MOD& 00109 136,643 NIA 00109142, 230 NIA 
- -- --- ·-- - · - --- -- ----· C - ,76,643> -------····---·------c 582,230) - --

13,A SIG NAL rROH LVDC roR 00109)44 ,143 T84 • 1,,000 
·HU ,-exCHANGER- aY,ASS-VA1.-V&--c - 584.1-43) 
CON!ROL. ENABLE 

IU 00109f43,612 T84 • 23,?61 
,a3,6t2> 

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

---·--·- - - ----

--t - -s:,,11- - SIG'-IAI. RECEIVED JN S.tVB ,oR- .,. ••• 11!,.••!'1•••0·-·••!!••••9•··· -----11-1ve-- ·00109143,621---,e4 ·• -23.-970--- HDAC· - - -, •••• - -----. 
HEA!•EXCHANOER BYPASS· VALV& C 58~,621) 

~ CONTROL ENABLE 
- -· -·- ··-- - - ·-· - ··--- --------------------------

136A $JQNAI. PROM 1.VDC roR 
TM QALIBRATI; ON 

1369 SIGNAL RECEIVED IN S•iYB 'OR 
TH CALIBRATE ON 

IU 00109145,801 T84 • 26,1'0 
C 585,801) 

S•IVB 00109145,813 T84 • 26,162 
C 585,8U) 

.. ,. 

HDAC ·•••· 

------- --------------
137A SIGNAL rROH LVDC roR 

TH CALJBRATe or,. 

1379 SIGNAL RECEIVED tN S•tV9 ,oR 
TH ~AL.18RATE orr ----- --- - -- · -- ---·--

131 START CHI TILDE HOD&' 

139A SIGNAL F'ROH L.VDC roR 
ENGINE PUHP PURGE CONTROL 

00109147 1 343 TB-• 27,200 
C '87,343) 

.............. 
--~·-·-····· 

00111112,643 NIA 
C 672 I 643) 

·--·· · •· •-· ·---- ---
00111131,,23 TBII • · ?,200 
C 697,,23) 

----- VAL"VE - ENABLE- ON ___ ---·----------

1 U 00109146,803 T84 • 27,,52 
C 586,803) 

·S•IVB 00109146,813 T84 • 27,U2 
C 586,&U) .. . - ·-·-
00 I 11 I 09, 726 NIA 
C 669,726) 

·---·-·· 

IU 00 I 11 I 33,453 TS, ·• 9,i20 
C 69;5 I 453) 

- - ...... _,_ - -- -- --- - -- - - --- -- - -· • 

·••· 

MDAC ·•••· 

.,.,,c, ·•e•· 

,.,,c, ·•••· 

- -- - - - -- ·- -- - - - - -·. -·- -- -- ---·· - --- ·- ---- ---- -·- ·- - -·- --------·---·- ------ ·- - -•--- • --·· -·----... ·--·- ----·- - -· ·- --·-------·---'--



( ( 

PREDICTED TIH& HON ITORED Tl HE 

------- ---- ·TI HE rROH -· ··--·----·- -·---·- - ·- -------------·- TIME · J'ROM -- ·· 
ITEM &VENT RA NGE ZERO TI ME rROH IIGNAL RANGE ZERO 

NO, (HR HIN sec, RASE MONITORED (HR HJN SEC) 
Tl ijE F'ROH 

SASE csec, - · --- ---------------- - (SEC, - - ----·--csec,--- -- AT ------ c SEC, -----

1398 SIGNAL RECEIVED lN S•tVB roR -~····--·-··- •••••••••••• S•JVB 00111133, ◄ 66 ,e, • 
--· ENGINE PUHP PURGE CONTROi. ·•-- ---- -- - ·· ---· --·-- ---------- C 693,~66) - -----

VAi.YB ENABLE ON 

( 

DA TA ACCURA CY 
SOURCE CHS) 

HDAC .,.,. 
• ------ - -----

- - 140-- START CHI F'REU:e· HOD! ,- - --oor-i1139,6~---tf/A 0011113&,3:n 
c 696,JJJ) 

NI A Hfrc--.-11,•· 
ENO or CHI TILDE HOD&, C 699,643) 
ENO or JOH PHASE 3 

141A SIGNAL rROM I.YDC roR 00111146,523 TBS• · 0,200 JU 00111142,646 ,e, • O,Z27 
S•IVB ENGINE cUTOrr ~0,l ON C 706,523) C 702,646) 

- --··· ·--·-- - .. -·· · --··· - -------------------· - -------------·-------------
1418 SIG NA i. RECEIVED IN S•IVB ,oR ··········-- ••9·•·-····· S•JVB 00111142,658 ,e,. 0,21' HDAC 

S•IVB ENGJNE CUTOFF' NO,l ON C 702,658) 
-- - . ------- ---- - - -- --------- -------------- -----· ·- ··- --- --- - - - ------- - ----------

142A SIG NA L rROM 1.VDC roR 00111146,623 TBS• · o,ioo tu 
S•IVB ENOJN~ CUTOrr N0,2 ON C 706,623) 

·----- ------
1429 SIGNAi. RECEIVED IN S ■ IVR ,oR 

S•IV8 ENGINE CUTOfr ~0,2 ON 
S•JVB 

00f11f42,741 
C 702,741) 

--·- --- - • ·-
00111142,7'8 
( 702,758) 

T85 • 0,'-32 11src ·e•• · 

TB!S • o,u, HDAC ·••· 
- - - - ..•. -- ------ - - ---- ··- -- - ·-----

f 143 TPIE BASE !S 
~ VELOC lTY CUTor, , OF' : '1 RST 

-------- s-1ve BURN --- --·-· · -·--·-- -

00111i46 1 723 TB'• 
C 706,723) 

0,000 

---·---- - -----------

00111142,en TB!S • 0,000 HJF'C 
( 702,873) 

--- -· ·----- ---

144A SIGNAL F'ROM LVDC ,oR 00111146,823 TB'• 0,100 JU 00111142,990 ,e, • 0,077 11,rc 

·••· 

--- -- --- S.!VB ENGINE cu,or, NO,i-·oN--c · 706,823) -------·-·-···-··---------- c-- 702,9,o,-·----·--- •-•-----··-----------

1449 SIG NAL RECEIVED JN S ■ tVA roR ·•·········•-· --~·-·-~-~-- S•lVB 00111142,9,8 TB!S • · ·•••· 
------·-·s.1va ENGIN& CUTOrr-·Noa·· oN ----- - - c --102,9,8) -------------------

14!SA SIG NAL F'ROH LVDC roR 00111146,923 TB'• 0,200 JU 00111143,041 ,e, • 0,168 H~F'C ·•••· 
- --- - s-1ve ENGINE CUTOF'f' N0,2 · 0N - C 706,923) ---- -- ---- - --·- --·------- ( · 703,041) ---- • -- -·- --- · - ---- -- ·--------'---

1458 SIG NAL RECEIVED IN S•IV9 ,oR -~~··-·····•- · ·······~·-••· S•JVB 00111143,o,0 TB,• 0,177 HDAC ·•••· 
--- ------ s-tVB ENGINE ·cuTOF'P' No.2·-ott·---·- -- -·-·-----------·----- -------·--- c --703;0,o,--- ·- -·---------·----------

1464 SIG NAL F'ROH 1.VOC roR 00111147,023 TB!S • 0,a00 JU 00111143,13, TB,• 0,262 H'F'C· ei,• 

SelVB ULLAOE ENGINE N0,1 ON ·-- - C 707,023) -- -- - - --·- ( 703,131,) · -- · --- --- ·- · -- -- .. -- ----- -- ------

1469 SIG NA i. RECEIVED JN SatVB F'OR ·••••••••~••• ••~••••~~••• S•lVB 0011114~,1,0 T85 • 0,277 HDAC ••• 
---- ·- -s.1va ULLAGE ENGINE -~o.ro,,..N-------- -c- - ,0~.-1,o, -----------------

.. - ·-· - . - ---- ------

_, ---- -- II 



( ft 

----------- - - ---- --- - --
PREDICTED TIHI HONJTORED TlHE 

· - - - - ---- - -- - ·-·-- -·- -- · ·- TIHE rROH ---- - ----- --- - - ·- - ··- · TIHE F'ROH 
JTEH . &VENT · RANGE ZERO TIHE ,ROH SIGNAL RANGE ZERO TlHE F'ROH DATA ACC URAC Y 

NO, (MR HIN sec, BASE ~ONlTORED (HR HJN SEC) BASE SOYRCE CHS) 
- --------------- ---------- -- ,sec, --- ---➔sec, ·------- AT ------cs1:;c, ·---·--csec, ---- -----------

147A •llONAL ,ROH LYDC· roR 00111147,123 T85 • 
- S■ IYB ULLADE ENGINE NO, ·2 ON-· C 707,123) - • 

IU 00111143,232 TS5 • 
C 703,232) 

1478 SIQNAL RECEIVED IN S•tV9 roR ···--·- ····· ··-····~·-·· S•lVB 00,11143,?•2 TS5 • o,i69 HDAC • • • 
- --- ·· - - s-1ve ULLAOe ENQIN! -NO ·,- ·Z-ON------ - - -- -- ----- ·--·-------- ( ··-703,2421 -- -· ----------- -·-·----· ------

148 SIGNAL f'ROH LVDC F'OR 

' 
S•IVB ULLAOE THRUST ,ReseNT 
INDICATION ON 

00111147 1 323 TB'• 
( 707,323) 

0,600 . lU 00111143,43, T85 • 
- - C 703,43,, 

o,,62 H~f'C ... ,. 

10A ~·- SIGNAL · rROM ·LVDC· f'OR ·------·--OOl11t41i52!- f85--.--0,800- ·--· Jt;t-- 00111143,626 - TS,--•--0·, 753--M&,oi----ww..r-------
F'JRST BURN REI.AV OFF' t C 707,523) C 70~,620) 

- -ioe SIONAI. RECEIVED IN S ■ ·IYB ,oR·--·· •••••••••••• -•!!•••••• .. •• -· ··- - - -9 .. IVB OOIU143,63J · T85 ·• ·· - o,r&o ----· MDAC· --_:_--u•-- ---- · ---
r1R5T BURN REI.AV orr , C 703,633) 

1'0A- -51QNAI. f'ROH LVDC· FOR ----tOl11147;923 - T88 • -1,200-- ttt---OOf-11144,0~4- ,e,- .-.- -11,1u--,.$,C'-- -... ~~------
LOIC TANK FLIGHT PRESSURE C 701,923) C 704,034) 
SYSJEH orr 

f 1508 SIGN41. RECElVED lN S•IVA ,oR •••••••••••• ... P. .......... . 
-1!__ ____ ~~:T~~N~r~L l GH.! _ !..~! ~~U_R_E _ _ __________ _ 

1,1, SIGNAL f'ROH LVDC roR 00111148,123 
----- - • - LOIC TANK PRfSSURIZATION - - --- C 708,123) 

SHUTorr VALVES CLOSE. 

TBI • 

S•lVB 00111144,042 TB5 • · 
C 704,0◄ 21 

IU 00111144.246 TS5 • 
·-·-· ( - 704,246) .. 

1,U9 11DAC 

..... . 

---,,ie- stGNAL- RECEtVED pt S•tva--,ow-R----................ .--•• !'! ... ""'•"! .... ..-.----s■ tVS-1t0fU14'4-,-2,e--,a.e,--•----1~,-..n,---ttDtC--·--•-··,r..------

LOIC TANK PRESSURIZATION ( 704,2,8) 
SHUTOFF VALVES CLOSE 

1,2a SIG~AL RECEIVED IN S•lVB ,oR ·••·········· ··~········· S•lV8 00111144,442 ,s, • 1,,69 HDAC •• , • • 
ENGl~E PUMP PUjqQ! · CONTROi. • - - · •• -· •• -· - ·-------- ··----- ·- ·- - - -- ( ·- 704,442) · -·- - ·-------- -- - · · ---- ------
VALVE ENABLE ON 



( ( ( 
-------- ----- --------

PAGE 16 

-----------------------
PREDICTED TlHI MONITORED TIHE 

-----T111e rROM ----------- --- ---- -- TIME F'ROM -- --- -- ---------- --
&VENT RANGE ZERO TIME rROM SIGNAL RANGE ZE~O TJ ~E rROH DATA ACCURACY 

(MR MIN sec, BASE MONITORED (HR MJN SEC) BASE SOURCE CHS) 
------------ ------ - csec, -- -----csec, ------- - AT -· - _ : csec, - -- -- -- - csec, ---··-·- -----· ------

llGNAL F'ROH LVDC roR 00111150,223 TBS• 
- • F'L11iHT CONTROL COMPUTE" ·l•lVB - C 710,223) ·-----

BURN HODE orr •A• 

IU 00111146,334 
- C 706,334) 

Tij5 • J,46J. .... 
-- 154 - ·SIGNAL VRO H· LVDC FOR ---------001111,0;42J--,e, ---.-----~.-100 ---- 1u---· 00111146,535 - -Te , · ·-- ·-3,.62--11s,c - - .t!•--------

rt.JGHT CONTROL COMPUTER S•IVB C 710,423) C 706,53,) 
BURN HOOE orr •e• 

1,,. SIGNAL rRoM LVDC roR 001111,o,e23 ,e, • 
AUX1 HYDRAULIC PUMP ,t.tGHT ( 710,823) ------ - Hone orr · --- --· ------------- -- ----

i559 SIGNAL RECEIVED IN S•IVR roR 
- --··· . AUX1 HYDRAULIC PUMP F'L!GHT -

HOOE orr 

lU 00111146,942 T85 • 
C 706,942) 

--· .. ----- ---
H$f'C 

HDAC 

---156 - SIGNAL rRoH - LVOC· f'OR - - -------~01111,o,923- ---T9, --.--,,200---1u--- · ol)U1147 ,03, -,e,---.---4,u2·--- -HS,e·-- ..... 
TELEMETRY CALIBRATOR C 710,923) C 707,03~) 
tN•[LIGHT CALIBRATE ON 

f 1,1 SIG NAL rRoH LVDC fOR 00111151,723 ,e, • 
t S/C CONTROL or SATURN BNABLE, ( 711,723) 

,,ooo SU 00111147,828 T85 • 
C 707,828) 

4,9,, Hsrc 

- - --· ·--- --- ·- -- --··----- - ·- ----·-· - -- ---------- - - - . - ------------------ - --- ------
1,aA SIGNAL rROH LVDC roR 

TH ;ALIBRATi ON 

1,ee SIG NAL RECEIVED tN S ■ tve roR 
TH CALIBRATE ON 

- ---··- - . - · - -- -· •• -- -·-------

159A SIGNAL rROH LVDC fOR 
TH ~ALlBRAT& orr 

1,98 SIGNAL RECEIVED IN S ■ lVS ·roR 
TH ~ALIB RATE orr 

00111i53,72J ,a,• 1,000 1u 00111149,841 ,e, • 
C 713,723) C 709,841) 

• - - - -- - ---- - ---------- ----- -- - -- -· - --- ----- ------· •• ·- -- -------- -- - -------------

- --- - - -- ----
001111!54,723 
C 714,723) 

TB9 • ,,ooo 

S•tVB 00111149,850 Ts,• 
C 709,850) 

SU 00111150,829 TB5 ·• 
C · 110,829) 

HDAC I!•• 

7,9'6 

------------ ---- - ----- -------
S•IVB 00111150,83J Te,• 

C 710,833) 
7,9uO .. , . . 

-- - -- ------ ----- -- - ·---···--- • ------------- --- -- - - - • - • ---------------------

16'. 

• - --- -

l 

SIGNAL rROH LVDC POR 
TEL~HETRV CALIBRATOR 
IN•fL.JGHT CALlBRATE or, -·-· 

00111i55,92J 
C 11,,923) 

PARKING ORBIT JN5ERTION 001111!56,!523 
---- ·- ------- - ------- ---~-,u,,2n 

---~ - • -- - --.. -- . - ·-

TB5 • ?,200 IU 00111152,032 ,e, • .,. 
( 712,032) • 

NIA 00111152,646 NIA ·•••· 
-c- - 112 , 646 , - --------------------

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

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

··----- . -- ---- ---------



------ ·-- ----------. --- -- ----- -- --------- - - - ----- -------- - - --------- -

- - - - ----- ------------
PREDICTED TIHB MO NITORED TI HE 

--- -- - --- - - - · --· -- - - ·· --· - --- ·- - --- - ·TIME F'ROH -- --·--·- --- --- --- - -- -- · --· -- ----- TIME rROH - -- ----- -- --- -- ------ -- --- -------

lTEH 
NO, 

RANGE ZERO TIHE rRDH IIQNAL RANGE ZERO TI ME rROH DA TA AC CURACY 
(MR MIN SEC) BASE "DNITOAED (HR HIN sec, BASE SJURCE CHS) 

- - -- --- - - ---- -- CSEC) ··- -·- ·----csEQ) · - -- -- AT -- - --- ·(Sl;C) - - - -- - CS Ec t- ------ - ·-· ---- --------

162 StQN~L 'ROM LVDC roA 00111i56, 723 TBS• 10 1 000 JU 001111,2,839 TB!!I • 9,966 Mi' C ·••• · 
- S-IYB ENOI NE OUT INDICATION 

•u eNABLE AESET 
C 716,723) -· C 712,839) 

- - 1n - SJ ONAL- F'ROM LVDC roR------
S•!YB .ENGI NE OUT INDICATION 
•B• ENABLE RESET 

00111t,6·,923 - -T8'·-• - 10.200--· tU-- 001111'3,02~- TB!!l -• - to•i92--H5,0--- ---------
C 716,923) C 713,02~> 

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

164 BE GIN ORBITAL GUIDANC E 00112106 1 723 NIA 00112104,409 N/4 Hs,c ··•· 
END or CHI r REEZE C 726,723) C 724,409) 

- - ---··· ·· - - ·-· •• -- -·--·-- --- --- - -----·-- --··· ·--·-------------- ---
16!!1 INITIATE MANEUVER TO ALlCN 00112106 1 723 NIA 00112J04,409 NIA HSJ'C ·••• · 

S•IVB/SC •X AXIS ALONG TME C 726,723) ( 724,409) 
- ·· --- LOCAL HORIZONTAL (SC F'nRWARI)·-· · · ----·------ -- - ------- - - --· . ---- --- -· - - · ---··--- - ------

POSITION J DO WN) 

- 16-6-- '4ANEUVER - TO - LOCAl.~HORlZONT4L------ ----·-·----•~:-----oo,12105,000f-----WN/A--- - MOAC--..---------
INIJIATED • C 72~.000, 

- f ·U7A - SIGNAL F'AOH LYDC roR · -· ·--- 001121 ◄, 1 723 TB5 • - -,9,000·----·- - lU - 00112141,827 - ,s, -• !!18,994----· Hi,C··-··· n•- ---······- - ·· -

LH2 TANK CONTINUOUS VEIJT ( 76,,723) C 761,827) 
~ ORl[lCE SHUTOrF' VALVE OPEN ON 

. ··--- - -- ------- ---·--- ----------- --- ·--·-------------------
1678 SIGNAL RECEIVED IN S•IVR 'OR •••••• •••••• ........ ~ ..... S•IVl3 NO DATA NO DATA HDAC ·••· 

LH2 TANK CONTINUOUS VENT 
- -. - ORIF'ICE SHUTOF'J' : VALVE OPEN ON 

168A' SIGNAL F'ROH LVDC F'OR 001121 ◄ ,,823 re,• 9?,100 IU 00f12!41,929 re,• ,9,056 
-----· 1,;H2 TANK CONTINUOUS ve,~r- ----r---16,,823------ ---------1- 1&1,929)___ ---------------

RELIEF' OVERRIDE SHUTorr VALVE 
OPEN ON 

1688 SIGNAL RECEIVED IN S•fVij roR ···--·---··- S•JV8 NO DATA NO DATA HDAC ·••· 
LH2 TANK CONTl~UOUS VE NT 

·------- - - RELIEF OVERRIDE SHUTOFF' VALVE 
0P6N ON 

--- s,UA - SIGNAL rROH LVDC 'OR -- 001121-17i72J ·--· Te, • ·-- u,ooo ----- 1u-· - ·0011210,uo -- ,e, • - 60,.,,, __ Ms,c---- ... ----
LH2 TANK CONTINUOUS VENT < 767,723) ( 76~,830) 

' ORlflCE SHUTOrr VALVE OP&N 
·---- - - or, - ·· · ·• ----- -· · -· - · --------------- - ·-

' --- -•-----

' --- - · ·- ·· - - ----~ •·-- -------- - -------



( ( 
•--------·------------ -·- --- ----------- -·--------- ------

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

PREDICTED TIHB HON ITORED T J HE 

- ·-- ·- -·- TI HE F'ROH ·- - - -- ·· -- -- -- -- -- - ·· TI HE rROH - · ·- ---·--- -·- - - -
&VENT RANGE ZERO Tl~E F'RDH SIGNAL RANGE ZERO TJHE F' ROH D4TA ACCURA CY 

(MR HIN SEC) BASE NONITORED (HR HIN sec> BASE ~Oij RCE (HS) 
----------- -------·· (SEC) (SEc,------- - AT ·- -------· (Sl::C) ----· ----- csec, ----- -----·--- --------

1698 SJONAI. RECEIVED JN S•IVB ,oR •••••••••••• ••~••••••9•9 S•IVB NO DATA NO DATA ~DAC 
LH2 TANK CONTINUOUS VEtJT · - - - • ··- -·-- - ·-- • ·--- -- · ----- · 
OR I F'I CE SHUT0F'F' i V 41. VE OP&N 
OF'F' ---•· ·---- -- ------- - ·-- -·- ----· - ·-- -- - -- -- ---------------

170 A SIGNAL F' ROH 1.VOC roR 00112147,823 TB5 • 61,100 lU 0011214~,929 
C . 7U,929> lH2 TA NK CONTINUOUS VENT ( 767 1 823) 

REL 1 Er OVERR I OE SHUTOF"F' YAI.V! - • - - --·- ---- - - ·- - --- -· 
OPEN OH 

--11oe - SlO NAL RECE IVEO tN ·S•t VR ·roi. - ·-............. . ..... - ·.··-··•---11•• · ----s■ 1vs---No-· DAu --·---""N:, -g-n,: ··-
LH2 TANK CONTl~UOUS VENT 
RE LIEF' OVERRIDE SHUTOF'F' VAI.V! ' 
OPEN OH --·- ---·--··--- -··- ·--·---- ·-···--·------ - ····------·---· - -

171A SIGNAi. F'ROH 1.VDC F'OR 00113113,723 TB5 • 97,000 IU oo,13f09,831 TB,• 86,958 H3rC· ·••· ---- · · · - -- s.rve UL.LAD& ENQINE No,1··0rr-- t -··19;s,123, ·-----· - -------- - - -- -- --- --·1 -· ·7s9,e3u · .. - - ~ ------·----------------

111e S!G~AI. RECEIVED lN S•IVA ,oR ·~••••••••••• •••••••••••• S•tVB NO DATA NO DATA HDAC 
· S•tV8 UL.LAGE ENGINE No,1 · 0rr.- -------·--- ·· - - ----· ---·- ·-- -·-·--·- ---·---· ------ ---- - ·- ··· --· -

172A SIG NAL rROH LVDC roR 00113113,823 Te,• ei,100 IU 00113109,930 Te,• s1,o,1 HSPC· 
- s. l Vtt ULLA OE E.'>IQ I NE NO ", -, 2 err·- C-- 793, e2;n --- --·------· • •• --·---- --· - - - c- -7a9, 93g ,- --- -·---- -·- ·----

S tGNAI. RECEIVED lN S•IVB roR .............. ·········-·· S•lVB NO DATA NQ DATA HDAC ~·· 
· S•IVB ULl.AGE ENQINE NO, ·2 or, · • ·- -- - - - - -- ·-- --- --· •• - - • • -· -- - ·-·- - · -----·-- ---

173 O SIGNAL rROH I.VDC F'OR 00113113,923 TB5 • 87,200 JU 00113110,024 Te, • 87,1'1 H~f"C ·n• · 
·--· -· • -· -·- S•IV8 UL.LAGE TMRUST ,REiSENT--·- t -- 793i923J - - --·- -- --- - --- ·--- ---- - -·---- c- --·-790,024,-----------·- - - ---·----------

INOJCATlON orr 

174 - '1A "lEU VER TO LOCAL ' HOlltlZO~TAI,, ·· ·-••--•- ••_;_- ---•-•••-· • -
CO MPI.ETED 

- --· 00115110,000 ··· ·- -· NIA - ·· ---·-· ,-,pAC---,w,,••~. ___ __.__ 
C 910,000) 

---i,, - - SIG NAL. rROM LYoc- 'O" ·-··-· -- ---------·---•------·----------- ·---1u--·oo 153 I 36,074 --- Ta,--. --2,1J,20i---Hfl"C--, -·..,··---- - --
TEL~HETRV CALIBRATOR C 3216,074) 
IN•fL!GHT CALIBRATE ON • 

-- - - • -----·-------
176A SIG NAL F'RO H LVOC roR 

TH CALIBRATE ON -----·~----- ---~--------
. -- --- - - --------

17 68 SIGNAL. RECEIVED IN S•IV R roR 
TH CALl 8fU TE ON 

-- - - -·. -· ----·· --·-· -. . , 

lU 00153136,475 T85 • 2513,402 
C 3216,475) 

NO DATA NO DATA 

- ---·-·--- ··-·--·---- ---

MDAC .... 



<e 
-- ----- -· - -- - --- ·- - · -- ·- - .. - . - - ·· · -- - - - ---- ---- ---- --- - ·· - --- - - --- -· ·· -- ---- --- -- · ··- -- · . --------- - - - - - ------·-- - - -

PAOE 1' 

-·-------- • ---- ------ ----- ----- -- - ---- ·-- - - - - - ------ - -

ITEM 
N0 1 

- ---------

!VENT 

177A IIGNAL• F'ROH LYDC roR 
- TH ~•1. l BRA Ti o,r-

PREDICTED TIH& HONITOReD TJHE 

--- ··•- · TtHE F'ROH - ·· -- - -- --- -- -· -· - ---· · TIHE FROH -- ·- ---·--
RANGE ZERO TI HE rROM SIGNAL RANGE ZERO TIHE rROH 
(MR HIN SEC) BASE NONJTORED (HR MIN sec, BASE 

-----tsEc> -------csec, --- - - ·-- -u - -- --- - cs~c, -- -----· - cs1::c, ---

----------·- -~-.,··-···- .. JU 00153137,47, 
C 3217,47,, 

T85 • 2514,602 

1778 SIGNAL RECEIVED l~- S ■ IVB ·,oR s-rva NO DATA. NO DATA 

DATA ACCURACY 
S1J~RCE ( MS ) 

--------- ·- ---- --

HDAC 
TH 9ALIBRAT& o,r- - ------------- - --- - - ·- ·- •- • ---- ----· --------·· - ·--- --------

178 SIGNAL rROH LYDC roR 
TELEMETRY CALIBRATOR 
IN•fLlGHT CALIBRATE orr 

. ·-·- - --- - - ----

-t'9A-·- SIONAI,, rROH LVOC roR - ---~Ot20106--1U3---TB,-·• - ,oO.-OOO-- - IU- ·- ·- ··NO· DAT4---f'IM0- 0ATA-----f'l~P'0---:---r-- -----
P,U1 lNVERTfR AND D,C 1 POWER C 1206,?23) 
orr 

1198 SIGNAL RECEIVED IN S ■ IYA 'OR •••••••••••• •••••••••~•• S•lVB NO DA TA NO DATA HDAC . ·••• 
P,U1 INVERTER AND D,C, POWER - - ---- o,, . ------ - - - ---- ----- - - ------- --------------- -------------- ------

1804 SIGNAL F'ROH LVDC roR 00121149,323 TB5 • 602,600 IU NO DATA NO DATA 
• ENO I NE ?UHP PU ROE COIIITROL·· --- (· 1309, 323 > --- -

VALVE ENABLE orr f 
N 

--iaoe--s I GNAL RECE J VED IN S• t VA PoR--•···-----·----·....-."~!'-•---9.1 vt-- NO··O-ATA-----No-·DUA·A-----Hl)A-~~-....-----
ENG I NE PUHP PUROE CO~TAOL 
V-ALVE ENABLE arr 

- - - -- -· 

181AI SIGNAL rROH LVDC roR 001,,106,723 
AUX1 HYDRAULIC PUHP rLtGMT ( 3306 1 723) 

,e, • 2600,000 lU 00155102,83, TB5 • 2599,962 
C 3302,83') 

HOO~ ON ···· - - ·- - · - ---- --- - - - - --- ----------- ----------

1918 SIGNAL RECEIVED IN S•IVA roR ······-····- --~···-~·-·· S•IVB 00155102,838 TB5 • 2599,96, HDAC ••• 
- AUX1 HYDRAULIC PUHP rLtGHy - --.--· • -- ----·--·-· - -· ··--- -·-··---· ·-·-- C 3302,838) ---- ·- • --- --· ________ __,_ __ 

HOOE ON 

--·1!2•-·-s1 a•1A1.·-rRot1 ·LVDC roR ·-- - -- ----oo "'' 54~2r- n,- •- uo,-o-oo--1u- oo,,, 1 ,o, a:s,-TB,-·• - 2"641i·t6r-Hsrc 
AUX1 HYDRAULIC PUHP tLtOHT C 3354,723) C 3350,837) • 
HOOE err 

1aae SIGNAL RECEIVED IN S ■ tV8 FOR S•IVB 00155150,838 TB5 • 2647,96, HDAC ·••· 
• AUXt HYDRAULIC PUMP FLtGMT C 3350,838) 
----- -- HOOE arr - --··- --- ··· - ·--. -- - -- - --- ----- - · ------------------ -------

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

' - ------ - -



, 
..J 

lTEH 
NO, 

( 

- --- ----

( 

PREDICTED TIMS HON J TOR ED Tl ME . 

- - -- -- ·- -TIHE F'ROH ---- ------·-· ··---- - -··· -i'&ME f'ROH 
&VENT RANGE ZERO TJME F'ROH &JGNAL RANGE ZERO 

(MR ~JN SEC> BASE ~ONlTOREO (HR HJN SEC) 
-·----- -·------ - -· · csec, ·- ·-----··· csecr-- -----·· -u ·· ---- · csEc> 

TIME f'ROM 
BASE 
CS 1:c> -

( 

SIGNAL rROH LVDC roR -·---------- ---···--•-•1 IU 01118132,074 Te,• 4009,201 Hsrc eP• 
·- TELEMETRY CALJ9RATOA· ·-·-- - ·· 

IN•~I.JOHT CALIBRATE ON 
· - -· -· ( 4712 , 0 7 4 ) · · - --- - - .. .. ---- · 

----···1&4.--- siG NAL· r ROH LVDC roR.- ·--·--- -·-• .. --·---- - ---· --........... - -- -·---iu--· 01118132,04-- TB, •• 40D9,4O1 ___ ,..~,c 
TH CALIBRATE ON ( 4712,474) 

1548 SIG NAL RECEIVED IN S•tVB 'OR 
TM CALIBRATE ON 

---u,A - SIGNAL rAOH LVDC roR ··-·- ---
TM ~ALl&RATi orr 

• "••••••••••• • •••••••••"•.-- • --·-- - S• I VB· NO DATA - - NO DATA 

-----------.. ............... ,ir-·lJu1e13J,·04--·,n -• 4on-,ui--,,.,rc 
C 4713,474) 

---1ne · stQNAI. REC EIVED JNS.tva,oR - ................ ............. '!r •• - - ---·-·S•lVB -··· NO DATA -- -· NO o,,, . ·--- ··---·-MDAC---'-- ••• ,-· ___ _ 
T-H CAL18RATi orr 

- -·- 1s6 - SIGNAL rROH LVOC· ,011 - ··-· -- - ··--------·-----•- ............. -----·1u- ·01118 rn, 0~4~---,e, .• 4014,a01---t1,,c 
• TELeHETRY CALIBRATOR C 4717,074) 

IN•[LIGHT CALJ8RATE or, 

t - -157 SIGNAL rROH LVOC roR 
~ TELEMETRY CALIBRATOR. 

----·- ---- lN•[LIGHT CALJ!IRATE ON - - · ·· -· 

1seA SIGNAL rROH LVDC roR 
TH CALt8RATE O"' 

1888 SIGNAL RECEIVED IN S•tVA ,oR 

-----~------ ---·------~-
iu 01129104,o;o ,e, • 4641,a11 

( 53-44,090) 

-------~----
- ·· -- --- ···- - ·- ----- ------

lU 01129l04,489 ·- ·· ---··-·-·- -· - c 5344,489) -

S•IVB NO DATA 

re,• 4641,616 

NO on, 
--- ··- · - TH CALIBRATE 0"1 ·• ··- · -- --··--- -- -------·· ···--- - · ------··· - •-··- - --- -·-· -··. -·· -------

189A SIGNAL rROH LVDC roR 
TM ~ALt8RAT~ orr 

IU 01129105,495 T85 • 4642,622 
C 5345,49,) • • 

199B SIGNAL RECEIVED IN S•IVB ,oR ............... •~ .. ••••••••• S•IVB NO DATA NO DATA 

Htrc 

HDAC· 

••• 

·•••· 

·•••· 

11src ••· 
•· .. ------------- ---'--

HDAC 
--- - -- - - · TH ;AL tBRATi o;r - ·• --- -----·- -- -- - -- ----- ------- ----- ----- ·· -- ----- --- H ••· · -- - - - - •· -·-- ·----- -----------

SIGNAL rROH LVDC roR 
TELEMETRY CALIBRATOR 
IN•fLIGHT CALIBRATE orr 

------------ ~--·-------~ 
IU 01129109,078 Te,• 4646,i05 

( 53-49,078) 

- ·----· - -- - -- . - ... --- -- -- - ---- - -- ---- -- - ---- - -----

9 .------···--- · 
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- ------------ ·--- - ------- - -- --- - -- - --
PREDICTED TlHS MONlTOReD TiME 

- ---- - ··-- - ··-··----- · · - - --· --- - TIHE f'ROH -- - - ------------- --·------- TIME f'ROM ---· - - -- --------··------ -----
JTEH IVENT RANGE ZERO TIME rR9H SIGNAL RANGE ZERO TIME f'ROH DATA ACCUR AC Y 

NO, (MR HIN sec, RASE ~ONITORED (HR HIN SEC) BASE $UURCE CHS) 
--- ----------- ----- - - - - - - --- ,sec, --------csec,------ · u - -··---· - cs~c, -· --- -· csr:c>- - - - -- - ----- ------

191A SIGNAL f'ROH LYDC ,oR 01141146,723 TB'• '400,000 lU 01141142,829 Te,• 5399,9,6 ~src •• ~ 
AUXJ HYDRAULIC PUHP · 'L1QHT ··--- C 6106,723) ------- - --· C 6102,829) ·- · - - --- ·- ------· ·· -----
HOD~ ON 

----;. t18- SIGNAL- RECEIVED - IN- S•tVft ''OR----.•••• ,.••• .. •-----•"'••••••w•r- -·- S• IVB - 01141142, 840-- TB, - • ,:,99.-?67---H0AC---·•-~-----
AU>C1 HYDRAULIC PUMP rLrOHT ( 6102,840) 
HOD~ ON 

192A SIGNAL rROH LVDC roR 01142i34,723 T85 • '448,000 lU 01142130,828 ,e, • , •• ,.,,, 
AUX1 HYDRAULIC PUHP tLtQHT C 61,4,723) ( 6150,828) 
MODE err·-· -· ·-- ------ - - --- - --- - -····---·------ ---•-- ·-·•- -·· - -- - ·· -- --

1929 SIGNA~ RECEIVED IN S ■ IVB ·,oR 
AU>Ca HYDRAULIC PUHP FL10HT 
Hoo~ orr -

S•lVB 01142130,841 Ts,• ,447,968 
- ( 6150,841) · 

··•· 

HDAC ••• · 

- - 193- StGNA~ f'ltOH LVDC· f'OR ·-- - - ---------·---------.... ----___ ----tu--01r;512s·,on-·-Te,-.--u25·,iol\-o--H~r-f'!-e~- ll!'-!!~•--------
TELEMETRY CALIBRATOR C 6928,073) 

t 190 ..., 
IN•fLlGHT CALIBRATE ON 

SIQ~AL rROH LVDC roR 
TH CALIBRATE ON ..,, 

- - - - • ----------- - - - -
194B SIGNAL RECEIVED lN hlVB ·,oR 

TH CALIBRATE ON 

19,A ' SIGNAL f'ROH LVOC roR 
TH CALIBRATE orr 

19~8 _.S l GNAL RECEIVED l N S ■ t VA ,oR 
TH CALIBRATE orr 

196 SIGNAL rRoM LVDC roR 
TELcMETRY CALIBRATOR 

_,.. _____ ,. ___ _ __________ .,. 

- ----·-· tN•~LIGHT CALIBRATE or, -- - --------

lU 01155128,4?4 TS5 • 6225,601 H$F'C 
C 6928,04, 

- --- - --
S•IVB NO DA TA NO DATA .HDAC 

IU 0,.155129,474 ,a,• 6226,401 H$P'C 
( 6929,474) 

- - -- ---

S•IV8 NO DATA NO DAU HDAC· ·••· 

IU 01155135,099 TB, • 6232,216 Hsrc .. , . . 
< 693~,099) - ----- . · · ·· ·- ··-

1t7A SIGNAL r~OH LVDC roR 02125106,723 TB'• 8000,000 IU 02125102,838 T85 • 7999,965 H$P'C ·II!'•• 

- - -- ·- ·- P,Ut INVERTER AND D,C, PDWBR- ·-- c 8706
1
723) -- - - - -- ·· ---- -- ----- c 8702,838) __ ____ - -- - --- ·--- -· - ------ - ------

ON 
------- - --- -- - - - ----

. ------ - - -·· - - - . - -------··- •• -- - ----- --------

, 
- ----- - ----- - · -- -·--· ·-··-- ------ -- - · - · - --- - -- -- ---------- ---- --·· --·- ---- ·----- - · -------·--- - - ---- --- - - ·-·-··----~-- -



( ( ( 

PREDICTED TlHE MONITORED TJ M& 
- - - - - ----- --- --- ------- ------ -·- TtHE rROH -· ----- • ------- ----· -----TIME f'ROH · -- -------- --- -- -- - ---- -- ----

ITEM 
NO, I 

!VENT' RANGE ZERO TIH& rROM SJQNALI RANGE ZERO TIME rR OH DATA ACCUR ACY 
(MR H!N sec, 9ACE MQNJTOR&D (HR HJN sec, BASE ,ovRCE (HS) 

rsec, -- -7sEcr - ·- -· ·•T ·--- -- -csec, ··· · - -- _- csec , - - -------
1978 SIQ NAL RECEIVED iN l•tYA ,oR -••••••••••• •••••••~•~•• S•IVB NO DATA NO DATA MDAC 

- ---- ···-·P,U1- JNVERTER AND D;C, POW&R-·-·- -- - --- -· - ·· ------- --
ON 

- - -1tt- --tlGNAt.·-rROH LYDC· fOlt- ·--------• --•• • 
TELEMET RY CALIBRATOR. 
IN•fLIGHT CALIBRATE ON 

199A SIGNAL rROH LVDC roR 
TH CALIBRATE ON 

• 199B SIG NAL RECEIVED IN S•1YB 'OR 
TH CALIBRATE ON 

200A SIGNAL rROH LYDC· roR 
. TH 9ALl8RATE orr 

···•·•--- - - - - ru--02t26, o , oeo- TB, ··•- eto,-,10,--N,,c 
c aaoa,o~a, 

S•IVB NO DATA . NO DA TA HDAC 

.... . 

----- - --- ---- -·---- -- - - -----
IU 02126149,412 TB9 • 8106,009 

C 8a09,482J 
··- --·· --·· ···- ---- - -- --- - --- -----

2008 SIGNAL RECEIVED IN S•tVa ·,oR 
TH CALIBRATi arr . 

~ 
t 201A SIGNAL rROH LVDC roR 02126156,423 TBS• •~o?,700 
~ AUX, HYDRAULIC PUHP ,L10MT C 8816,423) 

l•IVB NO DATA NO DATA · , 

lU 02126152,,•1 Te,• 8109,668 
C 1812,541) 

·-- HOO~ ON •• - -- - -- - --- ------- ------ ------ - - - - - -- ---·-
. 

HDAC 

201B SIGNAL· RECEIVED IN S•IYR ,oR ................ --~········~ S•IYB 021261,2,5•9 ,e, • 1109,076 HDAC ·••• · AUIC1 HYDRAULIC P~MP rLtOHT -··.. ·-- -· -- - • ..... - ·------ -- ·-· -· -- C 8812,,49>- - ··- --·- - • • ··--·-- •· ·-- ---- ----
MOO ~ ON 

- - 202- -·- s1aNAL rR011 LYoc· roR-- _____ ______ .,____ • ·•-•••- - - - tu-- 0212&1,:s,an-·n,- .-s110,20a-11s,c 
TELEMETRY CALIBRATOR C es1~1081J 
IN•rLlGHT CALIBRATE orr 

203A SIGNAL rROH LVDC roR 02127i ◄ 4, ◄ 23 TP5 • · 11,r,,oo 
AUIC1 HYDRA ULIC PUHP rLIQMT C 8864,423) 

--- MOO~ orr· --- ·• - -- -·- · - -· - --- --- - - --

203B SIGNAL RECEIVED lN S•lVB ,oR 
• • - • • AUIC1 HYDRAULIC PUHP FL10HT ---· 

MOCi: OF'F' 

lU 02127140,,39 TB,• 81,7,666 
C 8860,,J9) 

Hsrc 

·•• 

·•••· 

·•••· 

-· --; 04·---s I QNAL • FROH LYDC· fO R • --- ----•---··--- .--- -""'· .. ·-·--· ... --•• ----1u----u I ,1104 .-oa-,-,e,-. ·· t56t-, ,i ... 2- -H,,~c---:,,-........ ,..,,,--- ---
TE LEME TRY CAL IB RATO R· (1026 ◄ ,oe,, 
IN •F'L IG HT CA LIB RATE ON 

--., 
' ----·----- ·-· --- -· ---·--· ·- --- · - -- - -- .. ··----------· ·-- - · --· ... ---- - - -- -------•· '-• • __ ..._ _____ -



ce 
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- - - - ------ - -- - - -- - ----- --- -· - ---- -- -------- -- -- --- -- - - ----· ·----- --- . - - -· ------ -- - -
PREDIC?ED TIHEi MONITORED TIHE 

TIME rROl1 - -- -- - - -· --- ---- · - - - TIHE fR0'1 · - ·- · ·· --- · 
&VENT RANGE ZERO Tlt1E rROH SIGNAL RANQE ZERO TtHE rROH DATA ACCURA CY 

(MR HIN sec, ~Ase "ONITORED (HR HIN SEC) BASE ~OVR CE (HS) 
-- - --· - - ·---------- - - ---- -- (SEC) ------- . csec,--- AT · ·(Sl:C) ----- . (Sic> - ------. ··- - - ·- ------

20,, IIONAI. rROH 1.VDC roR ------------ ••••••-•••~• 
- TN QALIBAATE ON ---------- -------- ------- ----· ·· -· ----- --

20,s llGNAI. RECEIVED IN S•IVR ,oR ·••·-····-··· ······-····· 

1u 02151104,486 re,• 9,61,613 
(10264,486) 

S•IVB NO DATA NO D4 TA 

Hsrc 

HDAC ..... 
·---···- TH QAl.l81U.TE 01 --- ---- --- - - -· - ------ -- ·- ------·- -·· ---- -·-• •· · · .. - . 

206A SIGNAL rROH LVDC roR 
TH 94Lf8RATE orr· 

2068 SIGNAL RECEIVED JN S•IVR roR 
-----TH QALJBRATE orr:---

201 SIGNAL rR0H LVDC roR 
-- ---·· -- TELEMETRY CALI BR ATOR 

IN•fl.lGHT CALIBRATE or, 
--oe-11 GNAI. F'ROH· LVDC roR -- -

TELEME TRY CALIBRATOR 
IN•fl.JGHT CALIBRATE ON 

- f 209A SIGNAi. F'ROH 1.VDC roR 
~ TM CAl.liRATi ON 

f------- - ·· - · -· -- -- ... -----· 

2098 SIGNAL RECEIVED IN S•iVa ,oR 
TM 941.l&RATE ON 

210Af SIGNAi. rRoH LVDC roR 
TH ~ALIBRATE orr 

.,. .......... . ---····"••fl«II 

... 9!'••••P•41PII• 

• - · -- - -- --- --------------
2108 SIGNAL RECEIVED IN S•IV9 roR 

TH CAI.IBRATE orr 

211 SIGNAL F'ROM LVDC roR 
TELEMETRY CAL19RATOR 

------ 1N•~LlGHT CALIBRATE -or 

212 TIME BASE 6 03103100,116 TB6 • 0,000 

IU 02151105,486 Ta,• 9562,6.1i5 111rc 
(1026, I 486) . -- - . 

S•IVB NO DAT A NO DA TA HDAC ..... 
---- . ··- - -- --- -- - · -- ----- -----------

IU 0~151109,087 T85 • 9566,214 
CU 269,087) • .. • - · -

-1u--u, 0112&, oa,--,e,-•a.018'1212---11,,O--..-----
uoeea, os, , 

IU 

S•IVD 

o;s10112e, ◄ a6 Te, •101e,,013 
(10888, 486) 

NO OATA .NO DA TA 

IU Oi5101129, ◄ 86 T85 •10186,6.13 
(10889 ,486) 

S ■ I VB • 

IU 

NO DATA NO DATA 

D31011J3,086 Te5 •10190,213 
U089;J,086) • • 

---·-· -·-·.-----·- ---

Te6 • 0,000 

H:iF'C 

HDAC ·•••· 

HDAC 

H5f'C 

HSJ'C ttir• · 
BEGIN F"IRST OPIIORTUNtTY --···- uouo,1u, --- ----·-- - --·--- -- - ----- ---· 

Di51021,8,648 
(10978,648) • 

. 

RESTART PREPARATIONS 

21!- stGNAL rRott -1.voc· roR -
s-1ve RESTART ALERT ON 

---- ---

oHo310012u-ree-~o.ioo-~u--·u1021,e;1tr1--n6-.-;,~,,-_,,.,,c 
(10980,216) (10978,707) 

- ---- - --



ITEM 
NO, , 

( 

&VENT 

( ( 
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PREDICTED TlHe HO N lTORED TI HE 

··TtHE rROH -- - -- - -------- --- · -------··fl"E f'ROH - - - - · -------- ---- - ··· · -- -- ------
RANGE ZERO TIME rROH SIGNAL RAnoe ZERO TIME rR OH DATA ACCU RAC Y 
(MR HIN sec, BASE ~ONITORE0 (HR HlN SEC) BASE SCURCE (HS) 

------------ ------ iSEC) ----·tsec-, -- - ·- AT ---- - 1-st:c> -- ___ '. ___ _ - (SECt ------ - -------- --- --

214 SIG NAL rRO H LVDC roR 03!03100,416 TB6 • o.~bo lU OJI02158,917 TU6 • 0,269 1:1,c n• 
--- S/C CONTROL or SATUR~ DtSABL!"" U0980,41&J ·------ --- - -- --- --- - • - --- (10978,917) 

215A SI GN AL F'ROH LVOC roR 03103100,816 T86 • 0,700 lU 03J 021 ,9.a t7 TS&• 0 ,669 ·•••· - --- - ----- - AMB IENT " HE SUPPL y- SHuTor,- - --uo980, 816) --· - ---·---------·- - uo9 79, 317) ___ -- ·---
VALY E CLOS ED orr 

------ 21 ,e SI GNA L REC EIVED JN s.rve roH --· "!• --!"--••··· -.. !"••••!"••·· ···• S•IVB · 0J102, , 9,;521 - TB6 ♦ -- 0,07J - - HDAC·-- •9• ·---
AMAIEN T HE SUP PLY SHuTor, (1097 9,321) 
VALV E CLOS ED OF' F' ------ -- -- •• ---- - ··· - · - ----------------- ---

216 SIG NA L fROH LVDC roR 03103~01,316 TB6 • . 1,200 lU 031021,9,813 TS&• 
TEL EMETRY CALIBRATOR (10981,316) (10979,81~) 

----- - -- - 1N•fLI GHT CALIBRATE· ON ------ -·- -- - - -- - -- - -- ·-- - -- - ·-- - - - ------------ - - - -•------- -------- -

217A SIG NAL F'ROM LVDC roR 03103•01,,16 T86 • 1,400 IU 0J10J100.01& TB6 • 1,368 
--· -----· TH CAi,,181:tATE OH" ------ ------U0981,!51&·7--- fl.0980.016) 

~ 
I 

2179 SIGNAi. RECEIVED IN S•tva roR --~---·- ··· ·- ·•·~····"···· S•IV8 03103100,021 TB6 • · 1,373 H0AC ·••• · Tr. CALIBRATE ON · --·----- ····· - -· ·- ·------· ----· · ···- --- ·- ·· (10980,021) - · - ------- ·-- · -------- ----

~ 218A SIG NAL F'RO M LVDC roR 03103102,,16 TB6 • 2,400 IU 03103101,016 TB6 • 2,368 HSrc , ,e•• 
---- · - -- --- TH CALIBRATE orr ·--- - -------- uo9e2.-,u, C,,0981,016)" __ _________________ ----------

2188 SIGNAL RECEIVED tN S•tva roR ····-·---·•-· ·••■!"••-···· S•IVB 03103101,021 T86 • 2,373 H0AC •• , • • 
TM CALIBRATE orr · -- -- ---- -- · -- --- · ---·- - --- -------- ------·· (10981,021) ... --- - --- ----- · --- · - ----------- ----

• 219A SIGNAL rROH LVDC roR 0310310!5,116 TB6 • ,,000 lU 0a10J10J,602 TB6 ♦ 4,9!54 H~rc ·•••· - --- -- - -· ·· AMAlENT RE ?RESS, SYS1'EM""MOD~- uo98!Si116) -··--·--·------------ ·-- ·- uo9ea,602, -·-- ----- - - - - - - -------
SELECTOR orr AND CRYO ON 

·--- -- 2198 SIG NA L RECEIVED IN S•tVR POR - - •• 0 •••• • ••• · •••••••-•••• - -- -- S•lVB 03103103,604 ·· TB& · • --- 4,956-- HDAC--~-,,~---~ 
AMB IEN T REP RESS, SYSTEH MODE . C1096a,604) 
SELEC TOR arr 4~0 CRYO ON 

220 SIGNAL F'RO H LVDC roR 03103106,316 TB6 • ~.200 
TELEHETRV CALIBRATOR (10986,316) 

IU 03103104,811 TB6 • 
(10984,811) 

6,163 

IN• ~LIGHT CALl9RATE orr ------- -- ------- .• ··--· -- - ---- - ------ - ·----- ------ .. - · --------- --

' 221A St GN ~L rROH LVDC roR 031 03136,416 TB6 • 3~1300 IU 03103134,902 T86 • 36,2!54 ··•· 
-------- LH2 "TANK veNT " AND LAT CMtNa--·- - cnoui·•u1 ------~1101 ◄ ,9021" -----------------

REL i Er VA LVE BOO ST CLOSE ON 
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- ------ - -- - ------ --- --- - ----- -- ---------·- ----- ------- --------------------------
PREDICTED TIHE HO NUORED TJME 

--- --·- TIHE "ROH ---- • ·-- - - --- - --·-· TI HE f'ROH --- - ----- -----
BYE NT RANGE ZERO TlHE f'ROH SIGNAL RA NGE ZERO TJME f' ROH DA TA ACCURAC Y 

(MR HIN SEC) BASE MONITORED (HR HIN SEC) BAS E SJURCE (HS) 
---- -- csec, -- ------15ec, ------- AT - - -- - -- csEc> ____ ._ - -· cs 1::c,------: ----- ------------ -- --------

2218 SI QNA L RECEIVE D IN S•IVB , oR ~~ ~-••••••~-
--- - - LH2 TA NK VBNT AND LATCMIHO - -- -

AELIEr VALVE BOOST CLOS E ON 

S•IVB OJI031J ◄ ,9D' T86 • 
• - ( 1101 ◄ I 90,, 

••• 

-22u-- Sto NAL·· f'RO H LVOC· ,oR ----- ----03J03t:S6 , 616--'T86- • ·--·3(>-t500-- -·1u-- OJI 03135.111-- TU- •--36, 4U---f1,,c---~!!•~-----
LO X TAN K VENT AND N,v VALVES (11016,616) (1101,,111) 
BO OST CI.OS!i ON 

2228 SIG NA i. RECEIVED IN S ■ IVB ,oR 
LO X TA NK V6NT AND NltV VALViS 

..... ~·-···· ... 
-- BOO! T· CL;O SB ON ·-------·-· ···------------

23J SIGNAL f'ROH LVDC roR OJIOJIJ7, ◄ 16 T86 • 
S•IY8 RESTART ALERT orr · ·- - ---- cu01,, ◄ 16) - --- - ·-

S•IVB 0310313, ,U.J 
cu.01,,UJ) 

T86 • 

-----------·- - ----·-----

37,UO IU 0310313,,91, T86 • 
- - · - ---- - ----- (1101',91,, - - --· 

36,46' 

224A SIGNAL rAO H LVOC roA 031031J8,416 T86 • · 30,~00 IU 03103136,901 TB6 • · :se,z,3 

. ----- - ---------
HDAC ·••· 

·••· 

·•••· 
-- LH2 TANK veNT - AND - tATCHfH~--11101e~416) ----- (11016,901t ----- ---------

RELIEF VALVES BOOST CLOS& or,, 
- -·2249 - SJQNAL RcCEIVF:O iH S•IVl3 ,oR -- -·-··---·-··- --·~·---~·-•·- - · ·- - -S•IVB 03103136,90, - 4r86 ··• -· ·38,a'7 ---- KPAC ---- ..... -- ·---- ---
f LH2 TA NK VENT AND LATCMJt.Q (11016,90,) 
w RELIEr VALVES BOOST CLOSG orr 

22,A SIGN~L fROM 1.VDC f'OR 
LOK TANK VENT ANO N,v VALVBS 
Boo~T CLOSS orr 

O~I031J8 1616 T86 • :s,,,oo 
(11018,616) 

------. -----·- - ---
lU 03103137,116 T86 • 38,468 

(11017,116) 

22,e SIGNAL RECEIVED IN S•!VB POR ·•··--· -·-·-· ······-~·-·· S•IVB 03103137,12a TB6 ♦ :se,,, .. 
-------i.ox · TANK VENT -u~o Nl'v ·· vAI.Vl:S--- --------(11011,122) ------- ------

BOO ~T CLOSS OfF : 

- ·22u SIGNAL rRoM LVDC· J'OR ---- 0310:Sl ◄ 1, ◄U -- TB6 • ··- -iU,300· -- - IU· - 03103139,913 T86 · - --- ◄ 1 ·,26' - - ·H$,c--- ~ .-........ ------'---
BURNER 1.H2 PRo,ELLANT VALV& (11021,416) (11019 1 913) 
OP EN ON 

- --·-- - ··- ----· - · ·-- ----------------------------------
2268 SIGNAL RECEIVED IN S ■ tVB roR ··-----·-··· ---·~·-··~·· S•IVB 03103139,922 T86 • 41,274 KDAC 

BUR NER 1.H2 PROPELLANT VALV6 (11019~922) 
- - - - OPEN ON ·-- - · • - -- -·· • • - ·- - - -------- ----------- --- -- • 

227A SIGNAi. f'ROM LVOC roR 03103141,716 TB6 • · 41,600 lU 03103140,207 T86 • ◄ 1,,,9 ·••· 
--- • BUR NE R EXCtTERS · ON· ------ ·u1021.1u --- -cu.020 , 201, - -------- -----

-- ---------·---- ·- - -· ----- -·· --------------

--------··-•---·------
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- - ---------------- - - --- --------- --------- - ---- - - - --- -

PREDlC?ED TIME MONITORED TtHE 

-· - -- -·-··-- -- - ·TI He · rROM· . --- - . ----·· - - --- -- - ·-- Tl HE f"ROH . -- --- .. - ···-- --- .. -- ··-· .. - -- ·- - - ·--
ITEM 

NO, 
!VENT RANGE ZERO TlHE PROM SIGNAL RANGE ZERO TIM& FROH DA TA A~CU RA CY 

(MR HIN SEC) BASE MONITORED (HR HIN SEC> BASE i OURCE CH S) 
------- csec, - ---------1secr- - - -- AT ----- <st:c> -- -- --- -rsf:c, - - --_..:. - ----- --- - --

2279 SIGNAL RECEIVED lN S•tVB ,oR ~-•••••••••• ••••••-~•••• S•lVB 03I03140,Z13 T86 • I! •• 

--· - ·-·- BURNE" EXCITERS ON -- - - - - -· - ·- - ··- ·- --- • · -- --- ·-· · - • Cl,1020,213> -·· - ----- -- -· - - ----

Z29A SIGNAL rROH LVDC roR 03103142,116 TB6 • 42,000 IU 0310314 0, ,99 TS6 • ·••· - - ·· -- -- BURNER LOX SHUTDOWN ·ntv1---·cu022·,11&> • --- -- ----- ·- ··--- (11020 ,,99) ---- - -- --· ----------- ---
OPEN ON 

2288 SIGNAL RECEIVED IN SwlVB ,oR -- - •••••••••••• - ~"~••••••••• - S•JVB 03103140,60' TB6 • 41 1 9'7 

229A 

BU~NER LOK SHUTDOWN VALVS (11020,60,, 
OPEN ON 

SIGNAL rROH LVDC roR 03103142,316 
LH2 TANK CONTl~UOUS VENT (11022,316) 

• VALVE CLOSS ON - -- • - • - --

TB6 • 42,200 • JU 031Q3140,800 TB6 • 42,152 
(11020,800) 

2299 SIGNAL RECEIVED IN S•IVB ,oR •••••••••••• ••~••••~•••w S•IVB 03103140,80, TB6 • 42,1'7 HDAC 

.. , .. 

- -- .• ·-- LH2 TANK CONTINUOUS VENT ---- ------ - - ·-- ----- ---- --------- --- ·- --111020,ao,,----------·-----• · --- ----
VALVE CLOS& ON 

-·-·- 2lOA SlO~JA\. rROH L'JDC fOR · • ·• ·- - --0J10Jl42,916 ••• T86 • •••• .u,eoo ------ 1u ·-· 03103141,401 ·· Te6 · ♦ • ·· ·42,7'3 · 
f RURNER LH2 PROPEi.LANT VALV& 111022,916) (11021,401> 
~ OPEN err • 

- - - -··· --- ·-·-- -·-- ------- - - - ···---
230B SIGNAi. RECEIVED JN S•IVB FOR 

BURN.ER . 1.H2 PROPELLANT V)LYii 
OPEN orr 

2314 SIGNAL FROM LYDC F'OR 03103143,616 TB6 • 43,,oo 
·-- - ·-- - - BURNER I.OX ·sMUTOOWN" VALY& • ··-·----u102~, 616) - - -·--·- - -- ··-- --

OPEN orr 

-------- ··-- --- - -----

S•IVB 03103141,40, T86 • · 42,7'7 
CU021,40,, 

IU 03103142,101 TB6 • · 43,4,3 
111022,101,-

HDAC 

·•••· 

-- 2318 SIGNAi. RECEIYED IN S•IVB ,oA --- ................ --~···· .. ····•·---- -S•IVB-· U103142,10, --,u·-• •--· 43,4'7 ---- -HDAO•--····~ - -
BURNER I.OX SHUTOOwN VALV& 111022,105) 
OPEN OF"F' 

. ·-. -------·- ------ ----- -- - --- -- ---- ··- ·-·- ----- --··· - · · -· ·· - - - ----------- ----------
232A SIGNAL F'ROH 1.VDC F'OR 

LH2 TANK CONTINUOUS VENT 
VAi. VE CL0S6 err · 

031031'14,316 
(11024,316) 

TB6 • 44,200 IU 03103142,901 TB6 • · 44,1'3 H~rc · 
u1022,so1, 

. 2328 SIGNAL RECEIVED IN S ■ IVR 'OR ·"••••••••••• •••••••••••• S•IVB 03103142,805 TB6 • 44,1'7 ·•••· -· - -- -- LH2 TANK CONTt~UOUS VENT·- --- --- - - - - ------ --- --- c11022,e0,, - --- ---------
VALVE c1.0se err, 

- - - -- - -- - ~·--- --- - --



- ------·- - - ·------------ ---·- - ------ - - - - --- ----- ------------- ·------------------
PREDICTED TIHB HON ITORED TI HE 

TIHE F'ROH -- TIHE f'ROH --· ··- --- -- -------- ------- --
iTEH 

NO, I 

EVENT RANGE ZERO TIHE F'ROH SIONAL· RANGE ZERO TlHE FROM DATA AC CUR ACY 
(MR MlN SEC) BASE ~ONlTORED (HR HIN s~e, BASE ~CURCE (HS) 

-------nee, -- - ·--- - tsECt - - ---- AT ·--- -·· (SEC> . ·------· CSEct···----- - - ------

233A IJQNAL F'ROH LVDC roR 03!0314,,316 TB6 • .,,200 
SECOND BURN RELAY ON ··· - ------- - (11025,316) •• -

IU 03103143,818 TB6 • 4,,110 
- (1102~1818) 

233B SIGNAL RECEIVED IN s-tva ,oft -·····-·-·-- ·········-·· S•IVB 03103143,822 T86 • 4,,114 HDAC ••• 
-------- SECOND 9URN RfLAV - ON- ---- ----- ---- •··- ---- - - CU023,822) ··-------··--·---- -· - ---------

234A SIGNAL F'ROH LVDC roR 03103145,516 TB6 • .,,.oo IU 03103144,012 TB6 • 4,ei64 
BURNER EXCITERS OFF' · --- - ----- CU02, 1 516) -·- • (11024,012) 

2348 SIGNAL RECEIVED IN S•IVB ,oR ••••••• ••••• •~•••••••••• S•IVB 
-- -- BURNER EXCITERS or, --·- - ---··· ·--------- ·- ·--- -

HDAC ·••• 0~103144,013 TB6 • 45,36, 
(11024,013) - ·-·------··-- - -----------

235A SIGNAL rROH LVDC roR 03103148,116 TB6 • •~.ooo IU 03103146,610 TB6 • 47,?62 
- -· ··- •• BURNER AUTOMATIC CUTor, -··-·- c1102a,116) · · - --· -- -- -·---- -------·- - · (U026,610t • 

SYS!EH ARM 

-23,e- ·&IONAL· RECElVfD- JN · s.-1v11--,011-................ --~ ......... !f-•-------s--sva--oa103146,613--,e6----◄ 1-r965·-HOAO---·-·--------
BURNER AUTOMATIC CUTOF, (11026,613) 
SYSTEM I.RM 

·-t · 236A SIGNAL rROH LVDC roR 03103148,216 TB6 • 40,100 IU 03103146,704 T86 • 48,0'6 
b: LH2 TANK REPRESSURlhTION (11028,216) (11026,704) 
--·--- co~r,,oL VALVE "OPEN o~-- - ---- ··-------------- - - - - ----- --·- ___ _ _ _______ __ _.__ _ _____ _ 

2368 SIONAL RECEIVED IN S•IVB ,oA 
LH2 TANK REPRcSSURIZlTJON 
CONTROL VALVE OPEN ON 

- "-231A-tlGNAL· rROH LVDC- VOR 
LOX TANK REPRESSURIZlTION 
CON!ROL ' VALVE OPEN ON 

a378 SIGNI.L RECElVEO IN S•IVR ,oA 
LOX TI.NK REPRESSURlZlTlON 

- ----CON!ROL··VALVE ·OPEN Qij · - - - --

S•lVB 03103146,713 
(11026, 713) 

T86 • 48,065 HDAC 

3 r 0°3 t◄ 8 -,-4U---T86- ...---◄ 9 .-HO----tt.r-03103146 ,·916- -T81·--o,-a68--H;H'C 
(11028,416) (11026,916) 

- -· - -- -· ----- -----
S•lVB 03103146,922 T86 ♦ 48,274 HDAC 

(U.026,922) 

·••• · 

- ----- · - -·--·--------------- ----------

238A SJONAL rROM LVDC · roR 031C6lJ9,116 TB6 • 21?,0DO IU 03106137,604 TB6 • 21e,,,, .. ,,c ·•••· -·- •. · -- •. AUXt HYDRAULIC PUMP rLtQHy- -· UU99,116) ··-· ·-··--- --· --- •. -uu97,604) -·--- ---- ·-·- -·--- ·-- ·---- ----------
MOOE ON 

------ - ----- - ----·----· 

-- •• - •·---·- ---------·- ·· ·---------------

--- ·-··· - ---- - -
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------------------ -
PREDICTED TIME MONITOR ED TIME 

-·TIME rR OM - ---·-·----- ---- -- - -- --- TIME rROM 
ITEM 
NO, 

EVE NT RANG E ZERO TlM& FROM SlQNAL RANGE ZERO TI ME r ROH DAT~ AC r ~y 
(HR HIN SEC) BASE ~ONITORED (HR HIN s~c> BA SE , ~~ ~E (~Si 
-- isEc> · -- ----sec,---- · -•T · -- - -·- cs1::c, --- -- -·- --· csec, -·----- --- - --------

238 0 SIG NAL RECEI VED 1N S•tVB VO R • ••••••• •••• •••••••••••• 
AU X~ HY DRAULIC Pl.IMP ;LtOMT ---
M00 E ON -

S• JVB 0JIQ6!37,606 
• - (11197, 606) 

T8 6 • llDAC . ,. 
----··----

----- 2 39A • -StGNAL • r ROM LVO C roR-·- -·--··--031071 o9, 1u---Ts-6 - -.- z49·,ooa----1u -· ·03 I 01, 07, 606 • -n6 ·-· ·-20 ;·9!JS-·- 11s1'C---.~-.,-----
LOX CHl LLD OMN PUMP Qij (1 1229,116 ) (11227,606) 

2398 f!IGN AI. RECE tVF.D IN S•IVR l'OR - •• "••••••••• - -o•••••!!•••• ___ : _·S•lVB • 03107 107,607 • TP6 • 248,9!J9 - MDAC· -·- •11• -----·-

LOX CH ! t. LOO WN PUMP 0~ (11227, 607) 

- 2• 0• -- s IGNA L F'ROH LVOC roA --·- - ·o3 r07114 .-11a- ·--re,--.- z54 ;000--- ,u-- OJ I 07 I U ,612-- -Tu--. - ·- 2,J, 9e4- · 11src- -~,.7 
~ue~ CHI LI. DOWN PUMP ON (11234,116) (1 1232 ,612 ) 

- ---· 2408 SIGNAi. RECEIVED IN s.tvB ,oR -- ·- ......... .... - --. ....... "····--·---·s•1va .. 03107112,615 - TU· • -- 253,967 ·- - - Ml)AC···---· •11• 7
·----

rueL. CHILLDO ~N PUMP ON (11232,615) 

- ---2•1 • - -s I GNAI. FROM LVDC· roR • ·- ·- - ---- 03107 f19t"t1&- ··-T96-·-.-- -u? ,-O00------1u·-- 03 I 07 J 17, ei01·- TS& --.··- 258 ,-9,3--- 11~,C 
PREVALVES CLOSE ON C112J9,116) (11237,601) 

SIGNAL RECEIVED IN S•tYI ,oR -- . ............. , ··"···· ........ . ---·- S•lVB -- oJI07117,607 --- Ta& · --· 2!58.-9!J9---- HDAC·- -·- -- ·.,...,-·-----
PR EVA LVES CLOSE ON (11237,607) • 

242 SIGNAL rRoH LVDC · F'QI' --· ------·-- ·-03 I 09 I 40, 3u--re6 -.- ·4no i 200 - -·-1u--· 031091 38·, eu- n&- •--4O0 i 1"6J- - ·M~rc . 
TELcMETAV CALIBRATOR (11380,316) (11378,811) 
IN•~LIGHT CALIBRATE ON 

~43A fst GNA L r ROM LVDC roR 
TM CALI BRATE ON 

03109 140,!516 
'11380 ,516) 

Tti6 • 400,400 JU 03109139,002 T86 • 400,~'4 
(11379,002) 

. --· --·-·--- -· ··-··- ·- ---· - - - ----- ---•~------ ··- --· · . -··· -- -------
2· B StG ~AL ~EC E!V ED IN S•!VB roR 

TH CALI BRATE ON 

24 4A SIG NA i. rROM LVOC fOR 
TM CALI BRATE orr 

031 09141,,16 TB6 • 4D1,400 
(11381,516) 

S•IVB 03109139,004 TB6 • 400,3,6 
(11379,004) 

JU 03109139,998 T86 • 401,3!J0 
( 11379 • 998) 

·- ---------

·••· 

Hl)AC ·••· 

H~f'C 

- -· - ---- ·--· ·--- - - - -

2449 SI GNAi. RECEIVED J N ht VB roR ... - ---- · -··-
•• 9!,.•tt•'!!•··· S•IVB 03109140,004 TB&• 401,~!56 Ml)AC ••• 

TM CA LIB RATE Of'r (11380,004) 

''!! J 1GNAL r RO H LVOC f OR 03 10 91 45 , 31 6 TB6 • 40~ 1200 IU 031 09 143,80, T!:16 • 40,,1,1 
~l~E TR V CALJD' I TOR (1 1385 J16) (11383,805> 
r~l. 1G•' CA ',.18RPE OF'r- - -- ·- . - -- - --· - -

---- ---
• I 



- ----·- -- --- - - ---- --~- ------- ·------ - ----- --- - - -·-------------· ----
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--- ----·· ·- ----- - --
l'REDICTSD TIH& MONITORED TIME 

- - --- - -- ·----- . - ----·- -- -- - ----- ·- --- Tl Me rROH -- -- -- - -- --- -- - ------- - -- TIME rROH --- - -·- - --- -
jTEH 

NO, 
IVENT" RANOe ZERO TIME rROH SIGNAL RANGE ZERO TIME rROM DA TA ACCURACY 

CHR MlN SEC) BASE MONITORED CHR HIN SEC> BAS~ ~OijRCE CHl) 
- -- - csec> - - ---- - cseo, - - ---u ------- csEc> - -··· -. - - uec,---- - - - ---- -

246A IIQNAL rAOM LVDC ,oR 03110130,216 TB6 • 4,0,100 lU 03110128,700 TB6 • 450,0,2 
• - - -- HJXTURE··RATIO CONTRO~tYAI.Vl- --· u14;so,216) - ---- - - - ---- (11428,700) 

OPEN • 

2469- llONAL;- RECEIVED IN ht-ve - ,-oR- - ... - ·-····· .. · ·.....--, t1•!!••••11•1!••-----s-1v1- oJ1101u.112 - - ,e&-- • - - 4,o,064-- -HDAC--~- - - - -
HJXTURE RATIO CONTROLt YAI.V& (11426,712) 
OPEN 

a47A SIGNAL rROH 1.VDC roR 03110130,416 TB6 • ◄ ,o.aoo IU 0~110128,912 T86 • 4,0,264 HSrc .... . 
HIXTURE RATIO CONTROL' VALV& (11430,416) CU428,912> 

- BACKUP -oPEN ____ ------ - ----- - ------ -- - -·--·------- - --------- -------

2478 SIGNAL RECEIVED IN S•iVB roR •••••••••••• --~·-.. •••••• S•IVB 0~110128,920 T86 • 4,0,212 HDAC · ..... 
- --- ·-- MIXTURE· RATIO CONTROLt VALV&·- - ----· - · · - - - --- -- ----- ------ -·-- --- ---- U,1428, 920) -· - - ---- -----

8AC~UP OPEN 

--... a--t1GNAI. rtt011- 1.v0c- ,0R- - - ---os1uti~e T96 • 03;6tO 1 u n, 11 u2 ,2ot-fBr+-4-fi-.-~,3----11a,o.-~---• .. -----
c u. ◄ 12 , 20u S•IYB RESTART ALERT ON (11473,716) 

- - 20A - IJONAI. rR011 LYOC roR - ____ • ---0J111116,416 ·--TB6-• ·· -49t,300 -- ·-1u-- · Ul11114,910 ·-~,B6 -- ♦- ·496,262 -· --- HfF'C· ---··H•·· t s .. 1ve Ut.LAOE ENGINE ~o.1· 0N (11476,416) (11474,910) 

~49e--s10NAL · Rf!CEIV!D JN S•tYB-,oR ............... ____ .......... ~--- S•tvt"-Ul11f14,9U-TB6--♦ -4t6 ·,·2n Hl>-A-P.C--.... ,..,,, ... ------
S•JVB Ut.LAGE ENGINE N0,1 ON Cl1474,921) • 

-- - 2,0• - SIGNAL· F'ROH LVDC roR - - - 03111116 1 ,16 -- -- TB6 · - ·-Ot ,400 - - ··· lu ·--·- 0311111,. on '86 ·• · 496,3,5 -· -·-111,c ----~ ... - ~ - - --
S•IVB ULLAGE ENGINE NO, 2 ON C114?6,516> C1147,,003t 

- - -2,os- s1 ONAt.·· RECE l veo JN·· S• rve -,oR--,............... ...!'i ....... '!"9 ... -. -----s-tva--oJ I 11 t 15, D13--T86--•-490,J6,--HDA'"'C---... ,, .... w------

s .. 1 ve ULLAGE ENGINE NO, 2 ON (11475,013) 

- - - a,1 •• SIONAL rROM LVOC roR ·-- · 0J111116,616- ··--Te6 • 49~,,oo -- IU - - oJIU115,096 TSO• - 496,448 · -· Htrc---..... ,. 
s .. 1ve ULLAGE TMRUST ,ReSSNT (11476,616) C1147,,096) 
INDICATION ON ------ · - - - • ·-· . •·- ---- . ------ ·--------· --- ------ - --- ·- - - - -·- -- --

252A SIONAL rRoH LVOC roR 03111116,716 TB6 • ◄ 9~1600 IU 0J11111,,198 TB6 • 496,,,o 11,,c , 
LOX TANK RePRESSURIZATtON (11476,716) C1147,,19d) 

---- --- - CONTROL , VALVE OPEN OF'F' - - ---- -- - · - - --- - - ·---- ------·---- - ---- - · - · -·- -- · ----·----·-- - . 

2928 SIGNAL RECEIVED IN SelVA ,oR -w,•••••••••~ ••~•• .. •••••• l•IVI 03111115,20, T&6 • · 496,597 HDAC · ·•••· 
--- --- LO'IC TANK" REPRESSURIZ4Ttotor-t1----- ----------- --- ---c110,,-20,,---------------------

c0NTROL! VALVE OPEN err, . - -- -·. -
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lltACIE 30 

PREDICTED TIHS 

- -- - · -----·- ---- ---- TIP1E F'ROH ----------- -- ---- - ---- -- -·-TIHE rROH ------ -- -- --- - - -· -- -- --
&VENT · RANGE ZERO TIME FROM SIONAL RANGE ZERO TIME FROH DATA ACCURACY 

----- ----- - ________ _ _ C~R c~i~, ~~~> _ __ ~::~, - - ~~~!?-'!_E_D_~~\;~~) s~~_! _____ ~::~r---~~~-~~~--CH_S_> _ __ _ 

2,JA SIGNAL rROH LVDC roA 03111116,816 
LH2 TANK REPRESSURlhTtON ---- U1476,!l16) -
CO NTROL· VALVE OPEN orr . 

TB6 • IU 03111115,293 
- - -- cu47~ , 29J> 

TB6 • 

- - 2,:s1t - st GNAI. ·RECEIVED IN· S• I VA -,oR- - ......... ... -- ._. ............ --·s• tve-- OJ 11111, , :so, -- Te6 - -♦-- 496 .-e,,-HDAC 
LH2 TANK REP~ESSURIZAT!ON C1147~,Jo,, 
CO NTqOL VALVE OPEN orr 

-- .. · - ---- - - -- - - - --- . ------ ·-· --- . - - . ------ - ----
2, 4A SI GNA L fROH LVOC roR 03111116,916 TB6 • 49~1800 lU 0J11111,,J94 TS6 • 496,746 Hsrc 

BU~ NE R LH2 PROPELLANT VALV& (11476,916) ____ (1147~ 1 394) 
- --- ·· - CLOSE ON ·- ·--------·-- - ·· - -··-· -··•- ·· •. -· --·· -- ··- - ·· ··- - - • 

SIGNAL RECEIVED tN S•!VA ,oR •••••••••••• •••••••w•••• S•IVB 03111115,402 
BURNER LH2 PROPELLANT VALV& ·-·-·-- ----- - - -- ·--- ·---- - -·-·------ - - CU47~,402) · ----- · - ·- -- - --- --- ·-· 
CLOSE ON 

- - 2,,A- SIGNAi. · rRoM LVDC· roR -· ··-- -
8UR NER AUTOHATlC CUTorr 
SYSTEM DlSARH 

o:s, n t11.n&--• -flla--.--or,o-oo 
(11477,116) 

1u-- oa•u-115·, '97- 1'8a-~,&-,·,o--ttJrc 
CU47~ 1 597) 

---- - ------- -----. ----·----- - --------

2,6A SIGNAL rROH LVDC FOR o:s111i17,316 
- LH2 TANK CONTJNUOUS veNr --- - --- cu•77,:S16) -

VALVE c1.0se ON 

TB6 • 497,200 

---i,,e-- 11GNAL · RECE!VE0 · tN S•tVB-,oR---••-~•P••····- -.~~~----~·-· 
LH2 TANK CONTJNUOUS VENT 
VAi.VE CLOSS ON 

2,,. SIGNAL rROH LVDC roR 03111l17,716 T86 • · 497,600 
AHSIENT REPRESS, SYSTEM MOD&, (11477 1 716> 

S•JVS 03111115,60, TB6 • 496,9'7 
CU47~,6o,, 

-S•1 va--o~, 11, 1,, 91:s----Ter.-4,1,-i,, 
cu•1,, au, 

lU 03111116,206 TB6 • 491,,,0 
CU476,206) 

· SEI.ECTOR ON AND CAYO · Orr-- - -·- •. -···----• --·--- - ·-·-------- -··- -·---· - •• 

2,1s IJGNAL RECEIVED JN S•IV9 ,oR --~·-········ - - ·--- ---- Al.1!1JENT REIIRESS, SYSTEM Mooe: --- ·-- -·· -·· 
SEL~CTOR ON 4NO CRYO o,r 

-· --2,u- stGNAt.· rRot1 • Lvoc roR·- - --·- --n,ui 19i°3u·- -rea,- ·- o•,-in--tu--n111111-.-011- Tea---.~,.tt-i.·u 
LH2 TANK CO NTINUOUS VENT (11479 1 316) 111477,811) 

. VA LVE Cl.C SE OH 
--- - - -

Ml)AC 

MOAC ·•••· 

·••· 

·•••· 

·•••· 



ce <e 
-- - ---- -- -- - -- --- - -- - - -- - --- -- -·-·· -------- ------ --- ------ --· --- . - - - --- ·-- ---

PUE 11 

----·----
PREDICTED TIM& HON _lT ORED T 1'4E 

--·- -- --- TIHE rROM . - -- --·- . -- --·----· -- . -- TIHE rROH - -- - - .. . . - - ·-- . - - - - .. -- . - -
ITEH EVENT RANGE ZERO TI~E ,~oH SJQNAL RANGE Z~RO TIME rROH DATA ACCU RACY 

NO, (MR HIN SEC) BASE MONITORED (MR MIN sec> BASE ~OURCE (11S) 
------- - -· --- ,SEC, -- • -----,sec, ------- -··A'!' - - -·· -···· ( s~c) ... --- ·---· (SEC,--- - -----

2,ae IIQNAL RECEIVED IN 8•1V9 ,oR 
LH2 TANK CONTINUOUS VENT 
VALVE CLOS& orr: 

S•IVB 03111117,821 T86 • ◄ 99,17:S 
(11 ◄ 77,821) 

HDAC 

--2'9A - SIG NAL · rROM LVDC· roR-·------o,111it91-91& - TB6---. ·- o9-.-Htt-- lt1- - 03111t18,:Sn· n&-.-·◄99,Hr--11src----l!'------
8URNER LH2 PROPELLANT VALV6 (11479,916) (11478 1 39~) 
CL.O~e orr 

2998 SIGNAL RECEIVED JN S•!VB ,oR 
BU~NER LH2 PROPELL.ANT VALV& 

---cLo~e -or, - - ·- - ·---- ---- -- - ------

260A SIGNAL FROM LVDC roR 03111~20,116 

--------

S•JVB O:Sl11118, ◄ 0~ T86 • ◄ 99,7'7 
CU◄ 78,4o,, 

---- - -- --· --- -- -- ------

TB6 • ,00,000 JU T86 • 

HDAC ••• 

·••· 
----- - -- LOX UNI( REPRESSURIZATIO~ ---- - cu◄ ao,U,6) - -

CONTROL. VALVE OPEN 0~ 

03111118,600 
(11 ◄ 78,600) 

--2608- SI QNAL • RECEIVED · IN- S. I VA -,oM-R--s,,.w·•••-••llf••-----••--•"--.** __ ,..9•1 V~03 I 111 t8, 60,· --TBa - .--499 e9'7-- Hl)AC- ••• 
LOX TANK REPRESSURIZATl0N (11 ◄ 70,60,) 
CONTROL; VALVE OPEN 0~ 

·- -·-• - --·•·· ·- -- --- ... . ·-·- - -- -

f 261A SIGNAL rRoM LVOC roR 0Jli1121,416 TB6 • ,01,i1O0 IU ··•· 
c.,,, BUR~ER LOX SMUTOOWN VALVE (11481, ◄ 16) 

~ - -- - CLOSE ON · - • - --- - · --------- - ---- -

03111119,80~ TS6 • 
(11479,893) 

-----· - -- - - ----------------------

2618 SIGNAL RECEIVED tN S•IVR roR ·••·········· ·••·········· S•IVI O:Sl11t19,9D5 T$6 • ,01,a,1 HCAC - ·•••· 
- - ••• • •• BURNSR LOX SHUTDOWN VALVI ·--- -.· ···- --·- ·-· - ---- -··-- ·- -- ·· -- - - (11479,90,, -- --- · -- - - · -- - -···--------------

CL,D~E ON 

2ua- stONAt. · rRoH-·LVDC- roR 
BURNER LOX SHUTDOWN VALV! 
CLOSS OF'r 

3111 t24 ,41'6--TB6---. -,otl,Hft--0 ---1~UI11122, 89r-T86-.-,o◄-.1,...0--Nl.,rCl'!----ww_,•,...,------

C11484, 416) C11482,89') 

... - .... ----- - ------- - ·· - - ----- - -·· - ---- ----- - --- . ·- - ·- - --- ---- --- -· ________ ___ ____ ..___ 

2628 SIGNAL RECEIVED IN S•IV9 roR ········~--· ···•~······· S•IVI D3111122,90, TB6 ♦ ,04,2,1 HOAC ·••· 
-----~~6;:~o~~~!~~!~-~_W_N_~AL~E _____________________ <1_1~~~-,9~~) ___________________ _ 

263A IIQNAL rRoH LVDC F'OR 03111i40,116 TB6 • ,20,000 lU 0~111130,608 TB6 ♦ ,1,,,,0 HlrC· ·•••· 
- - - - - LH2 UNI( Rl!PRESSURIZAT1or. - -- c11,00,116) -- -------·----·----- (11 ◄98,608)- ---·----·--- --- - ------

CONTROL VALVE OPEN ON 

2nt-Sf QNAL· "!CEtYED • IN S ■ tVA-,oR--.•--· .. ·• .. --.-. .... - •• ..--.----s-1-va--- ntu t 38, 62r-Tta-- ,19., ... n----HDt#!-c---. ...... -..... .------
LH2 TANK REPAESSURIZAT!Oh (11 ◄ 98,621) 

, CONTROL. ' VALVE OPEN ON 
- - --- . - - - ----- -- -- . ----- ----- -----

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



.J 
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PAGE :Si 

PRED 1 CTED Tl HS HONITORED TiHE 

-- -·-- --·- ··- --- --- - ·· TJHE· rROH • -- -- -·--· - • • - --·------ TlHE F"ROH 
&VENT RANGE ZERO TIHE FROM SJGNAL RANGE ZERO TIHE FROH DAU ACC URACY 

(HR HIN ScC) BASE ~ONITORED CHR HIN sec~ BASE $0URCE C 11S > 
-------- csec> -----·cse~, ----·-··A1 - --- ·-- --·cstc> • -- ··---· csec, - - - ---··--------

264A SIGNAL rROH LVDC roR 03112100,116 TB6 • 540,000 lU TS6 • Hs,c l'?•• 

- ·--· -- S•lVB ENGINE curorr ,.0-.1 or,.- U1520,U.6) 
0;$111158,606 
cu,10,606> 

264B SIONA~ RECEIVED IN S•IV~ roR ···········~ ······-~•-89 S•lVB 0~111158,614 T86 • 539,966 HDAC 
- --- -·· - S•!YB ENGINE CVTOF'F' '40-.-i -orr:-·-- - • -- · - ·------·--- --- - -· --- ----·- -·- ·-- ,11,18,614) ·----·- ·- ···- ··--- ------ ·--·---------

265A SIGNAL FROH LVDC FOR 03112100,216 T86 • 540,100 
- S•IVB ENGINE curorr No.2 · arr- ·· c11520,216> 

JU 03111158,700 
(11518,7001 

TB6 • 

26,e SIGNAL RECEIVED JN S•IVR roR ............. ··-········· S•IVB 03111158,706 TB6 • 540,0,a 
- -- -·--- s-1vs ENGINE CUTOrr ~0.-2 ·0rr··- ·· ·- - ·-- · ·- · -- ·- -··---·---- -·---- --··c11su,106) · - -··--·-- ··· - -- -

HDAC .. ., . . 

266A SIONA~ rROH LVDC roR 03112113,116 TB6 • ,,~.ooo IU 03112111.595 T86 • 552,947 ~src ••• 
START TANK RECHAliGE VALV& ·- ---· (i1'33,116) ·----·----·-·-- -- --- - - -- --- -- C11,31d>9') -- ···· -· - ------ - - --- ·---
OP&N 

2ue - sIGNAL · AecetVED - tN s ■ Ive - ,0R---.............. - .......... .;i!!•-,••------s•Ive-- 031121 a ·, 60J - -n, --.--,,2, 95'--.-10a,._c--·•!'•-----
sTAHT TANK RECHARGE VALVE (11531,603) 
OPEN 

SIGNAL rROM LVDC FOR 03112119,516 T86 • 559,400 JU 03112118,009 T86 • 559,361 
PREYALVES CLOSE o;r c11,39,,16) (11538,009) 

. - - • -·---· ---- - --- . ·-- ----------------------·- ·• ·- . --- - -----

SIGNAL RECEIVED tN S ■ lVB 'OR 
PREVALves·cLOSE OrF 

268 SIGNAL F'ROH LVDC FOR 
S•lYB RESTART ALERT or, 

03112120 1116 T86 • ,60 1 000 
(11540,1',6) 

S•IVB 03112118,01, TB6 • 559,~67 
C1U38,0151 

IU oa11211e,,96 TB6 • 559,948 
(11538,5961 

HSPC IP!!• · 

------------
HllAC ••• · 

-- ··--··--· ----
·••· 

----- · - - · - · - - + - · • - · - ·-·----

269A SIGNAL F'ROH LVDC F'OR 
ENGINE READY BYPASS 

2698 SIGNAL RECEIVED IN S•IVB ,oR 
ENGINE READY BYPASS 

------·-·- -
270A SIGNAL F'ROH LVDC roR 

FUEL CMILLDOWN PUHP or, 

03112128 1 716 TB6 • 56~1600 
(1150,716) 

Ju oa112121.208 TB6 • 5&a,,,o 
(11547,2081 

·•••· 
---------------

S•lV8 03112127,212 T86 • 568,564 
C11'47,212) 

HOAC ·•••· 
---·----- ·------ . -- ··. ·-- . - -------------------

03112i29,516 TB6 • 56?,400 
( u,o, 516) 

JU 03112128,009 TB6 • · 569,Ul 
(11:148,0091 

·••· 
. - - ··· --- - ---· ----· ---- ------

270B SIGNAL RECEIVED IN S•!VA ,aR .... •••••••••• •••••••••••• S•JVB 03112128,012 TB6 • 569,164 HDAC ·•••· 
, ru&L CMJLLDOWN PUHP arr (U!H8,0121 
------ - ----- - • • - ---- - - ----------------- ----- --- ------- - -------------------

. --· - ····-- ---------· -- ------- --------

- ------- - ·-----------111------------------,-~--

.' 



ce 
------ . -· - - - - - - -·- ----------------------- - - - - -- ·-. - - - -- --·-- - - - - ----------- --~ 

PAGE n 

PREDICTeD TIHi 
·- TIHE ,ROH ----- - -· ----- -- ------ - ---- TIME f'ROH ·· ---- - - ------------ -- - - -- -----------

RAN GE· ZERO TI M& F"IIOH SIGNAL· RAN GE ZERO TI M& r ROH DATA ACCURACY 
(MR HI N SEC ) BASE ~ONJTORED (HR HI N sec, BASE ~OYACE ( HS) 

1--- --- ------------- - - -csec, - ---csec, ---··-AT ··--- - csec > ___ :..·--.- -csec,---- --------
IVENT 

211A IIQNAL rROH LVDC roR 03112 129,716 TB6 • '6?,600 IU 03112128,196 TB6 • 569 ,,41 Hs,c .• ,. 
- LOX OHILLDOWN PUHP orr· -- --··cu,o, 716) ---- - ·-···· · •·-- ·- - -- · ·-- - ·- (12,548,196, ·•- .. - - ·-·- -· - -----------

2718 SIGNA L RECEIVED IN S•IVB roR ·~•··-~······ ··~·---~·-·· S•IVB 03 112128, 204 T86 ♦ ,69, , 56 HDAC ·••· 
- -- t.OlC ·CHILLDO WN · flUHfl orr----- - ------,u.~48,204) -- ---- ---

272A ll GN AL J'ROH LVDC roR 03112130,116 TB6 • · ,,o,ooo IU 03112128,633 TB 6 • 569,9&5 ·•••· 
- · s-rve ENOINE START ON - -- - ·-· CU5' 0,116) · - ·-· ----: - -·- · • -- · ----~-- -- C1U48,6:S3) 

·2728 SI GN AL RE CE IVED IN S•IVB roR ·••· ········· •••••••••••• S•IV8 03f12128,6:S7 TB6 • '69 , 989 
--- s.rvs · eNOIN2 START -ON- ---- ---------------- - cU548,6:S .. 7--, _. ---------- ---- ------

HDAC 

2'3A SIGNAi. J'ROH LYDC roR 03112U:S,116 TB6 • · ,n,ooo IU 03112131 , 60, T86 • ,12.~,1 ·••· --- --- hlVB ULLAOE ENQINE NO,s-·o,rr-cu9':Si116)--·--··---·------·-- uu51 , 60,, -- -- -· ··- ----- -- - --•·- ----- - -· 

2739 SIGNAL RECEIVED IN S•tVA ,oR •••••••• • ••• ••~••••••••• · l•IVI 03C12fl1,612 T86 • 512,964 "DAC ·••• · 
S•fV8- ULLAGE -ENQlN! -Nct.-i-o, , 11551,612t · 

274A SI GN Ai. rRoH LYDC roR 03112.33,216 T86 ·• · ,,~.100 IU 0~112131,701 TB6 ·• ,,1.0,3 HSrc .• , • • 
t - -· -··- S-IV8 ULLAOE ENQINE · NO, I o,r~- cu,,:s.-216)-------·__:·------·---·· ....:....-- cu551,10u ·- ·-· ·· .... ----·· ·- ·----- ----- -- --------

= ·2748 SIGNAi. · RECEIVED IN S•tYB roR ·••·· · ~··· ··- ·--~---~·-•• · l•IYB 03112131,712 TB6 ·• · 573,064 HDAC , ·•••· 
- ---- s.rve ·u1.LAOE· ENGIN!- nc,.--i- ·or, . (11551, 712 

21, -SIGNAL rRoH LYDC roR OJl12il3,316 T86 • ,,1,200 IU 03112131,794 TB6 • 573,146 "''C· •• , •• 
- · ·- ··- S.IVB UI.LAG& Tlo!RUST 'Rl!S!NT----ch'5:S,:S16) .. - - · ---- - ------ ---·- ----·(11551,794) - ·- -· ·--·•- · ·· -· . .. ·-·- · · · --- - - - ----

INDICATION orr 
~ 1r-staNAt;- rAow tvoc -'1>ft ... -----nn21n, ,u 1se-~nr.eo~---w--u,12u,-.-3,,--,sr .-- 51e,,,1 

- S•IVB ENGINi OUT INDtCATION (115,6,916) (11555,399) • ••• 
.. •U ENA8L.E 

·--- - ··--- - - -- -- --- -- - - --- - ... -- -·· - ·- · -·- - -·- ·---------- - ---- - ----- -
217 . SIGNAL F'ROH LYDC roR 03112137,116 ,a,•· ,,,.ooo IU 03112,1,.61, . TB6 • 516,966 ·•••· 

S ■ IVB ENGINE OUT INDtCATION c11,,,,116) c11,,s,614) --- - - •e• ·l!!N''ABLE -------- - ----- ---- ---- ------ - - - ---- ------

211A SIGNAL F'ROH LYDC roR 03112137,316 TB6 • ,,,,zoo IU 03112135,796 T86 • 577,140 Hire ·••· 
- - -- ·---· LOX TA NK RBPAESSURIZlTtON ·--- cu,,1,:s16) • ·-·---- - --- -- -·- - · ·- C11'55, 796) ____ • .. - -·-- - • -· - - ··· - -- - - --- -

CO NTROL VALVE OPEN orr 

------ ----------- -- -- - ···-·--- -------------- --- -_;_-- -------------



J 

( ( ( 

PREDICTED TIMI HON ITORED TI HE 

----- ·--- - TtHe· rRoH--· ·TIME f'ROM - --- - . ------ - - - ·· - -- . -- --·--
IT&H 

NO, 
RANGE ZERO TIME rROM IIONAL• RANGE ZfRO ·TI ME rROH DATA ACCURACY 
CMR HIN SEC) BAS& "ONITORED (HR HIN sec> BASE ~OijRCE (HS) --------------------sec,- ----s&c,----u - - - --- cst:c ,---- ..:... __ . - - csec--------- ----

2788 IIQNAL: RECEIVED tN S•IYA ,oR ·"••••••••••• ••w••••~•~•• S•IVB 03112135,804 T86 • ,17,156 MDAC ·••• · 
- - - · - ··Lox· TANK ··RePRESSURlhTION- -·- - ··--- · • . . ~ ---- - ···-· - - - ---·- · - - --· -cu,55,804) -·-- ·· · - · --- -- -- ------

CO NTR OL VALVE OPEN or, 
- - 219A- stONAt··rR0H LYoc roR ··- -·- o3112rv.·,u ,ae--.-.,.,,~, oo ru--n, 12,u, on· -,,,-•• - ,11-.-u,-·---Ht,r--c--.............. ,...,..----

LH2 TANK AEPRESSURIZATIOh Cl1,51,,16) (11556,003) 
CON TRO~ VALVE OP EN Orr 

·--·-· ·- - .•. ·-- ·- --- --·--·- - - · ·--- . • - --- -- - - -- - ·· - ---
2798 SIGNAL RECEIVED tN S•lYA roR •••••••••••• •••••••w•••s · S•IVB 0~1121J6,012 T86 • ,77,~64 ··••· 

~~~r!~~~ v :f ::E ~~~: 1 ~:l!~-~ ________________________ < ~-~~~6 ! ~-1~J ___ --- ----------~---

•2ea SIGNAL rROH LVDC VOA Olf12t37,716 T96 ·• ,,,,,ao . IU 03112136,217 T86 • · 577,,69 ·•••· - - - --- 'LIGHT CONTROL COHPUTER -S•IVB- cu,,, , ,16) ---------- ------ uu,6,217J ··--·-- - - - -----
BURN HOOE ON •h · 

---2•1--SIQNAL· F'ROM LVDC fOR - .. 03tt2137,-9U - -TB6- .-,,~ ,eo,...0--1·~3112136, 396 · --TB6 -.-,n,-~o--t1,,r:-c..----:-.·.,·· ... .,.,.,----
'L l~HT CO NTROL COHPUTEA l•lYB Ci1,57,916J (11556,396) 
BURN HOOE ON •h 

2828 IIONAL RECEIVED IN S■ tva ,oR ·•········ ··· -·~·-·····•· · S•IVB 03112136,604 TB6 • ,,,,,,6 HDAC ·•••· - - --·- ·- - ENQl_tU! 11AlNITAGe ENABLI No,1- - · · · -- -· - - ---·---·--· ·--- - - - ···-· - -· c-u556,604) ··-- ----- - ·--- ---- ·-- ··----- ----
ON 

-----2au-1t GNAL- rR011 - LVDC· r011t ---- 03 t UilS-t21e--Tet-•-:-"~--io-o .--1u--031121"36, 69,-,96,-,7m4 .. ,--,,.,..,,c~-..,, ......... -:-. ----
ENG I NE HAINITAOS. ENAILI ~0,2 (11558,216) • (11556,697) • 
ON 

. -- --- - - - ---·- ·- - - - ·--- -- --- -- ---- -

aa~B SION~L RECEIVED IN SwlV8 'OR ·•••••••••••• •••••••••••• 
ENGINE HAlN8TAGE ENABLE N0,2 

S•IVB 03112136,704 TB6 • · ,,a,o,6 
CU.5!56,704) 

·•••· 
---- ---oN -· . --- - - --- -·- - ----------------·-- -- ------ -- ···-· ··· -------------------

294A SIGNAL rROM LVDC roR 03112138,316 T86 • · ,,e,200 . lU 03112136,797 TB6 • ,,e,149 "''c ·•••· --· -·· · - LOIC TANK 'LIGHT 'RESSURE· • --cu,,e,316,-··- - ---- -· --- ------ ----- cu556,797J - ··-·- -. - ----- --- - ---------
SYSTEM ON 

--~284t-11GNAL- REC!IVeo- tN· S•tV1t-1"C--A--w••••-•-----•~.-..~-•8...,•""•.----91w-w•1~~112136o804-f81~tti1~t-- --HDAC · ·••·· 
LOX TA NK rLIOHT PRESSURE (11556,804) 
SYSTEM ON 

.;.____ _ ______ ___ - -- II 



~--------------(_...■~-
,u& 3s 

.PREDICTED TIHB MONITORED ·TJH! 

-- -- -- - .. - - - --·------ .. -- · ·Ti HI! F'ROH · · -'-- - - ·- -- ----- - - - · fl HE f'RDH - --- -- - -- · -:---·-
&VENT" RANGE ZERO Tl~& rROM SIGNAL · RANGE ZfRO TIME rAOH DATA ACCURACY 

(HR HI N SEC) 8A5E MONITOReo (HA HIN s~c, 8AJE JOURCE (HS) 
-,--------- ------ fSEc , ---- - ---uec,------At----. csa;c, --- -- - :-· csec, - ---- -

2a,• ltGNAL rROH LVDC 'OR 031121 38 1516 TB6 • ,,,,400 IU 03112137,001 TB6 • 578,353 "''~ ·e• • ·. 
- ·-- ----- LOX TA NK PAESSURIZAf-lON ·- -- U15,ft,516> ------- ·-- --- ------------ (2,1557,001) ----- -- ·----- - ·---·-- - - --------

SHUtorr VALVES O'EN 

28'8-SIGNAL -AECEIVED --JN· S.~,'J&---,811-R---···--·-· ·-· ••!'••·····•·----ss.-tve-o3112 I 37, 012 - '86 •• -,, .. ~6•4--HPAC---■·-------
LO X TANK PRESSURIZA TIO N • Ci1~57,012) 
SMUTOF'F' VALVES OPEN 

296A SIGNAL F'ROH LVD C f'OR ou12us,1u TB6 •· ,n,600 IU 01112137,212 T86 •· ,11.~64 "''c . ·•••· S•IYB ENGINE START o;r ,u,,a, 11&> CU'57,212> 
- --·--- · -- -- -- ·-- .. -- --- - - -;-r "4: -·-- .. . 296B SIGNAi. RECEIVED IN S ■ IVB 'OR ·••··~----·••· ••t11••••1t••·· l•IVI n,12,31,220 TU •· ,,,.1,12 HDAC, ·•••· 

S ■ IVB ENGlNE START Of'F' <11'57,220) 
- - ··---·· • - -- ---·-· . - -- ----- - . -- --- ... ·-. -··- - - - ---~ - - -- - --- - - ---- •• --- - -- ·---
2871 SIGNAi. rRoH I.YDC F'OA oa,12138,916 T86 • ,n,eoo IU OiSl12137,394 TB-6 • ,11,746 "''C· ..... 

START T-ANK RECHARGE VALVI c11,,a,916) (11~57,394J 
i----- c1.o~E -AND ·Dlh"H ---------------------- - ---------------------

t 2878 SIGNAL RECEIVED IN S.tVA ,oR ••••••••••••• ••••••"u••• · l•IVB 03U2f37 ,404 '86 • 578,,'6 HOAC• ·•••· 
- - --- START TANK RECHARGE VALY& -·------- -- --------- - ------------ ·- CU.557,4041 -- - ------- --- · -- .. ·--- .. ------ ---~ -

CLO'E AND DISARM ,. 

&e-- SEUN· OUT -0, - 0RBIT - UH- 03112t44-ett6---N/A 03112i42r1U tf/A "'1J1ptQ!!---............. ~-----
IGH PHASE 4 (11564,116) (11,62,1131 

-· 
- -aatA~IQNAL rROH LYDC· ,oR------03112148,U.6- T96- • -- ,u,ou---1u- 03i12146,,., .. ,u--.- -,a7,-,47- · Hfro- -11---------

&NQINE HAJNSTAGE ENAILB N0,2 (11568,116) Cl1566,59') 
or, 

2898 llONAL RECEIVED IN SwtVB ,aR 
ENGINE HAlNITAGE EN48L& ·h0,2 ·••·-··-·"··· ··~·-••te••·· 

>--------·o,r • --- - . - - - - --- -------··----- -

S•IYI 01112146,604 T86 • · 587,956 
UU6~,604) 

290 IGH HIXTURI RATIO SHIF'T 0~114109 1116 NIA 0~114104,822 NIA 

·•••· 

·•••· ----sn11r-1Rttr1c1 At;-nu-"0ft<oe---c-u~1-..-e.1u,...._-------------+ua"44·,-a22--------------------

291A IIONAL rROH LYOC. roR 03114~10,116 TB6 • · 610,000- . ru 0~114108,608 ,,, • · 66t,,,o "''c ·•••· 
·---HJX!URE RATIO CONTROL! V4L1e·-- cuno,u.o (11640i608t · --------- -- ---- ----------

CLO~E 

___ __ ,, ____ ·---- -- -- - -- --- -- - ---- ·-· ·---.. ----- _ ,._ 



( ( ( 

PRE DICTED TIMS MON ITORED TI ME 
·- ----------- - --- - tfMc , ROH - ------------ TIME -, ROH - ----·-·- - - - - -~ ·----- ------ . -

iTEH 
NO, 

&VENT · RANGE - ZE RO TJHE f'ROH SIONAl. 1 RANGE ZERO ·Tt Hl F'ROH DATA ACCURA CY 
(MR MIN sec, BASE ~ONITORED (HR HIN SEO) BASE , ovRCE (HS) 

-- csec, ---------s&Q,--- -u ---- --- 1s1:c, - -~- -csect____ ------

2t1e SIGNAL RECEIVED IN l•tVB ,oR -• ~•••••••••• •••••••••••• S•IVB 03114108,616 TB6 • 669,968 . HDAC 
- -·-·- - - --- HI XTURe··RATJO CONTR0~1-v~1,;~a----- - - -· -- ·---------- - - --- --- ·--·- U16~tl,616) ·- --- -·-- - - --- -~ 

CLO~e 

--2,u-·- st oNAt.- rRoM·-1,;voc--,oR -
HtX TURE RA TIO CONTRO~t YALY& 

0311..-110 i'"3n----raa· -.--,,o.ioa:---iu--o~ 1141 oe i79e---- ,,1-- .-- 110-t10 --;--M,,c , 

BACKUP CLOSE • 
(116,0,316) • (11648,796) 

... - · -·--·----··-··· - --·- ------·-
2928 SIGNA L RECEIVED JN S ■ lYB '0" 

MJXTURE RATIO CONTRO~t YALY& 
-----·-&ACKuP -- CLOSE --- - ·-- -· 

S•IVB 

293 END or ARTIF'ICIAL.1 TAU HODE; 03114138,U6 NIA 
----- ··---- BEGIN lQH PHASE ' t · •• - ·- - ---- - ---li,i.618-;11,6 ·-------

2941 SIGNAL. 'ROH LVDC· ,oR , ___ 03116120,,16 T86 ·• · to0,400 -
--- "OINT LEVEL -seNSOR··UHtltG 1111ao,,1H ·--- - - -

IU 

o;,114108,808 TIJ6 • 610,UO 
CU648,808) 

. -- -- -- --- --

03114137,4U NIA 
nun , •o~, 

O~C16118,99' T86 • 800,147 
(11778 ;-99,, 

·2948 SIG NAL RECEIVED JN s ■ tvA ,o" ••·· ·•·· ~··· •··••··••••• · s ■ 1v1 01116118,997 TB6 • aoo,;,49 HDAC 
--~ -- - -· "DINT ·LEVEL SENSOR ARl'ltNO-- ----·- - - - ·- • ·- • ·····-- ---~--- ----------·- CU.778;997) ------ --- - --- - --·- ·--

· ·•· 

·•••· 

··•••· 

·•••· 

·•••· 

·•••· 

. .J.. a95 SIGNAL rAOH LVDC - roA ____ 03116158,116 TB6. • 838,000 IU 03116156,59, TB6 • · 837,947 H&,c 
--h- ----·-- 'LIGHT CONTROL, · cOMPUTEFt CU818 il16l ·c11eu.,,,,------ · --- --- ---
• SWITCH POINT NO, 6 

.. , . . 

,'{ 
-~ - 296A -- l!GNAL J'ROH LVDC roA - ----- • - - ·-o:uuho,u& --- · TB6- • ·- a,o,ooo--su- -- 03117108,'99- T86-·.-a4h9'1·- Nl'C--- -, •••• --- --

secoND BURN REL.AY o,,. (11830,116) (11828,599) • 

--- 296&- SIGNAL RECEIVED ·1N · s-1n➔o~-.............. ~ . .---. .1o·•··· S•lVJ-0~111108; 6or-T&e-..--ect,,'8 . MDaC n 
SECOND &URN RELAY or, , (11828,606) 

- - .. 297 START CHI TILDE HOOE· --- -·- 0311?i,6 1116 -- --·-·N/A -- ·- -------- -- - -- 03117159,1'7 - - NIA ---_-· H&,C·-- •• 
(11816,116) (11879,147) 

--zu- ··tURT CHt · , .. eeze -MODI -- ·---03'18123,116 03,1812';24, 
(U,90~,24,, 

· •tt• 
END or CHI TILDE HOO& (11903,116) 
END or IGH 

• - - - - ---------··- ----------
299A IIGNAL rRoH LYDC roR 03118125 1 176 TB?• · 01 200 IU 0~118127,638 T87 ·• ·•••· 

S ■ IY8 ENGINi CUTOFF ~0,1 ON c11,o,,116) (11907,631) 
"------- -- -- - ----· ---· -------------- - ----------- - ------

-·-- - ----------- - ·-------- ·- . ---- ------- - ---------



ce ce ce 
- - ---------- - -- · --- -- --- --- - ------ --------------·--·---

PREDICTED TIMI MONJTORED TIME 

-- - - --- - - -- --- - - ----------------·Tr He· ,RoH - - --- - ------------ ------ ·TIHE·· f'ROH --- - - -- -- --- -- - ------- --· 
ITEM !VENT RANGE ZERO TIME rROH SIGNAL RANGE ZEPO T1HE f'ROH 
NO, CMR HIN SEC) BASE HONITORED CHR HIN sec~ e~se 

.,___ ·--- ---- --- ----csec, ----- - --csec,--- AT -- - --- cs1;c> - ---.--csect-

2999 .SIGNAL RECEIVED IN S•IV9 roR -~-·-··-····· ·······~·-·· S•lVB 03f18127,648 T87 • 0, 217 
• - S.IYlt ENGINE CUTOF',- -.0,1 ON ·-- -- · - • --- • -- -- ------·· <}-3.9~7,6 __ 48) ··-

300A IIONAL ,ROH LVDC roR 03111i2,,216 TB7 • 0,100 IU 03118127,740 T97 • O,l25 

DATA ACCURA CY 
&OUl'CE CMS) 

HDAC ••• · 
- - ---- - -----

·••· 
i--- -·-- S-IYB·· !NGIN& ·cuTOf',-110,-2-0N 01905,276_+ - ---- ----- CU907i 740)·- ------- - - - ---- ------- -

3008 SIGNAL RECEIVED IN S•tVO roR ·••··-···· ··· ··~·-·-····· t•IVB 03118127,748 T87 • · O,U7 HOAC ·••• · 
S•IVB ENGINE CUT0f'F'· ~0,2 ON --· - · - • • ·• -- -- - ··-· · ------ - ··- (11907,7-18) · -·· ------ - - -- -------·---------

301 · TtHE BASE 7 03118125 1 376 TB7 • • 01 000 03118127,865 T97 • 0,000 MlrC ·•••· 
ELOcrn- -cu,o,,, o,1-11cnND cu,o,,3761 uuo1,e,,, 

s.rve BURN 

--302A ·.:.:. ·,IGNAL F'ROH LVDC roR - · ---- -- - 031Ui25,476· - ·TB? - •--0-,i00-- --1u----U118127,942 -- n, -.-----0-.011--- -- M,,c____,. ... ~-----
S•IYB !NOlNi cu,or, NO,l ON (11909,476) (11907,942) 
... 

'---oza--ttONAL- "ECEIV!D · IN--S•IYR-,01~R-..,..,w-•••••~•-.~_,,.__.....,,,_ •• -•---.9-.. .... IVt-o~l18127,f4e-----Tt._7 ..... •-·--0,~8...,~._-MDAC'-.--.w-w-•·~-----
S•lVB ENGINE CUTOf'F N0,1 ON (119-07,9~8) 

-- - "30H - SJQNAL · rROH LVDC roR • -··--- - - -0:,11&125 1 '76 --Ta,-- . ,..-- o.-zoo- -· ltt·- 03118128,036 - TS7 °• --a,V1-- HJrc~--•• t S•JVB ENGIN& CUTOFF N0,2 0~ (11905,,76) . (11908,036) 

~C31t- SIGNAI,;- ,iecE1YED • JN- s.tv11- ,0R .............. ·-~~~- • S•!-Vt--03118128·iOO--T8,-.--o.i7' HDA~c,..___-~,.-•• --------
S ■ JVB ENGINE CUTOrr N0,2 ON <11908,040) 

- - 300 ·· 11o~a&. ,.-oH LVDC roR -- - 0311a12,,11a---Te7 • ---o,400-- - 1u---- n11&12e,2s,a -- ,e1- • - -- o,u~--Htrc~ - •• 
CHU,LDOWN SHUTOrr, VALVl!S 01909,776) CU.908,218) 
CLO~e ON ----- - --- -- ------- - ------- ---------------

3048 llGNAL RECEIVED IN S•fVR 'OR •~••••P••~••• •• 1 ve · 0i1118128,2t7 ,a, •· o,i,2 Hl)AC ·•••· 
CHlLLDOWN SHUTor, , VALV!S U1908, 217) 

··- CLO~e ON •· -- · · -- · - - ·- -·· -- ·- .. -· - - ------ ·------

309A SIGNAL FROH LVDC roR 03118f25,876 
_ ___:__ LH2- TANlf CONTP-IUOus--vewr---c-n,o,,-en,,- - - - - - - ------

TB7 • · 0, 900 IU U118128,3t9 T87 • · a,,.,,. ~,,c ·•••· 
U.908,319) 

ORl~ICE SHUTOf"F' ; VALV! OP!N ON 

-~o,e-· IIGNAL· RECEIVED l N s.1 VII ,oR - ............. __, •• ~ ...... ,, •••• ~- -- --S•IY&---01118 t 28, 111-- ,e, -~01 .. ,2-- 'IIDAC •••• 
LH2 TANK CONTINUOUS VENT (11908,317) 

_ ___ _ OR I~ !_~~ --S~~!~r!:. !AL~E_ O~!~-~O_N ___________ ·------- ----'---------------------

. ---··- -- - - - - - - - . - - --- ---- - - - - - -

- -------- -- - --- -- - --------•· - - - ---- --- -- - -- -- ···-· -------- - ·--- ---- ... ··- ·. .. -· -· - ·----·------------ -------
1 



( ( ( 
-------- ----- ------- - - ---------------------- ---- - --·- - - --~----

----- -·-· ------------ ----------·------ --- ---------- -- - -- - -------------

PRED l CTED THI& H0Nl TORED TIHli 

JTEH 
NO, 

-- --- -· TtHE F'ROM - -------- - ----------------TIME f'ROH 
SVENT RANGE ZERO TIME PROM SIONAL RANBE Zi:RO 

(HR HIN sec, BASE MONITORED (HR HIN SEC) 
----- ----------- ------ -- -csec, ·-· ------·- uEc, ----- AT -- - -- - cs1::c, 

306A SIONAL f'ROM LVDC roR 0:s11a12,,976 T87 • 0,600 JU 03118128,434 
--- ---- • C 11908, 434) L .. 2 TANK CONTPIUOUS VENT----- · (11905,976) ·- ---- ·- 

RELIEr OVERRIDE SHUTorr VALVE 
OPEN ON • 

3068 SIGNAL RECEIVED IN S ■ IVB roR 
LH2 TANK CONTINUOUS VENT 
RELIEr OVERRIDE SHUTorr VALve --
OPEN ON 

91!9'••-·-·-··· S•IVB 0311Bl28,4J4 
(11908,434t 

TIME rROH nATA ACCURACY 
BASE ,nvRCE (M S) 
csec, ···-- ----- - -- --------- ----

u, • 

T81 • o,,69 HDAC • •• 

---u,A - · SIGNAL F'ROH LVDC ,o,. - ------·-0:s,u126,015 ··------ret-.- -·--·o,·,oo 
LOX TANK N?V VALVE OPEN ON (11906 1 076) 

1u·---0311e 12e, ,2, -- -,e,-·• -----0, uo- - -Ns,c---.f,p 
(11908,525) 

- ---- ·3078 SIGNAL RECEIVED IN S ■ fVO FOR ---- u•••••••••• ••••••••••••, ----- S•IVB· ·03118128,,25 TB7 - • · --0,660 --- Hlac--- ·- ·•••----
LOX TANK NPV VAL.VE OPEN ON (11908,52,) 

- - ·30U- SIGNAL· rROH LVOC- F'OR • --- -- --·o:sr 18126j·116--f81- -. --. - --o,ao-o---1u--o~l18128,U2 ·--,e, -..--o-.·7'7 - ·- H~,-c--.9!!'.-------
LH2 TANK LATCHING RE~lEF' (11906,176) (11908,622) 
VAL.VE OPEN ON 

- -I -· 308~ . st~~A~A~~ccg~~1ici ~;t~:,.ro~-- -- ............ ~ ---.-~~~-~~.~~-~--- -- ----- --S-~JVB ~~r~~~~:3i~1 T87. 0,766 Ht>AC ·••· 
---- - ---- VALVE OPEN ON -------- ---- ---- ------···-··· ·· ·-·-·· ··--------- -------------

JQ9A SIGNAL rROM LVOC roR 
LOX TANK PRESSURlZATJO~ 
SHUTorr VALVES CLOSE 

03118126 1 376 TB7 • 
(11906,376) -

IU 03118128,827 TB?• 
c U908, 827) 

0 ,962 H$P'C ·••• · 

- --- 3099· --s1 GNAL • RECE l YEO t N S•t VB ,oR--- "•··········- -----··--~···----- -s--1-va - o~H 18 I 28, e31 - ·Te,•--o-,,&6···--Ht1Ar-c ----• .--------
LOX TANK PRESSURIZATION (11908,831) 
SHurorr VALVES CLOSE 

310A SIGNAL rROH LVOC roR 03111126,476 
LOX TA NK rLlOHT PRESSURE Ci1906,476) 

- - - - -- --·- - SYSTEM OF'F' • • - --- ----- - • -·- - • - ·- · ·-- · 

3108 SIGNAL RECEIVED lN S ■ IVB ·roR 
LOX TANK F'LJQHT PRESSURE 
SYSTEM OH 

TB7 • 

_, - 3114 -· -stG~IAL fROH LVDC ro" - • • 
SECOND BURN RELAY or, . 

0311812&-,-,1a--TB7 • 
(11906,, 76) 

. 
-·- -··· ·----~- -

lU 03118128,924 TB7 • 
(11908,924) 

HSP'C ..... 

S•IVB 03118128,931 TB?• 
(11908 I 931) 

1,066 MDAC ••• 

h20o--1u- ,;,11et29 -,·u~ - n ,-.---,,,,.,e---11~,c 
(11909,023) 

- ·-·-· -· ·-- ---

·••· 

I ---------· - - ·- _- -------- -- ---- ' -- ------· - •• -- ·- • • -

., 



PA GE 39 

PHEO ICTED TIHE MONITOR ED Tl ME 
- - - -----------· ·--

TIME FRO M TI ME rROM 
ITEH EVENT RA NGE ZER O TIME FROH SIGNAL RA~GE ZE~O TIME FROM DATA AC CURACY 

_ _ __,,...,. ..... .------------------+-iR--~LAI-Si.-,,.C+l - --84-Se-E--_.,MO#-f~RE~~ 111-- l>Ew-Cr) --- BAS ... E-----S~CE- - H 4a-S-1--J ----~-
( Sc Cl <SEC) AT (Sf:C) tSEc> 

- - -..31\ U st G 'JM,-f,.U:8 .\lf. 0. I t.i S rt.II-~ e!.io.~.-~ ,.,._. u • • ..........,. ......... ---~• ,~ __ _.,5 ....... l-VR- O 3 ~ 1li i.29 .. o31- -+3 '1-• -- - 1-y16~0A C---<i••-~-----
SE CO 'JD lJ l.ltl !~ l'o!EUY OFF 111909,0.51) 

--~~1 24-4J-G#M:;-~t '1- l.-¥~~ ..f;.~-- ----t,J H iJ-:.-26..-H-6---l-9-1-.. ♦ - -1 ~-4-0-1)--Hi- · ---0 JI id~ 29, 2 J.2- -W-7--+- --1-.-367 ,_ - -Hs~c--............. ._ ____ _ 
~R~ VAL ~~S CLOS ~ ON (11906,776) (119 09,232) 

----~H12-u - --$.l-G:.i ,M.- '..l i;C; l-l/ED- -1-~S•.J-V~--fOR 
PREVAL : es CLOS L 0~ 

_,,__,. ...,,_ • ..,. •••• __.. ...... ----...~ __: __ 5 .. J-V8-- -03 I 18: 29, 240 - TY7 - • - - 1-. 37,--MDAC---------..--- --
C 1190?, 240) 

IU--0311 ot~9,JJ2-l-97 • - - ... i 13 A SI ~A~ ~~.UC-~H- -----10 ..S i -1.•l! 2 ~ -8J 6,.._-,.T-ttR+7~•--½-1 t ~Ott-9 ---+ 
rq,.TI HIF. R4TIO co~TflOL VALVE (11906,876) 
CL "SE 

- - - - - -- - - ---- ---- -- - ·------ -------- - - -----
:UJti S tG' ;AL rtEC :: 1 VED IN ~ .. l VB FOR 

!-I I '.:TIJH r; R 4 Tl O CONTHOL VAL VE 
----- -C-L-J..; ~ E-

314A S!G~AL rH o~ LVUC ro~ 0J11s:27,076 TA7 + 

S•lVB 

1,700 IU 

(11907,332) 

QJf18129,~40 
(11909,340) 

0J1ta1~9,,1e 
- -"--- -· - - lll:tr ;J " i; - R4 -Tl0-C O;Hl:t0l.-V-ALVE (1190:Z-.0.76---------- - ---\ t HA CKl 'P CL.:>SE 

11 9 iJ 9., 518 ,. 

TB7 + 

TB7 • 

• ----lil!-31,4~_.lG '-! A-b-:l liC;l\160- I~ Sal V.B---+O!l---•------••--'•--•-•---•-•--·•---_..~ S• l ~Jf U-t-29-, 523---+97 • 
MIYT'.!R i:; RA TIO CONTHOL VALVE 
HACi< 'JP CL:>S E 

315.A SIG ' :AL FMO'I L\/DC HH 
Ll1~· H, f;K :ONT l ;wo11s VE iH 

OJ11a:27,876 
(11907,876) 

TB7 • 

(11909,5.!3) 

IU 031161J0,32:S T87 • 
(11910,323) 

1 r .U 1--4Ui~ --
1,475 HDAC --• 

1,653 HSFC .. ., 

h-6!!58 M9A 

---- - - - --· 
2,458 MSF"C ·-~ 

------o~~J:.+€~~-v-M,.-¥t:-GF-€N----- ------------------·-- ----------------------
orr 

- -- . - -315 B - -SI G :!,41.. - ~ EC c-1 v E i) . -1 ~ -S • I ltlL-£.0 tl.---■"' "-'! ._e!..a.,,. l!..P_.,._........_._ • .....,. •• ._., ___ 5--t.v B-- 0 J 118 I 3 0 , J 31- - 'l'-SJ_ ._-2-, 4 66----tol CAw-C--_.•,..•••----- -
L H 2 fA !JK C0 i-1Tl :1tJ~1 1S VENT (11910,331) 
OR iFICS SijUTOFf v,LV~ OPE~ 

- ---------0,-.r--,·------------------------------------~----------------------
J16A SIGMA~ rR Q'I LVD C FuM 03110127,976 TR7 • 2,600 IU 03118130,422 T87 • 2,,,1 11SfC 

------lH4! -- t ANK -- CONT WUOUS - VEN?-- - . ~190Z...9U-1--- --- - ---- -----1191 o.~•22i- - - - --- -------------
RE!. I Er UVERH[OE SHUTOFF VALVE 
~P E~, O• F 

. 
--- - · - - --- ~· - - ---- - --- - ·· - -- - - -- - ---- - - - - ----....-- - - ----- - - - - - ---------

. \ 



( ( ( 

PAGE 40 

PR EDICTED TlHE 
-------·---· -- --- --------- --·--·- -· ----·· 

TI ME fROt • Tl ME n~Oi-1 
JTE~ EVENT fiA~GE ZERO TIHE rROH SIGNAL RA NGE ZEMO TlHE rROM DATA ACC URACY 

_--1!1}...__ ____ ___________ ...._,tJILiU.r.L.SE...,.c ~> ---.... 9A.S i.-E ---<H.ON+l..O~E.D-..U-1.R J:1 1 /11-.!, E C.~-- 8A SE----~ 0URCE--lKS4-----
C SEC) <SEC) AT (SEC) (SEC> 

- - .3l.6tL.S lG:UL.. . '.'\.i:C .I VED .114-.Ji..~ IV B..-E'..OB -•------•--- •••• 00
•••

00 --•~-__..S=•.tvEL-OJ I 1!!l30, 431 . -?B7 • ----2 .. 5AL--MOA..,.C----•=•=•-----
\.H? TA 'H( (JliTHIIIQilS VE~T 111910,431) 
RELIEr OV RH!DE SHUTOFF VALVE 

------"-!.:.!!-0;-.f:__ ------------------------------------

317A !'>IG"AL rn::J"i 1.VDC r nH 03118128,176 TB7 + • 2,800 JU' 03118130,628 T97 • 2,763 MSFC 
- - --·--·---- . \.112 r. ::i( ~AT CHll~(i...REI,. Ier-----11908 .. 116--- ----- t1191u,628) .. _____ __ -·- - -- -

VA l Vt LI\TC ~: Oi~ 

S-IVB ---l~i ..... 713 SIG " AL. :,,GiC ;.1.lt.E .... o-n ..... ,-s .... • ... ,1 .... v ... e ...... r .... 0-R-............. -... -a.a•=P'= ..... •c...-... r .... •.-.---•------=-.... -........ .., .......... _, ____________ _ 03 I 1e1~4b31. ?BJ • 2,,u M0AC -·-LH2 TA'-' I< ;. ATCH 'l~JG HELIE;r (11910,631) 
VALV~ I.A1CH Oil 

·-- ----- ---·- . - -· · 
S!Gi'AL F°H0'1 LVDC FOR 03.118:28,976 TB7 + lU 03118131,424 T87 • 3,559 HSF"C --· FLIO ~T CC\ITHOL cu~P UTE~ S•lVB (11908,976) (11911.424) 

------· I.W.!,JJJ.UE_,_.~_,,_.,..._ __________________________ _ 

319 SIG .JAL r ,1:i,1 LVDC f"OH 03118:29,176 TB7 • J,800 lU 03118131,638 TB7 + 3,773 MSF'C .. -~ 
--· ---rL l!, , IT -CJ \IT flO l. --C: Ul:! eU.T.£R-S.,..li'B--1119.09 • ..11td.------------ ·--111911.638) t fl lJ 'lN H1UE uFf" • ii • 

~.O.A.-.SUi:JAL rn, · 14 L.VDC roR 031 lLH 211,376 11n + 4 I 0 0-,,,.0---+1,f-IU 0 ll1o..L3.1 , 8 2 Q :i:a, • :,, IJU - Msrc ---LH.! TA ' lK LATCHl "IO HELlEF' (11909,3761 (11911,829) 
VALV ~ :JP!: \I arr 

J2 Cl:t SJG:IAL 'H: C: IVED Pl S•IVfl f"OR S•IVB 03118131,823 TB7 • J,958 HOAC . . ., 
L H ;' TA ! : K L .\ l CH ! ,,JG R ELI H (11911.823) 

------· A"~ .i.f~~-----------------------------------------------------
3Z1A SIG!! AL r· ~c -, LVDC r o~ 03118:29,576 T07 + • ,.200 lU 03118132,028 T!37 + 4,163 MSFC ·-· AU 1: . -!cl ·1'.Ji1 ~UL I C- J.1.V :!ll . .f-l. l~~l--.... ( ... 11909.~~1- ... 6+->--- - -- - (-11912,t>28) ·· -- ··-· - - ·----

HQ;i E or-F" 

---.l,2-Ul '.alC. '.' A~ ~~H-V~Pl <'el\lt,; rt,11:i 
AIJ ,· . HYU~.\ULIC PUMP fLtGHT 
HOJE rirr 

S-1 ~.t.1,H-32 ~31 eeew ■ rer ■ ••• ••••••------•-••-----~ l'.!H • 4,9;66 MG-AC --· (11912.0311 

--- ··---·- -··------- - ·---- • -·--- - · • 

322 SIG~AL rHn-, LV DG r oR 03118:JQ,376 T97 + 5,000 IU 03118132,833 TB7 • 4,~68 MSF'C --, 
S/ C CCJ ! 1 TRJ L or SATUHN Ei!ABLE (11910,376) (11912,1133) 

323A SYG ~AL ~kO~ LVUG r nH 0311a:30,576 
I.H2 TA '·'K LATt:Hl'JG RELIEF" (11910,576) 

TR7 + 5,200 IU 03118133,021 TB7 • 5,156 MSF"C ,..9 

(11913,021) 
~-- -- . VA 1. Vt:. - l . ATC~ or~ ·---- -------- -- -- - - -- - -- . - - - - •• --------

' 
-- - --- - - - -- ·--·- ---·------- -----··---·---------- ------------



• 
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PREDICTED TIME MONITORED TIHE 

TI HE FRO M TIME rROM 
EVENT PANGE ZERO TIM~ rROH SI~~AL RANGE ZEHO TI HE rROM DATA ACCURACV 

---~----------------~'~ -1~1.-C#->---~B .. ASi,.E---~oN-µoq~-H-R➔Illj_!;fiC+J---eAS.-E=-----aS-vO~eE ( MS) 
• (S EC> <SEC) AT (S t C) (SEC> 

- - 3-aJtt--SJ-GLl A ~ l:--l_!J e.lL ~" 1J/~1L- -~ ~!t.-~- • .-~ •,. • ._._., .._,. . .... '"-•=•-----.aS=.;,-1-11-8- -0 J 118 I 3 3 , 0 2 3- - f.13 7- • -· --- ~ ,-1 '8--M DA C----._,.. _____ _ 
LH2 T4 1IK LATc~l'JG "ELier (11913,02 3) 
VA LVE LATCI- Off" 

- - - ------ - --· - -------- --------- -----
325 S1G '·14L ! "1( 0'f LVO :.; rllH 

. 1)3118:J!:;,,176 
(1191!> ,1 76) 

0311 d:35,J7 6 
( 11915, 37 6 > c;;• i VR ;-,IGJ~lf. OUT lf,OICA TJON 

------A---·~1\-tt-½:-~EJ-t:-1-----·-------

J26 s11r :AL F1i O'i LVUC f()H 0J11a:J5,576 

0J11s:37,6J8 
< U 911, 6Jo, 

-----------------·--. -·--
TB7 + 10,000 

TB7 + 10,200 

IU 

JU 

QJl181J7,825 T87 + 
(11917,025) 

03118138 , 039 TB7 • 
------ ----..,I; • 1-V it- f; li(;·l-M: • OlJ T- ftJtll G-. -Hot.1-----< 11 ',!.15 ,-!> 16 >---------------(-1191 8, 039) 

• U • EN .l b;. E fiE~Ef 

HSF'C 

9,960 MSF"C 

10,11<1 MSF'C .... 

__ ;,,..2.l -~li,'l Al.-rJwi4--4..1tllC...UUL- ___ ....,o...,Jt-1~ t5S...J26 I87 • l 0-+0 OV-<0---- w---Ms~r C1or--------......... .___ ____ _ I ~-OJ i 18, 5-7-, 823-+8,__._ 2~-958 
LO ~ TA :K ~EPHES !;lJRlZ ATION (11935,376) (11937,823) 
CO l;J ~OL VAL VE CIPHl Qt,; 

. 
-- ··--- ---f 3278 SJGl :AI ;: F.C:IVED Pl S•IV 3 FOR S•IVB 03118157,833 

• LO X T• ~~ q[PRlSSUA IZATIO~ 
--.... -'---· -----'o:~T~t,...-:.J•LVE---t.Pe l.l-n,...• - --------------- --------- - --

(11937,833) 

326A S!G 4 AL FRO~ LVDC FOH 031191J5,376 TB7 + 70,000 tu 0J119:31,e,e 
LO lC --t..A ~ -~EP. Rf. S SU-l-l Z A-l--J~A~l'I--~ ---tC 1-1 "5., J 16 1--------- --- U .1-n -i...a2e 
C0 1J T~O t. VAL VE OPE t~ OH 

;12 ea s t G r1.u, • E: w E o 1 :>1 s-...i'l..,Ji.-.r .... c ... H.__ ________ ~-~•~-----~-~-.... -------------~-~-....................... ___ .,_H S-IVB 
LO~ TA ~K ~~PRESSURIZATION 
co :i TROL V4LVE OPE~i OH 

329A SIGNAL rk n~ LVDC roH 
AM BIEN T REPRESS, SYSTEM MODE 

03119t35,576 
(11975,576) 

TB7 + 70,200 IU 

03.f.U-1~-1,-835 
(11977,1135) 

03119138,020 
(11978,020) 

------E-i. fiG-l-£.UL.~f.--1.U:>-tU.:.'4)..~,1.----------------------

4 

--------~--- ------------3298 SIG ~AL RtiCEIVED IN s-1ve fOR 
. AM a ti~1- R:~HfiSS .-SYSTEM- kOOwE--

SE l ECT0ri ~rr A~1 CHVO ON 

JlOA SlG:lAL CHO ➔ L¥DC ~OH 
LH2 '!'A •· IK ~EP iH:S SUIHZATlON 
CO 'JTROL \/4LVE oi>e·i Oj~ 

o;uu::s5,776 
(11975, 776) 

----· - - - - -- • + ----·•. - -- ------- - - ------

S•IVB 03119138,027 
- C--1191-!..-02.1.) 

IY -4-3-1~~.J~I 
(11978,21(1) 

TB7 • 29,968 MDAC .... 

T87 + 69,963 MSfC ... , 

Ti7 • 0,970 HDAC =•• 

TB7 + 70,155 MSF"C ..... 

TB7 • 70,162 MOAC ••• 

Ti7 • 70,353 11src --· 

!_ __ _ -----·------------- ---· ------------------------



( ( ( 

PAGE "2 

PREDICTED Tl"1E MONITORED TJME 
---·- --- -- --·- -· - ------- ---

TlME FRO ~ TIME rROM 
ITEM . EVE NT RA NGE ZE~O TJHE FRO M SIGNAL RANGE ZEHO TIME FROM DATA ACCURACY 

__ ___.N,..Q.,_._.' ___________________ . .lill__fillLS...,.EC.,_.l~-- 2.4S ... E---M(lNU.ORE.lL t!:iR- Ml~LlE.C.)---•8AS .. E-----S0UR-CE---.(.MS.l____ 
CSlCI (SEC> AT (SEC> (SEC> 

·- ___ 330 !L_S LG~! AL .. £ i C ~.l VED.- n....s"" 1.V a. .E.OIL _ ..!!!'.• !' .... - .. ~::-~~-'!. --=!!.""~-""-" -""-" =· -~------- 5-""-Lva_uJ 119 13 8 • 2 2J_ T a1 +. ·-•---10 .. 362--MA .... C--~P~•-- - ----
L H.: H i,' K ~E:PRESSU.:iIZATION (11978,227) 
CO i'FOL VAL VE OPE'J or~ 

3J1A s1c; :,,Al r ,<0-, LVDC FOi-< 
LClX TA ~,K \IPV VALVE r,pEN OH 

3318 qa;,A1. ,,1,; C:IHD I 'I S•IV 8 F:1R 
LO X TA ~~ ~PV V-LVE OPEN OFF 

03120:56,076 
(12056,076) 

T87 • 150,700 tu 0312Cl58,520 TB7 • 150,65, 
(12058,520) 

S•lVB 0312Ql58,531 T87 • 150,666 
C 120511, 5J1) 

MSFC 

MDAC 

, ~J2A $1 G~AL r ~J 'l LVDc · F0R 03120:56,276 T87 • 150,900 ru OJ12 ~:5ij,729 Td7 + 150,864 HSFC 
LH2 TA l, X CC'ITI NIIO' IS VF.HT (l?.0~6,2761 (120~8.729) 

- ·- ·- ----- V Al.-llr.: - -4~L,0SE- -0-N -- --- - --------· --·· 

332B S!G 'JAL ~ECEIVED I~ S•IVH FOR ••-••••••·•• •••••·•--•-• S•tVB 03120158,739 Ta7 + 150,974 HOAC 
------\s~....l.A.:.!~~14!0 IS vE .... 1+----------------------(-1-20Eia.-].J9+-----

VAI. Ve CL, OSi:: (JIJ 

--, 

- --33.J .----CE CI;~ __ JH A~SLU l4AP ... .D.1t_at.T _____ __.,_J1.20J.56-t2Z-6---~M/A - ------03120159,600..- ----NO.----·---MSE"C--~••r___ ___ _ t Gu;o:."l~t::- Er; ~J or Crll FRU:ZE: (12056,276) (12059,600) 

)34 ltd TI Alli.--14,V.i.iUV-;; Q IO At I t;hl 0 .SI ~ ... 2+7 .... 6----•1.,./ ... A--------_.,.Q 3 t.2~ t.544 ... 0---... li/ ~ 
5., l V'.1 /:,C +X AX 1 S AL:lNG THE ( 12056, 276) ( 12059, 600) 
LOCAL ~URiZONTAL (SC ruRWAHD 

--· --- - · - - eo~ lT lDr!.....l . IlOWN )----- --------·--------------------

335 1'A' lElJ V[;H TO LOCAL HOR 1 ZONT AL 031?.1100,000 N/A MSFC 
------+~---------------------·----------~..l-060.-0-v-<>+-----------------,-----

336A SlG"AL r~CJ'1 LVDC FOR 03120:58,276 , TR7 • 1,2,900 ru 03121100,719 TB7 + 152,854 MSF'C 
-------Ul;i .. !A!.!K-<; OllT l'..ll lOll!i.- l/.C: f"'"'H>---- .... C-.,.12058.,276 >--. ---·--- -· ---- ----- (12060, 719) --·- --· -- ----------------------

1/ALV E CL.OSI:: Off 

JJ6ki ~ ~•k-Lf;~rO I ' I l:> ■ I IJ~ F"C,J~ 
l.H2 TA / 'K CCJ rlT IllllQIIS VENT 
VAL.V.._ CLOSE Off 

JJ7A s1o i ,A,. mu" 1.voc FOR 
LO X TAl !K Vfl lT ,i,H IJ NPV VALVES 

••---.....: . .a.!Ul.aa• •••••••••-•• 

03120:59,076 
(12059,076) 

TB7 + 153,700 

S • I Vi- --0~ I 21~-0 ~~J 1 Tlil 7 • !-~•i....,, 81t<6~61t---~Hftlll AC--~----.... •-----
C12060,731) 

IU 03121101,518 TB7 + 153,653 
(12061,513) 

t src --11 

------:-~t.-'lsµ1 ... 1----------------------------------------------------

- ., 
----· - ---------------------- -----------
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PREDICTED TIME 
- ----- --- ------ --- ------------ - - - - ------ - -

T l~E FRO~ TIME FROM 
ZTE~ EVENT RANU E Z~RO TIMF FROM SIG~AL RAN~E ZEHO TlHE FROM 04 1 4 ACCURACY 

___ .,._. 'w.-.--- -------- ---------•{(_!1_1.U-SEC+-) ___ ....,t3,....-4S,..E---~tO-N-.J .I.Oq~rtH- !.1 t-N~E-C)-- --9 ASF- ---.... SOIIRCi-( 114S+-------
C S l:C l <SEC) AT (SEC) (SEC> 

---:JJ 7 d--S I G.:.: 4 t.-:i~ C :--l l/~D - ~--I-¥il--+-f" Q..,..R~-~•=• - • • - ..,.,,_,.,_., ,.__.. • • • • • e ._._._-~-~-~----S ,.-t V B-0-l J 211 0 1 , 5 J1---f8-1 - • ---1 5~~6~ 0 AC------------
L O :< T4' !i< VE ·;T II ID 1',PV V1.LVl:S (12061,531) 
qo ·isT ~L.05E ON 

JJSA SIG ~AL r ~l~ LVDC rnR OJl21!0l,076 T07 + 

1.0~ T,t. "!I( vEn ~ - ◄ D r-.PV VI.LYES (12061,076) 
------ -·- ----6iF1S f-,~l,; G5E- OH ··- - -----------------------

_155, 700 lU . 03121103,517 T87 • 155,652 
(12063,517) 

3388 SIG ',AL necEIVED IN s-1ve FOR ------------ ------------ S•tVB 03121103,531 TB7 • 155,666 

MSFC --· 
HOAC 

------\.-0)(.·-+il~i<-V~ f-1, "IP.--~ll.lf-¥-4l--ll-c·----------------------f120 63, ~31-)----------- ---- -------
P. 0 15T '." l,. tJ ~E OH 

-----~J9- -t-'A :~EUJ/ f: il-T-O.... L.0CA\_ - H.OHlZ..O~TAlr---------...---.-------:·--___,-,..,.---
C0 '1Pl.ETt:~1 

--OJ! 22136, 000---~O- - ---HSfC---"•" 
(12156,000) 

_.J-A v-C--S,..t.GJ-At .. --!'.~,l.J~lllll: J:..O,. _______ _. ....... ..-....--- ---..--.~•~----.-il Uo1- -OJ. J 2 2 l 5 5 • 2 0-L-T.i-1_._--2 6'1-...-3"-◄ a---1:i..$ r~~i..--__.,..., • ._. • ._ _____ _ 
TE1.F. :1ET~V CALl 8 R4 TU~ ( 12175, 207) 
I N·F"I, I G ►P' CALI ~•!AH: ON 

-·-----·----
- - - - - - - -· -- ·--···-- - •• -· ·-- --

---···-··- .. - 03122l!'i51609 
(12175,609) 

TB7 • 267,744 MSFC 

-.~

.r:- 3414. S l G;, Al. r ~ 11 '1 L 110~ F11H 
TM CAL ! ui, AH: 0"1 

---·- ------------ ·- -- ·------------ ··- -·- ···---------------
341H SIG,AL ~~C~IVED t~ S•iVH fOH 

TM CAL fURATE: ON ·----------- -----------· S•tVB 03122:55,622 
(12175,622) 

TB7 • 267,757 

--------- - - - - ·· - -· ·- - - - --- ------------ ·····--· - ·-·-·--- ---- ---- --- ---
3424 SI G:i Al. FHOi L VllC F'OH 

TM C .; L itHl 4 H OFF. 

3428 51 G:JAL ;) i:C=: I VEU 1-'J S• I VI:: F"OR 
TM r:ALftJRATf: OFF 

-----·---~--_ .. __________ -----------· tu 

-----·-----· S•lVB 

QJl22:56,603 TB7 • 268,738 
(12176,603) 

-- ·- - --· 
03122156,614 TB7 ♦ 268,749 
(12176,614) 

MDAC 

MOAC 

.. ., 

- ---·-- ·--- -·-- ------- - -·- ·--··-· - · · ··--- -· ----·-- - ·-·----·-- ··- - ------·------------ ---· - --------- ------···---- - - --------------
34J s1r; :• 4L. r~0'1 LVDC F"CR •••·•••••••- ••••••-•·-•• llJ 0312-3100,203 TB7 • 272,339 • MSFC --· TE ' f. , '( -;-~y CAL I c, PATU~ < 121ao, 203 > 
----l-li:~l,..J~l--~lrl-~~~-~~-----------------------

3 ◄ 4A SIUIAL FHn~ LVDC fOR 031J3124,376 T87 + 899,000 lU 03133126,819 T97 • 898,954 HSFC .. , 
--------- . L,H;;> . TA ::r.-- LA TCHl :Jc,_ Hf.LlE,....~---~C 12804 ,J7~>----- -------·------------ C 12806 ,819.l 

VALVF. C•f-'i: •J Or,i 

344i Silf.'IAL-"e-G-f+¥~~1 S-1~~ F'O~ 
L.H2 "!'A'H< LATCHl~!G HELIH 
VAI.V [ nf't:11 oq 

ePe ■ e"l.a,R..tUl ■ e ••=••• •=••• s-1ve 011ui2,T130 T81 • e91,9,~,-~~~o~•~ce-----■M•~•-----
c12ao6,flJO> 

- · ·----- -- · -------- ---- - ------ - ---------- -- . 

, 
--·- -- -·----- - · - -·--·- -·--·- ---· - -····-··--· ---- ------- '·------- ---··-- - ------- - ···-- - - -·---·----- -------- --··- ---------- -------- - -
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PREDICTED TIME MONITORED TIME 
--------·------------ --- - ------ -------- -- - - - -

Tl~E FROM Tl"E FROM 
IT E~ EVE NT RA N~E ZEHO TIME rROM SIGNAL RANGE ZEHO TIME FRO H DATA AC CURACV 

_--1,t...._ ________________ __.(~HR _JH.hl -5-E--C-l ----..-il-A SE--~.QN.U.D.2.ElLUi!Lhl N~EC.---- SASE-----SOUB.CE--U!S.-4--____ _ 
(S!:C> <SEC> AT CS!:-C) (SEC> 

--3115A.- - Sl.G:W ...... fJHl!-t- l.Vll.C ...f_n.R. _____ _..,,HJ.3124, 976.--1B.7- L-... 899.,6.0.0.----lU- 03133: '17, 419--t.&7. +. .. 899 .. 5511 - - l"SF:.C--!!'=-----
LH ? TA' i t< q[PRES SURIZATION (126 04,976) (12!307,4,.9) 
CO '.• T~O;. VAL VE Or>F.J• Orf 

J45B SIG' ' A!. :'ECi;lVED Pl S-JVn roR 
lf1? TA i1 K qEf ' RESSllflllATION 

s~JvB 03133127,428 ,a,• 899,563 HOAC 
(12807,428) 

--- - ... - co: ,r :::JL,--J ~L v~ .... orc :c: .off-·----- ----- -· -- -- -·- ---------- -- -- -- -------- - - ---

3 4 6 A S 1 li' ' AL ~ f< O '1 L V l1 C FI' H O 3 I 3 3 : 2 5 , 3 7 6 TB 7 • 9 0 0 ! 0 0 0 I U 
------~~~~-~M*;~41~E~~---~C ... l2~~ie+----------

VA !. V';_ •Pt:·~ t.JFF • 

03133:27,819 T87 • 899,954 
.(.1.,a1t-i..a1---------------------

---~468 - .S Ju:; Ai_::. E.C 5 I Ii ElL JN .. .s.,. IV J; _f _Q.!L__.,_~,. =~~ =~_!"~_!!_,._..,_..,,._" ~~- --~ -l-V-B- - 0 3 I 3 3: 2 7, 8 3 0---l' B 7.--.- 8 9.9 • 9 6 5--M0AC--.JL!!!, 
LHi: TA ,IK ._ATCtlltlG RELlff (12807,eJO) 
1/A l. V[ 'I P [ •~ nff 

34 7 11,\'I 11=: 11'./': r< TO THAl'JSr>OS IT! IHI AND -••••--••--- --•'!••••-••• 
DO Cl<!N c; ATTITIJDF. IiHTIATEll 

3 ◄ 9 A S I G; 'A I. F' Ii C 'I L V Ll C F Cl R ll 3 : 3 3 : 2 8 , 3 7 6 TP.7 • 903,000 
LH2 TA iiK VEl 1T .,_: ;n LATCtU"IG (12d08,376) 

-----------Rl:LIH-. V-ALVLUtlllST- CLOS E .. .Qf-l _ _ - ··-·--····-

349B SI (j :;AL ;., E: CE I VED !i-J s-1 V8 FOH ------------ -----------~ 

03133129,000 
( 12809 ,'000) 

- --· - --
NO DATA 

tu 03133130,819 
(1281 □ ,819) 

S•JVB 03133130,830 
______ .,_b ... ~ ... ;; ........... r A'~.!-.+-A:+G~~-~+#b------------------------+-.. 281-(}~ 

HE: LIEF VA LVc 8~~ST CLOSE ON 

N/A MSFC •"!'f!i 

NO DATA HSfC .. ., 

T87 + 902,054 HSF'C •'!'., 

TB7 • 902,965 MOAC ••!! 

---..350.L-S! G~ 4L-;'rt0"1 . L voe $:(ltL. --··-----03: 33.l..Jll,3Z.6--Ul7- ~ --- 00S t-O.O.O.---lU---03133132, 819.-- -TB? --• - 904 ~95.4--.t>ISF.: ... C~------•-----
LH?. TA :: K VE 1, T A'. !D UTCH!NG (12810,376) (12812,819) 
Hf. I. I r- F VA~ Vl:S t:H'1 /)S T Cl. ,J C,E Off 

-
3508 SJGl l AL ': t.C::IVF:IJ I N 5-JV 8 S:-QH -•-•---•---• •••••••-•••• S•IVB 03133132,831 TB7 • 004,966 1'1DAC .... 

LH2 TA'-IK V[IJT A'JiJ LATCH!l~G (12812,831) 
~HIEF'.- V4 ,_Vf_:;S bt'lO'..T - CLG~E Off . .. .... - - - ·-•··· ·---··----- - ··-----·-•·-------- ----··· 

. . 
t" A;•~F.lfV r: ,i TO THA ~J SPOSJTI Qt~ AND ....... •••-••- ............... OJl37Z3O,OO0 NIA .. ., 

------H~P- l AT TI f Y-lJ.~P.b+·~--H---------------------~hl3{1~i}-~~-O----------------------

352 StG :;A l rno-1 LViJC r:011 o.S1.SRl25 ,776 TA7 • 1200,400 lU NO DATA NO OATA MSfC ••• 
llJ c : 1M t' AIJ0 SV~lOI l,:t~,\lJl.;;. - - ....... . (131 05 ,776) ·- ---··-· - - ·- -------- --· ------ ·- ·-- -· ·- -- ·-·-· - ·-----------

- ---··- - - ----- ------···-- - ---- ··- · ·· - -- -----·------------------- -------------
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PREDICTED TIME HONlTOREO TIME 

TlHE fROM TIME FROH 
tTE~ EVENT RANGE ZERO TIMF FROM SJGNAL RANGE ZEHO TIME FROM DATA ACCURAC Y 

---111.."'..._--- --- -------------+-A+>--til!il.....SE-C .... >----0B.\-S6-- - - MONUORE--O-(.HR-$J N-!?EC.~--8ASE - ---S.u-ClJRCE ( w.~S+>- - ----
( SEC l (SEC> AT (SEC) (SEC> 

---J~5:J.J3 --I.ClNC1L.ll-f . .fl.ct.EtSIH,CEC8.A.1Lr+T--- -OJ,43:25.-31--.6---.l:,+./..,.A- - --- --~ 03142127,6(10'--- - N/li-----~Sf'.-<-C-- • ---- ---- -
SEl'1~AT(O-J (13405,J76l (13347,600) 

- - ~j~~~-U,._+-~-{;S#-f-0-1.-E~ E)J~>.l-!.2!>-rP.6.----.i►o.;..: /YA~--------1('-J I 5 7 110, 7 00-----4i l ~A--- --H.,S..S"-r~s-----• ... '!'4W>-- ----

(14005,376) (14231,700) 

- --3554 -- St o:JAL-.1..l,:l.14 .-!,VDC.-· ~t').H._ ------G-4 Ill u~ ,37.,_6 _ _,7_..g7_ ._-3"20G-t-OOO>-' - ---JV-- -- 0411l 147, e17 ---T-87- 4- Jl 99, 952- - HS~·-\iC- ---•------
I.UX, H'1 U~4l'LIC PU ,lP HIGHT (15105,376) <15107,817) 
t10'.1E O' ! 

. 3558 SJG f' AL 1:EC~IVED·t~ S•IVB fOH 
AU :< , HYIJRAUI.IC PU11P fLIGHT 

- - - --- -+10;1E - (H- --
-~---------- --------~---

356.4 SIO, ' AL r,rn'1 L'JOC roR 04112:JJ,376 TB7 • 3248,000 

S•IVB 04111147,878 TB7 • 3200,013 
(15107,871!) 

tu NO DATA NO llATA 

HOAC ••• 

MSfC .... 
- - --- ---"~.--~'•vJ-·A~I-C--PU>11i' F"L I G,+-1H+T----1(n1,l5-153.,.JU1-----------------------------------------

110rE orr 

---356ti- -S IGt1AL.-s<ECE-l \/EtL-JN-5•'1 V!i-f-01ii _ __..~-.,.,,_._,._,,....,. "'•••••••-•.a-■---S■-l ¥8--0~-J 12135, 81-9-+81--3246-.~H--MDAC- ------ - - -
f AUX, W(URAULIC PUHP FLIGHT (15155,879) • 
~ MODE orr 

J57A s I li 11AL Ffl0>1 LVDC f'O~ 04118:25,776 TB7 • 3600,400 tu 0411/3 I 28 t 218 T87 • 3600,353 MSFC --, 
LH2 TA' !K LATCHitJI] RELIEF" (15~05,776) <15508,216) 
VAL V c--O~J:i 'f--ON 

357A SI GI A!.. ~t::<.:E I VEU IN S-IVB FOR 
~·-·--------

......... _____ s-tve 04118127,991 TB7 • 3600,126 HDAC .... 
M.2-...t..\ ;.;.i;-t.t.l GIH-W~--1<-H 1- U50-1,991-l-

VALVE ·, ~E 'J O,~ 

' - - 35£A_-5JGI!.AL.[nU.~ -L.V1lC--EOR~ -----0-4.118-l.25-1-i1--6--l87 + 36-00~---t.U-.041,18 .128,.418--ll-7_._J600.-553---"'S.£.wC---'■■-,•,._,•L------
LH2 TA '·'K REP~[SSURlZATION (15:>05,976) (15508,4181 
CO'ITROL VALVE OPEN 0~1 

J5AB S IG '. ,AL r, t;C:; I veo Ji-; :s- Iva fOH ------------ ~-----------Ll-i2 TA: 1,< RE::f'RF.SSIJh!ZATflJN -
---------C O'.,'tROI.- ', ALV~ - tloc'c; ~L ON -- - - ---

S•IVB 04118128,191 T87 • 3600,326 
(15508,191) 

359A SIG :i AL rHo~ LVDC fOk 04118126,376 T97 • 3601,000 IU 04118128,818 T87 • 360~,953 

110AC ••• 

~----___.i,;~-f-L~-Vft.l+- G~~N-~V,0L~---~6-ri'J-6,.,__ ____________ __.,~~O8, &U-J -------------------
VA L Vf. OPE"I ON 

. . ·- -·- . - · - -- -·--·- -· · - -- ---- - - ----------·------ - --- ------ ------

. ' 
- - ·---- --- --- ·• --- - - - - --- --- ----- - -- ------·- - --- ---·-·-- -- - ·- ·- ·- -·· - --- -------- - - - -- -- -



•· L J 

( ( 
--- - --·- ------------- ---------~- - - - - -- - ----

PREDICTED TIMS MONITORED TIME 

··- - • - - TIME F'ROM ·- ··•• - ·· Tll1E fROM 
ITEM EVENT RANGE ZERO TIME fROM SJGNAL RANGE Z~RO TI HE fROM DATA 

NO, (~R MIN SEC) BASE MONITORED (HR MIN SECI BASE SOURCE --·- ··-- ·--·--· -·- · - -·----· -- ---··· (Sf.C) -··· ---· fSEc1 --·· ·-·· AT ·· (ScCI (SEC) ---

3,98 SIGNAL RECEIVED tN S•JVB POR ···-···•-R•• P••·~•-P•P■■ 
• START TANK VENT COtlTIIDL •• • -· ••• 

VAi.VE OPEN ON 

S•lVB ot11e12a.~92 T87 • 3600,727 
(15508,,92) 

. 
MDAC 

( 

AC CUFUCY 
( !'15) 

--··360A - SIGNAi. F'ROH LVOC ron ·· · ·- - · ---· 0411e127,776 ---Te7 ·• · 3602i ◄ Oo · --· · ru···- o411813o,21s ·· T87 • :S602,3'J --- H~rc - - ·--rr-"•---
LH2 TANK LATCHING RELl&r (15507,776) (15510,2181 
VALVE LATCH ON 

3608 SIG NAi. RECEIVED I~ S•IVR ,oR P. ■ •••••••••• 
LH2 TANK LATCHING RiL1Er 

........ ~ .. ···· S•lVB 04118129,993 
(15509,99~1 

T87 • 3602,128 MDAC 
--·-·- ·- .--- · vALVE LATCH ON •• • -·- - ··-- •• ··· ··-- ---·--·-·· ----------· ~· ·- ------·----------

361A SIGNAL fROM LVDC roR 0•11a12e,116 TB7 • 360~, ◄ 00 tu NO DATA NO DATA 
• • LH2 TANK LATCHING Rei,;1er· -- --- u,,oe,176) - ------- ---·- · 

VALVE OPEN Of'f' 

--~61B·· --s10NAL REcerveo · tN s-1vn .,oR---···•··"'"···-··-..-.. ~•· .... ••• .. ---s■ 1ve ··· 11411&1uiu~--·n, ·• ·36-o:s,ue- - i1D•c--•••----

-
N 

LH2 TANK LATCHING RELl&F' Ci5510 1 99J) 
VALVE OPEN Of'f' 

J62A SJGNAL ,ROH LVOC roR 04118129,776 T87 • 3604,400 IU O41181J2,218 T87 • :5604,J'J MJrC 
LH2 TANK LATCHING RELtEr (15509,776) 

·-- · - VALVE LATCH orr· ·-·--·- ... - ·- --·- ····------·- -•· ·· ·· 

3628 SIGNAi. RECEIVED IN S ■ tVO ,0R 
LH2 TANK LATCHING Rei,;1e, 
VALVE LATCM Off" 

(15512,2181 

S•IVB O ◄ l181J1,994 TB7 • 3604,129 MDAC 
- ··• --·· · u,su,994> ·••• · 

·-·-·363A- - SIGNAi. J"ROM LVOC ,oR •• -- - ·-·---o--•201,6, 376 - u,--. ··37'1 ·, 000---- 11.t- ··· • NO DATA·· ----- NO ·DATA • ------MiPC---.-----
START TANK VENT CONT•OL (15656,376) 
VAi.VE OPEN 0f"F" . - - --- - ------ ---

3638 IIG NAI. RECEIVED IN S ■ IVR ,0R •••••P••ft•■• ••~••••~•••• S•IVB 041201,8,492 T87 • 37,0,627 110AC ·••· 
STA~T TANK VENT CONT~OI. (15658,492) 

--- - --· VAL.Ve OPEN OF'r .. . .. .. •·. - - - ---·-· --·-- -···---·-··· ·-·-·-- ·- ·· - ----·- - - --···-· - . -·. ··· ·•·•---·--··· ---···------

364A SIGNAL rROH LVOC roR 0•133124,376 T87 • 4499,000 IU 04133126,818 T87 • 4498,95J 
-· (16406,818) -- -·· LH2 TANK LATCMJNG RELUr · ------ U.6404,376) - •• 

VALVE OPEil ON 

--13649--SlGNAI.· RECEIVED · t N· S ■ t YI! · POR----w•••••••---------•l!••••----S•IVB-~•UJJ I 26 ·,897 -TB7 ·-♦ - 4499-, o:si·--H0AC-- -•--•-•----
LH2 T•NK LATCHING R~ L4Er (16406,897) 
VALVE OPEN ON 

. --- --·----· ••• ••• --··. ---··- ·- ----·- - ·· 

., 



------- - -·-----· -- --- ------ - --- ------- ---- - - - - -- ----- --------- -- ------- --- ------------------
PREDICTED TIHe MONITORED TI ME 

· · · TIM! rROH --- - - ··· · TIME F'ROM - - - · - ------- - - - - - --------
ITEM 

NO, 
&VENT RANGE ZERO Tl~E rROH SIONAL RANGE ZERO TI ME rROM DATA ACC URA CY 

(MR HIN sec, BASE MONITORED (HR MIN SEC) BASE SO VR CE CH! ) 
------ ·csEc, ---------cse9, ---- -~--u ------ ,s1:;c, --------- csec, --------· ------ - ----

365A SIONAL F'ROH LVDC roR 
·LM2 TANK REPRESSURIZATIO~ 

CO NTROL VALVE OPEN OPF' 

0•133124,576 TB7 • 4499,200 IU 04133127,018 T87 • 4499,1'3 M,rc 
(16404,576) · (16407,018) 

--36 59 - SIGNAi. RECE IVED IN S•IVI! ,0R--.............. ... --.-.. ........... ~-··- ----s .. -1ve -- 04133127,097·-- T87 -.- -'499,232- -· HDAC---- --. ------
1.H2 TANK REPRESSURJZAT!ON (16407 1 097) 

. . . CO NT ROL VALVE OPE~ orr 

366A SIG NAi. rRO H LVOC ro R 0•133125,376 Te7 • 4500,000 
LH 2 TA NK LATCHPIG REU EF' (1640 5 1 376) 

:- VAL.VE o,eN err · ·· - - - - - --- ·-· -- -- -·-·· - --

3468 SIG NA i. RECEIV ED IN s .. 1ve ,oR 
·---- - :- LH2 TANK LATCHING RE~l!f' • 

VAL.VE OP EN orr 

JU 04133127,821 T87 • 4499,956 
(16407,821) 

·-- •. - ·- •. ---------·------· - ------------

04133127,90, 
<2,6407, 90, > 

---- -367A ·- SIG NAi. f'ROH LVDC roR -- --- --o• 133128 1 37(r-T87-·• - •'o~.000---. --lt,t- -04133130, 816 -·- T81-• - 4502 ,9,1-----MSFO--Pi--- --- -
LH2 TANK VENT AND LATCHING (1640! 1 376) (16410,816) 
RELIEF' VALVE BOOST CLO~e ON 

--~ - -
t J67B IJGNAL RECEIVED IN s-1vn ,oR .... ......... . 
~ LH2 TANK VENT AND LATCHINU 

s .. zve 04133130,894 TB7 • 4503,029 -
(2,6410,894) 

MDAC 

- - -- · RELIEr · VALVE BOOST CLOSE o~ -----·- - -· -··· ----------- ··· --------------

J68A SIGNAi. rROH LVDC roR 04133130,376 TB7 • 4,0,,000 
LH2 TANK VENT AtlO L.ATCHlNQ ---· (16410,376) 
RELJE r VALVES BOOST CLOS& ·orr 

IU 04133132,820 TB7 • 4,04,9,, 
(16412,820) -

- - ""3488 ·- s I QNAL -- REC! t veo -t N s. I vrt ·- ,0~--..... ... "' . ........ ..--. . . ..... " .... --. ---<IS•tVa----1>4 I 33132 ,·90,-·TB1-•···4,o,,-oo-- 11gA~C--·'-WWW------
LH2 TANK VENT AND LATCMlNQ (16412,905) 
RE L. IEr VALVES 900ST CLOS& o,r 
LEM EXTRA.CTION 0413812,,376 NIA 04145102,300 NIA MSJ'C ·••· 

(16705,376) (17102,300) 
--------·------·-·- - - ---· -·--- ----- ---------- •••• -----~----- -----------

370 INITIATE MANEUVER TO ALIGN 
VE HICLE TO EVASIVE ATTJTUD~ 

- -- - --- - -- -- -
371 MA NEUV ER TO EVASIVE ATTITUDE 

INITIATED ------- ..... -------

372 MA NEUVER TO EVASlV& ATTITUDE 
co H,LE TED 

0415312,,376 
(17605,376) 

NIA 041511,9,8,Z 
(17519,892) 

----- --- ·----------·-·- -

------------ ---·------~~ 04152100,000 
(175:?0,000) 

NIA 
- ·- - --------

NIA MD.AC .... 
--- ------------------ --

-----·---~-- ---·----- .. ·~ 0415!5140,000 
(17740 I 000) 

N/A ...... 

----- -----



( 
---·---- ----·--- --- - --- ------
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---- ----- ----·- - - · - ------ - ------ --- ·-- - - --------- - ·-·- •• - · · - - --- ---- ---- -----

PREDICTED TIME MO NITORED TIME 

- • ··TIME rROH - . - -··--·-· - -· TIME rROM 
&VENT RANGE ZERO TJ~e rROM SIGNAi. RANGE ZcRO TIME rROM DATA AC CVRA CY 

(MR HIN SEC> BASE ~ONJTORED (HR HIN SfC) BASE SOVRCE (H S> 
--- ,sec, · ------u&c, -··-· ··-··· AT - ----· cs1:c> csec, ------ ·- --- -· · ·· -----

TIME BASE 9 • INITIATION or 0!5103100,240 TB8 • 0,000 0,102159,SBZ TBB • 0,000 
PROPeLI.ANT l)UHP . AND ITAQ! -- • (18180,240) ·------- - ---- ·- ·-····· ·---· (18179 1 882) 
SA"I NG 

--"3,o - -ttoNAL · rRoH LVDC· ,oR - - - --- a, 1 o3i oo ·; ◄◄ o ·--rsa-• --0,200 -- - ·1u - ·o,1 o;s I oo, 0!53 -- Tee · • ·•· -- o ,·111--H3r,----.~..,...----
S•t Ya ENGINE EDS cuTorr NO, 2 (181 80,440) (18180,053) 
DISABLE 

3748 SIG NAi. RECEIVED IN S•IYO ,oR 
S•IVB ENGINE EDS CUTor, NO, 2 

------ - oJSABI.E . •• · -··· -
·"··--·-·-··-

375A IJGNAL rROH LVDC roR 0!5103101,040 TB8 • o,eoo 
ENQ1NE PUMP PURGE CO~TROI. - --·- cuu1,040) ·--.- ·-··----· • 
VAi.YE ENABLE ON 

IU 

MDAC • ··•· 

--31,e- SJG"IAI. RECEIVED t N 9• I Yo-·ro~ .. ••••••• .. ••..-,-•• .. ••••·-w•---1S•tV1t- · o:;103100 ;7;58 -T8! - ,--o,e,& - -tll)kC-- -.... ..-----
ENO I NE PUMP PURQE CO~TROL (18180,7381 • 
VAi.YE ENABLE ON 

SIGNAL rROM LVDC roR o,10Ji01,440 TBI • 
S•IVB ULLAGE ENQlNE N0,1 ON . (18181,440) 

lU 0,103101,0,0 
(18181,0!SO) 

TBS• 1,168 M~J'C ••• 
------- -- ------ - --- ----- ----------·----------

3768 IIGN4L RECEIVED IN S•IVB ,oR 
S•IYB ULI.AGE ENGINE N0.1 ON ·•·········~- ·······~·-·· 

377A SIGNAL rROM LVDC roR 05103101,640 TB8 • 
SalYB ULLAGE ENQINE NO. 2 ON (18181,640) 

S•JVB 05103101,1!55 TBS• 
(18181,1!5!5) 

JU 05103101,235 TBB • 
(18181,23,) 

HDAC ·•• · 

·•••· 
---·-- ·· -·- - ·-· .. - ·· -·- ~ -----· .. - --- ---,--- ----------- -- - -- . -- -- - ---------------

3778 l!GNAI. RECEIVED IN S•IVA ruR ..... ~···~··· ·••~·-·-····· S•IYB ULLAGE ENOlNe NO, 2 0N 

379A IIQNAL rROH 1.VOC roR 0!5103l0!S,240 TB8 • ~.000 

S•IVB 0!5103101,338 TBS• 
(18181,J38) 

IU 05103104,8,6 TBS• 
(18184,846) 

·•• · 

-- - ·-------~-
4,964 

AMAlENT REPHESS, SYSTEH ~ODE 118185 1 240) 
· · - · se1.t:CTOR ON ANO CRYO orr •• ·--- · ·-··. ·----- -- --------

378B SIGNAL RECEIVED IN S•!V9 roR ····-~·~~--· ···•··~··~·· S•lVB o,10J104,9,6 TSB • ,,064 HDAC ••• 
AMBIENT FIEPRESS, SYSTEM ~ODE · - ·• ·• ···· --·· · - -··· • •· • ·-··-·· • ··• (18184,946) · · · ·····-·-··----

SELECTOR ON ANO CRYO orr 

--... 379t- IIONAL rROH LVDC f'OR ••• •••• -- ---o!ll041· 21 ;• ◄ 0--TB8-•--U,--?00--1u ·- 0,104121,0,2-·-TB~---e1,16,..0--,1~rC--ew. •rww,.,-----

S•I YB ULLAO E ENG INE N0,1 or, (18261,440) (18261,042) 

- - -· 
- . -· ···-···-···-··· ·. ---~- ··--· ------- ·--------- ,\ 



l --------- - -- - . -- . -- . - -- -- - --- - -· . ·- • -- - --- - ---------- ----- ---- - -- - --- --- ------ ----------- --- -- --·------ -- - -

-------- - - --------- - -- - ·- ----- --- ----------- --- ---- ------------ --------- ---------

ITEH 
NO~ 

!VENT 

PR ED ICTED TIH& HON ITORED TI HE 

- TtH! ,ROM· · - · ·- ·- · - -- - - -- -- - - · TIHE f'R0"1 -- · -- -- ----- -- ------ ---· -- --·- --
RANGE ZERO TIME rROM IJQNAL RANGE ZERO TIME rROH DATA AC CURA CY 
(HR MIN SEC) BASE ~ONITOR6D (HR HJN S~O) BASE iOVRCE <H S) 

------- --------- -- ------- --csec, --------- uec,----- · AT ----· --csE:c> -- ---- -csec, -----

4038 Sl3NAI. RECEIVED IN S ■ IVA ,oR "••• •••••••• 
- LHI TANI< LATCHUIG RIL1!r - ---- -- • 

VAi.VE OPEN orr 
-·~·---., ..... S•IVB 05129117.96, Tea• 151a,oa~ 

(19757,96,, - - -··· 
HOAC ... 

·-- ------ -----

--400-- S!GNAI. ·· FROM LVDC -r-oR • ----~,t29tt9-.24~- ,e&-- • · 1,,9--,--ooo-----1 u - o,,29118, 935- T88 ·• - 1,,o,9'3 - -H~ro---•-11--------
LH2 TANK LATCHING RELJBF' (197,9,240) (19758,83,) 
VALVE LATCH orr 

4048 SIG NAi. RECEIVED IN S ■ fVA 'OR 
LH2 TA NK LATCHING RELIEF' 

S•IVB 0,129118,965 
(19758.965) 

HOAC • -·••• · 

-VA1.ve · LATCH or, -· -- ----------- -------------------- -·-- . -- ---· - ------------------- - ---

' 40, WATER VAi.VB LOGIC IN~IBIT ······---·--
___ ,. _______ _ 

406A SIGNAL FROM LVDC roR 05153.16,640 TBI • 301t,400 lU 

0,1O1,8,T0J 
(20998,70~) 

NO DATA 

N/A 

NO DATA .. ., . . 
------ tH2 · TANK - ~EPRESSURIZ&Tto~N--➔c21t96i640 

CONTROL VALVE OPEN ON 

- -- - 4068 - SIGNAL RECEIVED IN S.!VB ,oR - - .............. _, ,...~·-······· - -- -- 1 ■ 1ve-- - o,uJ1U,3t4 --· TB9 ·• · sou.,u --- -- HDAO· ---··••· ---
LH2 TANK REPRESSURIZATIO~ > (21196,394, 
CONTROL VAi.VE OPEN ON 

- ------- ---------------··----- ---- ----------------
-"' 
I 407A SIGNAL F'ROH LVDC roR 
~ AMBIENT REPRESS, SVSTEM MOD& 

•• --- ·- SELECT OR arr A NO CRV O ON 

0!51!53131 1640 TBI • 303i,400 
C212U, 640) 

IU 0,153131,235 T88 • 3031,353 
( 21211, 23,, 

4078 IIGN&L RECEIVED · IN S•IVR ,oR ••• ••••••••• ·••~········· S•IVB o,1,J131,387 TBS• 3031,,0, 

·••· 

HDAC ·••• · 
·AHB I !NT REPRESS, • SVSTEH -MODa------ ------- ---------21211; 3871 - ---- ----------
SEL;CTOR orr AND CRVO ON 

---401A ·· SIGNAi. F'ROH LVDC F'OR - -- o,1531J6,640--· TB8- • -30:,~,•oo - -·-1u·--- o:;153136.2S4 --TB8 • :SOJ6;J!52- -H&,c~ - --------- ------
ENOINE HE CONTROL - VA~WB OP&N (21216,640) (21216,234) 
ON - ----------- ------ · ··- ---

. 

4088 SIGNAL RECEIVED IN S ■ IV9 ,oR ····-·····•-· .............. S•IVB o,153136.387 TBS• 30~6,,o, 
ENGINE HE CONTROL VALVR OP&H (21216,387) 

·- ON · - · -·- -·---- ------- --- - - - --------- - ---- - -··· -- ·- ·- -- - --------· 

409A SIGNAL rROM LVOC roR 0,1,3152,640 TBI • J0,2,400 
ENGJN!- He- 00NTRDL "VALVE-~Perr-c-2123i-;-a4 or, 

JU 05153152,23' TBS• 3052,353 
<21232-,23, 

·•••· 

·•••· 

--- - - --· . ---- - ----··· ---- ---- . - ------- ---



( ( ( 
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---·- --·-·---- --- ----·- -------- -------------- --- ---- - -------- ----· ---- -- -------------------

PREOlC1'ED TIME 110N lT0RED Tl HE 

- -- - ·----- --- - · TIME f'ROM - ---- - · TIME F'ROM 
ITEM EVENT RANGE ZERO TIME f'ROM SIGNAL RANGE ZERO TIME F'ROM DATA AC CUR AC¥ 

NO, (HR HIN SEC> BASE MONITORED (HR MIN S~C) BASE ~OVRCE <MS) 
- - -- -- - ----------------- -------- "18EC> ·-- ----- csec, -- -- - AT -·- -· - •• • (SfC) · ·-··· csec, ------- ---- ------

319e sto NA L RECEIVED IN s.,vg ,o~ •····•······ ~··•·••P•P•• 
S•JVB ULLAOE ENGINE N0,1- oFr 

380A SIGNAL f'ROH LVDC roR 05104121,640 TBI • ei,400 

S•IVB 0510 ◄ 121,149 Tee• 81,267 
(2,8261, 149) 

IU NO DATA NO DATA 

••• 

------ S•I VB ULLA GE ENGINE ~o,--t 0,,- ·(18261, t,40,-- ----- ---- - - ----- ----. ---·------ ----- - ---------

3808 SIGNAL RECEIVED IN Se!V9 ,oR •••••••••••• ·····••P••·· 
S•IVB ULLAOE ENGINE NO, 2 err 

381 . t NIT I/. TE •IAIH, Ull(i, TO L,nX 
--- l)UltF' ATTITUDE 

382 ---MAIIEU VER TO LQl( DUMP 
ATTlTuDE lNITllTEO 

383 -- lt.Ui l:U~ER -l0 - 1.0lC - OU~tp _ _- -

·-· · O~i: 121 J iJ-, ~4') --- -- - ----NI A-----
( 167'.i0, 240) 

S•IVB o,10 ◄ 121.~,1 ,ea• 81,~,9 
U,8261 I 341) 

--~i12 ~o.oo~---NIA-
c 10160, ooo, 

MDAC 

MDAC:. 

-~~+o•·,-08'-ttij----flo!N/A- MDI\C.. 

·••· 

· ••· 

••• 
--- -- - ATTl TUOE r,OMPL.ETED -----•------• • -- --- ----- <18844,uno, --- ------ ---

~ 
I 

384A IIGNAL F'ROM LVDC ,oR 0,119140,240 TBI • 1000,000 
LH2 TANK CONTl"IUOUS VE~JT ·· ·- •• (19180,240) - -- • 
ORtF'tCE SHUTOrr VALVE · OP&N ON 

IU o,119139,8J4 Tee• 999,,s2 11,,c 
· ---- -- - (19179,834) 

"" -0\ 
---3949 - 9tQNAI. · RECEIVED l N s.1 vo- ,oR---rw••··----· ..... --........ ._ ... .,.~--

LH2 TANK CONTJ~UOUS VENT 
ORl[lCE SHUTOrr VALVE OPEN ON 

--s---1-ve-- -o,, 2;91 J9, 962-" ---Tee-. - 1000-,-oao--·t1DAc----....... ------
, 19119, 962 t 

385A SIG NAL F'ROH LVOC roR Olli9142,240 T81 • · 1002,000 IU 0,119141,840 ,ee • 1001,,,e 
LH2 TANK CONTINUOUS VENT (19182,240) (19181,840) 
ORtnce - sHUTOF'r · VAl.;V!""OP!N,----- ----------------
OF'F' 

- -·:sa,e - s10 NAL, · RECElVED IN S•IVA VoR ---- --~······ .. ··· --······ ........ . ---- ··· S•JVB--0,119141,9u -··- -T88 • 1002,oao --- --- MOAC--...,..-•• ....------~ 
LH2 TANK CONTINUOUS VENT (19181,962) 
ORl,ICE SHUTOFF' VALVE OPEN ----- orr - ·-- ----- - --- ----------- - ----------------- ---- ------------------------

J86A IIGNAL F'ROH LVDC F'OR 0912:Sl90 1 240 TBI • 1250,000 IU 0,123149,6:S' T88 • 1249,t,3 Hl,C 
--- ·-- - AUX1 HYDRAULIC PUHi' ,LtGHT--(1'4:S0,240) ________ - ---· (19429,8J,) · --- ----·· ---- -- - • 

:S968 

. 

HOOE 0N 

llQNAL""RECEtVEo--pr- S ■ tvA · -,o,. 
AUX1 HYDRAULIC PUMP 'LIGHT 
MOO~ ON 

HDAC 

··••· 

,., . . 
- -•-··---·-· -----·--- - .. ·· - - -- ··- .. ______ _ 

- ---·-



PAGE ,o 

PREDICTED TIH& HON ITOAED TIM& 

- - -- - - - - ---- ---- -- -- --- -· --- --- - - ·-- ----- - ,rHE· F'R011 ... · -·- --------·- - --- .-,&He fR0"4 · 
JTEH O &VENT RANGE ZERO TIME rROH SJONAI. RANGE ZcRO 

----- --- ---- - - ---- -----·- - -

TIME FRO M DATA ACCU RACY 
NO, . (~R HIN sec , AA~E ~ONITORED (HR HIN SfC) BASE ~O~ RCE (MS) 

----- - ------·------- ·--------- <SEc, -- -- ·--- - - ,sec, --· · --- AT -- ---- -- -· ,sec, - -- ( SEC 1---------------- ---------

397A IIQNAL rROH LVDC roA 0,124110,240 TB8 • 1270,0DO IU 05124109,834 
•• l'ASSIVATtON ENAe1.e·· ------ - u9450,240) -- ---- - - --- ------ - -· • •. - ,10449,83◄) - ------ - -----

3878 IJGNAL RECEIVED IN S•IVB ,oR •••••••••••• •••••••••••• S•IVB o, 124109,963 TB8 • 1270,081 HDAC •s• · 
------ · - ·· PASSIVHION ENABLE _ ____________ ···--·--------- - ---- · · --- -- -- · -··-- -- ·<19449,96J) - ·- •· · -- --- - -------

J88A SIGNAL rROH LVDC FOR 0,124117,240 T88 • 1211,000 lU 05124116,834 TS8 • l276,95a HSrc ·••· 
· PREVALVES CLOSE orr -·- - ·- -- (1945 7,240) · · •.. - - - -· - · ·· c10456,8J4) -- . ---· . - ----. ------

J888 SIGNAi. RECEIVED IN S•fV9 'OR •••••••••••- •••••••~•~•• S•IVB 05124116,963 TS8 • 1277,081 HDAC ·••· 
----- -··--· PREVALVES CLOSE orr · - -- -----·--···· - - -·------ -·--·---- ----- - --- c,.9456,963) -- -·,- ··· - ·- --- • --- - -·•··- - - ---- - - --

J89A SIGNAL rROH LVDC roR 0,124117,440 TB8 • 1211,200 IU 0,124117,D34 TS8 • 1277,152 M~rc ·••• · 
- CHlLI.OOWN SHUTOrr VAL.VIS · ·· --- u9457,440, ·· --· -- --··· -···-----··-·--- (19457,034) - ---- - - ------ ---- -----

CLO~E OFF 

--1an-- S10NAI. Rece1veo • JN s.rv11 -,0R--,, ••• "" ........ -- -•·~•·••e•!II•• - --- ·s•tva- 0,124111 ;1,~ - ,ea-··•-·t211, 2a1---111uc--- ••• ·-------
cH1LLoowN SHUTOrr , YALW&S (19457,u~, 
CLOSE err 

t J90A SIGNAL P'ROH LYDC roR 05124120,240 T88 • 1280,000 IU 0,124119,83, TS8 • 1279,9,~ HfP'C 
~ _____ ~:~~~Eo~:~N~~A~~ - ~~~TAO~ ____ CS. __ 94~~.!.~4_0_) _____________ ____ ~_1_!~~9_1 ~~~ -) __________ ________ _ 

-3908 IIGNAI. RECEIVED lN S•tVB ,oR •••••••••••• ··~· .. ····~·· S•lVB 0,124119,96~ TBS ♦ 1280,081 HUAC ·••· 
- ---- · - · · ·· ENGINE HAINSTAGe CONTA01.· --- ---- · --·-· - ------- ···--- ------- •. . · · ·- -(194'9,9U) . . - · - -- - ----- - --------·-- ----

VAi.VE OPEN ON 

---uu- 1tGNAL rR011 1.voc- roR- - o9t2•t20,-440 Ta8-.-12ao.ito-···--ru-o,12◄ t20-.-no·-n9 • tUo,i,~-- "',c ·•••· 
ENGINE HE CONTAO~' VALWB OP&N (19460,4401 (19460,036) 
ON 

3918 atoNAL Rece1ve0 tN s ■ rve ,oR •••P•···••••· ............. . 
ENGlNE HE CONTROL, VA(V! OP!iN 

- --- ----- ---·· ·- - ---- ---- -- --- ----~-
S•lVB. 05124120,163 TBS• 12ao,aa1 

U.9460,10) 
·•••· 

--- ---oN · ---··-· ------ -- -- -- ---- --- - -------------------------------- -· ---- -- ---------------------

392A SIGNAL rROH LYDC roR 0,124140,240 T88 • 1300,000 IU 0,124139,83, TBS• 1299,i53 HirC ·•••· 
- -·· LH2 TANK CONTINUOUS VENT --- ·- · (19480,240) ·----- ··· -- - ------ ----·- ·-- (19479,83,) ----- - - --- -- ---- ·--· - ------

VALVE CLOS& ON 

----- . ---------------------------------------------------------

·- ---- .. ·-·- ---·· - ··· --- - •• -- ·- - ----------·--- ----·- ·· -- ------- - --- --------- - - - ----- ---------

- - . .. ·-- ·--- . - . ··-· •. -· · ··- · - - - - -- -- - - -·--· - --- - - -



( ( ( 

----------- - · - ---- - - - -·-------- -----------·-- - - -- ----- -- - ---------- -----

l PAGE ,1 

PREDICTED TIH& MONITORED TIME 

-------- - --·---- -- -· TiHE rROH - --- -- - - -·-· ·-- TJHE f'ROH - - ------- -------- - -
!VENT RANGE ZERO Tl~E rROH SlQNAL RANGE Z~RO TIME rROH DA TA AC CUR ACY 

(HR H[N SEC) BASE MONITORED (HR MIN s~c, BASE ~OU RCE CHS) 
------- - - - --- ------ - --- ,sec, -- -----sec,- - --- -AT------- - cst;c> - -·-- :---- csec, ----------- --- -

392s stoNAI. Recetve0 IN S•tve ,oR P••··•······ ··-•··-~·-•• 
· ---- • -- LH2 TANK CONTINUOUS VENT · -·--·-- • 

VALVE CLOSE ON 

S•IVB 05124139,964 
C19H9,9641 

T88 ♦ 1300,082 H0AC ••• 

--:,93A- IIQNAI,;- r"OM LVDC · f'OR·- - - - 
LH2 TANK CONTINUOUS VENT 
VAL.VE Cl,,0S6 Of"F' , 

0, r24142,240---Tee- --. - 130~·ro-oo--- -1u·--- o,, 24, 41, 834· ·- Tee-•· -1;,01 i-9,2-- H$,c- - ~.-... ~---

3938 SlGNAI. REC EIVED tN S•!V9 ,oR 
LH2 TANK CONTJ~UOUS VENT 

- ---- VAL ve CLOSE Of"F' ' - -- - ---

394A IIGNAI. rROH LVDC roR 

C 19482, 240 > (1,9481,834) 

S•IVB 05124141,964 ,ea• 1302,082 
(19481,964) 

H0AC· 

IU 0,125107,850 Tee• 1327,968 HS,c 

·••· 

- ·--- ·-- ENGINE HAJNSTAGEANO 
PHA~E CONTROL VALVES 

0,125108 1 240 TBI • 132~1000 
lllNITION - c19,0e,24O1--- - ------ -·-· ··- -----·
OPeN • o,, - -- c,,9501,a,01 - - ·· ·· --- - ----- -·--- -

--394-9- 11GNAI. RECEIVED JN· S•IVB -,oR-- ·••••• .. •••-----•""'•-w•'!f11-■ ----S~Vt-O,t25t01,9U--,ea-..-iUertO,..O--HIU-P.C~- --■-,-•----
ENGINE MAINSTAGE AND Jr.NJTION (19507,982) 
PHA~E CONTROL VALVES OPEh er, 

IU o,125108,05, TB8 • 1328,17~ 
(19508,0!5,, 

39,B IJGNA~· RECEIVED IN S•IVB ,oR ·•••-.. •••••••· •••••••w•••• S•lV9 0,125108,182 T88 • 1321,~00 H0AC 
- ENGINE HE CONTROl,, · VALYI: OPEN -- - •••• ·- ·----- - ··-·---··-- --- -·----··-- u9508,1!12) 

on· 

·•••· 

·•••· 

--~:,·tU---S tONAt- r,-oM - LVDC- f-OR--
LOX TANK NPV VAL.VE OPEN ON 

, t29 ,-u -a2i1o-----ree --.--1-,,o ,ooo 
(19750 I 240) 

zv---0H2 91 0 9, e 34--,ee---uo-,'"'in--+1&, ... c-----••-----
u97491834 1 

--- 3968 -· SIGNAL RECEIVED IN S•1V9 ,uR ---••0 •••••••• -~---~•••ae•-••-- ----·S•IVB - 05129109,96' • T88 • -· 1570,08~ -- -- H0AC--~-..,----
LOX TANK NPV VALVE o,eN ON (19749,96,, 

--.. :1,1t- st GNAt;- rRoM-Lvoc roR - - ----- - -- o, 1-29112,240--na- . - 1'12.-ou-- 1u- os t 29111, e,o- --,ee- -1,11 ,96&--ti1s,c----.-9 .. -----
LOX TANK NPV VAL.V~ LATCH oPeN (19752,240) (1,9751,8501 
ON 

3978 IJGNAI. RECEIVED JN S•JVB ,oR •••••••••••• •••••••••~•• 
LOX TANK NPV VALVE LATeH OPEN 

-·oN- - --------·-- --· - ··-- - - -- -

- -
. , 

S•IVB 0,129111,981 TB8 • 1!572,099 
(19751,981) 

HDAC ·••· 

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



PAOE ,2 
--' 

PREDICTED TIM& MONITORED TIME 

---- - -·--- - ------TIME rROM -· - - ----------- - -- ·- ------·T1HE FROM · 
!VENT RANGE ZF.RO TIME FROH S!QNAL RANGE Z~RO TlHE FROH DATA ACCU~A CY 

(MR M!N SEC> BASE NONITOR&C (HR HIN s~c, BASE SOUR CE CHS> 
· csec, -- uec, -- --- ----u ·- -- cs1::c, · ·- ---- c sec, ------- - - ------ -----

398A IIQNAI. rROH LVDC roR 05129113,240 T98 • 1,1J,OOO IU 0,129112,8 ◄ 6 TBS• 1512,964 H~rc ••• 
---- • - LOX TANK NPV VALVE o,e~r orr-- (197'3,2 ◄ 0, ·---- - -- - -- ·----- -- ---- --- (l975~,846) ----- - --- --- - ---- -------

3989 SIGNAL RECEIVED IN S•IV9 roR ·• ••••••••••• ••~••••••e•• S•IVB 0,129112,981 TBS• 1,13,099 HDAC ••• 
---- ----···LoX ·TANK NPV VlLVE - OPEN -orr-- --- ---------- - ----- - -----------(19752,981) -- - --- -------· --- - -------··-----

399A SIGNAL FROH LVDC roR 05129114,240 Tea• 1,,,.000 IU 05129113,8~0 TBS• 1573,968 Hi,c ••• 
LOX TANK NPV VALVE LATCH OIPEN -·--un,4,240) ___ ------ - --- - - C,,975J,8!50) - -- --- - ·- -
or, 

--3999- SIGNAL RECE1 Vl!D • 1 N S•t v~·-,oft-- 111••· .. •• ...... .--•• ~.----t'i••·• - ---S• 1-v1--o, 129 I 13, 9a1-·-"- TBa- -.- -1,,,, Ott- Hl)Ac--.... 
LOX TANK N~V VALVE LATCH OPEN (19753,981) err • 

----------- - -· · ----------- -- ·- ·· ·· - --- --- --- -··· ---- ·- -·----·- - ----- - -------
400A SIGNAL FROM LVDC roR 0512911,,a,o ,ea• 1,,~.000 

LH2 TANK LATCHING Re~ter (1975,,240) 
lU HSrC ••• 

- --- -·- VALVE OPEN ON - - - --··- -

4008 SIGNAL RECEIVED !N S•lV9 ,oR •••••~••~••• ••••••~••e•e S•IVB 0,129114,991 TS8 • 1575,099 HDAC we• 
--:i; ••• - - LH2 TANK LATCHING RE~ 1er-- ·--- -· ·---· --- -· ----- ·---· - -· ----- -··------- - --- U,9754, 961) - ---- - --- - - - --· ------·- -·--····- - -- ---

i VALVE OPEN ON 

'° - _- 401• ·- ss GNAL. FROH 1. voe roR : ·--- --· --o,, 2911&,2 ◄ 0--TBt--.1,,t.-~o---..u,---o,, 29 t 1,, e:,.---na--.--1,1, ,,,i-- -t1,,c---:ire·• 
AUX, HVDRAULIC PUMP rLtGMT (19756,240) (1975,,834) 
HOOE orr 

- --- -- · ---

4018 SIGNAL RECEIVED IN SelVA roR ·•••·••••P.••• ••~••••~•••• S•lVB 0,129115,96, TBS• 1,10,oa~ HDAC ·•••· 
AUlCt HVDRAULIC PUMP FL!GMT U,975,,96,) 

---- ---· HOo~- or, - · ·· ---··· ·· ------------------------------- - ·-

402A IIGNAL rROH LVDC roR 05129l17,240 TBI ,. 1,,1.000 JU 0,129116,835 T98 • 1516,953 Hs,c . ·•••· - - · • - LM:Z TANK LATCHING RE~Ur .. ··-- c19?'7,240) -·---· ------ --- --· -------- U,9756,83,, - --- ------ - .• -· --- ----- --------
VAi.VE LATCH ON 

--- 02a-- StGNAL RECEfVED tN· S.IVII ·,OA---•·····•-•.-•·•---"'1--.•••·ffttif•-·---s•tv9--0,t29ft6 .u,- ,ea-..-1'11~U--MDA-f".C--,. .• , ..... .-. -----
LM2 TANK LATCHING RE~1er (19756,96,> 
VALVE LATCH ON 

•4034 SIGNAL rROM LVDC roR 
LH2 TANK LATCHING RE~~er 

05129118 1 240 TB8 • 1,10,00~ 
(!.9758,24D) 

HIP'C 

- ---- -uLVI! OPEN c,r ·- - --------------------

- - ·- - -- ----. -· ·· - ··· · --- --- -------- •• ---------

-- - - · •---···-- - -----·--- -· -- -------·------



( ( 
- -- --- ---- - -- ---·----------------

PA GE , 4 

--------------
PREDICTED TIMS MONITORED TI ME 

·---- - TI HE rROH - . - - ·-·---- -- .. ------ TI HE rROH -. . -- - - - - - -- --
ITEM · 

NO, . 
BYENT RANGE ZERO TIME rROH SIGNAL RANGE ZERO TJ ME r ROH DATA ACCURACY 

(MR MIN SEC) BASS ~ONlTORED (HR MIN SEC> BA SE , ovRcE (HS) 
--- ·-- ,sec, · ---- ---tsec,- ·---- · u - ------ -,s~c, -· --·--. -· csEc> - ----·-- ---- - - ---

409B SIGNAL RECEIVED IN S•tVB ,oR w••• • •••~••• O~l5315i,J87 T88 • · 30,2,,0, HDAC 
ENGINE HE CONTROL·-v&~WI! 0P6N - • (21232,J87) -·· - - - - · ---·--
or, 

--· 410•---1 ra~•L -rR011 LVoc- ,o" ---- ---- ·---a" 53152, e40- rea ·• ·u,a·,eoo -·· --,u---o, 1,3152, 43,1 ·--,ee-•-30,2 ,-,,z- - -- 11src---e,. • · 
PASStVATION DISABLE (2123 2,840) (21232,434) 

- · - 4108 SJQNAL RECEIVED IN S ■ 1Y9 'OR -- •••• •••• ..... .. - ........ '!•w•• ---·-· S•IVB - 05153152,587 TB8 • 30!52,7o, -·-· MDAC·---u• ---
PASSIVATION DISABLE (21232,587) • 

- - - --·411-- - INITIATE MANEUVER To----- ·06IOOI00 ·,2 ◄ 0----w1A·--------06I021H,700 ·-~- N1A ·--·----11J,c 

JH~ACT BURN ATTITUDE. (21600,240) (21734,700) 

- - --- ,ut· ·- ·- MANEUVER TO IMPACT IURN -·--- •• ------•---••-...... -..,..,._:!' __ .. ••• 
ATTITUDE INITIATEO 

--- ·--·-- -- 06102120 ,000 ·-··--·-NIA -·--- - - MPAC-··--•w·111--·-
(21740, 000) 

-·- ua·-- MANEUVER TO IMPACT BURNr-----• 11 .. _______________ __ 

ATTITUDE COMPLETED 
·- 061 O!J 111,000 ·---,t-/A- -. - - MDA.C ~ ~•----

( 21911,000) 

-- 'j;.- •U.0 SIGNAi. ~ROH LVDC F'OR - - ---- - · 
I ENGlNE PUMP PURGE COijTROL 
g; VAi.VE ENABLE err 

06 I 03 '100 I 640 ·· 
(21780,640) 

···-···- ----- - ··- ·- -- -- --- - ------ ·---------- ·--·- - -----
4149 SIG NAL RECEIVED IN S•lVR FOR 

ENQlNE PUMP PURGE CONTROL 
.............. 

.•. VAL VE ENABLE orr • . - ---- -. 

S•IVB NO DATA 

41,A SIGNAL F'ROH LVDC roR 06110100,240 NIA IU 061091,9,832 

NO DA TA 

NIA 

11D&C 

·••· 
--- --· S.IYB ULLADE ENOIN!· ~oa--o~-- t22200,·240,--- -- --------+22199,832) _________________ _ 

4158 SIGNAL RECEIVED tN S•tVB 'OR ·•••••••••••• · ••~••••~•~•• S•IVB 06109159,99J NIA • ' H0AC ·••· 
-- - ···•· S•!Vtl ULLAOE ENGINE '-10,1 · ON·--·· ··· · -- ---- -·-·--•·-- --- ---- (~2199,99:,) · -- ·· - ·- ------- ·· _______ .....,... 

416A SIGNAL F'ROM LVOC roR 06110100,240 NIA IU 06110100,0lJ NIA ·•••· 
--- ·-- s.1ve -u1.1.Aae ENGIN! ~o-, -2-0N-C22200j"240) · (22200,033J_ _ _ - ---- - --- - ------

4168 IIGNAL RECEIVED IN S•IVB roA ···--~·····- ·••~········· S•IVB 06110100,19J • NIA ·•••· 
---· - - - S.IYB ULLAOE ENGINE NO, 2 ON- - · ···-·-·-----··- ·-·--- -- --- (22200,19:,) ---- ··· ·---·-- -- · -

, 417A SIGNAL F'ROH LVDC roR 06!10111,640 T88 • 4031,400 IU 06110111,236 TB8 • 4031,J'4 
- - --- - LH2 TANK REPRESSURJZlTto-N- - ·c22211~640t ------c22211,Z36) 

·•••· 
CONTROL VALVE OPEN orr 

l ·--- - - - -·- · ··· · ----- --- ------ -·-·- ·· ·- ·---~- -

.l 



ITEM 
NO, 

&VENT 

·-· ·--·---· - -- - --- · -·---- - ~ 
PAGE 51 

PREDICTED TIME MONITORED TIME 

TIHE rROM - · ·---·-- . ····· - ·- -· TIHE rROM - • -- . -
RANGE ZERO TIHE rROH SJQNAL RANGE ZtRO TIME rROM DATA ACCU RACY 
(MR MIN s~c, BASE ~ONITOR!D (HR HIN sec> BASE fOURCE (HS) 

--- ----- ts1:c, · ----- csec, ----·- ·· AT---- --cs~c> · - ·-·-. - c$ect - - - --· --·- - ·- - ----

4178 IIQNAL · RECEtVi:D t N S-tVB roR 
• ·- LMZ TANK REPRESSURIZATfON 

CO NTROL VALVE OPEN orr 

....... ... ..... S•IVB 06110111,394 TBS• 4031,,12 
• • C222U,394) • • • 

--uu-- uoNAL·· r"oM · Lvoc· roR-- • 
s. tv~ ULLAGE EN QINE N0,1 orr 

oe1r312 ◄ 12 ◄ -0---N1A 
(22'404,240> 

· ru-- 06111137. en--·-·· -tt11.----Mirc--- -.e· 
C22297, 8JU 

4188 SIGNAi. RECEIVED IN S•fV~ F'O~ ,. .. . ... ,. ..... . . ....... ,..,. ..... ., ••• · -'-·-S•JVB· 06111137,997 N/A 
S•IVB ULLAGi: ENGINE N0,1 or, (22297,997) 

---..41U-StGNAL ··rR0H &;VOC f'OR --·· 061Ut24i24,...o---N/A~-----JV--061U138,03 ◄---NtA _ ___ ,..,l'C--· ... w-w--•-----
S•IVB ULLAGE ENQJNE ~o. a o,, (22'40'4,240) (22298,034) 

- -- 419B -· SIGNAL RECEIVED tN S•IVB FOR -- ................ ,. ••• , -w•~••••• .. ••• - ---· S•IVB O6111138,197 -
S-IVB UI.LAGE ENQINE NO, 2 or, (22296,197> 

---..420- ·SOL.AR·- HEATJNO · CONTRO~1·----.. -----•-- ---.---.._-----O6117138,6'8- - - NfA-----f'l~F(lt---- 1••• .. •-- ---

HAN~UVER (22658,678) 

··-- ◄ 21 · --· INITIATE MANEUVER TO ··-·· ·- · ·-•-------- ~-------· -· -- 11102134,700 · 
f IMPACT BURN ATTITUDE (39754,700) 

°' ~ 422- MANEUVER TO IMflACT -BURNf----·• .. •--•-••••- -----•--" · 11102140 i 00lr- - - NtA----- MDAC~ r.r ........ -----
ATTITUOE INITIATED (39760,000) 

- --- 423 -- MANEUVER TO I MP ACT BURN ·-- - - - ---•------- ---•---•- ···--- ··----- 11 I 05 I 05, 000 · ----- NIA ···--- ··· MQAC - ---•••-·-----
ATT I TUDE COMPLETED (39905,000) 

---424t- SfQNAL-rR0'1 1.VDC· F'OR--------.. -••• •=••-----••-.. - ---+<1U-U114t59·,83,...6---,N/At-----... H~,e-e---.,,.*w•r•-----
S•IVB Ul.1.AGE ENGINE ~0.1 ON (40499,836) 

--- ◄ 248 ·- SIGNAL RECEIVED IN s-1ve FOR ·- •-••·•-•-••- ·••-•""·'" .... , -----S•IVB·· u.1u1O0,211--- -· NIA --- MtlAC-- •----~-
S•JVB UL.LAGE ENGINE ~0,1 0~ (40500,217) 

--o,.-- suNAL- rRoM · LVDC roR · ·--·----------- • ., .... .--------t1u-1111,1O0,o,,,,.6---NH1A------~,~c---.,-•-••-------
s.1v~ UL.LAGE ENQlNE NO, a ON (40500,036) 

----425B ···· SIGNAL · RECEIVED IN S•IV" POR -- · •••~••-•••..-c-·• .. ~•••~••"'•.----·-- ·S•IVB ••• 11115100,417 - ·- N/A . .. • . ."· - ·- ' DAC- ----. • ....------
S.IVH ULLAOE ENGINE NO, 2 ON (40500,417> 

--·-------·- ------ ------------ --·- ····--- ------ ---------------

• --- - -- ·- -· --- .. . . - - .. . - · ···- -----··--·---·--·-··· - ··-----···-··---·-·- - ·- -·-- --·-- --· · - ··- • • • . .. . - ---·· ·• ·· - --- - -··· ---------

' - -·- - - - -- - -- -· --- - -- - - - ·--- . ---- -- --·-•-----·--- --------- - ·- - ---····-- -------- - -·· ·- ··- ··-·- . · - - · --- - ··· - ·- -·- -- -· - - ·-·-- - - --



( ( 
\ ( 

----·-------- --- ---------- -- -----

- ------------- -- . --··------ -- --- - - -
PRE D l CTED TIHE MONITOR ED TI ME 

TIME F'ROM - • TIME F'ROM 
ITEM EVENT RANGS ZERO TJME F'ROM S!GNAL RANGE ZtRO TI ME f'ROH DATA ACCU~ ACY 

NO, . (MR MIN sec, BASE MONITORED <HR HJN ScC) BA SE SO~ RCE (MS) 
·-------·------·-----· -·-----------·-- (SEC) - · csEC) · ··-·-·· AT ·- · ··· (SEC) (S EC ) ___ _____ - ----

426A SlQNAL rROM LVDC roR -·----- ~--- - lU 
S•IV8 ULLAOE ENGINE No,1- 0,r · 

11116141,83, 
C '40601, 63,, 

NIA ~src .... 
4268 SIGNAL RECEIVED JN S•!VA ,aR ••••••••~••• ••~••••••••• S•IVB 111161'42,223 ·NIA 

--· S ■ lVlf ULLAGE ENGINe -~0.1 oirr-- ·· ·· -- ------------ ---- ·------- ---· -- - --- c .. 0602,,23) " -· - -·- --- -- ---·· . . ·---···--------

427A StQNAL F'ROH LVOC roR ···-··--·--- ·-···--····· lU 11116142,036 NIA MSrc 

4278 

'428 

429 

S ■ lVB ULLAGE ENGINE NO, 2 orr·-

SIG NAL RECEIVED IN S•IVR l"OR •••••••• •••• •••••••••~•• S•lV8 
·- s-tva ULLAfiE ENQINE ~o. -2 · 0rr-·-·- - ·- - ---------- -- -- - · · -- ··---------···· ·· 

3 ■ AXIS TUHBLE MANEUVER 

('4060,,036) 

U1311'4.!,700 
(41502,700) 

MDAC •• • 

NIA 

S!QNAL rROM LVOC roR ----·--·-··- ··-····---·- lU 1113213'4,316 NIA M~rc ·••· 
· WATER COOLANT VALVE CLOSI -·---- - - • -- -- -- --- -- ------- ·-··-- - ···--· -------- -- - C .. 1554 1 316J · - ------- - ·---------- -· ·-·--- -----

430 SIGNAL rROH LVOC roR 13145100,2'40 TB8 •31320,000 tu /1 : 32. ,'<' 1·""9 ,88+;!..~341-IU. MSrc ••• 
~ rLtGl-iT CONTRO~ COMPUTER ftO~ER · (49,00,2'40) ··• ·· ··· - (41:;-~1.oof.l)-----· - ----------

1 OF"r •A• 
°' t-.) 

--431- - SIGNAL rROH LVOC roR • · - ------ -·· 1314,I00,4'40----ne --.31~20;·200-- ,u-- ,-,~ -3-2. : t"2. .13t,·· ,BP,- +2-:3:3~'~ ---264 11wrc·--- ,,, ,.-• . 
F"Lt CiHT CONTROL C0"1PUTER POlili;R ( 49500 1 440) ( ~ /f.,- 3 z. -1:U,) 
orr •B• 

432 S!GNA~ rROH LVDC ;oR 13147100,4'40 TB8 •31'440,200 IU 1~1'47100,100 T88 •314'40,218 MSf'C .,.. 
CCS TH SUBCARR!6R OSCILLATOR (49620,-440) C .. 9620,100) ·-- -- - -·· ·· -- -· !N~lSIT . .-. ___ ____ .. . - --· -----···-···--·--·--- ----- - ·-- - · -- ·- ---------- -- --------------

433 LUNAR IMPACT 89120156 1 1'49 NIA 86157154,000 NIA t1src 

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

-------=c--------------·-- ----------



Dl 

TABLE 4-2 

FLI GHT SEQUENCE OF EVENTS - SIVB-512 (APOLLO 17) MISSION 

This table lists events and talkbacks that verify the pr oper operation of the Electrical 
Control System. Also listed are other significant events, and Time Base times. The Time Base 
times were obtained from the Fli ght Evaluation Working Group (FEWG). The fol lowing abbreviations 
are used. 

C.MD - Command 
Chg - Change 
SS - Switch Selector 
TB - Time Base 

The number in parenthesis is the possible data sampling time error in +O, -(x) milliseconds. The data 
sampling time error possible for all Switch Selector Command times is +O, -9 milliseconds. 

SS Chan/ 
Meas No 

79 

8 (SIC) 

15 (SIC) 

54 

83 

K0109-403 

KOll0-403 

Firing Command (-185.969) 
Internal Power Transfer 
Guidance Ref. Release 
Range Zero (RO) 
Lif't Off 

Event/Result of Command 

Time Base No 1 (Tl) 

LOX Tank Pressurization SOV Close 

Inboard Engine Cutoff 

Time Base No 2 (T2) 

Time Base No 3 (T3) 

SIC/SII Separation (No 1) 

Charge Ullage Ignition ON 

Time Base No 4 (T4) 

Prevalves Close Off 

LOX Prevalve Open 

LOX Prevalve Closed 

(-49.886) 
(-16.967-) 

(o.ooo) 
(+0.660) 

(DEE 6-3171) 05:29:54.031 
(DEE 6-1842) 05:32:10.114 
(DEE 6-0869) 05:32:43.033 

05:33:00.000, Dec 7, 1972 
(DEE 6-0092) 05:33:00.660 

Ind 

CMD 

CMD 

CMD 

CMD 

CMD 

ON 

OFF 

From RO 

0.631 

6.596 

139.287 

139.444 

161.222 

162.879 

492.378 

559.652 

559.821 

561. 785 (84) 

560.583 (84) 

Time of Occurrence 
From TB GMT 

Tl +0.000 

5.965 0533:06.596 

138.656 0535:19.287 

T2 +0.000 

T3 +0.000 

1.657 0535:42.879 

331.156 0541:12.378 

T4 +0.000 

0.169 0542:19.821 

2.133 0542: 21. 785 

0.931 0542:20.583 

STA 

FEWG 

MILA 

FEWG 

MILA 

BDA 

FEWG 

BDA 



( ( 

' 
( 

KOlll-404 LH2 Prevalve Open ON 561. 785 (84) 2.133 0542:21. 785 BDA 

K0112-404 LH2 Prevalve Closed OFF 560.785 (84) 1.133 0542:20.785 

Bo LOX Tank Pressurization SOV Open CMD 559.913 0.261 05 42:19.913 

13 SIVB Engine Cutoff No 1 Off CMD 560.013 0.361 0542:20.013 

49 SIVB Engine Cutoff No 2 Off CMD 560.121 o.469 0542:20.143 

Ko14o-4o4 Engine Cutoff Command On OFF 560.094 o.442 0542:20.094 

103 LOX Tank Flight Pressurization System On CMD 560.213 0.561 0542:20.213 

10 Engine Ready Bypass CMD 560.313 0.661 0542:20.313 

23 LOX Chilldown Pump Off CMD 560.412 0.760 0542:20.412 

56 Fire Ullage Ignition On CMD 560.512 0.860 0542:20.512 

5 (SII) SII/SIVB Separation CMD 560.609 0.957 0542:20.583 

K0068-602 SII Stage Separation (Physical) OFF 560.835 (84) 1.183 0542:20.835 

~ 9 SIVB Engine Start On CMD 560.713 1.061 0542:20.713 
f 

K0006-40l 560.734 (9) 0542:20.734 "' Ignition Phase Control Solenoid Energized ON 1.082 /1-

K0007-401 Helium Control Solenoid Energized ON 560.734 (9) 1.082 0542:20.734 

KOOl0-401 Thrust Chamber Spark System On ON 560.734 (9) 1.082 0542:20.734 

KOOll-401 Gas Generator Spark System On ON 560. 734 (9) 1. 082 0542:20.734 

K0012-401 Engine Ready Signal OFF 560.759 (84) 1.107 0542:20.759 

K0020-401 ASI LOX Valve Open ON 560.740 (84) 1.088 0542:20.740 

K0021-404 Engine Start On ON 560.734 (9) 1.082 0542:20.734 

K0118-40l Main Fuel Valve Open ON 560.877 (84) 1.225 0542:20.877 

K0126-40l Oxidizer Bleed Valve Closed ON 560.885 (84) 1.233 0542:20.855 

K0127-401 Fuel Bleed Valve Closed ON 560.885 (84) 1.233 0542:20.855 

K0216-4o4 Engine Start On Backup ON 560.785 (84) 1.133 0542:20.785 

59 LH2 Chilldown Pump Off CMD 561.821 2.169 0542: 21. 821 

11 Engine Mainstage Enable No 1 On CMD 563.721 4.069 0542:23.721 

- - -



re <e <e 

15 Engine Mainstage Enable No 2 On CMD 563. 821 4.169 0542:23.821 BDA 

K0005-401 Mainstage Control Solenoid Energized ON 564.175 ( 9) 4.523 0542:24.175 

KOOl0-401 Thrust Chamber Spar k System On OFF 567.483 ( 9) 7.831 0542:27.483 

KOOll-401 Gas Generator Spark System On OFF 567.483 (9) 7.831 0542:27.483 

K0014-40l Mainstage OK Pressure Switch 1 ON 565.527 ( 84) 5.875 0542:25.527 

K0096-40l Start Tk Disch Contrl Solenoid Energized ON 563.725 ( 9) 4.073 0542:23.725 

K0096-40l Start Tk Disch Contrl Solenoid Energized OFF 564.175 (9) 4.523 0542:24.175 

K0117-401 Gas Generator Valve Open ON 564.460 (84) 4.808 0542:24.460 

K0120-401 Main Oxidizer Valve Open ON 566.544 (84) 6.892 0542:26.544 

K0122-401 Start Tank Discharge VaJ.ve Open ON 564.044 ( 84) 4.392 0542:24.044 

K0122-401 Start Tank Discharge Valve Open OFF 564.377 (84) 4.725 0542:24.377 

K0124-40l Oxidizer Turbine Bypass Valve Open OFF 564.469 (84) 4.817 0542:24.469 

K0125-401 Oxidizer Turbine Bypass Valve Closed ON 564.719 (84) 5.067 0542:24.719 

~ K0157-401 Mainstage OK Pressure Switch 2 ON 565.569 (84) 5.917 0542:25.569 
I 

K0158-40l 565.486 (84) 5.834 0542:25.486 °' Mainstage OK Pressure Switch 1 Depress OFF V, 

K0159-401 Mainstage OK Pressure Switch 2 Depress OFF 565.569 (84) 5.917 0542:25.569 

K0216-4o4 Engine Start On Backup OFF 563.952 (84) 4.300 0542:23.952 

27 SIVB Engine Start Off CMD 563.946 4.294 0542:23.946 

K0021-404 Engine Start On OFF 563.950 (84) 4.298 0542:23.950 

68 First Burn Relay On CMD 565.413 5.761 0542:25.413 

55 Charge Ullage Jettison On CMD 569.413 9.761 0542:29.413 

57 Fire Ullage Jettison On CMD 572.429 12.777 0542:32.429 

88 Ullage Charging Reset CMD 573.429 13. 777 0542:33.429 

73 Ullage Firing Reset CMD 573.613 13.961 0542:33.613 

16 Engine Mainstage Enable No 2 Off CMD 573.821 14.169 0542:33.821 

50 Heat Exch Bypass Valve Control Enable CMD 583.621 23.969 0542:43.621 



( ( ( 

62 TM Calibrate On CMD 585. 813 26.161 0542: 45.813 BDA 

63 TM Calibrate Off CMD 586.813 27.161 0542:46 . 813 

24 Engine Pump Purge Control Vlv Enable On CMD 693.466 133.814 0544:33.466 

K0105-404 Pl.llllp Purge Reg Backup Deenergized OFF 696.192 ( 84) 136.540 0544:36.192 

12 SIVB Engine Cutoff No 1 ON (Velocity) CMD 702.658 143.006 0544:42.658 

48 SIVB Engine Cutoff No 2 On CMD 702. 758 143.106 0544:42.758 

Time Base No 5 (T5) 702.871 T5 +0.000 FEWG 

12 SIVB Engine Cutoff No 1 On (Redundant) CMD 702.958 0.087 0544:42.958 BDA 

48 SIVB Engine Cutoff No 2 On (Redundant) CMD 703.050 0.179 0544:43.050 

K0005-401 Mainstage Control Solenoid Energized OFF 702.657 ( 9) -0.214 0544:42.657 

K0006-40l Ignition Phase Contrl Solenoid Energized OFF 702.657 (9) -0.214 0544:42.657 

K0007-401 Helium Control Solenoid Energized OFF 703.657 (9) 0.786 0544:43.657 

K0012-401 Engine Ready Signal ON 703.680 ( 84) 0.809 0544:43.680 

K0013-401 Cutoff Signal (Lockin) ON 702.680 (84) -0.191 0544:42.680 
~ 
I K0013-401 Cutoff Signal (Lockin) OFF 703.680 (84) 0.809 0544:43.680 
i 

K0014-40l Mainstage OK Pressure Switch 1 OFF 702.934 (84) 0.063 0544:42.934 

K0020-401 ASI LOX Valve Open OFF 702.684 (84) -0.187 0544:42.684 

K0117-401 Gas Generator Valve Open OFF 702.700 (84) -0.171 0544:42.700 

K0118-40l Main Fuel Valve Open OFF 702.867 (84) -0.004 0544:42.867 

K0120-401 Main Oxidizer Valve Open OFF 702.784 ( 84) -0.087 0544:42.784 

K0124-40l Oxidizer Turbine Bypass Valve Open ON 703.375 (84) 0.504 0544:43.375 

K0125-401 Oxidizer Turbine Bypass Valve Closed OFF 702.959 (84) 0.088 0544:42.959 

K0126-40l Oxidizer Bleed Valve Closed OFF 717.271 (84) 14.400 0544:57.271 

K0127-401 Fuel Bleed Valve Closed OFF 720.688 (84) 17.817 0545:00.688 

K0140-404 Engine Cutoff Command On ON 702.667 ( 84) -0.204 0544:42.667 

K0157-401 Mainstage OK Pressure Switch 2 OFF 702.892 ( 84) 0,021 0544:42.892 

- - -



K0158-40l Main stage OK Pressure Switch 1 Depress ON 102.892 (84) 0.021 0544:42.892 

K0159-401 Main stage OK Pressure Switch 2 Depress ON 702.892 ( 84) 0.021 0544:42.892 BDA. 

42 SIVB Ullage Engine No 1 On CMD 703.150 0.279 0544:43.150 

101 SIVB Ullage Engine No 2 On CMD 703.242 0.371 0544:43.242 

69 First Burn Relay Off CMD 703.633 0.162 0544:43.633 

104 LOX Tank Flight Pressurization System Off CMD 704.042 1.171 0544:44.042 

79 LOX Tank Pressurization SOV Close CMD 704.258 1.387 0544:44.258 

24 Engine Pump Purge Control Vlv Enable On CMD 704.442 1.571 0544:44.442 

29 Auxiliary Hydraulic Pump Flight Mode Off CMD 706.950 4.079 0544:46.950 

62 TM Calibrate On CMD 709.850 6.979 0544:49.850 

63 TM Calibrate Off CMD 710.833 1.962 0544:50.833 

111 LH2 Tank Contin Vent Orf SOV Open On CMD See Note 1 

K0155-411 LH2 Tank Continuous Vent Orf SOV Closed OFF See Note 2 

~ 107 LH2 Tank Contin Vent Rlf Ovrd SOV Open On CMD See Note 1 
I 

°' K0154-411 LH2 Tank Relief Override SOV Closed OFF See Note 2 .... 
112 LH2 Tank Contin Vent Orf SOV Open Off CMD See Note 1 

108 LH2 Tank Contin Vent Rlf Ovrd SOV Open Off CMD See Note 1 

43 SIVB Ullage Engine No 1 Off CMD See Note 1 

102 SIVB Ullage Engine No 2 Off CMD See Note 1 

8 PU Inverter and DC Power Off CMD See Note 1 

25 Engine Pump Purge Control Vlv Enable Off CMD See Note 1 

62*(CRO) TM Calibrate On CMD 3216.480 2513.609 0626:36.480 CRO 

63*(CRO) TM Calibrate Off CMD 3217.480 2514.609 0626:37.480 

28 Auxiliary Hydraulic Pump Flight Mode On CMD 3302.838 2599.967 0628:02.838 

29 Auxiliary Hydraulic Pump Flight Mode Off CMD 3350.838 2647.967 0628:50.838 

62*(HAW) TM Calibrate On CMD 4712.485 4009.614 0651:32.485 

Dl 
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63*(HAW) TM Calibrate Off CMD 4713.485 4010.614 0651:33.485 

7 PU Inverter and DC Power On CMD See Note 1 

28 Auxiliary Hydraulic Pump Flight Mode On CMD 6102.840 5399.969 0714:42.840 BDA 

29 Auxiliary Hydraulic Pump Flight Mode Off CMD 6150.841 5447.970 0715:30.841 

62*(ASC) TM Calibrate On CMD 6928.477 6225.606 0728:28.477 ASC 

63*(ASC) TM Calibrate Off CMD 6929.477 6226.606 0728:29.477 

62*(CRO) TM Calibrate On CMD 8808.483 8105.612 9759:48.483 CRO 

63*(CRO) TM Calibrate Off CMD 8809.491 8106.620 0759:49.491 

28 Auxiliary Hydraulic Pump Flight Mode On CMD 8812.549 8109,678 0759:52:549 

29 Auxiliary Hydraulic Pump Flight Mode Off CMD 8860.541 8157.670 0800:40.541 

62*(HAW( TM Calibrate On CMD 10264.491 9561.620 0824:04.491 HAW 

63*(HAW) TM Calibrate Off CMD 10265.491 9562.620 0824:05.491 

Time Base No 6 (T6) 10978.646 T6 +0.000 FEWG 
,f:- 21 Ambient Helium Supply SOV Closed Off CMD 10979.321 o.675 0835:59.321 GDS I . 

I 62 TM Calibrate On CMD 10980.021 1.375 0836:00.021 

63 TM Calibrate Off CMD 10981.021 2.375 0836:01.021 

37 Amb Repress Sys Mode Select Off/Crye On CMD 10983.604 4.958 0836:03.604 

K0195-404 Repressurization System Ambient Mode OFF See Note 2 

77 LH2 Tk Vent/Latch Rlf Vlv Boost Close On CMD 11014,905 36.259 0836:34.905 

95 LOX Tank Vent/NPV Valves Boost Close On CMD 11015.113 36.467 0836:35.113 

78 LH2 Tk Vent/Latch Rlf Vlv Boost Close Off CMD 11016.905 38.259 0836:36.905 

96 LOX Tank Vent/MPV Valves Boost Close Off CMD 11017.122 38.476 0836:37.122 

26 Burner LH2 Propellant Valve Open On CMD 11019.922 41.276 0836:39.922 

K0180-404 Helium Heater LH2 Valve Full Closed OFF See Note 2 

K0181-404 Helium Heater LH2 Valve Full Open ON See Note 2 

70 Burner Exciters On CMD 11020.213 41. 567 0836:40.213 

- - -



89 Burner LOX Shutdown Valve Open On CMD 11020.605 41.959 0836:40.605 

K0192-403 Burner LOX Manifold SOV Open ON 11020.751 ( 84) 42.105 0836:40.751 

84 IJI2 Tank Continuous Vent Valve Close On CMD 11020.805 42.159 0836:40.805 

K0154-411 LH2 Tank Relief Override SOV Closed ON See Note 2 

K0155-4ll IJI2 Tank Continuous Vent Orf SOV Closed ON 11020.985 (84) 42.339 0836:40.985 

72 Burner IJI2 Propellant Valve Open Off CMD 11021.405 41.759 0836: 41. 405 GDS 

90 Burner LOX Shutdown Valve Open Off CMD 11022.105 43.459 0836:42.105 

87 IJI2 Tank Continuous Vent Valve Close Off CMD 11022.805 44.159 0836:42.805 

32 Second Burn Relay On CMD 11023.822 45.176 0836:43.822 

71 Burner Exciters Off CMD 11024.013 45.367 0836:44.013 

85 Burner Automatic Cutoff System Arm CMD 11026.613 47.967 0836:46.613 

39 LH2 Tank Repress Control Valve Open On CMD 11026.713 48.067 0836:46.713 

K0217-404 LH2 Repress Valve Open Command ON See Note 2 

~ K0218-404 LH2 Repress Valve Open CoIIIllland Backup ON See Note 2 
I 

"' 3 LOX Tank Repress Control Valve Open On \0 CMD 11026.922 48.276 0836:46.922 

28 Auxiliary Hydraulic Pump Flight Mode On CMD 11197.606 218.960 0339:37.606 TEX 

22 LOX Chilldown Pump On CMD 11227.607 248.961 0840:07.607 

58 LH2 Chilldown Pump On CMD 11232.615 253.969 0840:12.615 

82 Prevalves Close On CMD 11237.607 258.961 0840:17.607 

K0109-403 LOX Prevalve Open OFF 11237.817 (84) 259.171 0840:17.817 

KOll0-403 LOX Prevalve Closed ON 11238.151 ( 84) 259.505 0840:18.151 

KOlll-404 LH2 Prevalve Open OFF 11237.817 ( 84) 259.171 0840:17.817 

K0112-404 LH2 Prevalve Closed ON 11238.651 (84) 260.005 0840:18.651 

62 TM Calibrate On CMD 11379.004 400.358 0842:39.004 MIL 

63 TM Calibrate Off CMD 11380.004 401. 358 0842:40.004 

5 Mixture Ratio Control Valve Open CMD 11428.712 450.066 0843:28.712 
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K0219-404 Mixture Ratio Control Valve Open On ON 11428 .768 ( 84) 450. 122 0843:28.768 

34 Mixture Ratio Control Valve Backup Open CMD 11428.920 450.274 0834:28.920 

42 SIVB Ullage Engine No 1 On CMD 11474.921 496.275 0844: 14.921 

101 SIVB Ullage Engine No 2 On CMD 11475.013 496.367 0844:15.013 

4 LOX Tank Repress Control Valve Open Off CMD 11475.205 496.559 0844:15.205 MIL 

81 LH2 Tank Repress Control Valve Open Off CMD 11475.305 496.659 0844:15.305 

60 Burner LH2 Propellant Valve Close On CMD 11475.402 496.756 0844:15.402 

K0180-404 Helium Heater LH2 Valve Full Closed ON 11475.530 ( 84) 496.884 0844:15.530 

K0181-404 Helium Heater LH2 Valve Full Open OFF 11475.530 ( 84) 496.884 0844:15.530 

86 Burner Automatic Cutoff System Disarm CMD 11475.605 496.959 0844:15.605 

84 LH2 Tank Continuous Vent Valve Close On CMD 11475.813 497.167 0844:15.813 

36 Amb Repress Sys Mode Select On/Cryo Off CMD 11476.213 497.567 0844:16.213 

K0195-404 Repressurization System Ambient Mode ON 11476.280 (84) 497. 634 0844:16.280 

87 LH2 Tank Continuous Vent Valve Close Off CMD 11477. 821 499.175 0844:17.821 
.,:-
I 

61 Burner LH2 Propellant Valve Close Off CMD 11478.405 499.759 0844:18.405 -.J 
0 

3 LOX Tank Repress Control Valve Open On CMD 11478.605 499.959 0844:18.605 

74 Burner LOX Shutdown Valve Close On CMD 11479.905 501.259 0844:19.905 

K0192-403 Burner LOX Manifold SOV Open OFF 11480.009 (84) 501.363 0844:20.009 

75 Burner LOX Shutdown Valve Close Off CMD 11482.905 504.259 0844:22.905 

39 LH2 Tank Repress Control Valve Open On CMD 11498.621 519.975 0844:38.621 

13 SIVB Engine Cutoff No 1 Off CMD 11518.614 539.968 0844:58.614 

49 SIVB Engine Cutoff No 2 Off CMD 11518.106 540.060 0844:58.706 

K0140-404 Engine Cutoff Command On OFF 11518.685 ( 84) 540.039 0844:58.685 

14 Start Tank Recharge Valve Open CMD 11531.603 552.957 0845:11.603 

83 Prevalves Close Off CMD 11538.015 559.369 0845:18.015 

K0109-403 LOX Prevalve Open ON 11540.041 ( 84) 561. 395 0845:20.041 

- - -
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KOll0-403 LOX Prevalve Closed OFF 11538.836 (84) 560.190 0845:18.836 

KOlll-404 LH2 Prevalve Open ON 11539. 708 (84) 561.062 0845:19.708 

K0112-404 LH2 Prevalve Closed OFF 11538.586 (84) 559.940 0845:18.586 

10 Engine Ready Bypass CMD 11547.212 568.566 0845:27.212 ARIA- 3 

59 LH2 Chilldown Pump Off CMD 11548.012 569.366 0845:28.012 ARIA-3 

23 LOX Chilldown Pump Off CMD 11548.204 569.558 0845:28.204 

9 SIVB Engine Start On CMD 11548.637 569.991 0845:28.637 

K0006-40l Ignition Phase Contrl Solenoid Energized ON 11548.645 (9) 569.999 0845:28.645 

K0007-401 Helium Control Solenoid Energized ON 11548.645 (9) 569.999 0845:28.645 

KOOl0-401 Thrust Chamber Spark System On ON 11548.645 (9) 569.999 0845:28.645 

KOOll-401 Gas Generator Spark System On ON 11548.645 (9) 569.999 0845:28.645 

K0012-401 Engine Ready Signal OFF 11548.675 (84) 570.029 0845:28.675 

K0020-401 ASI LOX Valve Open ON 11548.780 ( 84) 570.134 0845:28.780 
,I:- K0021-404 Engine Start On ON 11548.636 (9) 569.990 0845:28.636 
I ..... 

K0118-40l 11548.797 (84) 0845:28.797 .... Main Fuel Valve Open ON 570.151 

K0126~401 Oxidizer Bleed Valve Closed ON 11548.805 (84) 570.159 0845:28.805 

K0127-401 Fuel Bleed Valve Closed ON 11548.767 ( 84) 570.121 0845:28.767 

K0216-4o4 Engine Start On Backup ON 11548.705 ( 84) 570.059 0845:28.705 

43 SIVB Ullage Engine No 1 Off CMD 11551.612 572.966 0845:31.612 

102 SIVB Ullage Engine No 2 Off CMD 11551. 712 573;066 0845:31.712 

4 LOX Tank Repress Control Valve Open Off CMD 11555.804 577.158 0845:35.804 

81 LH2 Tank Repress Control Valve Open Off CMD 11556.012 577 .366 0845:36.012 

11 Engine Mainstage Enable No 1 On CMD 11556.604 577.958 0845:36.604 

15 Engine Mainstage Enable No 2 On CMD 11556.704 578.058 0845:36.704 

K0005-401 Mainstage Control Solenoid Energized ON 11557.052 (9) 578.406 0845:37.052 

KOOl0-401 Thrust Chamber Spark System On OFF 11560.360 ( 9) 581. 714 0845:40.360 
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KOOll-401 Gas Generator Spark Syst em On OFF 11560.360 (9) 581. 714 0845: 40. 360 

K0014-40l Mainstage OK Pressure Switch 1 ON 11558.362 ( 84) 579. 716 0845: 38.362 

K0096-40l Start Tank Disch Contrl Solenoid Energized ON 11556.603 (9) 577. 957 0845 :36.603 

K0096-40l Start Tank Disch Contrl Solenoid Energized OFF 11557.052 (9) 578.406 0845:37.052 

K0117-401 Gas Generator Valve Open ON 11557.379 (84) 578.733 0845:37.379 ARIA-3 

K0120-401 Main Oxidizer Valve Open ON 11559.296 ( 84) 580.650 0845:39.296 

K0122-401 Start Tank Discharge Valve Open ON 11556.880 (84) 578.234 0845:36.880 

K0122-401 Start Tank Discharge Valve Open OFF 11557.212 (84) 578.566 0845:37.212 

K0124-40l Oxidizer Turbine Bypass Valve Open OFF 11557.304 ( 84) 578.658 0845:37.304 

K0125-401 Oxidizer Turbine Bypass Valve Closed ON 11557.554 ( 84) 578.906 0845:37.554 

K0157-401 Mainstage OK Pressure Switch 2 ON 11558.404 (84) 579.758 0845:38.404 

K0158-40l Main stage OK Pressure Switch 1 Depress OFF 11558.404 ( 84) 579.758 0845:38.404 

K0159-401 Mainstage OK Pressure Switch 2 Depress OFF 11558.404 ( 84) 579.758 0845:38.404 
~ 103 LOX Tank Flight Pressurization System On CMD 11556.804 578.158 0845:36.804 I ...... 

80 578.366 0845:37.012 N LOX Tank Pressurization SOV Open CMD 11557.012 

27 SIVB Engine Start Off CMD 11557.220 578.574 0845:37.220 

31 Start Tank Recharge Valve Close & Disarm CMD 11557.404 578. 758 0845:37.404 

K0021-404 Engine Start On OFF 11557.219 (9) 578.573 0845:37.219 

K0216-404 Engine Start On Backup OFF 11557.287 (84) 578.641 0845:37.287 

16 Engine Mainstage Enable No 2 Off CMD 11566.604 587.958 0846:46.604 

6 Mixture Ratio Control Valve Close CMD 11648.616 669.970 0847:08.616 ARIA-L 

K0219-404 Mixture Ratio Control Valve Open On OFF 11648.665 (84) 670.019 0847:08.665 

35 Mixture Ratio Control Valve Backup Close CMD 11648.808 670.162 0847:08.808 

G0017-401 Mixture Ratio Control Valve Position Chg 11649.810 (84) 671.164 0847:09.810 

97 Point Level Sensor Arming CMD 11778.997 800.351 0849:18.997 

33 Second Burn Relay Off CMD 11828.606 849.960 0850:08.606 

-
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12 SIVB Engine Cutoff No 1 On (Velocity) CMD 11907.642 928.996 0851:27.642 

48 SIVB Engine Cutoff No 2 On CMD 11907.742 929.096 0851:27.742 

Time Base No 7 (T7) 11907.865 T7 +0.000 IBM 

12 SIVB Engine Cutoff No 1 On (Redundant) CMD 11907.942 0.011 0851:27.942 ARIA-4 

48 SIVB Engine Cutoff No 2 On (Redundant) CMD 11908.034 0.169 0851:28.034 

K0005-401 Mainstage Control Solenoid Energized OFF 11907.644 (9) -0.221 0851:27.644 ARIA-4 

K0006-40l Ignition Phase Contrl Solenoid Energized OFF. 11907.644 -0.221 0851:27.644 

K0007-401 Helium Control Solenoid Energized OFF 11908.636 (9) o. 771 0851:28.636 

K0012-401 Engine Ready Signal ON 11908.679 (84) 0.814 0851:28.679 

K0013-401 Cutoff Signal (Lockin) ON 11907.679 ( 84) -0.186 0851:27.679 

K0013-401 Cutoff Signal (Lockin) OFF 11908.679 ( 84) 0.814 0851:28.679 

K0014-40l Mainstage OK Pressure Switch 1 OFF 11907.913 (84) 0.048 0851:27.913 

K0020-401 ASI LOX Valve Open OFF 11907.746 (84) -0.119 0851:27.746 

-1:' K0117-401 Gas Generator Valve Open OFF 11907.679 ( 84) -0.186 0851:27.679 
I 

" KOllB-401 Main Fuel Valve Open OFF 11907.846 (84) -0.019 0851:27.846 w 

K0120-401 Main Oxidizer Valve Open OFF 11907.763 (84) -0.102 0851:27.763 

K0124-40l Oxidizer Turbine Bypass Valve Open ON 11908.271 (84) o.406 0851:28.271 

K0125-401 Oxidizer Turbine Bypass Valve Closed OFF 11907.938 (84) 0.073 0851:27.938 

K0126-40l Oxidizer Bleed Valve Closed OFF 11923.523 (84) 15.658 0851:43.523 

K0127-401 Fuel Bleed Valve Closed OFF 11923.523 (84) 15.658 0851:43.523 

K0140-404 Engine Cutoff Command On ON 11907.646 (84) -0.219 0851:27.646 

K0157-401 Mainstage OK Pressure Switch 2 OFF 11907.871 (84) 0.006 0851:27.871 

K0158-40l Mainstage OK Pressure Switch 1 Depress ON 11907.871 (84) 0.006 0851:27.871 

K0159-401 Mainstage OK Pressure Switch 2 Depress ON 11907.871 (84) 0.006 0851:27.871 

91 Chilldown Shutoff Valves Close On CMD 11908.217 0.352 0851:28.217 

111 LH2 Tank Contin Vent Orf SOV Open On CMD 11908.317 o.452 0851:28.317 
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K0155-411 LH2 Tank Continuous Vent Orf SOV Closed OFF 11908.633 (84) 0.768 0851:28.633 

107 IJI2 Tank Contin Vent Rlf Ovrd SOV Open On CMD 11908.434 0.569 0851:28 . 434 

K0154-411 IJI2 Tank Relief Override SOV Closed OFF 11908.480 ( 84) 0.615 0851 :28.480 

105 LOX Tank NPV Valve Open On CMD 11908.525 0.660 0851:28.528 

K0198-424 LOX Tank NPV Valve Open ON 11908.721 (84) 0.856 0851:28.721 

K0199-424 LOX Tank NPV Valve Closed OFF 11908.646 ( 84) 0.781 0851:28.646 ARIA-4 

99 LH2 Tank Latching Relief Valve Open On CMD 11908.625 0.160 0851:28.625 

K0210-410 IJI2 Tank Latching Relief Valve Closed OFF 11832.576 ( 84) -75.289 See Note 3 

K0211-410 LH2 Tank Latching Relief Valve Open ON 11908.738 (84) 0.873 0851:28.738 

79 LOX Tank Pressurization SOV Close CMD 11908.825 0.960 0851:28.825 

104 LOX Tank Flight Pressurization System Off CMD 11908.925 1.060 0851:28.925 

K0102-404 LOX Prepress Flight Switch Energized OFF 11912.421 4.556 0851:32.421 

K0108-404 LOX Prepress Flight Switch Deenergized ON 11912.388 (84) 4.523 0851:32.388 
~ 

(84) 1.160 I 33 Second Burn Relay Off CMD 11909.025 0851:29.025 
" ~ 

82 11909.234 Prevalves Close On CMD 1.369 0851:29.234 

K0109-403 LOX Prevalve Open OFF 11909.421 (84) 1.556 0851:29.421 

KOll0-403 LOX Prevalve Closed ON 11909.754 (84) 1.889 0851:29.754 

KOlll-404 LH2 Prevalve Open OFF 11909.421 (84) 1.556 0851:29.421 

K0112-404 IJI2 Prevalve Closed ON 11909.755 (84) 1.890 0851:29.755 

6 Mixture Ratio Control Valve Close CMD 11909.334 1.469 0851:29.334 

35 Mixture Ratio Control Valve Backup Close CMD 11909.517 1.652 0851:29.517 

112 LH2 Tank Contin Vent Orf SOV Off CMD 11910.325 2.460 0851:30.325 

108 LH2 Tank Contin Vent Rlf Ovrd SOV Open Off CMD 11910.425 2.560 0851:30.425 

52 LH2 Tank Latching Relief Valve Latch On CMD 11910.625 2.760 0851:30.625 

100 LH2 Tank Latching Relief Valve Open Off CMD 11911.817 3.952 0851:31.817 

K0211-410 IJI2 Tank Latching Relief Valve Open OFF 11912.154 (84) 4.289 0851:32.154 
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29 Auxiliary Hydraulic Pump Flight Mode Off CMD 11912.025 4.160 0851:32.025 

19 LH2 Tank Latching Relief Valve Latch Off CMD 11913.017 5.152 0851:33.017 

3 LOX Tank Repress Control Valve Open On CMD 11937. 827 29.962 0851:57.827 

4 LOX Tank Repress Control Valve Open Off CMD 11977.829 69.964 0852:37.829 

37 Amb Repress Sys Mode Select Off/Cryo On CMD 11978.021 10.156 0852:38.021 

39 LH2 Tank Repress Control Valve Open On CMD 11978.221 70.356 0852:38.221 

K0217-404 LH2 Repress Valve Open Command ON 11978.283 ( 84) 70.418 0852:38.283 ARIA-4 

K0218-404 LH2 Repress Valve Open Command Backup ON 11978.291 (84) 70.426 0852:38.291 

106 LOX Tank NPV Valve Open Off CMD 12058.525 150.660 0853:58.525 

K0198-424 LOX Tank NPV Valve Open OFF 12058.838 (84) 150.973 0853: 58. 838 

K0199-424 LOX Tank NPV Valve Closed ON 12059.013 ( 84) 151.148 0853:59.013 

84 LH2 Tank Continuous Vent Valve Close On CMD 12058.733 150.868 0853:58.733 

K0154-411 LH2 Tank Relief Override SOV Closed ON 12058.763 (84) 150. 898 0853:58.763 
~ 

K0155-411 12058.921 ( 84) 151.056 I LH2 Tank Continuous Vent Orf SOV Closed ON 0853:58.921 
-.J 
VI 

87 LH2 Tank Continuous Vent Valve Close Off CMD 12060.725 152.860 0854:00.725 

95 LOX Tank Vent/NPV Valves Boost Close On CMD 12061.525 153.660 0854:01.525 

96 LOX Tank Vent/NPV Valves Boost Close Off CMD 12063.525 155.660 0854:03.525 

62 TM Calibrate On CMD 12175.622 267.757 0855:55.622 

63 TM Calibrate Off CMD 12176.614 268.749 0855:56.614 

99 LH2 Tank Latching Relief Valve Open On CMD 12806.830 898.965 0906:26.830 ASC 

K0211-410 LH2 Tank Latching Relief Valve Open ON 12806.918 899.053 0906:26.918 

81 LH2 Tank Repress Control Valve Open Off CMD 12807.428 899.563 0906:27.428 

100 LH2 Tank Latching Relief Valve Open Off CMD 12807.830 899.965 0906:27.830 

K0210-410 LH2 Tank Latching Relief Valve Closed ON 12808.418 900.553 0906:28.418 

K0211-410 LH2 Tank Latching Relief Valve Open OFF 12808.251 900.386 0906:28.251 

K0217-404 LH2 Repress Valve Open Command OFF 12807.468 899.603 0906:27.468 
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K0218-404 LH2 Repress Valve Open Command Backup OFF 12807.476 899.611 0906: 27. 4 76 

77 LH2 Tank Vent/Latch Rlf Vlv Boost Close On CMD 12810.830 902.965 0906:30.830 

78 LH2 Tank Vent/Latch Rlf Vlv Boost Close Off CMD 12812.831 904.966 0906 : 32.831 

28 Auxiliary Hydraulic Pump Flight Mode On CMD 15107.878 3200.013 0944:47.878 

29 Auxiliary Hydraulic Pump Flight Mode Off CMD 15155.879 3248.014 0945:35.879 

99 LH2 Tank Latching Relief Valve Open On CMD 15507.991 3600.126 0951:27.991 ASC 

K0210-410 LH2 Tank Latching Relief Valve Closed OFF See Note 4 

K0211-410 LH2 Tank Latching Relief Valve Open ON See Note 4 

39 LH2 Tank Repress Control Valve Open On CMD 15508.191 3600.326 0951:28.191 

1 Start Tank Vent Control Valve Open On CMD 15508.592 3600.727 0951:28.592 

52 LH2 Tank Latching Relief Valve Latch On CMD 15509.993 3602.128 0951:29.993 

100 LH2 Tank Latching Relief Valve Open Off CMD 15510.993 3603.128 0951:30.993 

K0211-411 LH2 Tank Latching Relief Valve Open OFF See Note 4 .,,. 
19 LH2 Tank Latching Relief Valve Latch Off CMD 15511.994 3604.129 0951:31.994 ' ...., 

(1\ 

2 • Start Tank Vent Control Valve Open Off CMD 15658.492 3750.627 0953:58.492 

99 LH2 Tank Latching Relief Valve Open On CMD 16406. 897 4499.032 1006:26.897 

K0211-410 LH2 Tank Latching Relief Valve Open ON See Note 4 

81 LH2 Tank Repress Control Valve Open Off CMD 16407.097 4499.232 1006:27.097 

100 LH2 Tank Latching Relief Valve Open Off CMD 16407.905 4500.040 1006:27.905 

K0210-410 LH2 Tank Latching Relief Valve Closed ON See Note 4 

K0211-410 LH2 Tank Latching Relief Valve Open OFF See Note 4 

77 LH2 Tank Vent/Latch Rlf Vlv Boost Close On CMD 16410.894 4503.029 1006:30.894 

78 LH2 Tank Vent/Latch Rlf Vlv Boost Close Off CMD 16412.905 4505.040 1006:32.905 

Time Base No 8 (T8) 18179.882 T8 +0.000 IBM 

53 SIVB Engine EDS Cutoff No 2 Disable CMD 18180.155 0.273 1036:00.155 ASC 

24 Engine Pump Purge Control Vlv Enable On CMD 18180.738 o.856 1036:00.738 
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42 SIVB Ullage Engine No 1 On CMD 18181.155 1. 273 1036:01.155 

101 SIVB Ullage Engine No 2 On CMD 18181. 338 1.456 1036 :01. 338 

36 Amb Repr ess Sys Mode Select On/Cryo Off CMD 18184.946 5.064 1036: 04 .946 

K0195-404 Repres suri zation System Ambient Mode ON See Note 4 

43 SIVB Ullage Engine No 1 Off CMD 18261.149 81.267 1037: 21. 149 

102 SIVB Ullage Engine No 2 Off CMD 18261.341 81.459 1037:21.341 ASC 

ill IB2 Tank Cantin Vent Orf SOV Open On CMD 19179.962 1000.080 1052:39.962 MAD 

K0155-4ll IB2 Tank Continuous Vent Orf SOV Closed OFF 19180.092 1000.210 1052:40.092 

112 LH2 Tank Cantin Vent Orf SOV Open Off CMD 19181.962 1002.080 1052:41.962 

28 Auxiliary Hydraulic Pump Flight Mode On CMD 19429.962 1250.080 1056:49.962 

40 Passivation Enable CMD 19449.963 1270.081 1057:09.963 

K0213-404 Passivation Enable Indication ON 19450.018 1270.136 1057:10.018 

~ 
83 Prevalves Close Off CMD 19456.963 1277.081 1057:16.963 

' KOll0-403 LOX Prevalve Closed OFF 19457.776 1277.894 1057:17.776 ...., 
"-J 

K0112-404 LH2 Preval ve Closed OFF 19457.609 1277.727 1057:17.609 

92 Chilldown Shutoff Valves Close Off CMD 19457 .163 1277.281 1057:17.163 

30 Engine Mainstage Control Valve Open On CMD 19459.963 1280.081 1057:19.963 

KOOl2-401 Engine Ready Signal OFF 19460.034 1280.152 1057:20.034 

KOOl3-401 Cutoff Signal (Lockin) ON 19460.034 1280.152 1057:20.034 

109 Engine Heli um Control Valve Open On CMD 19460.163 1280.281 1057:20.163 

K0007-401 Helium Control Solenoid Energized ON See Note 4 

K0126-40l Oxidizer Bleed Valve Closed ON 19460.376 1280.494 1057:20.376 

K0127-401 Fuel Bleed Valve Closed ON 19460.293 1280.411 1057:20.293 

84 IB2 Tank Continuous Vent Val ve Close On CMD 19479.964 1300.082 1057:39.964 

87 IB2 Tank Continuous Vent Valve Close Off CMD 19481.964 1302.082 1057:41.964 

65 Eng M/ S & I gn Phase Cont r l Vlvs Open Of f CMD 19507.982 1328.100 1058:07.982 
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K0012-401 Engine Ready Signal ON 19508.036 1328.154 1058:08.036 

K0013-401 Cutoff Signal (Lockin) OFF 19508.036 1328.154 1058:08.036 

110 Engine Helium Control Valve Open Off CMD 19508.182 1328.300 1058:08.182 

K0007-401 Helium Control Solenoid Energized OFF See Note 4 

K0126-40l Oxidizer Bleed Valve Closed OFF 19520.711 1340.829 1058:20.711 

K0155-411 Lll2 Tank Continuous Vent Orf SOV Closed ON 19480.185 1300.303 1057:40.185 

K0127-401 Fuel Bleed Valve Closed OFF 19522.961 1343.079 1058:22.961 MAD 

105 LOX Tank NPV Valve Open On CMD 19749.965 1570.083 1102:09.965 

K0198-424 LOX Tank NPV Valve Open ON See Note 4 

K0199-424 LOX Tank NPV Valve Closed OFF See Note 4 

44 LOX Tank NPV Valve Latch Open On CMD 19751.981 1572.099 1102:11.981 

106 LOX Tank NPV Valve Open Off CMD 19752.981 1573.099 1102:12.981 

K0198-424 LOX Tank NPV Valve Open OFF See Note 4 
~ 45 LOX Tank NPV Valve Latch Open Off CMD 19753.981 1574.099 1102:13.981 I 
-..J 
CC> 99 LH2 Tank Latching Relief Valve Open On CMD 19754.981 1575.099 1102:14.981 

K0210-410 Lll2 Tank Latching Relief Valve Closed OFF See Note 4 

K0211-410 LH2 Tank Latching Relief Valve Open ON See Note 4 

29 Auxiliary Hydraulic Pump Flight Mode Off CMD 19755.965 1576.083 1102:15.965 

52 LH2 Tank Latching Relief Valve Latch On CMD 19756.965 1577.083 1102:16.965 

100 Lll2 Tank Latching Relief Valve Open Off CMD 19757.965 1578.083 1102:17.965 

K0211-410 Lll2 Tank Latching Relief Valve Open OFF See Note 4 

19 Lll2 Tank Latching Relief Valve Latch Off CMD 19758.965 1579.083 1102:18.965 

39 Lll2 Tank Repress Control Valve Open On CMD 21196.394 3016.512 1126:16.394 

37 Amb Repress Sys Mode Select Off/Cryo On CMD 21211.387 3031.505 1126:31. 387 

109 Engine Helium Control Valve Open On CMD 21216.387 3036.505 1126:36.387 

K0007-401 Helium Control Solenoid Energized ON See Note 4 
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K0126-40l Oxidizer Bleed Valve Closed ON 21216.516 

K0127-401 Fuel Bleed Valve Closed ON 21216.516 

llO Engine Helium Control Valve Open Off CMD 21232.387 

K0007-401 Helium Control Solenoid Energized OFF 

K0126-40l Oxidizer Bleed Valve Closed OFF 21246.851 

K0127-401 Fuel Bleed Valve Closed OFF 21248.184 

41 Passivation Disable CMD 21232.587 

K0213-404 Passivation Enable Indication OFF 21232.658 

K0195-404 Repressurization System Ambient Mode OFF 

25 Engine Pump Purge Control Vlv Enable Off CMD 

81 LH2 Tank Repress Control Valve Open Off CMD 22211.394 

42 SIVB Ullage Engine No 1 On CMD 22199.993 

101 SIVB Ullage Engine No 2 On CMD 22200.193 

43 SIVB Ullage Engine No 1 Off CMD 22297.997 

102 SIVB Ullage Engine No 2 Off CMD 22298.197 

42 SIVB Ullage Engine No 1 On CMD 40500.217 

101 SIVB Ullage Engine No 2 On CMD 40500.417 

43 SIVB Ullage Engine No 1 Off CMD 40602.223 

102 SIVB Ullage Engine No 2 Off CMD 40602.423 

60(IU) Flight Control Computer Power Off A CMD 41521. 406 

61(ru) Flight Control Computer Power Off B CMD 41532. 531 

~hese commands are sent as a special sequence of events initiated by the 

LVDC upon Ground Station acquisition plus 6o.4 seconds. 

3036.634 1126:36.516 

3036.634 1126:36.516 

3052.505 1126:52.387 

See Note 4 

3066.469 1127:06.851 

3068.302 1127:08.184 

3052.705 1126:52.587 

3052.776 1126:52.658 

See Note 4 

See Note 1 

4031.512 1143: 11. 394 MAD 

4020.111 1142:59.993 

4020.311 1143:00.193 

4118.115 1144:37.997 

4118.315 1144:38.197 

22320.335 1648:00.217 

22320.535 1648:oo.417 

22422.341 1649:42.223 

22422.541 1649:42.423 

23341. 524 1 705: 01. 406 

23352.649 1705: 12. 531 



Dl 
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Notes: 

1. TM coverage was not available at the time this connnand was issued. 
System evaluation verified that the connnand was received. 

2. TM coverage was not available at the time this event occurred. 
Event occurrence was verified by review of subsequent tracking 
station data. 

3. The Ll:I2 tank was venting at the time the Latching Relief Valve 
Open ON connnand was issued. 

4. The time for this event is not available; the S-IVB-512 stage 
was beyond ground tracking station range. 
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5 . 0 TEST OPERATIONS 

- The AS-512 space vehicle was launched at 0533 :00:631 GMT from Launch 

Complex 39A on 7 December 1972. The overall performance of the S-IVB-512 

stage was satisfactory during all phases of the countdown. 

ijo significant S-IVB stage or equipment problems occurred during the 

launch countdown, although a cutoff occurred at T-30 seconds due to 

the "S-IVB ready to launch" logic not being satisfied, followed by 

a subsequent recycle to T~22 minutes and a launch delay of 2 hours 40 

minutes. During the recycle, the J-2 control helium pressure redline 

was violated, although there was no hardware damage and the countdown 

was not impacted. MDAC ground support equipment (GSE) sustained no 

significant damage during liftoff. The precountdown and countdown 

activities are reviewed and evaluated in the following paragraphs which 

include discussions of the prelaunch checkouts, purges, propellant and 

pneumatic loadings, and the terminal countdown. Significant events 

occurred at the following times: 

Event Time 

LOX loading initiated 1729 GMT 

LH2 loading initiated 2ll6 GMT 

Liftoff 0533:00.631 GMT 

5 .1 Launch Vehicle Tests 

The ' S-IVB-512 stage was subjected to the launch vehicle tests listed on 

Table 5-1 to determine that switch selector, interfaces, etc., were 

functional for launch. These tests were performed in the Vertical 

Assembly Building (VAB) or on Pad 39A. 

5 .1.1 Countdown Demonstration Test 

The Countdown Demonstration Test (CDDT) was performed to demonstrate 

the time phasing of sequences necessary to prepare the vehicle f or 

launch, to verify that the vehicle and GSE were in a launch status , and 

to demonstrate the ability to safe and drain the launch vehicle. 

5-1 
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The CDDT wet consisted of a full countdown with all propellants on board 

but without flight crew participation. It began on 15 November 1972 and 

was completed without unscheduled holds on 20 November. 

Launch vehicle cryogenic loading was initiated in automatic mode at 1826 

GMT on 20 December 1972. First indication of LOX in the stage occurred at 

1843 GMT. Slow fill was terminated and fast fill was initiated at 1846 GMT 

with 5 percent LOX loaded. Loading was continued in fast fill to 97 percent 

at 1907 GMT and then at slow fill to 99 percent. LOX loading was uninter

rupted and required 25 minutes. 

The LH2 loading was initiated at 2210 GMT. First indication of LH2 in the 

stage occurred at 2211,50. Slow fill was terminated and fast fill was 

initiated at 2217 GMT with 5 percent LH2 aboard. Fast fill was terminated 

at 2242 GMT with 97 percent aboard. LH2 loading was completed at 2245:54 

GMT without incident. LH2 loading was uninterrupted and required 36 minutes 

to complete. 

LH2 drain for the S-IVB stage begain at 0440 GMT on 21 November, and was 

completed at 0549 GMT. LOX drain started at 0559 GMT and was completed at 

0634 GMT. 

After drain, the LOX and LH2 tanks and the Model DSV-4B-438A Heat Exchanger 

were purged and pressurized to blanket pressures with helium. Post-drain 

purges and securing were completed five hours after drain. 

The dry CDDT was conducted on 21 November 1972, with the flight crew 

participating in the terminal sequence. 

5 .1.1.1 Countdown Demonstration Test Problems 

There were no significant S-IVB problems or unplanned holds during the CDDT. 

The following items, however, were of interest: 

a. 

631.1 

Abnormal Behavior of Fuel Turbine Inlet Temperature Measurement, COOl-401 

During the plus count, COOl-401 exhibited several "glitches", starting 
at approximately 180 seconds. The measurement returned to a normal 
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b. 

c. 

631.1 

indication approximately 100 seconds later. A simiiar abnormal 
operation of this measurement was observed on S-IVB-504 during CDDT. 
The measurement later operated in a normal manner during flight. 

COOi-401 is a desirable measurement for flight evaluation, but is not 
considered mandatory for flight operations; therefore the situation 
was dispositioned "acceptable as is". TPR Ml2-079. 

Failure of IB2 Recirc Pump Differential Pressure Measurement, 
D167-334 

At the beginning of LH2 loading, measurement Dl67 stepped from 
0 to -31 psi (off scale low) and remained in that position. Loss 
of D0167, a primary redline (LMR 2-554), has no impact on AS-512 
launch and flight operations. Two alternate redlines (D0002 minus 
D0576, F0005) are available to replace D0167 during launch count
down. D0167 (D0218 after liftoff) is not required for any Flight 
Mission Rules . 

.The transducer was replaced after CDDT. TPR Ml2-070. 

Engine Pump Purge Manifold Pressure Increase 

Post CDDT data review revealed that the engine pump purge pressure 
(D0050-403) increased from ambient to approximately 18 psia during 
terminal count and subsequently decayed to ambient. The pressure 
increase and decrease has been correlated to the engine pump inlet 
pressure increase/decrease associated with recirculation chilldown. 
A D50 pressure increase (from ambient to approximately 16 psia) 
and subsequent decrease to ambient was also noted during power 
transfer test chilldown pump operation. 

The most likely source of the pressure increase is backflow from 
the J-2 engine IB2 pump primary seal. This would require GH2 
leakage past the primary seal and reverse flow through the purge 
system check valve. A similar problem occurred during S-IVB-507 
CDDT; the purge system pressure reached a maximum of 22 psia after 
the LH2 tank was pressurized dµring terminal count. 

No corrective action was required, as was agreed to by Rocketdyne. 
Although GN2 leakage into the purge system manifold could enter 
the LOX pump turbine seal cavity, this cavity is already subjected 
to a possible fuel rich environment (fuel rich turbine exhaust 
products of combustion) due to turbine seal leakage. The check 
valve was replaced on S-IVB-507, although this was done at the 
insistence of NASA/KSC _(not recommended by MDAC or Rocketdyne). 
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d. 

e. 

f. 

g. 

63L. l 

LOX Ambient Repress Sphere Pressure Measurement (D088- 403l Drift 

At T-7:53:00 D088-403 drifted t o a level appr oximately 50 psia greater 
t han the actual pressure. Prior to s i mul at ed liftoff D088-403 returnece 
to a level slightly greater than the backup measurement (D254-403). 
D088-403 is a pri mary redline measurement . During real time trouble
shooting the measurement RACS values were found to be high . The 
transducer was removed and replaced following the test. TPR M12- 69 . 

Cold Heli um Control Valve Inlet Pressure Measur ement (D225- 403 ) Dropout 

The cold hel ium control valve inlet pressure, D225-403, deviated from 
related pressure measurements and dropped out of l ow RACS at 
T-00:19 :55, This parameter first displayed abnormal data followi ng 
the wet CDDT low RACS and continued to display low output. Trouble
shooting verified a transducer failure. This measurement is not a 
launch mission rule redline parameter or flight mission rule cue. 
The pressure measured by this transducer can be determined 
analyt ically by using measurement s Dl05- 403 and Dl61-403 . Therefor e 
t he transducer was not replaced for launch. TPR Ml2-072 , 

LH2 Tank Ambient Repress Sphere Dump Valve Failure to Close 

Following CDDT the LH2 repress spheres are dumped to ambient 
pressure and later pressurized for post CDDT propulsion checks . 
When pressurization was attempted, flow was detected at t he LH2 
repress dump valve. After the control panel switch was cycled 
several times, with no valve closure, the spheres pressurization 
was terminated at a maximum sphere pressure of 100 psia and the 
bottles were allowed to vent to ambient. 

After tappi ng the valve, pressurization of t he spheres was again 
attempted, and the valve was found to be properly closed . The 
dump valve was opened, venting the system to ambi ent, and the 
valve was again commanded closed. Another attempt to pre ssurize 
indicated t he dump valve was open; however, i t closed when sys tem 
pressure reached 40 psia. Subsequent actuation tests of t he valve 
were successful. 

Since the valve is pilot operated and obtains a closing f orce f r om 
system pressure, a test was conducted which showed that pressures 
above 200 psia can be established in the repress spheres by GSE 
helium with the dump valve open. Since the dump valve is now 
closing successfully without system pressure and the valve is not 
operated in flight, it was recommended that the valve be accepted 
for flight. TPR Ml2-074. 

Start Tank Relief Valve 

The start bottle vent and relief valve relieved at a pressure of 
1360 psia and a temperature of 284°R approximately 5 minute s i nto 
the plus count during CDDT. This relief setting is near the upper 
limit of the liftoff box and should present no problem unl ess an 
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extended hold period is called during launch operat ions . .Any 
extended hold of 5 minutes or greater will probably require a 
vent of the start bottle in order to meet the required start 
bottle pressure limits at liftoff. 

The upper limit of the liftoff box is based on the Rocketdyne 
start limits combined with predicted pressure rise during boost. 
(The bottle does not normally reach relief during the minus count) . 
The start bottle normally relieves during the boost phase, however. 
·rf the start bottle pressure was high at liftoff and the valve did 
not relieve during boost, and the boost heatup was unusually high, 
the start limits could conceivably be exceeded. 

Rocketdyne initially considered raising the allowable maximum 
engine start pressure to 1450 psia but later rejected it . .An 
effort was also made to reduce the boost heatup prediction; 
however, that was also not possible. The addition of a note to 
al.low liftoff at a pressure level above the st art box providing 
the valve was relieving was also rejected as undesirable. 

Since the relief valve met all applicable specifications, and in 
view of the low probability of exceeding the liftoff box, it was 
decided that no hardware or software changes were require d . 
Existing procedures will be used to reduce the start bottle 
pressure if required due to an extended hold during the terminal 
count. 

5.2 LAUNCH COUNTDOWN 

Major S-IVB activities started with initiation of engineering walk

around checks . Launch vehicle operations were accomplished smoothly 

and culminated in space vehicle launch at 0533:00.631 GMT . 

5,2.1 Prelaunch Preparations and Purges 

Prelaunch preparations consisted of leak checks, verification of purges 

and valve actuations, and analysis of the helium supply for purity and 

moisture content. 

63L.l 

5,2.2 Loading Operation 

Propellant tank and APS module loading and prepressurization, thrust 

chamber chilldown, and helium and GH2 sphere loading were satifactori ly 

accomplished. 
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5,2.2.1 Propellant Loading 

S-IVB stage LOX and LH2 loadings were uninterrupted and smoothly 

accomplished. Pressures, temperatures, and flowrates at significant 

times are presented in Table 5-2. 

5,2.2.2 APS Loading 

The S-IVB APS module propellant loading was performed in con j unction 

with spacecraft hypergolic loading and was accomplished after t he 

Space Vehicle Flight Readiness Test and before the Countdown Demonst ra

tion test. 

Fuel was loaded on November 8, 1972, '.The time required to fill the fuel 

tanks (from first indication of liquid in the module to full indicati on ) 

was 12 minutes for APS Module 1 and 14 minutes for APS Module 2 . 

Oxidizer was loaded on November 9, 1972, The time required to fill t he 

oxidizer tanks (from first indication of liquid in the module t o f ull 

indication) was 15 minutes for APS Module 1 and 15 minutes, 30 seconds 

for APS Module 2. 

Following loading, and again after off loading, a pressure - volume 

(P-V) check was performed to verify tank capacity. All P-V values were 

well within allowable limits. 

The one hour APS helium sphere mass decay check showed zero ps i leakage 

for Module 1 and 2 psi leakage for Module II. The allowable leakage is 

10 psi/hr. Table 5-3 presents the significant APS loading data. 

5 ,2.2,3 TERMINAL COUNTDOWN 

Final pressurization of all S-IVB stage spheres, both cold and ambient, 

was accomplished without difficulty. Sphere pressurization data are 

presented in Table 5-4. 
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6 31.1 

5 , 2 .2.4 Thermoconditioning and Purge System 

Thermoconditioning and Purge System performance was normal throughout 

prelaunch countdown operations. 

5 , 2 .3 Terminal Countdown 

There were two terminal counts prior to the launch of AS-512. The first 

was terminated in a cutoff at T-30 seconds when the "S-IVB ready-for-launch" 

logic ladder was not completed. This was caused by a failure of the 

Terminal Countdown Sequencer (TCS) to issue the "time-for-LOX-pressurization" 

command. Although the LOX tank was pressurized manually, the required logic 

was not satisfied. After the problem was isolated and bypassed, the count 

recycled to T-22 minutes and picked up, progressing to T-8 minutes. A hold 

was then called to allow sufficient time to determine that the fix to the 

logic problem was adequate. After 1 hour and 13 minutes, the count was 

picked up again and carried through to liftoff at 0533:00.631 GMT. The 

second Terminal Countdown Sequence proceeded properly, without the failure 

recurring. The sequence of terminal countdown events is presented in 

Table 5-5 . 

Systems performance was good throughout the first terminal count, with 

all redlines being satisfied, although, due to the logic failure and 

subsequent recovery action, LOX prepress was approximately 30 seconds 

late. The following detailed discussions cover the second terminal 

count and hold period, through to liftoff. 

5 , 2 . 3.1 Engine Conditioning 

Start bottle chilldown was initiated at T-14 minutes 28 seconds 

(0405 :12.7 GMT) with start tank pressure increasing from 20 to 1190 

psia. The bottle temperature was initially at 350°R, and after the 

initi al spike to 496°R, bottle temperature fell off sharply for about 

2 .5 minutes to 239°R, then increased to 261°R in response to opening 

of circuit #1 vent valve. Although the hold was called at T- 8 minutes, 

chilldown continued to start bottle pressurization at 0414:18 . 9 seconds 

(pominally T-5 minutes 30 seconds). Pressure increased from 1148 to 

1254 psia and continued to increase along with temperature. 
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During the hold, the pressure increased to the relie f leve l of 1350 psi 

and the temperature rose to 332°R at 1515:44 GMT. Due to the relatively 

high temperature at that time, there was some uncertainty as to the 

heat-up rate to be expected following an abbreviated rechill. Therefore, 

an abbreviated rechill was initiated at 0515:44 GMT, approximately 10 

minutes before picking up the count at T-8 minutes, to allow time for 

subsequent rechill and/or venting as required. Pressure during chill

down was 1185 psia and chilldown was continued for 1 minute 49 s econds , 

until the start bottle temperature reached approximately 250°R. At 

pressurization, pressure ramped to 1320 psia with temperature at 260°R. 

Heatup was rapid, and it was necessary to vent the start tank three 

times through the emergency vent in order to insure the pressure remaining 

inside the liftoff box at T-19 seconds. Conditions at that time were 1310 

psia and 302°R. 

Subsequent to start bottle safing after the cutoff, the J-2 control 

helium sphere was vented through the emergency vent six (6) times in 

order to keep pressure below the 3400 psia redline. During start 

bottle chilldown after picking up the count, the normal control bottle 

temp/pressure transient was more pronounced than usual, with the pressure 

reaching a maximum of 3780 psia. This exceeded the transient redline 

value of 3500 psia. The pressure rise rate was 18 psi/min as opposed 

to a normal 7 psi/min. This particular transient r e sponse was a 

result of high helium mass, and low temperature in the control bottle 

(1.79 lbm, and 321°R as opposed to a nominal 1.13 lbm and 480°R) making 

the gas conditions much more responsive to the normal heat of com

pression in the start bottle. Following the transient and venting 

activity, system integrity was verified and the count continue d with 

no impact. Control bottle temperature and pressure at T-19 seconds were 

3060 psia and 304°R. 

Thrust chamber ambient helium purge was initiated 5 minutes prior to 

picking up the count. The purge was terminated at pickup of the count

down and cold helium chilldown was initiated from heat exchanger 

circuits numbers 2 and 3. After the initial warm-up transient, during 

which the thrust chamber temperature reached a maximum of 465°R, the 
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chilldown was accomplished at a rate of approximately 36°~/minute 

and reached a temperature of 285°R at liftoff, This was well below 

the redline maximum. Fuel injection temperature was 295°R at liftoff. 

5,2.3.2 Stage Conditioning 

LOX and LH2 turbopump chilldowns were normal. The stage pneumatic 

control system operation and propellant tank pressurization were also 

normal. Three LOX tank makeup cycles were accomplished between T-147 

seconds and T-118 seconds. Stage conditioning data are presented 

in Table 5-6. 

5.2.4 Redline Limits 

All redlines for launch were satisfied. These limits are presented in 

report K-V-05.10/12, Launch Mission Rules Apollo 17 (SA-512/CSM-114/IM-

12/LRV-3), dated 11 October 1972 with revision; and in the A41 Strip 

Chart Monitoring Brief. 

5,2.5 Countdown Problems 

There were no significant S-IVB problems during the countdown, however, 

there was a cutoff at T-30 seconds with a subsequent recycle and hold 

before liftoff. This incident and other areas of interest are summarized 

below: 

a. The LH2 nozzle purge valve microswitches operated sluggishly and 
erratically throughout the countdown. These talkbacks are not 
required for any IMR's or logic; therefore this problem caused no 
countdown difficulties. TPR Ml2-81. 

b. The hazardous gas detector system showed concentrations of 0,5% 
to 1% GH2 from T-3 hours, 30 minutes to liftoff in the area of 
the Ll:I2 Q/D. TV coverage indicated that if there was a leak, it 
was sufficiently small as to present no problem. TPR Ml2-85. 

c. 

631.1 

A cutoff occurred automatically at T-30 seconds, when S-IVB ready
for-launch was not obtained. The countdown was recycled to T-22 
minutes, and when the start tank was pressurized at T-14 minutes, 
30 seconds the J-2 control helium sphere exceeded its 3500 psi at 
redline. No hardware problems resulted and the countdown was not 
deley-ed any further for technical considerations. A more detailed 
presentation is included in Paragraph 5.2.3 and 5.2.3.1. 
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5.2.6 Atmospheric Conditions 

The atmospheric conditions during the AS-512 launch on 6 December 1972 -

are presented in Table 5-7. 
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TABLE 5-1 

AS-512 LAUNCH VEHICLE TESTS 

Test 

LV Electrical Systems Test 

LV Malfunction OAT 

Service Arm OAT 

LV Propellant Simulated Loading 

SV Overall Test No. 1 Plugs-In 

SV Flight Readiness Test 

S-IVB APS Modules Propellant Loading 

SV Countdown Demonstration Test 
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Completion Date 

7 /12/72 

8/1/72 

8/11/72 

9/13/72 

10/11/72 

10/19/72 

11/8/72 and 11/ 10/72 

11/15/72 t hr u 11/ 21 / 72 



TABLE 5- 2 

S-IVB-512 STAGE PROPELLANT LOADING DATA 

Parameter 

Chilldown initiated (GMT) 

Slow fill 

Levels (percent) 

Initiation t i me (GMT) 

Average swing arm pressure (psia) 

Maximum ullage pressure (psia) 

Fast fill 

Levels (percent) 

Invitation time (GMT) 

Flowrate (gpm) 

Swi ng arm pressure 

Maximum (ps i a 

Stabilized (psia) 

Maximum ullage pressure (psia) 

Final slow fill 

Level at init iation (percent) 

Ini tiation time (GMT) 

Swing arm pressure (psia) 

Ullage pressure (psia) 

Total time required (min:sec) 

N/A - Not available 

5-12 
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LOX 

1729:00 

0 to 5 

1734:00 

32 

25 . 3 

5 to 97 

1749 :08 

1, 000 

45 

40 

N/A 

97 

1808:45 

22 

N/A 

23 :14 

LH2 

2115 :55 

0 to 5 

2116 :12 

18 

18. 9 

5 to 95 

2123 :29 

3 , 000 

34 . 4 

31.8 

16 .6 

95 

2147:18 

19 

N/A 

36:16 



TABLE 5- 3 

AS-512 APS LOADING DATA 

Item Volume (in. 3 ) Temperature (OR) Mass (lbm) 

Module l 

Oxidizer System 

Loaded 4,102 542 --

Offloaded 150 540.5 --

Final mass 3,952 -- 204.4 

Fuel System 

Loaded 4,102 542 --

Offloaded 80 540.5 --

Final mass 4,022 -- 126.4 

Module 2 

Oxidizer System 

Loaded 4,102 543 --

Offloaded 150 541.5 --

Final mass 3,952 -- 204 . 2 

Fuel System 

Loaded 4,102 542 --

Offloaded 80 540 --

Final mass 4,022 -- 126 . 5 
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VI 
I 
I-' 
.i:--

TABLE 5- 4 

S- DTB- 512 SPHERE PRESSURIZATION DATA 

Final Pressurization Liftoff Conditions 

Volume Initial Final 

(ft3 ) 
Initiation Required Pressure Pressure Pressure Temperature 

Sphere Time Time (ps ia) (ps i a) (psia) (OR) 

Ambient Helium 

LOX tank 
repressurization 9.0 T -7 hr , 30 min 7 min 1,490 3 ,059 3,005 490 

LH2 tank 
repressurization 22 . 5 T -7 hr , 30 min 7 min 1,511 3,072 3 ,020 490 

Pneumatic control 4.5 T -7 hr, 30 min 7 min 1,509 3,066 2 ,988 529 

Engine Control 0.578 T -7 hr, 30 min 7 min 1,479 3,036 3,060 304 

*Engine GH2 start 4.224 Approx 1,147 1,254 1,310 302 
4 sec 

Cold Helium 31.5 70% LH2 14 min 1,550 3,020 3 , 067 38. 2 

APS Helium 

Module 1 0 , 535 T -7 hr , 30 min 3-1/2 min 71 3 ,071 3 ,075 548 

Module 2 0 , 535 T -7 hr , 30 min 3-1/2 min 66 3 ,076 3 , 057 545 

NOTE : The engine start sphere was pressuri zed three times . Information presented is for the 
se cond pressurizat ion, after the hold at T-8 minutes. 

6 L.2 

Mas s 
( lbm ) 

18.5 

46 .6 

8.62 

1.85 

3. 21 

38 .7 

1.02 

1.02 



Ti me From 
Liftoff 

(sec) 

- 5719.0 

- 5277.3 

- 4949.0 

- 4721.0 

- 4691.5 

- 1035.8 

- 927.0 

- 765.6 

- 532.6 

- 480.0 

- 474.8 

- 296.8 

- 288.2 

- 281.0 

- 281.0 

- 185.2 

- 184.8 

- 166.6 

- 166.6 

- 151.7 

- 96.4 

- 96.4 

- 85.2 

- 39.6 

- 8.8 

- 0 

631.2 

TABLE 5-5 

AS-512 TERMINAL COUNTDOWN SEQUENCE 

Event 

Start second terminal count (T-22 minutes). 

Engine start sphere chilldown initiated (2nd terminal count, 
T-14 min 30 sec's). 

Planned option 2 hold initiated at T-8 minutes. 

Engine start sphere chilldown terminated and pressurization 
initiated (start sphere chilldown continues thru pressurization 
during an option 2 hold). 

Engine start sphere supply valve closed. 

Engine start sphere rechill initiated. 

Engine start sphere rechill terminated and pressurization 
initiated. 

Engine thrust chamber purge initiated. 

Engine thrust chamber purge terminated. 

2nd countdown resumed (T-8 minutes). 

Engine thrust chamber chilldown 

Lll:2 chilldown initiated. 

LOX chilldown initiated. 

Lll:2 prevalve closed. 

LOX prevalve closed. 

LOX fill and drain valve closed. 

Lll:2 fill and drain valve closed. 

LOX tank vent closed. 

initiated . 

LOX tank prepressurization initiated. 

LOX tank prepressurization terminated. 

Lll:2 tank vent closed. 

Lll:2 tank prepressurization terminated. 

Lll:2 tank prepressurization terminated. 

LH2 directional vent to flight position. 

Engine thrust chamber chilldown terminated. 

Commit and liftoff (0533:00.631 GMT) 
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TABLE 5-6 

A'IMOSPHERIC CONDITIONS DURING AS-512 LAUNCH COUNTDOWN 

Ambient Ambient Wind Wind 
Time Pressure Temperature Dew Point Direction Velocity 
(GMT) (in. Hg) (OF) (OF) (deg from N) (knots ) 

1700 30.12 70 70 220 14 

1800 30.08 68 68 220 14 

1900 30.08 68 68 200 8 

2000 30.08 70 70 180 8 

2100 30.08 69 69 180 7 

2200 30.10 70 70 180 6 

2300 30.11 70 70 180 4 

2400 30.13 70 70 180 8 

0100 30.13 70 70 180 4 

0200 30.14 69 69 240 6 

0300 30.14 69 69 280 7 

0400 30.15 69 69 300 8 

0500 30.15 68 68 320 9 

0533 30.15 67 67 360 11 
(Liftoff) 
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6. TRAJECTORY 

This section presents a discussion of the AS-512 trajectory. Comparisons are 

made between the actual observed trajectory and the predicted trajectory. The 

results of a simulation of the actual S-IVB powered flight trajectory are presented. 

Also presented is a discussion of the translunar coast phase of the AS-512 mission. 

6 .1 COMPARISON BETWEEN ACTUAL AND PREDICTED TRAJEC.'TORIES 

Liftoff of the AS-512 vehicle occurred at 12:33:00.631 a.m. EST on December 7, 1972 

at a fli ght azimuth of 91.503 degrees. The 2 hour 40 minute delay from the planned 

launch time of 9:53 p.m. EST was caused by a failure of the Terminal Countdown 

Sequencer to command pressurization of the S-IVB LOX tank. The actual trajectory 

vas close to nominal. The burntime of the S-IC stage was O. 5 seconds less than ·, 

predicted, and the burntime of the S-II stage was 0.1 seconds shorter than predicted. 

Trajectory conditions at S-IC/S-II separation are presented in Table 6-1. At 

S-II/S-IVB separation the trajectory can be characterized as high, fast, and long. 

'This can be seen in Table 6-2. The higher than predicted velocity at S~II/S-IVB 

5•:j,aration was the primary cause of the 3. 3 second shorter than predicted burntime 

J of the S-IVB st age first burn. Trajecto?J· conditions at parking orbit insertion 

are presented in Table 6-3. Figure 6-1 compares the actual anct. predicted values of 

altitude, inertial velocity, axial acceleration, and inertial fliefrt path elevation 

angle for the boost to earth parking orbit phase of the AS-5!2 nission. Also 

p~esented in Figure 6-1 is a comparison between actual and predicted dynamic 

pressure for the S-IC flight phase. 

Trajectory conditions at the ini tiation of the S-IVB restart preparations (Time 

B~se 6) are presented in Table 6-4. S-IVB restart was accomplished over the 

Atlantic Ocean during the third revolution in earth parking orbit (first restart 

opportunity). The actual time of restart vas 1.5 seconds earlier than predicted 

in order to obtain the desired translunar trajectory. This deviation is within 

normal tolerances. Trajectory conditions at translunar injection are presented 

in Table 6-5. Figure 6-2 compares the actual a.~d predicted values of altitude, 

inertial velocity, axial acceleration, and inertial flight path elevation angle 

for the S-IVB. second burn phase of the mission. 

6-l 



6.2 POWERED FLIGHT SIMULATED TRAJ ECTORY EVALUATION 

Using a five-degrees-of-freedom trajectory simulation program, propulsion system -

parameter histories were adjusted so that an S-IVB trajectory could be generated 

to closely match the observed trajectory. The simulation program employed for 

f irst and second burns uses a differential correction technique which determi nes 

t he necessary adjustments to thrust and weight flow from the engine analysis and 

pitch and yaw engine thrust misalignment angles from the control system analysis 

t o match the observed trajectory. These adjustments were determined by minimi zing, 

i n a least squares sense, the differences in earth-fixed ve l ocity azimuth angle, 

altitude, earth-fixed velocity, and longitudinal acceleration between the observed 

and simulated trajectories. 

The average and maximum deviations between the actual and simulated trajectories 

are presented below: 

FIRST BURN 

Pa.r runeter 

Earth- Fixed Velocity 
Azi ~uth Angle (deg) 

Alt i tude (:ft) 

Eart h-Fixed Velocity (ft/sec) 

Longitudinal Acceleration (ft/sec2) 

Avera~e Devi ation 

0.0038 

9 

0.27 

0.031 

SECOND BURN 

Earth-Fixed Velocity 0.0125 
A:dmuth Angle (deg) 

Alt i tude (ft) 135 

Earth-Fixed Velocity (:ft/sec) 0.92 

Longitudinal Acceleration (ft/sec2) 0.046 

Maxi mum Deviat i on 

0.0067 

~3 
·0.62 

0.088 

0.0227 

324 

1.72 

0.198 

The maximum and average deviations are small indicating compatibility between 

the shapes of the propulsion parameter histories determined by engine analysis 

and the observed trajectory. However, to obtain a match of the observed traj ectory, 
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thrust dur ing t he f i rst burn was required to be 0.09 percent hieher than 

dete rmi ned by engine analysis. During second burn the simulated actual thrust 

and weight flow were increased by 0.03 percent and 0.07 percent, respectively, 

over engine analysis values. Engine analysis specific impulse was correspondingly 

increased by 0.09 percent during first burn and decreased by 0.04 percent during 

second burn. The average values for these parameters are compared to their predicted 

values below: 

Para.meter 

Thrust (lbf) 

Weight Flow (lbm/sec) 

Specific Impulse {sec) 

FIRST BURN 

Predicted* 
Average Value 

208,239 

486.61 
427.97 

Simulated* 
Average Value 

207,283 

484.42 
427.90 

SECOND BURN 

Before Mi xture Ratio Shift (MRS) 

Thrust ( lbf) 

Weight Flow (lbm/sec) 

Specific Impulse (sec) 

After MRS 

Thrust (lbf) 

Wei ght Flow (lbm/sec) 

Specific Impulse {sec) 

180,408 

419.27 

430.32 

207,705 

485.42 

427.89 

H3o ,450 

419.39 

430.27 

206,481 
483.14 
427.38 

Percent Deviation 
From Predicted 

-o.46 
-0.45 

-0.02 

+0.02 

_ +0.03 

-o_.01 

-0.59 

-0.47 

-0.12 

*Averages are for mainstage performance; ESC + 5.5 seconds for first burn and 

ESC + 10.5 seconds for second burn. 

Pitch and yaw thrust misalignment angles found by the trajectory simulation are 

compared with the results of the control system analysis below. 
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Parameter · 

Pitch Thrust Misalignment ( deg) 

Yav Thrust Misalignment (deg) 

Pitch Thrust Misalignment (deg) 

Yaw Thrust Misalignment ( deg) 

FIRST BURN 

Control System Analysis 

+0.37 

-0.18 

SECOND BURN 

+o .. 46 

-0.22 

Trajectory Sir.1ulation 

+0.17 

-0.10 

+0.21. 

-0.23 

A positive thrust vector misalignment in the pitch plane causes a nose-above

commanded attitude; a positive misalignment in the yaw plane causes a nose-left

of-commanded attitude, looking downrange. 

':'h~ !·esult::; of the trajectory simulation can be applied to explain the deviation 

fron predicted in first and second burn durations. Table 6-6 itemizes the 

contributions of the various performance parameter deviations to the observed -

deviation in burntimes. The total of these contributions is in close agreement 

~ith the difference observed for each S-IVB burn. 

6-4 



6. 3 LUNAR IMPACT 

Foll owing S-IVB second cutoff a near no~inal timeline for a 91.5 degree flig~t 

azimuth was followed through CSM separation, LM extraction, and evasive burn. 

A safe distance between the CSM/LM and the S-IVB was achieved. The nominal and 

actual translunar coast impulsive events are shown in Table 6-7. Table 6-8 shows 

the effective attitudes for various events. 

The 48 second LOX dump was at the nominal attitude and yielded a near nominal 

impulse. Fellowing the LOX dump, a real time analysis was performed to determine 

the APS-1 attitude and duration necessarf for a target impact. The APS-1 ullage 

burn was performed at an optimum attitude at 6 hours 10 minutes GET and vas 98 

seconds in duration. 

After the APS-1 burn, tracking was initiated to determine the S-IVB lunar impact 
\, 

location. During the period between APS-1 and APS-2 a small trajectory pertur-

bation was noted. A postflight analysis of APS pitch firings indicates that this 

perturbation could possibly be a result of the Instrur:ient Units' GN2 platforr.i vent. 

The pre-APS-2 impact point estimated from tracking was 15.29 degrees east longitude, 

9.64 degrees south latitude. A 102 second APS-2 burn vas initiated at 1.1 hours 

15 minutes GET o.nd was near nominal. 

~ne passive thermal control maneuver (three-axis tumble) was performed at 11 hours 

32 minutes GET. After this maneuver, trackinc indicates that a small trajectory 
-

perturbation continued out to the approximate time of I.U. p1atform G!12 depletion. 

This may account for the target miss of approximately 84 nautical miles to the 

northwest. 

A translunar trajectory reconstruction showing lunar impact point movement is 

shewn in Figure 6-3. This reconstruction is based on a computer simulation 

using nominal preflight TB7 CVS, CSM separation and LM extraction 6 V's at the 

actual flight times applied to the trru1slunar injection conditions given in the 

final O.M.P.T. Beginning with the evasive burn, the actual impulses and effective 

attitudes were utilized. Also an idealized I.U. GN 2 platform vent impulse was 

included between the APS-1 and APS-2 burns. No attempt was made to model the post 

APS-2 perturbations or to determine why the reconstructed post APS-1 point does 

not more closely approximate the real time tracking estimate of 15.29 degrees East9 

9,64 degrees South. This tracking vector has a.~ undetermined uncertainty associated 

with it such that ve may have actually been closer to tl:e reconstructed point and then 

drifted away due to the post APS-2 perturbations. 
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.___, 
TABLE 6-1 -

TRAJECTORY CONDITIONS AT S-IC/S-II SEPARATION 

Parameter Unit Predicted Actual Deviation* 

Time From Range Zero sec 163.45 162.90 -0.55 

Altitude ft 224,508 223,452 -1,056 

Surface Range runi 51.5 . 51.1 -o.4 

Crossrange Position ft 2,012 1,090 -922 

Inertial Velocity ft/sec 9,027.1 9,036.1 9.0 

Inertial Flight Path deg 20.196 20.151 -0.045 
Elevation Angle 

Inertial Flight Path deg 91.915 91.741 -0.174 
Azimuth Angle 

Longitude deg E -19.629 -19.637 -0.008 

Geodetic Latitude deg N 28.577 28. 580 0.003 

*Deviation = Actual-Predicted -
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'-- TABLE 6-2 

TRAJECTORY CONDITIONS AT S-II/S-IVB SEPARATION 

Parameter Unit Predicted Actual Deviation* 

Time From Range Zero sec 561.22 560.60 -0.62 

Altitude ft 564,771 566,261 1,490 
Surface Range nmi 897.3 898.3 1.0 

Crossrange Position ft 111, ,308 114,708. 400 

Inertial Velocity ft/sec 22,862.6 22,942.1 79.5 
Inertial Flight Path deg 0.237 0.244 0.007 
Elevation Angle 

Inertial Flight Path deg 100.376 100.424 0.048 
Azimuth Angle 

Longitude deg E -63.849 -63.832 0.017 

Geodetic Latitude deg N 26.869 26.866 -0.003 

*Deviation= Actual-Predicted 
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TABLE 6-3 -TRAJECTORY CONDITIONS AT PARKING ORBIT INSERTION 

Parameter Unit Predicted Actual Deviation* 

Time From Range Zero sec 716.52 712.66 -3.86 
Altitude ft 558,643 559,347 704 
Inertial Velocity ft/sec 25,604.6 25,603.9 -0.7 
Inertial Flight Path deg -0.001 0.003 0.004 
Elevation Angle 

Inertial Flight Path deg 105.081 105.021 ~0.060 
Azimuth Angle 

Longitude deg E -53.634 -53-810 -0.176 
Geodetic Latitude deg N 24.643 24.680 0.037 
Apogee Altitude** nmi 90.3 90.3 o.o 
Perigee Altitude** runi 89.9 89.9 o.o 
Eccentricity 0.0001 0.0001 0.0000 

Inclination deg 28.524 28.526 0.002 

Period min 87.83 87.83 c.oo 
Descending Node deg 87.020 86.974 - -0.046 

c3 
2 m /sec 2 -60,901,783 -60,901,461 322 

*Deviation= Actual-Predicted 

**Referenced to the Fischer earth model equatorial radius of 3,443.94 nmi 
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--- TABLE 6-4 

TRAJECTORY CONDITIONS AT INITIATION OF S-IVB RESTART PREPARATIOUS 

Parameter Unit Predicted Actual Deviation* 

Time From Range Zero sec 10,980.12 10,978.60 -1.52 

Altitude ft 591,862 595,435 3,573 
Inertial Velocity ft/sec 25,585.8 25,581.8 -4.o 

Inertial Flight Path deg 0.001 0.008 0.007 
Elevation Angle 

Inertial Flight Pat'b deg 96.443 96.446 0.003 
Azimuth Angle 

Longitude deg E -116.870 -116.901 -0.031 

Geodetic Latitude deg N 27.994 27.995 0.001 

Apogee Altitude•* nmi 94.9 95.6 0.7 
Perigee Altitude** nmi 94.6 94.l -0.5 
Eccentricity 0.0000 0.0002 0,0002 

Ir..clination deg 28.517 28.518 0.001 

- Period min 88.00 88.00 o.oo 
,._, 

86.087 86.044 -0.043 Descending Node deg 

C3 
2 2 m /sec -60,821,517 -60,819,957 1,560 

*Deviation= Actual-Predicted 

**Referenced to the Fischer earth model equatorial radius of 3,443.94 runi. 
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TABLE 6-5 -
TRAJECTORY CONDITIONS AT TRANSLUNAR INJECTION 

Parameter Unit Predicted Actual Deviation* 

Time From Range Zero sec 11,915.18 11,917.65 2.47 
Altitude ft 1,013,081 1,028,446 15,365 
Inertial Velocity- ft/sec 35,567.5 35,554.6 -12.9 
Inertial Flight Path deg 7.247 7.384 0.137 
Elevation Angle 

Inertial Flight Path deg 118.043 118.116 0.073 
Azimuth Angle 

Longitude deg E -53-313 -53-114 0.199 
Geodetic Latitude deg N 4.870 4.722 -0.148 

Eccentricity- 0.9720 0.9720 0.0000 

Inclination deg 28.424 28.474 0~050 
Descending Node deg 86.144 86.057 -0.087 

2 2 -1,694,341 -1,696,094 -1,753 C3 I'll /sec -
*Deviation= Actual-Predicted 



TABLE 6-6 

S-IVB-512 BURNTIME JUSTIFICATION 

Contributors to 
Burntime Deviations 

Lower Stage Performance 

Ini tial S-IVB Weight 

First Burn Thrust 

First Burn Flowrate 

Earth Parking Orbit Venting 

Second Burn Thrust 

Before .Mixture Ratio Shift (MRS) 

After MRS 

Second Burn Flovrate 

Before MRS 

After MRS 

'.i'otal Explained 

Actual Deviation 

First Burntime 
Deviation (sec) 
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-4.o 
+0.2 

+o.6 
+O.l 

Second Burntime 
Deviation (sec) 

+2.1 

o.o 
-0.J 
+0.3 

+O.l 

o.o 
+l.l 

o.o 
+0.3 

+3.6 

. - +4. O 
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TABLE 6-7 

AS-512 TRANSLUNAR COAST H1PULSIVE EVEUTS 

PREDICTED VELOCITY ACTUAL VELOCIT1 
EVENT *PREDICTED TIME {SEC) (1) *~-!ONITORED TIME {SEC) CHANGE (FPS) ( 1) CHANGE (FPS) 

.•. --- - --- ··--·-- ·- - - - -····---------.. --------

TB 7 CVS 

I S-IVB/CSM Separation 

I L.~ Extraction 

APS Evasive Burn 

I TB 8 CVS 
I 
I 

LOX Dump 

°' 1 APS-1 Impact Burn 
~I "' j APS-2 !mpac t Burn 

11,905.64 to 12,056.04 

13,405.14 

16,705.14 

18,181.20 to 18,261.20 

19,180.00 to 19,480.00 

19,460.20 to 19,508.20 

22,200.00 to 22,404.oo 

Start at 36,000** 

*Time referenced to Range Zero 

**If ;equired 

11,908,31 to 12,058.72 

13,347.6 

17,102,3 

18,181.05 to 18,261.04 

19,179.83 to 19,479.84 

19,460.04 to 19,508.06 

22,199.83 to 22,297.83 

40,499.84 to 40,601.84 

Note: (1) These are the nominal predicted values for 'a 91.5 degree flight azimuth. 

1.07 1.07 

0.33 0.33 

o.66 o.66 

9,75 9.52 

1.4 1.61 

28.95 29.85 

29,30 13.37 

0 14.2 
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TABLE 6-8 

COMPARISON OF VEHICLE ATTITUDES DURING TRANSLUNAR COAST 

Nominal-Preflight for Actual Commanded for 
91. 5° Azimuth (Deg) 91. 5° Azimuth (Deg) 

Pitch Yaw Pitch Yaw 

Evasive Burn 177 -40 175 -40 

TB 8 CVS • 190 -19 190 -19 

LOX Dump 190 -19 190 -19 

APS-1 Impact Burn 187 -16 248 -23 

APS-2 Impact Burn --- --- 121 -11 

NOTE: (1) Attitudes are referenceJ to the instantaneous local system. 
I 

Effective 
(Deg) 

Pitch Yaw 

178.2 -41.6 

187.6 -20.1 

192.3 -20.6 

250.0 -25.4 

N/A N/A 

( -

(2) The effective attitude differs from the actual commanded because the ~Vis not along the 
longitudinal vehicle axis .. This occurs because the e.g. is not on the longitudinal axis 
and also the APS modules produce unsymetrical thrust levels. 
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- 7.0 MASS CHARACTERISTICS 

The AS-512 third flight stage (S-IVB-512, I U, and payload) mass summary 

presented in Table 7-1 contains "best estimate" values. 

Best Estimate Ignition and Cutoff Masses 

The best estimate method is a three dimensional statistical analysis of 

data from various mass measurement systems. This method develops a 

joint probability density function for both burns from which the most 

probable ignition and cutoff masses and their associated accuracies are 

determined. 

Five analysis techniques were used to compute the best estimate for 

first and second burns. 

1) Flow Integral propellant consumption 

2) Volumetric PU ignition and cutoff masses 

3) PU indicated (corrected) ignition and cutoff -masses 

4) Trajectory reconstruction 

5) Point level sensor 

A brief description of the various measurement systems is presented in 

Section 14. 

Figures 7-1 and 7-2 are graphical presentations of the best estimate 

analysis for first and second burn respectively. 

For first burn, the best estimate ignition mass is 377,480 ± 651 lbm and 

the cutoff mass is 310,761 ± 604 lbm. For second burn, the best estimate 

ignition mass is 308,122 ± 615 lbm and the cutoff mass is 144,908 

:!: 368 lbm. 
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--··· --- AMS- -ME•"RcPRess· • 56 56 56 56 ~· ., 1 " ,, 
APS P~OP&LL.ANT 504 503 ,01 453 ,,3 ~,2 35~ 29:J 
(iH2 ~TART TANK ' 5 1 1 1 1 1 1 
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8.0 ENGINE SYSTEMS 

The main propulsion system of the S-IVB stage utilizes one Rocketdyne 

J-2 engine, which is shown schematically in Figure 8-1. The engine on 

S-IVB-512 was serial number J-2137 and rated at 230,000 lbf thrust in a 

vacuum at a propellant (LOX/LH2) mixture ratio of 5.5. 

Flight performance predictions for this stage were based on steady state 

and variable tag values developed from engine and previous flight data 

which are combined with stage interface predictions. The tag values are 

shown in Figures 8-2 and 8-3, The following constants are applicable to 

this engine: 

Parameter 

LOX flowmeter (~ closed MRCV setting) 

LOX Flowmeter (at open MRCV setting) 

LH2 flowmeter 

LOX bootstrap orifice diameter 

LH2 bootstrap orifice diameter 

Oxidizer turbine bypass nozzle diameter 

5,4270 cycles/gal 

5,4070 cycles/gal 

1.9137 cycles/gal 

0,271 in. 

o.472 in. 

1.44 in. 

The engine was equipped with a 1.0-second start tank discharge valve 

(STDV) timer in the engine control circuit; however, actuations of the 

STDV, which determines the fuel lead duration, was controlled from the 

stage through the fuel injection temperature bypass circuit. 

8.1 MODIFICATIONS 

The engine used in this flight was of the uprated baseline configuration 

established in J-2 engine production at engine serial number J-2060. 

Several modifications and changes were accomplished by approved ECP's 

and other established change control methods. Significant component 

changes are listed in the Flight Readiness Review (FRR). The changes 

included in the FRR were reviewed for performance effects. The effects 

of the following changes were included in flight performance predictions: 

A. 

631.4a 

Incorporation of Mixture Ratio Control Valve (MRCV) per 
ECP 689Rl. 
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B. Modification of the LOX dome/GG purge system per ECP 
J2-717, 

8.2 SEQUENCE OF EVENTS 

First and second FSC occurred at R +560.734 and 11,548.647 seconds, 
0 

respectively. The total burn time for first and second burn was 141 ,923 

and 358.997 seconds from ESC respectively. The engine start and cutoff 

sequences were satisfactory in providing smooth transient operation and 

were compatible with engine logic. The opening and closing times for 

the valves were obtained from potentiometer and event readings. There 

were no major deviations from specifications (ambient dry environment) 

of any engine events during the two burns. The J-2 engine blee d valves 

normally open within seven seconds of engine cutoff command based on 

previous flight experience. However, the engine helium control package 

was modified for 512 flight to allow the purge control valve t o open and 

close at a higher pressure. This modification resulted in a reduction 

in the accumulator pressure decay rate following engine cutoff. Consequ

ently, the bleed valve opening time from engine cutoff command was 

delayed from approximately 7 seconds to approximately 15 seconds. There -

were other minor deviations which are ascribed to data sampling rate errors 

or to the presence of cryogenic liquids in the valves. 

Significant engine events during the start transients are shown in 

Figures 8-4 and 8-5, Table 8-1 lists the engine events for each burn. 

8.3 ENGINE CHILLDOWN AND CONDITIONING 

8.3.1 Turbopump Chilldown 

Chilldown, in conjunction with fuel lead, adequately conditioned the LOX 

and LH2 turbopumps for a proper engine start for both first and second 

burns. Figure 8-6 shows the condition of the LOX pump. A discussion of 

the LOX and LH2 chilldown system performance is presented in Paragraphs 

9-3 and 10-3. 
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8.3.2 Thrust Chamber Chilldown 

8 .3.2.1 Ground Conditioning and Boost 

The 8-minute thrust chamber chilldown was initiated at T0 -474.8 and 

terminated at T0 -8.8 seconds. Thrust chamber skin temperature was 

285°R which was well below the redline limit of 330°R at liftoff. Thrust 

chamber ground conditioning and boost performance data are presented in 

Figure 8-7. 

8.3 .2.2 Inflight Conditioning 

Inflight conditioning of the thrust chamber was accomplished by the fuel 

lead which allowed hydrogen to flow through the thrust chamber jacket 

prior to mainstage operation. 

Fuel lead times were 2.991 and 7.958 seconds, respectively, for the first 

and second burns. The conditions and characteristics of these fuel leads 

are summarized in Table 8-2. Flight data are presented in Figures 8-8 

and 8-9. Both fuel lead operations (first and second burns) were satis

factory. Engine performance during the fuel lead periods is discussed 

in Paragraphs 8.6 . 2 and 8.6.3. 

8 .3.3 Engine Start Sphere Chilldown and Loading 

Start bottle chilldown during the second terminal count was initiated at 

T-14 minutes 28 seconds (R -5,267 seconds). Although a hold was called 
0 

at T-8 minutes, chilldown continued to start bottle pressurization (nom-

inally T-5 minutes 30 seconds). During the hold , the start tanks pressure 

increased to the relief level of 1350 psia and the temperature increased 

to 332°R at R -1,036 seconds. Due to the relatively high temperature, 
0 

there was uncertainty in the heat-up rate to be expected following an 

abbreviated rechill. Therefore, an abbreviated rechill was initiated at 

R -1,036 seconds, approximately ten minutes before resumption of the 
0 

count at T-8 minutes. This allowed time for subsequent rechill and/or 

venting as required. Pressure during rechill was 1185 psia. Rechill was 

continued for one minute 49 seconds until the start bottle temperature 

reached approximately 250°R. During pressurization, the pressure increased 

to 1320 psia with a temperature of 260°R. Subsequent heat-up was rapid, 
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necessitating three start tanks vent cycles (via the emergency vent) in 

order to maintain the pressure inside the liftoff box at T- 19 seconds . 

The start sphere conditions were within the limits at liftoff and are -

presented in Figure 8-10. Start sphere conditions for pre-liftoff and 

boost are shown in Figure 8-11 and Table 8-3. 

The J-2 engine start bottle vent/relief valve relieved near t he upper l imit 

of the liftoff box (1360 psia) during the countdown demonstration test. 

The relief pressure was 1350 psia when the sphere was initially pressurized 

on launch day, but the relief pressure decreased during the extended holds 

on launch day. The relief pressure was 1320 psia during boost. The decrease 

in relief pressure was the result of system warm up during the extended holds 

on launch day. 

8.4 START SYSTEM PERFORMANCE 

8 .4.1 First Burn 

The J-2 engine start system performed as predicted during the first burn 

(Figure 8-12). The refill and topping conditions are shown in Table 8- 4 

and Figures 8-12 and 8-13. Topping was initiated and completed satis

factorily. After topping completion, heat input from the sys tem environ

ment caused a normal temperature and pressure increase as shown in 

Figures 8-12 and 8-13. 

8.4.2 Earth Orbit 

The start sphere pressure at ECC1 was 1175 psia. During Earth orbit, the 

pressure rise rate was approximately 1.8 psi/min. The start sphere pres

sure increased to 1200 psia and was within the required restart envelope 

at ECC1 +5.0 minutes. Relief pressure of 1325 psia was reached at 

approximately ECC1 +82 minutes. An extimated 0.39 lbm of GH2 was vented 

during Earth orbit. 

8.4.3 Second Burn and Safing 

The start system performed as expected for second burn (Figure 8-14 ). 

The start sphere conditions are shown in Table 8-3. Refill and topping 

data are shown in Table 8-4 and Figures 8-12 and 8-13. The pressure in 

the start sphere at second engine cutoff was 1 ,190 psia. The start sphere 

passivation was initiated at R0 +15,509 seconds, and the pressure decayed 

to approximately 10 psia as shown in Figure 8-15 . This pr essure is well 

below the requirement of 600 psia at a sphere temperature of 530°R . 
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8.5 ENGINE PNEUMATIC SYSTEM PERFORMANCE 

The J-2 engine control helium sphere was connected to six of the ambient 

helium repressurization spheres. Thus during flight, the ambient repres

surization spheres replenished the control sphere. Pertinent data is 

compared to previous flights in Table 8-5. 

8.5.1 Preliftoff and Boost 

During start bottle chilldown at R -5,267 seconds (during second terminal 
0 

count), the normal control bottle temperature/pressure transient rise 

rates were more rapid than usual, with the pressure reaching a maximum of 

3780 psia. The emergency vent valve was opened to reduce the pressure 

below the transient redline value of 3500 psia. The pressure transient 

rise rate was 18 psi/min as opposed to a normal 7 psi/min. This particu

larly rapid transient was the result of high helium mass, and low temper

ature in the control bottle (1.75 lbm, and 329°R as opposed to a nominal 

1.13 lbm and 480°R) providing gas conditions much more responsive to the 

normal heat of compression in the start tank. During the countdown hold, 

prior to resumption of the count at T-8 minutes, additional control 

helium sphere venting through the emergency vent valve was required to 

maintain pressure below the 3400 psia redline. System integrity was 

verified after each venting. Control bottle temperature and pressure 

at T-19 seconds were 304°R and 3070 psia, respectively . Pertinent 

data are shown in Figure 8-16. 

8 .5.2 First Burn 

Figure 8-17 show the control sphere pressure and temperature data during 

loading and first burn. The usage was nominal. Control sphere pressure 

during the burn was within the predicted bands. 

Helium usage was calculated from the ambient and control sphere pressures 

and temperatures. The fuel lead time for the first burn engine start was 

2,991 seconds, but the programmed ignition phase control timer (0.450 

.!_0. 03) extended the period of high helium usage associated with the fuel 

lead to 3.441 seconds which was normal. Helium mass consumed during fuel 

lead was 0.14 lbm. Total usage was approximately 0.26 lbm during first 

burn. 
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Figure 8-18 presents regulator outlet pressure which was within predicted 

limits of 400 ~25 psia. -

8.5.3 Earth Orbit 

Engine control sphere pressure buildup due to orbital heatup was within 

the predicted band; Figure 8-19 is a plot of pressure versus time during 

earth orbit. 

8.5.4 Second Burn 

The ignition phase control timer extended the period of high helium usage 

associated with fuel lead from 7,958 seconds to 8.408 seconds. Mass 

usage during the burn was estimated from usage rates and burn time. 

Approximately 0.66 lbm of helium was consumed . 

The helium consumed during the second fuel lead was 0 . 35 lbm. The control 

sphere pressure during the burn was within the predicted bands. 

Second burn pressure and temperature are shown in Figure 8-20 . Regulator 

pressure (Figure 8-18) was within the predicted limits of 400 ~25 psia. 

8.5. 5 Translunar Coast 

Engine control sphere pressure buildup due to heatup was within the 

predicted band. The drop in pressure at ECC2 +3600 seconds is caused by 

a decrease in temperature associated with the safing of the start sphere. 

Figure 8-19 presents pressure versus time during the coast period. 

8.5. 6 LOX Dump and Control Sphere Passivation 

Control sphere pressure during the LOX dump was within the predicted 

band. 

The control sphere was dumped as planned, ultimately reaching a steady

state pressure of 1600 psia at 260°R. Figure 8-21 is a plot of pressure 

versus time during the dump. 

seconds. 
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Passivation was terminated at R +21 , 232 
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The helium dumped through the engine LOX dome and gas generator (GG) 

purge systems is estimated to be 0.7 lbm from R +21,216 to 21,232 
0 

seconds. This helium mass is from the J - 2 engine control bottle only. 

As a result of a sequence change made for S-IVB-512 the ambient bottles 

were dumped independently prior to control sphere passivation. 

8.6 ENGINE PERFORMANCE 

8 . 6.1 J - 2 Engine Performance Analysis Methods and Instrumentation 

The following computer programs were used to determine engine performance: 

Program 

PA53 

Gl05 

PA49 

PA63 

Function 

Dete~mines start and cutoff transient thrust and 
impulse. 

Determines flowrates and consumption during transients, 
and steady state. Results are used to determine the 
best estimate of stage propellant consumption. 

Used in determining overall performance averages. 

(Rocketdyne PAST 641) Generates tag values and calculates 
steady state performance. 

Data inputs to the computer programs with the applicable biases are shown 

in Table 8-6. A comparison of predicted and steady state performance is 

presented in Table 8-7. 

8.6. 2 Fuel Lead - First Burn 

The first burn fuel lead time for S-IVB-512 was 2.991 seconds . The fuel 

lead data are compared with the past experience data band in Figure 8-8. 

The fuel injector temperature behaved the same as on S-IVB- 507 through 

511 . The final injector temperature of 173°R was well below the maximum 

allowable limit of 310°R at STDV. 

The performance during fuel lead for S-IVB-512 flight is compared to 

that of previous flights in Table 8-2. Calculated flowrates, total flow, 

thrust, and total impulse are presented in Figure 8-22. 
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8.6. 3 Fuel Lead - Second Burn 

The fuel lead time for S-IVE-512 second burn was 7,958 seconds. The 

temperature and pressure data for s econd burn fuel are presented in 

Figure 8-9 and are compared to past experience. At STDV , thrust chamber 

j acket temperature data was in the middle of previous experience. Fuel 

injector temperature reached 76°R at STDV and thus was within the allow

able limits of 310°R maximum at STDV and no more than 3 seconds at 40°R 

prior t o STDV. Calculated parameters for fuel lead are presented in 

Figure 8-23. 

Table 8-2 presents performance data during second burn fuel lead for 

S-IVE-512 flight compared to previous flight data. This data shows that 

total impulse for second burn fuel lead was typical of that of previous 

f lights. 

8.6.4 Start Transient--First and Second Burns 

Engine performance during the first and second burn start transients was 

satisfactory. A summary of this performance is presented in Table 8- 8 . -

First burn thrust buildup occurred with the MRCV fully closed. Main 

oxidizer valve (MOV) operation was within previous experience band and 

good starts were obtained. 

Thrust buildup to the 90 percent performance level (STDV command plus 

2 . 5 seconds) was within the maximum and minimum thrust limits for first 

and second burns as shown in Figure 8-24. The second burn start envelope 

for this flight was based on the generally accepted nominal thrust of 

180,000 lbf for the full open MRCV (4.5 EMR) position. 

Figures 8-25 and 8-26 show the engine LOX and LH2 consumption, the 

measured flowrates, and the pump speeds during both start transients. 

8.6.5 J-2 Engine Steady State Performance--First and Se cond Burns 

The S-IVE stage J-2 engine met all required objectives during the AS - 511 

missi on for first and second burns. Plots of selected data showing engine 

characteristics are presented in Figures 8-27 through 8- 32 for first and 
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second burns . All steady state (mainstage) data presented are shown as 

recorded without bias applied except where noted. Table 8-6 provides 

bias information. The engine propellant inlet conditions are 

discussed in Sections 9 and 10. The average engine performance and pro

pellant consumption summary is presented in Tables 8-7, 8- 9 , and 8-10 . 

The engine performance was satisfactory and within predi cted limits for 

both burns. First burn time was 3.4 seconds shorter than predicted for 

actual flight azimuth of 91.5 degrees. This difference is composed of 

-3.8 seconds due t o the higher than expected S-II/S- IVB separation velo

city and +o.4 seconds due to lower than predicted S-IVJ3 performance. 

Second burn was 3.1 seconds longer than predicted due to lower S-IVJ3 

performance and heavier vehicle mass dur i ng second burn. Computed engine 

performance parameters of thrust, ISP, EMR, LOX flow , LH2 flow~ and total 

flow for both burns are shown in Figures 8-33 and 8-34. 

The standard altitude performance levels (engine tag values) for both 

burns were determined by averaging over a 2 .0-second time period. 

Table 8-9 presents tag values for first burn and second burn when the 

MRCV was in the closed position. The engine tag values are compared to 

predicted in Figures 8-2 and 8-3. During both burns the ISP, EMR and 

thrust tags were slightly less than predicted and well within the pre

dicted bands. These deviations from predicted are very minor considering 

the S-IVB- 512 stage was not stati c fired. Based on engine performance 

reconstruction t he MRCV setting was within the requirement of 30 . 0 + 1 

degree. 

Table 8-10 shows total impulse generated during mainstage operation for 

first and second burns. This impulse provided sufficient velocity gain 

to complete orbital insertion and, during the second burn, to place the 

payload on a trans lunar trajectory. Extrapolation of the propellant 

residual s (4249 lbm LOX and 2224 lbm LH2) at second burn cutoff indicates 

that a LOX depletion would have occurred at ECC2 +9.22 seconds providing 

an additional 1.90 x 10
6 

lbf-sec of impulse. 
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8.6.6 Cutoff Transients--First and Second Burn 

Engine performance during both first and second burn cutoff trans ients 

was satisfactory. The time lapse between ECC, as received at the engi ne, 

and thrust decrease to 11,500 lbf (5 percent thrust) was within the 

maximum allowable time of 800 ms for both burns. Engine performance 

during the cutoff transients is shown in Table 8-11. 

Table 8-12 presents a comparison of predicted and actual cutoff impulses 

and velocity changes for both first and second burns. Actual results 

are presented from analysis of the observed trajectory and from engine 

analysis. Propulsion data shows that both first and second burn cutoff 

impulses were less than predicted. The difference between trajectory and 

propulsion data has not been reconciled due to insufficient information 

regarding the quality of the data available. 

The total impulse values determined for the flight were adjusted to 

standard conditions (null PU and 46o 0 R MOV temperature) to compare them 

to the log book values. The adjusted first burn cutoff impulse was 

378 lbf-sec higher than log book while the second burn impulse was 157 -

lbf-sec higher. The predicted deviation is .:!:_3,170 lbf-sec with a 3 per-

cent evaluation precision which totals +4,400 lbf-sec. 

Because MOV actuator skin temperature was not measured on this flight, 

cutoff impulse was corrected to predicted temperatures of 320°R for 

first burn and 306°R for the second. 

Figure 8-35 shows the thrust chamber pressure, the thrust decrease, and 

total impulse for the first and second cutoff transients. 

The cutoff impulse to zero thrust computed from actual engine thrust 

data were 46,401 lbf-sec and 46,259 lbf-sec, respectively for first and 

second cutoff. 
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8 . 7 COMPONENT OPERATION 

8.7.1 Main LOX Valve 

The main LOX valve opened and closed satisfactorily for the first and 

second burns. The valve opening time data are shown in Table 8-13. 

The flight data acquisition accuracy and the temperature of the valve 

are responsible for the deviations from nominal. The accuracy level is 

a result of the data sampling rate of 12 samples per second. 

Main oxidizer valve position (G0003) sample rate (every 83 ms) is 

inadequate for direct measurement of first stage travel time during first 

and second burn. One data sample occurred during first stage travel for 

first and second burn, but two data points are required to determine the 

travel time. The second point (start of travel) was estimated by adding 

50 ms (nominal delay time) to the mainstage control solenoid energized 

time. This method was used to obtain the first stage travel time for 

both burns. 

8.7.2 Engine Driven Hydraulic Pump 

The engine driven hydraulic pump performed satisfactorily during the 

fi rst and second burn periods. Horsepower required by t he pump varied 

between 1.7 and 5.4 during first and second burn. This variation was the 

result of an interaction between the engine driven hydraulic pump and the 

auxiliary hydraulic pump. A complete description of this interaction is 

presented in Section 18 of this report. 

8.7.3 Pumps and Turbines 

The LH2 and LOX pumps and turbines performed satisfactorily during first 

and second burns. The fuel turbine inlet temperature (COOOl-401) and the 

LOX turbine inlet temperature (C0002-40l) measurements both failed during 

second burn. The pump speeds, discharge pressures, and temperatures 

(prior to measurement failures) during these burns responded normally to 

the engine inlet conditions and changes in MRCV position. The pressure 

and temperature drops across the turbines were nominal. The LH2 and LOX 
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pump and turbine data are shown in Figures 8-30 and 8- 32 . The LH2 pump 

performance during both start transients is shown on the H- Q (head versus 

flowrate) data presented in Figure 8-36 which indicate no severe trends 

toward the stall lines. 

8.7.4 Mixture Ratio Control Valve 

The MRCV is a two position pneumatically actuated valve which is spring 

loaded to the high EMR (approximately 5.0) position. 

The MRCV responded normally when commanded in flight. The valve was in 

the normal position (high EMR) at liftoff, at ESC
1

, during first burn 

and during orbital coast. The MRCV was commanded to the low EMR (approxi

mately 4.5) position for restart 119.9 seconds prior to burn ESC
2

. 

However, the valve did not move to the low EMR position until approxi 

mately 0.5 sec after ESC
2 

when engine pneumatics were supplied to the 

valve. At ESC
2 

+100 seconds, the low EMR command was removed and t he 

valve returned to the high EMR position. The valve remained at the high 

EMR position for the remainder of second burn. 

The MRCV low EMR position was predicted to be 11. 5 degrees. The high 

EMR position was predicted to be 30.8 degrees. Engi ne performance eval

uation shows that the valve position was slightly lower than predicted 

at the high EMR position and nominal at the low EMR position. 

The first burn high EMR valve position indicated by G0017 (MRCV pos ition 

measurement) in Figure 8-28 does not agree with actual engine performance , 

but is within specifications. 

8.7.5 Gas Generator 

Gas generator performance was as predicted during fli ght . However, 

several minor GG fuel system resistance shifts did occur during second 

burn. The shifts were reflected in the GG mixture rati o but did not 

significantly effect GG chamber pressure. Consequently, there was no 

significant effect on overall engine performance. Plots of GG perfor mance 

are shown in Figure 8-37. -
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8.8 THRUST STABILITY 

An investigation of S-IVB-512 engine /stage thrust stability was conducted 

and it was concluded that engine and propellant feed system performance 

was satisfactory during both S-IVB burns and that undesirable POGO (i. e., 

unstable coupling of structural and engine thrust systems) did not occur. 

The investigation was based on three POGO measurements (A0012 , D0265, 

and D0266) . All three measurements provi ded valid continuous (FM/FM) 

data. The Gimbal block accelerometer (A0012) which has been flown on 

S-IVB-503 and -505 through -512 provided data for comparing the relative 

low frequency oscillation amplitudes between flights. 

The data from this instrumentation is studied in detail in the Structures 

Section of this report. 
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TABLE 8- 1 (Sheet 1 of 5 ) S- IVB- 512 ENGINE FLIGHT SEQUENCE 

Actual Time (ms) 

First Burn Se cond Burn 
Control Events Contingent Events 

From From 
Meas Meas Nominal Time From From Speci f ied Fr om Specified 

No. Event and Comment No. Event and Comment Specified Reference ESC Reference ESC Reference 

K0021 *Engi ne Start 
Command P/U 0 0 0 

K0007 Helium Cont r ol Within 10 ms of K0021 
Solenoid Engr P/ U P/U 0 0 9 9 

KOOl O Thrust Chamber Spar k Within 10 ms of K0021 
on P/U P/ U 0 0 9 9 

KOOll Gas Generator Spark Within 10 ms of K0021 
on P/U P/U 0 0 9 9 

K0006 Ing. Phase Cont r ol Wi thin 20 ms of K0021 
Solenoid Engr P/U P/ U 0 0 9 9 

K0012 Engine Ready D/0 Within 20 ms of K0006 
P/U 60 60 39 30 

K0126 LOX Bleed Valve Within 200 ms of K0007 
Closed P/U P/U 151 151 169 160 

K0127 LH2 Bleed Valve Within 200 ms of K0007 
Closed P/U P/U 117 117 131 122 

*Engine ready and stage separation signals (or simulation) are required before this command will be executed. 
This command also actuates a 1000 +30 ms timer which controls energizing of the start tank discharge solenoid 
valve (K0096) in conjunction with the stage suppl ied fuel inje ctor temperature OK bypass signal . 

P/ U - Pickup 
D / 0 - Dropout 
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er .... 
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Control Events 

Meas 
No. Event and Comment 

K0096 Start Tank Disc 
Control Solenoid 
Engr P/U 

K0021 Engine Start D/0 

K0005 Mainstage Control 
Solenoid Engr P/U 

P/U - Pickup 
DI O - Dropout 

631 , 5 

TABLE 8-1 (Sheet 2 of 5 ) seB-512 ENGINE FLIGHT SEQUENCE 

Contingent Events 

Meas 
No. Event and Comment 

K0020 ASI LOX Valve Open 
P/U 

K0118 Main Fuel Valve Open 
P/U 

K0122 Start Tank Disc 
Valve Open P/U 

K0096 Start Tank Disc 
Control Solenoid 
Engr D/0 

K0122 Start Tank Disc 
Valve Open D/0 

Actual Time (ms) 

First Burn Second Burn 
---~------ll----~-- - ·-

From 
Nominal Time From 

Specified Reference 
From Specified From 
ESC Reference ESC 

Within 200 ms of K0007 
P/U 126 

143 

126 

143 

3,000 + 40 ms from 
K0021 P/U First Burn 2,991 2,991 

8,000 + 40 ms from 
K0021 P/U Second Burn 

200 + 20 ms from K0096 
P/U First Burn 3,216 

600 + 20 ms Second 
Burn 

3,310 

450 + 30 ms from K0096 
P/U - 3,441 

450 ~ 30 ms from K0096 3,441 

195 ~ 20 ms from K0096 
D/0 3,643 

225 

450 

450 

202 

144 

7,967 

8,583 

8,244 

8,417 

8,417 

8,577 

Fr om 
Speci f ied 
Refe rence 

135 

15 2 

7,967 

616 

450 

450 

160 
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TABLE 8- 1 (Sheet 3 of 5 ) S- I VB- 512 ENGINE FLIGHT SEQUENCE 

Control Events Contingent Events 

Me as Meas 
No. Event and Cormnent No. Event and Comment 

K0ll7 Gas Generator Valve 
Open P/U 

K0124 LOX Turbine Bypass 
Valve Open D/0 

K0125 *LOX Turbine Bypass 
Valve Closed P/ U 

K0158 Mai nstage Press 
Switch #1 Depr ess 
D/ 0 

K0159 Mainst age Pr ess 
Switch #2 Depress 
D/ 0 

K0120 Main LOX Valve Open 
P/U 

KOOl O Thrust Chamber Spark 
on D/0 

KOOll Gas Generator Spark 
on D/0 

*Within 5 ,000 ms of K0005 (Normally= 500 ms) 

P/U - Pickup 
D/0 - Dropout 

-631 , 5 

Actual 

First Burn 

From 
Nominal Time Fr om From Specified 

Specified Reference ESC Reference 

3 , 726 

3 ,735 

3 , 985 

4 ,752 

4,835 

2 , 335 !. 145 ms from 
K0005 5 , 810 2 ,369 

3 , 300 !. 200 ms from 
K0005 P/U 6 , 749 3 , 308 

3 , 300 + 200 ms from 
K0005 P/U 6 ,749 3 , 308 

Time (ms) 

Second Burn 

From 
Fr om Specified 
ESC Refe rence 

8 , 744 

8 ,669 

8 ,919 

9 , 769 

9 , 769 

110 ,660 2 ,243 

lll , 724 3 , 307 

11 , 724 • 3 , 307 
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-TABLE 8-1 (Sheet 4 of 5 ) S- IVB-512 ENGINE FLIGHT SEQUENCE 

Control Events Contingent Event 

Meas Meas 
No. Event and Comment No. Event and Comment 

(New time K0005 Mainstage Control 
reference) * Solenoid Engr D/0 

K0006 Ign . Phase Control 
Solenoid Engr D/0 

K0020 ASI LOX Valve 
Open D/0 

K0120 Main Oxidizer Valve 
Open D/0 

K0117 Gas Generator Valve 
Open D/0 

K0118 Main Fuel Valve Open 
D/0 

K0158 Mainstage Press 
Switch A Depress 
P/U 

K0159 Mainstage Press 
Switch B Depress 
P/U 

K0007 Helium Control 
Solenoid Engr D/0 

6 Error due to low sample rate (84 ms) 
* 2nd Burn C/0 Ref K005- 5MS 
D/0 - Dropout 
P/U - Pickup 

63L . 5 

Actual Time (ms ) 

First Burn Second Burn 

From From 
Nominal Time From From Specified From Specified 

Specifi ed Reference ECC Reference ECC Reference 

5 5 

5 5 

32 107 

50 .:t_ 15 ms from K0005 132 1276 107 1026 

75 
+25 _

35 
ms from K0006 

48 43 40 35 

95 .:t. 25 ms from K0006 215 210t. 207 2026 

240 232 

240 232 

1,000 .:t::._ 100 ms from 
K0013 1 , 005 973 997 957 
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Control Events 

Meas 
No. Event and Comment 

K0126 LOX Bleed Valve 
Closed D/0 

K0127 IB2 Bleed Valve 
Closed D/0 

P/U - Pickup 
D/0 - Dropout 

-63L .5 

TABLE 8-1 (Sheet 5 of 5 ) S- IVB- 512 ENGI NE FLIGHT SEQUENCE 

Actual Time (ms ) 

First Burn Second Burn 
Contingent Events From From 

Meas Nominal Time From .From Specified From Specified 
No. Event and Comment Specified Reference ECC Reference ECC Reference 

K0125 Oxid Turbine Bypass 
Valve Closed D/0 307 299 

K0124 Oxid Turbine Bypass 
Valve Open P/U 10,000 ms from K0005 723 718 632 627 

Within 30 , 000 ms from 
K0005 14,619 13,614 15,881 14,884 

Within 30,000 ms from 
K0005 18,036 17,031 15,800 14,803 



TABLE 8-2. S-IVB-512 FUEL LEAD CONDITIONS 

S-IVB-512 S-IVB-511 S-IVB-510 
Flight Flight Flight 

First Second First Second First Second 
Parameters Burn Burn Burn Burn Burn Burn 

Thrust Chamber jacket tempera- 326 492 300* 515* 310** 510** 
ture at fuel lead initiation 
(deg R) 

Fuel lead duration (sec) 3 8 3 8 3 8 

Fuel temperature at the 173 76 149 62 112 35 ** 
injector at fuel lead 
terminat i on ( deg R) 

Fuel through MFV during fuel 10.2 30. 2 13.8 35 tl2 .15 33. 7 
lead (lbm) 

Fue 1 between injector and MFV 2.7 6 . 3 8. 6 14.7 5. 35 4 . 8 
at fuel lead termination (lbm) 

Total eff ective impulse during 1488 4055 1000 3431 1265 3796 
fuel lead (lbf sec) 

Fuel through injector during 7.5 23.9 5.2 20 . 3 6 . 8 28 . 9 
fuel lead (lbm) 

*These values are of C0199 reconstructed from fuel in j ector temperature 
(C0200). 

**Value given by transducer much higher than past experience. Corrected 
to value shown. 
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Parameter 

Liftoff 

Liftoff Requirements 

First Engine Start Command 

After First Start Sphere Blowdown 

First Engine Cutoff Command 

Total GH2 Mass Usage During First Start 

Second Engine Start Command 

After Second Start Sphere Blowdown 

Second Engine Cutoff Command 

Total GH2 Mass Usage During Second Start 

-631 , 5 

TABLE 8- 3. S-IVB- 512 ENGINE START SPHERE DATA 

Temperature (OR ) Pressur e (psia ) 

512 511 510 512 511 510 
Flight Flight Flight Flight Flight Flight 

300 240 281 1,310 1,325 1,320 

See Figure 8-10. 

311 297 288 1,320 1,306 1,372 

208 197 186 120 130 115 

237 228 221 1,185 1,160 1,138 

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

293 285 278 1,330 1,320 1,384 

193 189 186 150 167 204 

219 212 206 1,190 1,220 1,190 

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

Mass (lbm) 

512 511 510 
Flight Flight Flight 

3.22 3.40 3.46 

3.12 3,32 3,50 

o.43 0.50 0 .65 

3.71 3.85 3.88 

2.69 2.82 2 .87 

3.31 3,50 3 .66 

0.5 7 0.67 o.86 

4.06 4.35 4.34 

2.74 2.83 2.80 



-TABLE 8- 4. S- IVB-512 ENGINE START SPHERE PERFORMANCE 

FIRST BURN 

Actual Data Predicted 

Time From Pressure Temperature Mass Pressure Temperature Mass 
E:3C (sec) (psia) ( deg R) (lbm) (psia) ( deg R) (lbm) 

First Engine Start 0 1,320 311 3.12 1,325 275 3.54 

End of Blowdown 3.8 120 208 o.43 180 174 0 .81 

Topping Initiation 8 . o 780 271 2.15 780 225 2 .66 

Topping Completion 48. 0 1,095 218 3.71 1,048 187 4. 26 

First Engine Cutoff 141.9 1,185 237 3.71 1,175 210 4.24 

SECOND BURN 

Actual Data Predicted 

Time From Pressure Temperature Mass Pressure Temperature Mass 
E:3C (sec) (psia) (deg R) (lbm) (psia) (deg R) (lbm) 

Second Engine Start 0 1,330 293 3.31 1,325 248 3 .94 

End of Blowdown 8 . 8 150 193 0.57 160 167 0.76 

Topping Initiation 14. o 700 227 2 . 28 670 221 2 .34 

Topping Completi on 120.0 1,090 196 4.10 1,075 185 4 . 42 

Second Engine Cutoff 359.0 1,190 219 4.06 1,175 202 4.38 

631. 5 
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TABLE 8-5, S-IVB-512 ENGINE CONTROL SPHERE DATA 

Temperature (OR) Pressure (psia) 

512 511 510 512 511 510 
Parameter Flight Flight Flight Flight Flight Flight 

Required at liftoff 273 - 311 2,800 to 3,200 

Actual at liftoff 300 302 291 3,100 3,015 3,000 

First engine start 307 300 290 3,155 3,065 2,940 

First engine cutoff 279 270 264 2,930 2,966 2,928 

Second engine start 285 270 264 3,130 3,135 3,064 

Second engine cutoff 237 226 222 2,920 2,959 2,935 

Mass used--first burn --- --- --- --- --- ---

Mass used--second burn --- --- --- --- --- ---

ttMass used by engine from control sphere and stage repressurization spheres 
estimated from flowrates and burn time. 

631,5 

Mass (lbm) 

512 511 510 
Flight Flight Flight 

--- --- ---

1.84 1.82 1.87 

1.83 1.85 1.85 

1.87 1.98 1.99 

1.95 2.07 2.07 

2.19 2.20 2.34 

0.26tt o.27ti 0.30tt 

o.66tt o .64 ti l.Ott 
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Parameter 

Chamber Pressure 

-TABLE 8-6 (Sheet 1 of 2 ) DATA INPUTS TO COMPUTER PROGRAMS 

Bias 

Program Selection First Burn Second Burn 

Pre- Main- Pre- Main-
ignition stage ignition stage 

PA53 DOOOl N/A -15 N/A -15 
(Start ) 

-4.o N/A - 3.O N/A 

N/A -1.8 N/A 0 

PA53 DOOOl N/A -15 N/A -15 
(Cutoff) 

-1. 4 N/A -o.4 N/A 

N/A -1. 8 N/A 0 

GlO5-l DOOOl -15 -15 

-1.8 0 

PA63 DOOOl -15 - 15 

-1.8 0 

Reason 

Rocketdyne estimation of 
purge effect 

Zero shift correction of 
transduce r 

Correction to obtain 
established ISP. 

Rocketdyne estimation of 
Purge effect 

Zero shift correction of 
transducer 

Correction to obtain 
established ISP. 

Rocketdyne estimation of 
purge e ffect. 

Corre ction to obtain 
established ISP. 

Rocketdyne estimation of 
p.1rge effect 

Correction to obtain 
established ISP. 



TABLE 8- 6 (Sheet 2 of 2 ) DATA INPUTS TO COMPUTER PROGRAMS 

Bi as 

Parameter Program Selecti on First Burn Second Burn Reason 

Low Stop High Stop 

LOX Flowrate Gl05-l FOOOl -26 .95 gpm - 2 . 47 gpm -10.54 gpm Correction to obtain 
established ISP. 

PA63 FOOOl - 2 .44 pips -0.22 pips -0.95 pips 

Fuel Flowrate Gl05-l F0002 -74. 50 gpm 0 gpm 0 gpm Correction to obtain 
established ISP. 

PA63 F0002 -2.38 pips 0 pips 0 pips 

Gas Generator PA63 DOOlO 0 -1.0 Correction to agree with 
Chamber Pressure calculated performance 

Gl05-l DOOlO 0 -7.0 

Thrust Chamber PA63 D0004 -6.o -6.o Correction to agree with 
Fuel Injection calculated performance 
Press. 

Thrust Chamber PA63 D0005 - 3 . 0 -3.0 Corre ction to agree with 
LOX Injection calculated performance 
Press. 

Fuel Pump PA63 D0008 +5 .0 +5 .0 Correction to agree with 
Discharge Press. calculated performance 

j Oxi di ze r Pump PA63 D0009 0 0 Correction to agree with 
I Di scharge Press. calculated performance ' I 
I 

Fue l Turbine PA63 COOOl 0 LOX turbine outlet Both fue 1 and LOX tur bine 
temperature used to inlet temperature fai led. 

Inlet Temp Gl05-l COOOl 0 calculat e COOOl. 

-631 . 5 



T~oLE 8- 7 S-IVB-512 ENGINE STEADY STATE PERFORMANCE1 COMPARED TO PREDICTED 

Overall Performance 

Actual Percent 
Parameter Actual Predicted Deviation Deviation 

Thrust (lbf) 

First Burn (5,0 EMR) 207,095 208,239 -1,144 -0.55 

Second Burn (Overall) 199,659 200,681 -1,022 -0 ,51 
(4.5 EMR) 180,441 180,420 21 0.01 
(5.0 :EMR) 206,376 207,715 -1,339 -o.64 

Total Flowrate 
(lbm/sec) 

First Burn (5,0 EMR) 484.405 486.566 -2.161 -o.44 

Second Burn (Overall) 466.300 468,359 -2.059 -o.44 
(4.5 EMR) 419.148 419.253 -0.105 -0.03 
(5.0 EMR) 482. 770 485.406 - 2 .636 -0 .54 

LOX Flowrate 
(lbm/sec) 

First Burn (5.0 EMR) 404.831 406. 310 -1. 479 -0.36 

Second Burn (Overall) 387,710 389.268 -1.558 -0.40 
(4.5 EMR) 343.279 342. 795 o.484 0 .14 
(5.0 EMR) , 403.227 405.402 -2.175 -0.54 

LH2 Flowrate 
(lbm/sec) 

First Burn (5.0 EMR) 79,574 80.256 -0.682 -0. 85 

Second Burn (Overall) ' -0.63 78.590 79,091 -0.501 
(4.5 EMR) 75.869 76.458 -0.590 -0. 77 
(5.0 EMR) 79,543 80.005 -o.462 -0 . 58 

Engine Mixture Ratio 

First Burn (5.0 EMR) 5.088 5.063 0.025 o.49 

Second Burn (Overall) 4.933 4.922 0.011 0.22 
(4.5 EMR) 4.525 4.483 0.042 0.94 
(5.0 EMR) 5.069 5,067 0.002 0.04 

Specific Impulse 
(sec) 

First Burn ( 5. 0 EMR) 427, 53 428.01 -o.48 -0.11 
Second Burn (Overall) 428.18 428. 48 - 0.30 -0.07 

(4.5 EMR) 430.50 430. 36 0.14 0.03 
(5.0 EMR) 427.48 427,92 -o.44 -0.10 

1 
All values from STDV +2,5 sec to ECC except: 

a) Second burn (4,5 EMR) ~ to STDV +92,0 sec 
b) Second burn (5.0 EMR) ~ from STDV +93,0 sec 
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TABLE 8-8. ENGINE START TRANSIENTS 

S-IVB-512 Flight S-IVB-511 Flight 

S-IVB-512 Firs.t Second First Second 
Parameter Log Book Burn Burn Burn Burn 

Time of STDV Command 1.-0 2.991 7.958 2.983 7.999 
(sec from ESC) 

Thrust at 90 percent 187,800 189,909 169 ,735 195,565 175,759 
performance level (lbf) 

Total Impulse from --- 188,759 186,557 199,939 197,672 
engine start command to 
90 percent performance 
level* (lbf-sec) 

Total Impulse from STDV 174,600 187,271 182,502 198,939 194,380 
command to 90 percent 
performance level* 
(lbf-sec) 

NOTE: 

*Defined as STDV command +2.5 seconds. 

631,5 

S-IVB-510 Flight 

First Second 
Burn Burn 

3.025 8.007 

187,675 167 ,.188 

214,952 191,716 

213,695 196,985 



Parameter 

Thrust 

EMR 

ISP 

1 
00 The same tag ,, 
~ 

2T. " slice ime at 

3T. ime slice at 

631.5 

First2 

Burn 

205,797 

5.018 

427. 7 

TABLE 8-9, S-IVB-512 ENGINE STEADY STATE PERFORMANCE (TAG) 
(PERFORMANCE AT STANDARD ALTITUDE CONDITIONS) 

Stage 1 Actual-Flight 
Flight Acceptance Predicted 

Second3 (Flight First Second 
Burn Predicted) Burn Burn 

205,608 207,197 -1,400 -1,589 

5.018 5.019 -0.001 -0.001 

427.6 428. 3 -0.6 -0.7 

value was used for first and second burns. 

STDV +135 seconds. 

STDV +172 seconds. 

Predicted 

3-Sigma 
Run to Run 

+4600 -
+0.104 -
.!_l. 97 
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TABLE 8-10. S-IVB-512 ENGINE PERFORMANCE DATA 

First Burn Second Burn Total 

Parameter Actual Predicted % Dev Actual Predicted % Dev Actual Predicted 

Impulse (lbf-sec) 
Mainstagel 

28.25xio6 29.llxlO 6 -2.95 69. 58xl0 6 69.12xio6 +0.66 97.83x106 98.23x106 

Impulse (lbf-sec) 
6 6 +0.96 99.73xio

6 
99.91xio

6 DNA DNA --- 71.48xl0 70.8ox10 
to Depletion 

Burntime (sec) 136.4 139.8 -2.43 348.5 344.6 +1.13 484.9 484.4 
Mainstage1 

Burntime (sec) DNA DNA --- 357.7 352.7 +5.0 494.1 492.5 
to Depletion 

Consumption1 ' 2 

LOX (lbm) 55,220 56,805 -2.79 135,299 134,070 +0.92 190,519 190,875 

LH2 (lbm) 10,854 11,219 -3.25 27,425 27,250 +0.64 38,279 38,469 

1 STDV +2.5 seconds to engine cutoff command (preflight predicted burn times are per MDAC Aero for 
a 91. 5 degree flight azimuth). 

2 Propellants exhausted through J-2 engine only. 
DNA - Does not apply. 

-631.5 

% Dev 

-0.41 

-0.18 

+0.10 

+0.32 

+0.19 

+0.49 
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TABLE 8-11. S-IVB-512 ENGINE CUTOFF TRANSIENTS 

Flight 

First Second 
Parameter Burn Burn 

Time for thrust decrease to 420 470 
11,500 lbm (ms) 

MRCV position at engine 30. 8*** 30.8*** 
cutoff (deg) 

Thrust at cutoff (lbf) 207,471 205,253 

Actual total impulse 

To 5% thrust (lbf-sec) 39,702 40,377 

To zero thrust (lbf-sec) 46,401 46,259 

Total impulse to 5% thrust 35 ,870 35,649 
at high stop MRCV (30 
degrees) and 460 deg R MOV 
actuator temperature (lbf-
sec) 

*Allowable 
**Value applies to variable position PU valve. 

***Based on reconstructed performance. 

631.5 

Predicted 

First Burn Second Burn 

800* Boo* 

30. 8 30.8 

208,224 207,499 

41,238 41,983 

47,638 .:t_ 4,100 48,383 .:t. 4,100 

37,149 37,689 

Deviation 

First Second J-2 Engine 
Burn Burn Log Book 

--- --- 348 

--- --- -2.0** 

-753 -2,246 ---

-1,53 -1,606 ---

-1,237 -2,123 ---

-1,279 -2,040 35,492 



TABLE 8-12. S-IVB-512 ENGINE CUTOFF TRANSIENTS 

Actual Actual 
Trajectory Propulsion 

Predicted Data Data 

First Burn 

Cutoff Impulse (lbf-sec) 47,638 53,024 46,401 

Velocity Change (:rt/sec) 5.0 5.5 4.8 

Second Burn 

Cutoff Impulse (lbf-sec) 48,383 52,135 46,260 

Velocity Change (ft/sec) 10.8 11.6 10.3 

8-30 

63L.5 



TABLE 8-13. S-IVB-512 ENGINE MAIN OXIDIZER VALVE TIMING 

Nominal First Burn Second Burn 

First Stage 50 :!:. 25 70* 80* 
Travel (ms) 

First Stage 560 :!:. 70 595* 500* 
Plateau (ms) 

Second Stage 1675 .:t_ 25 1795 1785 
Travel (ms) 

Total 2285 + 120 - 2460 2365 

*Estimated by assuming a nominal 50 ms delay from mainstage solenoid 
energized indication to start of MOV first stage travel. 

8-31 
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9.0 OXIDIZER SYSTEM 

The oxidizer system performed adequately, supplying LOX to the engine 

pump inlet within the specified operating limits throughout J-2 engine 

operation. The NPSP available at the LOX pump inlet exceeded the engine 

manufacturer's minimum requirement at all times. LOX dump was success-

fUlly accomplished and the LOX tank was adequately safed by latching 

open the LOX NPV valve. 

9,1 LOX TANK PRESSURIZATION CONTROL 

The LOX tank pressurization system (Figure 9-1) satisfactorily maintained 

pressure in the LOX tank during all periods of flight. The LOX tank 

pressurization module regulator performed as expected. Six overcontrol 

cycles were required for _first burn; one was required during second burn. 

LOX tank repressurization was required during the restart preparation 

period. 

9.1.1 First Burn 

9,1.1.1 Prepressurization and Boost 

The LOX tank was satisfactorily prepressurized in 14.9 seconds (Figure 

9-2). Three makeup cycles were required to maintain the LOX tank ullage 

pressure above the lower pressure switch setting before the ullage tem

perature stabilized. Table 9-1 compares the prepressurization data fr om 

S-IVB-510 and 511 flights with that from the S-IVB-512 flight. The 

ullage pressure increased from 40.0 psia at R -96 seconds to 42. 2 psia 
0 

due to LOX tank volume decrease during LH2 tank prepressurization and to 

the 65 sc:fm LOX vent valve purge. 

The LOX ullage pressure decreased during S-IC and S-II boost because of 

the stage geometric change caused by axial acceleration and because of 

ullage temperature decay. The average decay rates were 1,7 and 3.6 psi / 

min during S-IC and S-II boost, respectively, At S-IC and S-II cutoffs, 

the abrupt termination of acceleration resulted in sharp pressure in

creases (due to LOX tank volume decrease). 
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A modified pressurization sequence that inhibited makeup cycles during 

boost was utilized for the sixth time on the S-IVB-512 flight. This 

sequence, and the redundant cold helium shutoff valves, eliminated the 

possibility of cold helium depletion prior to first burn that could re

sult if a cold helium shutoff valve failed open during a boost makeup 

cycle. The minimum ullage pressure during boost was 36,3 psia. The 

inhibit was removed just after initiation of TB4. A makeup cycle oc

curred just prior to the engine start command, and pressurization con

tinued into first burn. 

9,1.1,2 Pressurization--First Burn 

The LOX tank ullage pressure was increasing at ESC
1

, due to the makeup 

cycle, and was sufficient throughout J-2 engine first burn to provide 

engine inlet NPSP in excess of the minimum requirements. The ullage 

pressure, pressurant flowrate, and related para.meters are shown in 

Figure 9-3, The overcontrol valve inlet pressure transducer (D0225) 

failed prior to liftoff which required the use of the heat exchanger 

outlet pressure measurement (D0161) for calculating the flow through the 

over control valve. Little error is expected in calculated flowrate 

from this substitution. Table 9-2 compares the pressurization system 

performance of 512 flight to that of 510 and 511 flights. 

The LOX tank pressurization system was programmed to the overcontrol mode 

with cold helium flow initiated at ESC1 -0.5 seconds. Pressure switch 

control of the overcontrol valve (overcontrol pressurization mode) was 

initiated at ESC1 +23 seconds, and five additional overcontrol cycles 

were required during first burn. The pressurization sequence permitted 

helium flow to continue for 1.6 seconds after ECC1 , with the overcontrol 

valve opening at ECC
1 

+1.2 seconds. The helium added to the LOX tank 

after first engine cutoff increased the ullage pressure from 40.0 to 

40.7 psia. 

9,1.1,3 Cold Helium Supply--First Burn 

The cold helium supply was adequate to meet the first burn LOX tank 

pressurization requirements. The cold helium valves were enabled at -

631,4 



ESC
1 

-0.5 second, and helium flow increased the LOX tank ullage pressure 

to 38.6 psia at ESC
1

. Mass calculations based upon sphere temperature and 

pressure during burn agree reasonably well with the results obtained from 

LOX pressurization system orifice flow integration calculations. The 

cold helium supply system data are presented in Table 9-3 and Figure 9-4. 

9.1.1.4 J-2 Heat Exchanger--First Burn 

The J-2 heat exchanger performance data are presented in Figure 9-5 and 

compared to 510 and 511 flight data in Table 9-2. A spike was observed 

in the heat exchanger helium flowrate at ECC
1 

+1.2 seconds when the 

overcontrol valve was programmed open. The spike, a result of increasing 

the controlling flow area, is normal for the pressurization sequence used 

and has been observed on previous flights. 

9.1.2 Second Burn 

9.1.2.1 Repressurization 

AS-512 was the seventh flight to require 02-H2 burner repressurization of 

the LOX tank. Repressurization was required because the ullage pressure 

decayed (Paragraph 9.2.1.1) during orbital coast. The LOX tank was r e 

pressurized from 36.5 to 40.1 psia in 130 seconds, which yields an 

average LOX tank pressure ramp rate of 1.69 psi/min. Significant data 

are shown in Figure 11-2, 11-5 and Table 11-1. 

9 .1. 2 .2 Pres surizati on - Second Burn 

The LOX tank pressurization system performed satisfactorily during J-2 

engine second burn. The ullage pressure was sufficient to provide engine 

inlet NPSP in excess of the minimum requirements. The ullage pr es sure 

and related pressurization system data are shown in Figure 9- 6 . The 

system performance for S-IVB-512 flight is compared to that of 510 and 

511 flights in Table 9-2. 

The ullage pressure increased to a maximum value at approximately 100 

seconds as predicted because of low LOX us age- during 4, 5 EMR operation. 

At this time an EMR change to 5.0 caused greater LOX usage and shortly 
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thereafter the ullage pressure began to decrease slowly. At approximately 

ESC2 + 225 seconds the cold helium sphere pressure dropped to a level -

that decreased the helium flowrate to the tank. The ullage pressure then 

decreased at a more rapid rate reaching 38.5 psia at ESC2 +300 seconds 

where an overcontrol cycle was initiated. Overcontrol mode operation 

lasted until ECC 2 -27 seconds. The ullage pressure at ECC2 was 39.7 psia. 

9.1.2.3 Cold Helium Supply--Second Burn 

The cold helium supply was adequate to meet second burn LOX tank pressur

ization requirements. Mass calculations based upon sphere temperature 

and pressure during burn were comparable to the results obtained from LOX 

pressurization system flow integration calculations. The cold helium 

supply system data are presented in Table 9-3 and Figure 9-7. 

9.1.2.4 J-2 Heat Exchanger--Second Burn 

The J-2 heat exchanger performed satisfactorily during second burn. The 

EMR change at ESC
2 

+100 seconds caused an increase in LOX turbine exhaust 

temperature and resulted in an increase in heat exchanger outlet temper

ature (C0009). The performance data are presented in Figure 9-8 and 

compared to S-IVB-510 and 511 flight data in Table 9-2. 

9.2 OXIDIZER SYSTEM CONDITIONS DURING COAST 

9.2.1 LOX Tank 

9.2.1.1 LOX Tank Conditions During Coast 

Following earth parking orbit insertion on AS-510, a slosh wave inundated 

the LOX vent line diffuser. A concurrent ullage pressure rise to the 

relief setting resulted in liquid venting through the LOX non-propulsive 

vent (NPV) system. On AS-511 and AS-512 the vehicle maneuver rates were 

reduced in order to minimize sloshing. As a result, mass addition to 

the ullage from LOX evaportation was minimal and the ullage pressure 

stey-ed below the relief crack pressure. 

During Earth orbit, the LOX tank ullage pressure decreased from 41.1 psia 

at R +l,000 seconds to 36.5 psia at R + 11,020 seconds. As a result, 
0 0 
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cryogenic repressurization of the LOX tank was required. The ullage 

pressure decavr was within the predicted band, and was similar to that on 

AS-511. LOX tank ullage pressure for earth orbit and translunar .coast 

are presented in Figures 9-9 and 9-10 respectively. 

The LOX tank temperature profiles were normal during Earth orbit and 

translunar coast (Figures 9-11 and 9-12). During orbit a temperature 

gradient gradually developed in the LOX tank; ullage temperature decreased 

in the forward end of the tank, and liquid temperatures increased in the 

aft end. The liquid remained subcooled until LOX tank venting during 

passivation. 

During translunar coast the ullage pressure remained within the predicted 

band. The LOX tank ullage pressure increased at R +12,809 seconds as 
0 

the result of a maneuver to separation attitude. The resulting maneuver-

induced slosh wave increased the temperature of the ullage by mixing it 

with the warmer LOX. The LOX component of the ullage was no longer 

saturated, and LOX evaporated until a saturated condition was achieved. 

Because the ullage temperature increased due to contact with warm LOX and 

the ullage mass increased due to evaporation, the ullage pressure in

creased from 23.5 to 24.5 psia. An apparent ullage pressure step increase 

occurred at approximately R +13,350 seconds with Command Service Module 
0 

(CSM) separation. This rise occurred because the S-IVB LOX tank ullage 

pressure monitoring system in the CSM is severed at separation, causing a 

change in the electrical characteristics of the LOX tank ullage pressure 

instrumentation system. 

9.2.1.2 LOX Tank Venting During Translunar Coast 

The initial blowdown of the LOX tank started at ECC2 +l second (R
0 

+11,908.5 

seconds). The programmed 150-second vent was performed satisfactorily. 

The blowdown profile was affected slightly by a 40-se.cond LOX ambient 

repress helium dump, which began at ECC2 +30 seconds. The ullage pres-

sure dropped from 39.7 to 18.8 psia (Figure 9-13), Calculations indicate 

that a~proximately 145 lbm of gas 

and 65 U.bm of GOX from the ullage 
\ 

631.4 

were vented including 80 lbm of helium 

and 6 lbm of helium from the LOX 
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repressurization spheres. At the t e rmination of vent, the ullage con

sisted of approximately 115 lbm of he lium and 115 lbm of GOX. 

At approximately 22 seconds into the 150 second vent, vent system pres 

sures and temperatures indicated momentary (less than 4 seconds) liquid 

venting (Figure 9-13). Liquid ingestion into the LOX tank NPV system 

during the tank blowdown was most likely the result of the effe ct s of a 

delayed engine LOX bleed valve opening (see Paragraph 8.7) and a vehicle 

pitch rate correction at engine cutoff. A:fter second burn shutdown and 

prevalve/chilldown shutoff valve closure, the LOX pump inlet pressure 

increased to 55 psia due to engine heat soak-back and the delayed bleed 

valve openings. At the same time LOX tank venting had reduced the tank 

pressure to p roduce a 20 psi pressure differential between the bleed 

valve inlet and the tank ullage when bleed valve opening occurr ed . It is 

possible that the slosh activity a:fter cutoff and the changing pitch 

attitude caused LOX to submerge the LOX chilldowri return line diffus e r 

during a portion of the time that LOX was being injecte d i nt o t he tank 

through the bleed valve (via chill return line). This coul d have caused 

an unstable liquid/vapor interface which resulted i n t he separati on of 

globules of LOX from the liquid surface. A:fter approximately 10 seconds 

from bleed valve opening, a LOX globule could have migrate d to the LOX 

vent line diffuser to be ingested into the NPV system. 

The LOX NPV valve was latched open at R +19,750 seconds. The ullage 
0 

pressure dropped from 24.4 psia (24.9 indicated, see 9 .2 .1.1) at t he 

start of venting to approximately zero at approximate ly R +24 ,ooo seconds. 
. 0 

Final LOX NPV data appear in Figure 9- 14. 

9 ,2.1.3 LOX Dump 

The LOX dump was accomplished satisfactorily. The 47. 8 second pr ogrammed 

dump was initiated at R +19,460.2 seconds. All the LOX that left the 
0 

tank during the first few seconds of dump was vaporized as i t flowed 

through the engine and was dumped as gas. The flow then became two- phas e , 

and the flowrate increased until a steady state (all liquid) rate of 368 

gpm (59.5 lbm/sec) was established approximately 13.3 seconds a:ft e r dump 

initiation. 
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During the LOX dump the ullage pressure decreased from 25.1 psia to 24 .4 

psia as a result of ullage volume increase. At the termination of LOX 

dump approximately 2,564 lbm of LOX had been dumped leaving 1,364 lbm on 

board. Calculated total impulse obtained from LOX dump was 33,650 lbf-sec. 

On AS-511, momentary ullage gas ingestion occurred three times during the 

LOX dump as a result of LOX sloshing. The greater than nominal slosh 

activity was attributed to an additional vehicle maneuver to the optimum 

LOX dump attitude, following the programmed LOX dump maneuver. On AS-512 

no unprogrammed maneuvers were initiated and no ullage gas ingestion 

occurred. 

9.2.2 Cold Helium Spheres 

9.2.2.1 Cold Helium Sphere Conditions During Coast 

The cold helium sphere conditions for Earth orbit are showr. in Fi gure 

9-16 and for translunar coast and dump in Figure 9-17. No leakage was 

evident during flight. 

9. 2 .2.2 Cold Helium Dump 

The cold helium spheres were passivated during three programmed cold 

helium dumps. The passivation was accomplished by opening the LH2 cry

ogenic repressurization valves that allow cold helium to flow through 

the 02-H2 burner, into the LH2 tank, and out the LH2 tank vents. The 

cold helium supply system data are presented in Figure 9-17 and Table 

12-2. 

9.2.3 Ambient Repressurization Helium Spheres Dump 

The two LOX repress spheres were dumped 30 seconds after second J-2 

engine cutoff command for a duration of 40 seconds. The helium was 

dumped through the LOX ambient repressurization control module into the 

LOX tank. A:t'ter this initial dump the LOX repress spheres were dumped 

in conjunction with the stage pneumatic control sphere. Data are pre

sented in Figure 9-18 and further discussion and data are available in 

Sections 10 and 12. 

9-7 
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9.3 ENGINE LOX SUPPLY 

The engine LOX supply system (Figure 9-19 ) provided LOX to the engine 

interface at the required conditions prior to a.rid during first and 

second burns. 

9.3.1 First Burn 

First burn chilldown performance was acceptable. Subcooled LOX was 

provided to the pump inlet, and all J-2 engine start requirements were 

met. Significant data are presented in Table 9~4. Plots of stage para

meters and calculated values of interest are presented in Figure 9-20. 

The NPSP at the LOX pump inlet was well above that required at ESC1 and 

throughout first burn. The pump inlet conditions are presented in Figure 

9-21 and Table 9-4. A correlation between the inlet temperature and 

pressure indicates that the pump inlet conditions were within the LOX 

pump inlet operating region (Figure 9-22). 

9.3.2 Second Burn 

Second burn chilldown performance was nominal in all respects and start 

requirements were met. Significant data are presented in Table 9-4. 

Plots of stage parameters and calculated values of interest are presented 

in Figure 9-23. 

The NPSP at the LOX pump inlet was well above that required at ESC2 and 

throughout second burn. The pump inlet conditions are presented in 

Figure 9-24 and Table 9-4. A correlation between the inlet temperature 

and pressure indicates that the pump inlet conditions were within the 

operating region (Figure 9-25). 

9-8 
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TABLE 9-1 

LOX TANK PREPRESSURIZATION DATA 

Para.meter 

Prepressurization duration (sec)** 

Number of makeup cycles from GSE 

Number of makeup cycles during boost* 

Prepressurization helium 

Flowrate (lbm/sec) 

Mass added to LOX tank during 
prepressurization (lbm) 

Mass added to LOX tank during GSE 
makeup cycles (lbm) 

Ullage pressure 

At prepressurization initiation 
(psia) 

At prepressurization termination 
(psia) 

At liftoff (psia) 

At pressurization initiation (psia) 

Events (sec from liftoff) 

Prepressurization initiation 

Prepressurization termination** 

Engine start command 

Pressurization initiation 

S-IVB-512 
Flight 

14.9 

3 

1 

0.28 

4.39 

1.3 

14.9 

40.1 

40.0 

36.3 

-166.6 

-151.7 

560.7 

560.2 

S-IVB-511 
Flight 

14.2 

3 
1 

0.29 

4.3 

1.3 

14. 9 

40.0 

40.9 

36.4 

-166.6 

-152.4 

560.6 

560.1 

S-IVB-510 
Flight 

15 

5 

1 

0.27 

4.4 

2.2 

15.1 

41. o 

40.6 

37,2 

-166.6 

-151.6 

550.2 

549.7 

*Makeup cycles were inhibited during boost until TB4 +0.3 sec. 

**These times apply to the initial pressurization from ambient to the 
pressure switch setting. 
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TABLE 9- 2 

LOX TANK PRESSURIZATION DATA 

S-IVB-512 Flight S-IVB-511 Flight 

Parameter First Second First Second 
Burn Burn Burn Burn 

Number of overcontrol cycles* 6 1 5 1 

Pressure control band 

Minimum (psia) 38.5 38.5 38.3 38.3 

Maximum (psia) 4o.b 40.0 39.9 39.9 

Ullage pressure 

At engine start command (psia) 36.3** 39.9 36.4** 40.0 

At engine cutoff command (psia) 40.0 39.7 38.4 39.4 

Pressurant total flowrate 

During undercontrol (lbm/sec) 0.24 0.31 0 . 24 0.33 
to to to ~o 

0.29 0.38 0.31 0.39 

During overcontrol (lbm/sec ) 0.33 0.38 0.32 0.39 
to to to to 

o.41 o.41 0.38 0.37 

Flow rate through heat exchanger 

During overcontrol (lbm/sec) 0.205 0 . 17 0 .19 0.15 

During undercontrol (lbm/sec) 0 . 090 0.075 0.085 0.075 
to to 

0 .125 0 .12 

N/A - Not applicable 
*I ncludes the programmed overcontrol cycle during the start transient for first burn 

**At pressurization initiation 

• . 4 

S-IVB-510 Flight 

First Second 
Burn Burn 

5 1 

38.5 38.6 

40.0 40.1 

37.2** 39,9 

39.9 40.0 

0 . 24 0 .32 
to to 

0.32 0.39 

0.33 0.36 
to to 

o .4o 0.38 

0.185 0.15 

0.070 0.070 
t o 

0.085 



ID 
I .... .... 

• 
Parameter 

Pressure 

At liftoff (psia) 

At engine start command (psia) 

At engine cutoff command (psia) 

Average temperature 

At liftoff ( deg R) 

At engine start command ( deg R) 

At engine cutoff command (deg R) 

Helium mass 

At engine start command (lbm) 

At engine cutoff command ( ibm) 

Usage calculated from sphere 
conditions (lbm) 

Usage calculated by integration 
of flowrate (lbm) 

N/A - Not applicable 

63L.4 

TABLE 9-3 

COLD HELIUM SUPPLY DATA 

S-IVB-512 Flight 

First Second 
Burn Burn 

3,060 N/A 

3,100 1,500 

1,800 550 

37.8 N/A 

38.2 34.o 

32.8 37.0 

382 301 

331 165 

50 . 6 136 

43.9 121.9 

S-IVB-511 Flight S-IVB-510 Flight 

First Second First Second 
Burn Burn Burn Burn 

3,000 N/A 3,070 N/A 

2,980 1,440 2,920 1,400 

1,690 550. 1,660 500 

39.3 N/A 38.4 N/A 

39.3 35.0 38.5 33.5 

33.2 38.5 31.5 36.o 

375 293.5 378 297,5 

322 152 325 145.0 

53 141.5 53 152.5 

43 125 44.o 122 .7 
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TABLE 9-4 (Sheet 1 of 3) 

LOX CHILLDOWN AND SUPPLY SYSTEM PERFORMANCE 

S-IVB-512 Flight S-IVB-511 Flight S-IVB-510 Flight 

Parameter First Second First Second First Second 
Burn Burn Burn Burn Burn Burn 

Events (sec*) 

Chilldown initiation -288.211 -321.037 -285.003 -321.004 -286.005 -321.010 

Prevalve closed -281. 435 -310.481 -277. 301 -310.448 -278.553 -310.423 

Prepressurization initiation** -166.562 -521.719 -166.563 -521.704 -166.575 -521.724 

Prevalve open command 559.818 - 10.623 559.707 - 10.597 549.224 - 10.615 

Chilldown pump off 560.409 - .434 560.298 - o.407 549.849 - 0.616 

Engine start command 560. 734 0 560.620 0 550.180 0 

Prevalve closed signal dropout 560.583 - 9.802 560. 531 - 9.597 550.049 - 9.729 

Prevalve open signal pickup 561. 785 - 8.597 561.888 - 7.682 551.382 - 8.562 

Engine cutoff command 702 .680 358.997 706.216 349.878 694.686 358.807 

Chilldown flowrate 

Unpressurized (gpm) 41.0 N/A *** N/A 4o.o N/A 

Pressurized (gpm) 42.0 42.0 43.5 43.5 43.5 43.5 

Chilldown system pressure drop 

Unpressurized (psi) 11.0 N/A 9.6 N/A 9.8 N/A 

Pressurized (psi) 11,4 11. 4 11.0 11.0 11.0 11.2 

*All first burn data are referenced to liftoff; all second burn data are referenced to second engine 
start command 

**Repressurization on second burn 
***LOX chilldown flowmeter, F0004, operated intermittently 
N/ A Not applicable 

+ Based on predicted times from actual second engine start command 



TABLE 9-4 (Sheet 2 of 3) 

LOX CHILLDOWN AND SUPPLY SYSTEM PERFORMANCE 

Parameter 

Pump inlet conditions 

Static pressure at engine start (psi) 

- Temperature at engine start ( 0 R) 

Temperature at engine cutoff ( 0 R) 

NPSP requirements 

Minimum at engine start (psi)* 

At 5.0:1 EMR (psi) 

NPSP available 

At engine start (psi) 

At prevalve open command (psi) 

At STDV open command (psi) 

Maximum during burn (psi) 

Time of maximum (sec from ESC) 

Minimum during burn (psi) 

Time of minimum (sec from ESC) 

At engine cutoff (psi) 

*At STDV Open for Second Burn 

631. 4a 

S-IVB-512 Flight 

First 
Burn 

38.6 

164.7 

164.5 

12.8 

15.2 

21.7 

41.9 

25.0 

27.0 

5.0 

21.7 

0.0 

25.5 

Second 
Burn 

12.8 

15.2 

22.5 

31.0 

22.5 

25.5 

75.0 

22.5 

8.0 

23.0 

S-IVB-511 Flight 

First 
Burn 

38.3 

164.5 

164.3 

12.8 

15.2 

21.7 

41.2 

24.3 

28.5 

5.0 

21.7 

0.0 

24.5 

Second 
Burn 

12.8 

15.2 

22.6 

31.0 

22.5 

26.5 

63.0 

22.5 

8.0 

23.5 

S-IVB-510 Flight 

First 
Burn 

39.4 

164.9 

164.7 

12.8 

15.2 

23.7 

42.0 

24.6 

27.2 

22.0 

22.6 

1.0 

25.2 

Second 
Burn 

39.9 

166.0 

165.6 

12.8 

15.2 

21.6 

30.5 

21.8 

26.1 

66.o 

21.5 

1.0 

23.0 



TABLE 9-4 (Sheet 3 of 3) 

LOX CHILLDOWN AND SUPPLY SYSTEM PERFORMANCE 

S-IVB-512 Flight S-IVB-511 Flight S-IVB-510 Flight 

Parameter First Second First Second First Second 
Burn Burn Burn Burn Burn Burn 

LOX feed duct 

At 5.0:1 EMR 

Pressure drop (psi) 2.0 2.3 1.9 2 .2 2.0 2.1 

Flowrate (lbm/sec) 405 403 402 402 397 396 

At 4.5:1 EMR 

Pressure drop (psi) N/A 1.6 N/A 1.5 N/A 1.5 

Flowrate (lbm/sec) N/A 343 N/A 345 N/A 338 

N/A Not applicable 
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10. FUEL SYSTEM 

The fuel system supplied the engine with adequately conditioned LH2 

during first and second burns. The LH2 tank was satisfactorily safed 

by latching open the LH2 tank NPV valve. 

10.l LH2 Tank Pressurization Control 

The LH2 tank pressurization system (figure 10-1) satisfactorily 

accomplished prepressurization, first burn GH2 pressurization, 02-H2 

burner repressurization, and second burn GH2 pressurization. 

10.1.1 First Burn 

10.1.1.1 Prepressurization 

The LH2 tank was satisfactorily prepressurized in 11.1 seconds. This 

time was normal for the small initial LH2 ullage volume (427 ft 3). 

Conditions from prepressurization until first engine start command (ESC1 ) 

are summarized in figure 10-2 and compared to S-IVB-510 and 511 flight 

data in table 10-1. 

A minor decey and subsequent recovery in LH2 tank ullage pressure occurred 

during the 130 seconds after liftoff. This decay probably resulted from 

ullage gas cooling due to sloshing; however, ullage temperature data are 

not available to confirm this. The effect was accentuated by the small 

initial ullage volume. A similar decay occurred at S-IC/S-II separation. 

Thirty-five seconds later the LH2 tank ullage pressure returned to the 

relief level, 31,5 psia, and remained there for the rest of boost. 

10.1.1.2 Pressurization - First Burn 

At first burn engine start command, the LH2 tank ullage pressure was 

31,5 psia. The GH2 pressurization system performance was nominal during 

first burn. 

The LH2 tank ullage pressure was at relief conditions throughout the 

burn, resulting in approximately 12 lbm of vented ullage gas. The LH2 

pressurization module inlet pressure (D0104) showed a drift that was 

1 
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caused by environmental temperature effects on the transducer. An 

estimate of the actual pressure is plotted in figure 10-3. Conditions 

during first burn LH2 tank pressurization are summarized in figure 10-3 

and compared with S-IVB 510 and 511 flight data in table 10-2. 

10.1.2 Second Burn 

10.1.2.l 02-H2 Burner Repressurization 

The 02-H2 burner was utilized to repressurize the LH2 tank in preparation 

for S-IVB second burn. The repressurization rate was 3.5 psi/min. 

Burner start command was followed by a 6.8-second lag before initiation 

of repressurization in order to provide higher burner chamber pressure 

and improved combustion stability during the start transient. The LH2 

tank conditions are shown in figures 11-2 and 11-4; significant data are 

compared to 510 and 511 flight data in table 11-1. 

10.1.2.2 Pressurization - Second Burn 

At second burn engine start command (ESC 2), the LH2 tank ullage pressure 

was 30.6 psia. The GH2 pressurization flowrate was adequate to satis

factorily accomplish LH2 tank second burn pressurization. 

Due to a lower-than-expected ullage collapse, the ullage pressure during 

the initial portion of second burn was slightly above the predicted 

value but well within acceptable limits. The increase in pressurization 

flowrate resulting from the EMR change drove the ullage pressure to 

relief (31.7 psia) at ESC2 + 184 seconds, as indicated by the NPV nozzle 

pressure profiles and by the dropout of the closed talkback on the 

latching relief valve. The initiation of step pressurization at ESC2 + 

280 seconds increased the relief level to 32.4 psia. A total of 

approximately 44 lbm of ullage gas was vented during second burn. 

The LH2 pressurization module inlet pressure (D0104) showed a drift that 

was caused by environmental temperature effects on the transducer. An 

estimate of the actual pressure is plotted in figure 10-4. 
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Conditions during second burn LH2 tank pressurization are stumnarized in 

figure 10-4 and compared to S-IVB-510 and 511 flight data in table 10-2. 

10.2 LH2 Tank Conditions During Parking Orbit 

10.2.1 LH2 Tank Nonpropulsive Vent and Relief Valve Operation 

The nonpropulsive vent and relief valves operated satisfactorily during 

boost. The valves apparently feathered to maintain the ullage pressure 

at 31.5 psia. After first engine start command, the ullage again reached 

relief conditions and remained at 31.5 psia. 

During second burn, the ullage reached relief conditions (31.7 psia) at 

ESC
2 

+ 184 seconds. After step pressurization (Esc
2 

+ 280 seconds) the 

ullage pressure increased to 32.4 psia. 

Two programmed vents were initiated after second burn. The NPV was 

latched open during passivation. Data are presented in figures 10-5 

and 10-6. 

10.2.2 LH2 Tank Continuous Vent 

The continuous vent system (CVS) performed satisfactorily during Earth 

orbit, maintaining the LH2 tank ullage pressure at an average level of 

19.1 psia. The 19.1 psia ullage pressure level met the in-flight 

specification of 18-21 psia. 

An average acceleration of 5 x 10-5 g's was provided for propellant 

settling during Earth parking orbit. The LH2 disturbances caused by the 

pitch maneuver to local horizontal at R +735 seconds were settled by CVS 
~ 

acceleration prior to LH2 tank cryogenic repressurization. CVS operation 

was initiated at R +762 seconds, as indicated by the data (figures 10-7 
0 

63L.3 

and 10-8). Earth orbit CVS activity terminated at R +11,021 seconds. 
0 

The~ regulator began cycling at R
0 

+900 seconds, about 30 minutes 

earlier\ than on previous flights. The extended hold during launch count

down and the atmospheric conditions provided low initial LH2 tank and 

l 3 



pr opellant temperatures, which resulted in low boiloff and permitted 

regulator cycling early in the orbital coast period. The calculated 

boiloff during Earth orbit was 2,405 lbm, compared to the predicted 

value for the actual coast period of 2,540 lbm. The calculated boiloff 

is in agreement with the PU-indicated boiloff of 2,459 lbm. 

A programmed 150-second continuous vent was initiated after second engine 

cutoff command in conjunctio~ with opening of the latching relief valve. 

The CVS was activated at second engine cutoff command (R +11,908 seconds) 
-4 0 

and provided 3.5 x 10 g's to settle liquid residuals. The ullage pres-

sure dropped to 6.1 psia by the termination of the combined CVS and NPV 

operation. Data for the first CVS operation after translunar injection 

(TLI) appear in figures 10-9 and 10-10. The boiloff during time base 7 

_was approximately 1,110 lbm. A 300-second CVS vent was initiated at R 
-4 0 

+19,186 seconds and provided an average acceleration of 1.7 x 10 g's 

which settled the LH2 residual prior to permanent opening of the NPV valve. 

10.2.3 LH2 Tank Passivation 

The LH2 tank passivation was adequately performed. Passivation was 

started by activation of the CVS at R +19,180 seconds. Data for final 
0 

CVS operation is presented in figures 10-11 a.nd 10-12. At R +19 ,755 
0 

seconds, the LH2 NPV valve was latched open. 

presented in figure 10-6. 

Final NPV data are 

At the end of second burn, data showed that the LH2 tank contained 

2,224 lbm of liquid and 610 lbm of GH2 . .Analysis of available data, 

assuming zero liquid entrainment in the gas flow out of the vent system, 

indicated that most of the liquid and ullage mass in the tank at the end 

of second burn was vented. The ullage pressure reached zero at R +26,000 
0 

seconds (figure 10-6). 

10.2.4 Ambient Repressurization Helium Dump 

Approximately 16.3 lbm of ambient helium were dumped from the LH2 

repressurization spheres into the LH2 tank. During the 15-second dump, 
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i nitiated at R +21,196 seconds, the LH2 repressuration sphere pressure 
0 

decreased from 2940 to 1450 psia. The dump time was reduced to 15 seconds 

for AS-512 flight in order to preserve ambient helium for an APS recharge 

capability. Dump data are presented in figure 10-13 and table 12-2. 

10.3 Engine LH2 Supply 

The engine LH2 supply system (figure 10-14) provided fuel to the engine 

interface at the required conditions prior to and during first and 

second burns. 

10.3.1 First Burn 

The LH2 pump chilldown system performed satisfactorily. Table 10-3 

compares significant LH2 chilldown system performance data with that 

from S-IVB-510 and 511 flights. The chilldown system temperatures, . 
pressures, and calculated performance are presented in figure 10-15. 

The NPSP at the LH2 pump inlet was well above that required at first 

engine start command and throughout first burn. The pump inlet 

conditions are presented in figure 10-16. A correlation between the 

inlet temperature and pressure indicates that the inlet conditions were 

within the LH2 pump operating region throughout the burn · (figure 10-17). 

10.3.2 Second Burn 

The LH2 pump chilldown system performed satisfactorily for second burn. 

The chilldown system operation and performance are shown in figure 10-18. · 

Significant data are compared to previous flight data in table 10-3. 

The LH2 pump NPSP was above the specified requirement at STDV and 

throughout second burn. The NPSP, LH2 pump interface pressure, and LH2 

pump interface temperature during restart are shown in figure 10-19. The 

fuel pump inlet pressure and temperature were plotted in the start region 

(figure 10-20). Table 10-3 compares the LH2 supply data with that from 

S-IVB-510 and 511 flights. 

63L.3 
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TABLE 10-1 

LH2 TANK PREPRESSURIZATION DATA 

.. 

S-IVB-512 S-IVB-511 S-IVB-510 
Parameter Flight Flight Flight 

l 

Prepreseurization duration (sec) 11.l 12.0 lJ..5 
Ullage volume ( cu :f't ) 427 487 420 

Helium mass added (lbm) 4.o 4.3 4.o 
Ullage pressure 

At prepressurization initiation (psta) 15.2 ·15.6 15,5 

At prepressurization termination (psia) 32.0 32.l 32,0 

At li:f'toff (psia) 31.5 31.7 31,¾ 
At engine start command (ps:i.a) 31.5 31. 7 31.~ 

Events (sec from li:f'toff) 

Prepressurization initiation • -96.3 -96.3 -96.5 
Prepressurization termination · -85.2 -84.3 -85,0 

Engine start command 560.7 '· 560.6 550,l 
,• 

' \ 

10-6 
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TABLE 10-2 

LH2 TANK PRESSURIZATION DATA 

S-IVB-512 Flight S-IVB-511 Flight S-IVB-510 Flight 

First Second First Second First Second 
Parameter Burn Burn Burn Burn Burn Burn 

Pressure switch setting 

Lower (psia) 28.7 28.7 28.6 28.6 28.8 28.8 

Upper (psia) 30.5 30.5 30.2 30.2 30.3 30.3 

Ullage pressure 

At engine start command (psia) 31.5 30.6 31.7 31.2 31.4 30.8 

At engine cutoff command (psia) 31.5 32.4 31.7 32.9 31.6 32.2 
.... 
? ..., 

GH2 pressurant flowrate 

Undercontrol - 5.0 EMR (lbm/sec) o.67* 0.69* 0.69* 0.71* o. 70* 0.73* 

Undercontrol - 4.5 EMR ( lbm/sec) -- o.65* -- o.66* -- o.64* 

Step - low EMR (lbm/sec) -- -- -- -- -- --
Step - high EMR (lbm/sec) -- l. 34* -- 1.39* -- 1.45* 

Total GH2 added (lbm) 92.2* 288.2* 97.6* 287.4* 96.5* 309.0* 

*Based on estimated fuel pressurization module inlet pressure 
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TABLE 10-3 (Sheet 1 of 3) 

LH2 CHILLDOWN AND SUPPLY SYSTEM PERFORMANCE 

S-IVB-512 Flight S-IVB-511 Flight S-IVB-510 

First Second First Second First 
Parameter Burn Burn Burn Burn Burn 

Events (sec*) 

Chilldown initiation -296.761 -316.024 -294.202 -316.005 -294,597 

Prevalve closed -281.011 -309,986 -277,301 '.'""310. 324 -278.608 

CVS closed N/A -527,832 N/A -527,687 N/A 

Pressurization initiation - 96.302 -521.924 - 96,348 -521.861 - 96.467 

Prevalve open command 559.821 - 10.622 559.707 - 10.597 549.226 

Engine start c0JDI11and 560.730 0 560.620 0 550.100 

Prevalve closed signal dropout 560.788 - 10.051 560. -471 - 9,732 550.137 

Chilldown pump off 561.821 - 0.625 561. 698 - 0.590 551. 222 

Prevalve open signal pickup 562.122 - 8.929 561. 721 - 7.848 553.465 

Chilldown flowrate 

Unpressurized (gpm) 106 N/A 104 N/A 103 

Pressurized (gpm) 138 138 140 141 140 

Chilldown pump pressure differential 

Unpressurized (psi) 9.0 N/A 9.2 N/A 9.1 

Pressurized (psi) 7.6 7.4 7,5 7.4 7,9 

* All first burn data are referenced to liftoff; all second burn data are referenced to ESC2 . 

++ Talkback not received due to microswitch or telemetry problem. 

N/A Not applicable 

Flight 

Second 
Burn 

-315.025 

++ 

-527.694 

-521.126 

- 10.645 

0 

++ 

- o.646 

- 8.675 

N/A 

138 

N/A 

7,3 



TABLE 10-3 (Sheet 2 of 3) 

LH2 CHILLDOWN AND SUPPLY SYSTEM PERFORMANCE 

S-IVB-512 Flight S-IVB-511 Flight S-IVB-510 Flight 

First Second First Second First Second 
Parameter Burn Burn Burn Burn Burn Burn 

Pump inlet conditions 

Static pressure at engine start (psia) 37.4 30.9 32.7 31.2 35.8 31.0 

Static pressure at engine cutoff (psia) 30.5 31.2 30.0 31.4 30.0 31.3 

Temperature at engine start (deg R) 38.2 41.2 38.9 4o.6 38.1 40.5 

Temperature at engine cutoff (deg R) 38.0 39.3 38.4 39.3 38.2 39.3 

NPSP requirements ... 

' Mininnlln at start tank discharge (psi) 4.53 4.53 4.53 4.53 4.53 4.53 
IO 

At 5.0:1 EMR (psi) 4.98 4.98 4.98 4.98 4.98 4.98 

NPSP available 

At engine start (psi) 15.8 1.0 14.1 3.2 16.6 4.1 

At prevalve open command (psi) 20.2 14.o 18.5 11.5 18.1 14.o 

At STDV open command (psi) 12.2 7.5 9.6 5.7 12.2 7.9 

Maximum during burn (psi) 15.8 11.8 14.1 11.8 16.6 11.6 

Time of maximum (sec from ESC) 0.0 285.0 o.o 305.0 o.o 223.0 

Minimum during burn (psi) 11. 3 1.0 9.6 3.2 12.2 4.1 

Time of minimum (sec from ESC) 3. 0 o.o 3.0 0.0 3.0 o.o 

At engine cutoff (psi) 13 .0 11.4 12.6 10.7 12.8 10.7 

63L.3 



f .... 
0 

Parameter 

LH2 feed duct 

At 5.0:1 EMR 

Pressure drop (psi) 

Flowrate . (lbm/sec) 

At 4.5:1 EMR 

Pressure drop (psi) 

Flowrate (lbm/sec) 

N/A Not Applicable 

, .3 

TABLE 10-3 (Sheet 3 of 3) 

LH2 CHILLDOWN AND SUPPLY SYSTEM PERFORMANCE 

S-IVB-512 Flight S-IVB-511 Flight S-IVB-510 Flight 

First Second First Second First Second 
Burn Burn. . Burn Burn Burn Burn 

0.7 0.7 o.6 o.8 o.6 o.6 

79.6 79 .5 81.1 81.0 79.4 79.8 

N/A 0.5 N/A 0.7 N/A 0.5 

N/A 75.9 N/A 77.8 N/A 75.5 
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11. OXYGEN-HYDROGEN BURNER SYSTEM 

- The S-IVB-512 stage utilized the 02- H2 burner (Figure 11-1) to 

repressurize the propellant tanks for the S-IVB second burn. LH2 and 

LOX tank repressurizations were satisfactorily accomplished prior to 

second burn. 

11.1 BURNER PERFORMANCE 

The 02-H2 burner performed satisfactorily during restart preparations. 

Data profiles (Figure 11-2) were similar to those from previous ground 

tests and flights. The AS-512 burner data are compared to AS-510 and 

AS-511 flight data in Table 11-1. 

11.2 COLD HELIUM SUPPLY 

The cold helium spheres provided adequate helium (29.6 lbm) for cryogenic 

repressurization. The quantity of helium used for repressurization was 

commensurate with the usage on previous flights on which LOX tank repres

surization was required. Cold helium data are shown in Figure 11-3. 

11.3 LH2 TANK REPRESSURIZATION 

Repressurization of the LH2 tank by the 02- H2 burner was satisfactory. 

Pertinent data are presented in Figure 11-4 and are compared to previous 

flight data in Table 11-1. 

11.4 LOX TANK REPRESSURIZATION 

S-IVB-512 was the seventh flight stage to require repressurization of the 

LOX tank by the 02-H2 burner in preparation for second burn. LOX tank 

repressurization was required because the ullage pressure decayed during 

parking orbit (Paragraph 9.1.2.1) Pertinent data are presented in 

Figure 11-5 and Table 11-1. 
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TABLE 11-1 

S-IVB-511 02-H2 BURNER PERFORMANCE DATA 

Para.meter 

Duration of burner operation (sec) 

Lag in pressurant flow after burner 
start (sec) 

Cold helium supply 

Initial pressure (psia) 

Initial average temperature ( 0 R) 

Initial mass (lbm) 

Usage during burner operation (lbm) 

Burner propellant supply during burner 
operation 

LH
2 

supply pressure range (psia) 

LOX supply pressure range (psia) 

LH2 tank repressurization 

Ullage volume ( cu ft) 

Initial pressure (psia) 

Final pressure (psia) 

Duration (sec) 

Average pressurization rate (psi/min) 

Total helium required (lbm) 

LOX tank pressurization 

Ullage volume (cu ft) 

Initial pressure (psia) 

Final pressure (psia) 

Duration (sec) 

Average pressurization rate (psi/min) 

Total helium required (lbm) 

. 11-2 

631. 3 
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l ~~ . 0 PNEUMATIC CONTROL AND PURGE SYSTEM 

The pneumatic control and purge system (Figure 12-1) performed satisfac

tori ly throughout the flight. The S-IVB-512 pneumatic control sphere 

was supplemented by the two LOX tank repress spheres from liftoff to 

secon d J-2 engine cutoff . The helium supply was more than adequate to 

meet all mission requirements and to accomplish all purges. No helium 

leakage was evident during earth orbit. During the period of prevalves 

closure following second burn, the usage was well within prevalve spec

ification allowable leakage rates. 

12.1 PNEUMATIC CONTROL 

The S- IVB- 512 stage was the fourth stage to incorporate the new pneumatic 

pressure regulator. During flight the regulator discharge p r essure re

mained at approximately 470 psia, which is within the 470 2:_ 12 psia 

specification band. 

No leakage was evident during earth orbit. During the translunar coast , 

the LOX and LH2 chilldown shutoff valves and prevalves were commanded 

closed for 2 hours 5 minutes 48 seconds beginning 1.6 seconds after ECC2 . 

During this time pe riod the average usage was .90 scfm which is below 

the prevalves total in-service allowable specification leakage of 3 scfm . 

The pne umatic system performance data during boost and first burn, earth 

orbit, second burn, translunar coast and dump are shown in Figures 12 - 2 

through 12-6. Pneumatic system performan ce data at significant times are 

compared with S-IVB-510 and -511 flight data in Tab le 12 - 1 . 

12.2 AMBIENT HELIUM PURGES 

The ambient helium supply was adequate for pneumatic control and purging . 

The engine pump purge was initiated 9 seconds before ECC
1

, and operated 

nominally for its 10 minute duration. 

The LOX chilldown pump motor container purge pressure was nominal for 

both first and second burns. The LOX chilldown pump motor container 

purge pressure is shown in Figure 12-7 and 12-8 . 

12-1 
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12 . 3 PNEUMATIC CONTROL AND PURGE HELIUM DUMP 

The two LOX repress spheres were dumped through the LOX ambient 

repressurization control module 30 seconds after second J-2 engine cut

of f for a duration of 40 seconds, which reduced the spheres pressure to 

approximately 1160 psia. 

At the initiation of the pneumatic sphere dump (R +18,181 seconds), the 
. 0 

LOX repressurization spheres pressure had increased (due to helium tem-

perature increase) to 850 psia below the level of the pneumatic sphere. 

Approximately 1620 seconds after initiation of the pneumatic sphere dump, 

the three sphere pressures were equal, allowing simultaneous dumping of 

the three spheres. Safing was terminated at R +21,781 seconds. Pertinent 
0 

system data are presented in Figure 12-6 and Table 12-2. 

12-2 
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TABLE 12- 1 . S- IVB-512 PNEUMATIC CONTROL AND PURGE SYSTEM DATA 

S- IVB- 512 Flight S-IVB- 511 Flight 

First Second Firs t Second 
Burn Burn Burn Burn 

Sphere volume (cu f't ) 4.5 4.5 4.5 4.5 

Sphere pressure 

At liftoff (psia) 2,970 --- 3,070 ---
At engine start command (psia) 2 ,955 2 ,850 3,055 2,900 

At engine cutoff command (psia) 2,950 2 ,850 3,050 2 ,890 

Sphere temperature 

At liftoff ( 0 R) 530 --- 530 ---
At engine start command ( 0 R) 526 510 527 515 

At engine cutoff command ( 0 R) 525 505 527 507 

Helium mass 

At liftoff (lbm) 8.4 --- 8.9 ---
At control sphere dump initiation (lbm) 7.5 --- 7,8 ---
At control sphere dump termination (lbm) 4. 6 --- 5,0 ---

Regulator output pressure (psia ) 

Maintained pressure band 470 470 477 477 

Average LOX chilldown motor container 
pressure (psia) 47 47 45 45 

631 .3 

S-IVB-510 Flight 

First Second 
Burn Burn 

4.5 4.5 

3,010 ---
2,985 3,025 

2,980 3,005 

532 ---
529 524 

529 519 

8.4 ---
7.2 ---
4.2 ---

465 470 
to to 
475 475 

50 46 
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TABLE 12-2. S- IVB- 512 HI GH PRES SURE SPHERE PASSIVATION 

Cold He lium LH2 Ambient Pneumatic LOX Ambient 
Parameter Repressurization Control and Repress. 

First Dump Second Dump Third Dump Helium Purge Helium Helium 

Initiation (sec from RO) 11,978. 2 15,508 .2 21,196.4 21,196 18,180.7 11,937. 8 

Duration (sec) 829 . 2 898. 9 1,015.0 15 3 ,600 40 .o 
Helium pressure 

At dump initiation (psia) 600 130 60.0 2,940 2 ,400 2,860 

At dump termination (psia) 80 25 16.0 1,450 1,300 1,160 

Helium mass dumped (lbm) 120 30 9 16.3 2.9* 6 . 65 

*Excluding LOX Repressurization Spheres (An estimated 1.35 lbm was dumped from LOX repressurizati on 
Spheres. 
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13. AUXILIARY PROPULSION SYSTEM 

The attitude of the S-IVB stage is controlled by two auxiliary propulsion 

system (APS) modules mounted 180 degrees apart on the aft skirt of the 

stage. Each module is a self-contained unit composed of four basic 

systems: (1) the oxidizer system, (2) the fuel system, (3) the helium 

pressurization system, and (4) the engine (Figure 13-1). The instrumen

tation unit, mounted above the S-IVB stage, provides signals for 

operation of the APS modules. 

Each module contains two 150-pound-thrust engines which provide roll 

control during S-IVB powered flight, and yaw and roll control during the 

coast periods. A third 150-pound-thrust engine in each module provides 

pitch control during coast periods. Each module also contains a 

72-pound-thrust engine which supplies axial thrust on the vehicle to 

provide propellant slosh control, propellant settling, and the velocity 

change required for the S-IVB/CSM evasive maneuver, and Lunar impact. 

13.1 APS FLIGHT OPERATION 

The auxiliary propulsion system (APS) demonstrated clos e to nominal 

performance throughout the flight and met control system demands as 

required out through the Bar-B-Q maneuver completion and flight control 

computer shutoff at R +41,532 seconds. 
0 

631. 6 

13.1.1 APS Flight Objectives 

The APS flight objectives were to provide thrust on demand for roll 

control during the S-IVB J-2 engine first and second burns; for roll , 

pitch, and yaw control after J-2 engine cutoff; for propellant settling; 

for the S-IVB/CSM evasive burn; and for the Lunar impact burns. 

1 3 .1.2 APS Flight Description 

Approximately 1 second after S-II engine cutoff, the APS was activated 

to provide roll control during S-IVB J-2 first burn. 

13-1 



After S-IVB J-2 engine cutoff, APS pitch and yaw control was activated 

to maintain the vehicle in the desired attitude, and the APS ullage 

engines fired 86.7 seconds to provide slosh control and propellant 

settling. The ullage engines were fired a second time for 76.7 seconds 

to provide a positive acceleration on the vehicle from burner cutoff 

until J-2 restart. The ullage engines were started approximately 

5 seconds before 02-H2 burner shutdown and were cut off 3 seconds after 

second J-2 engine start command. 

During the second J-2 engine burn the APS pitch and yaw control was 

deactivated, and the APS provided roll control only. Following J-2 

cutoff the APS pitch and yaw control was reactivated . 

At approximately R +18,181 seconds the APS ullage engines were fired for 
0 

80 seconds to perform the programmed S-IVB/CSM evasive burn. Two ground 

commanded lunar impact burns of 98 and 102 seconds duration at R + 22 , 200 
0 

seconds and R +40,500 seconds, respectively, provided the velocity 
0 

change required for lunar impact. 

At approximately R +41 ,513 seconds the Bar-B-Q maneuver was initiated. 
0 

The flight control computer was shutoff at approximately R +41,532 seconds. 
0 

13.2 APS SYSTEM OPERATION 

The performance of all APS systems in both modules was satisfactory 

throughout the mission. 

13.2.1 Helium Pressurization System 

The helium pressurization system operation was normal. The helium 

bottle conditions are presented as a function of mission time in 

Figures 13-2 through 13-6. Helium bottle initial and final conditions 

are presented in Table 13-1. 
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The changes incorporated in the AS-512 and subsequent modules to 

prevent helium leakage, as occurred during the AS-511 flight, were 

apparently successful. No helium leakage was observed during the 

AS-512 flight. The changes included: 

a. Replacement of all bulkhead-type MC fittings with MC 237 adapters. 

b. The replacement of Teflon "O"-ring gaskets downstream of the quad 
check valves in the pneumatic and propellant system with metallic 
teflon coated K-seals (MC-252). 

c. Separate mounting provisions for the high and low pneumatic 
pressure transducers. 

d. Additional module testing and checkout, 

The APS helium recharge system capability added for 512 and subsequent 

flights was not used since no leakage occurred. 

The range of regulator outlet pressures, ullage pressures, and propellant 

manifold pressures are presented in Table 13-2. These values are 

acceptable for normal system operation. The thermal effect on the 

regulator outlet pressure was again observed in this flight. The 

module 1 regulator outlet pressure ranged from 194 psia after lift-off to 

206 psia at the time of the Bar-B-Q maneuver as the helium bottle 

temperature ranged from 540°R to 420°R. The module 2 regulator outlet 

pressure ranged from 194 psia after lift-off to 186.5 psia at the time of 

the Bar-B-Q maneuver as the helium bottle temperature ranged from 545°R 

631.6 

to 626°R. This thermal effect was observed on previous flights, 

and during regulator qualification tests. This thermal regulator shift 

does not present any system operation problem. 

13.2.2 APS Propellant System 

Both the fuel and oxidizer systems of modules 1 and 2 performed as 

expected during the flight. The propellant quantities remaining and 

the propellant temperatures are presented as a function of mission time 

in Figures 13-7 through 13-10. The nominal and 3-sigma predicted usages 

are included for comparison in the propellant mass figures which show 

that the propellant usage was approximately nominal predicted for both 
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modules out to the first lunar impact burn. The first lunar impact 

burn was shorter than predicted because the vehicle was oriented to -

the optimum attitude for burn. The propellant temperatures remained 

within the required range of 480 to 585 deg R. The maximum temperature 

recorded in the propellant control module was 567 deg R in module 2 . 

The minimum propellant temperature recorded was 520 deg R in module 1. 

The bulk temperature of propellants in the bladder would be somewhere 

between these values. 

The propellant usage presented in Figures 13-8 and 1 3-10 and Table 1 3- 3 

were obtained from the helium bottle pressure, volume, and temperature 

(PVT) method. This method assumes that all the helium which leaves the 

high pressure helium system enters the low pressure system and expels 

propellant. 

13.3 ENGINE PERFORMANCE 

The performance of the APS attitude engines was satisfactory throughout 

the mission. The engine chamber pressure ranged from 95 to 1 01 psia . 

The longest attitude control engine steady state burn t ime was 0.890 

seconds on the module 2 pitch engine during the maneuver to TD&E attitude 

at R +12, 810 seconds. The majority of pulses during the flight were 
0 

of minimum pulse width as shown in Figure 13-13 through 13-16. 

The total APS impulse for the attitude control eng ines in each module is 

p resented as a function of mission time in Figures 13-11 and 13-12. 

Module No. 1 supplied a total impulse of 12,925 lbf-sec for atti tude 

control until R +41, 532 seconds. Module No. 2 attitude control t otal 
0 

i mpulse to this time was 15,543 lbf-sec. The impulse was calculated by 

integrating the engine chamber pressure until R +13 ,849 seconds, after 
0 

which time the chamber pressure data was very noisy. The impulse was 

then calculated by integrating the valve actuation event traces, K0132 

through K0135, These traces were calibrated to simulate chamber p ressure 

values; therefore, the impulse values are approximate after R +13 ,849 
0 

seconds. 
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Figures 13-13 through 13-16 show that the engine performance agreed 

closely with the engine manufacturer's test data obtained at simulated 

altitude conditions. The variation from the TRW 2-sigma variation can 

be attributed to the methods used in determining the performance. The 

pulse width was determined from the time the chamber pressure increased 

to 10 psia until it dropped to 10 psia. Since the engine chamber 

pressures were only sampled at 120 samples per second, an accurate 

pulse width could not be obtained. The pulse width determined by this 

method could be longer than actual, and the resulting thrust va lue 

obtaine d by dividing the impulse by pulse wi dth would then be l ower 

than actual. 

The ullage engine chamber pressures were normal during the five ullage 

engine burns, ranging from 95 to 101 psia. 
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TABLE 13-1 

AS-512 APS HELIUM BOTTLE CONDITIONS 

Module 1 Module 2 

Final Final 
Parameter Initial (Ro +41,532 sec) Initial (Ro +41,532 sec) 

Pressure (psia) 

Temperature (OR) 

Mass (lbm) 

Usage (lbm) 

3,075 1,565 

547 422 

1.0236 0.6993 

-- 0.3243 

TABLE 13-2 

AS-512 APS PRESSURES 

Module 1 

3,051 2 ,307 

545 606 

1.0232 .7146 

-- 0.3086 

Module 2 

Parameter Fuel Oxidizer Fuel Oxidizer 

Ullage Pressure (psi a) 188-200 188-198 182-187 185-193 

Propellant Manifold Pres. (psi a) 189-197 188-198 183.:...190 184-196 

Regulator Outlet Pressure (psia) 194-206 186.5-194 
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TABLE 13-3 S-IVB APS PROPELLANT CONSUMPTION 

Initial Load 

First Burn (Roll Control) 

ECO to End of First APS Ullaging 
(86.7 sec time period) 

End of First Ullage Burn to 
Start of Second Ullage Burn 

Second Ullage Burn 
(76.7 sec Duration) 

Second Burn (Roll Control) 

ECO to Start of First Lunar 
Impact Burn at 22,200 sec. 

First Lunar Impact Ullage 
Burn (98 sec Duration) 

From End of First Lunar Impact 
Burn to Start of Second Lunar 
Impact Burn at 40,500 sec. 

From Start of Second Lunar 
Impact Burn to FCC Cutoff 
(approximately 41,532 sec) 

Total Propellant Usage 

LBM 

203.8 

0.5 

14.6 

11.2 

12.5 

0.3 

28.0 

15.0 

7.0 

15.2 

104.3 

MODULE NO. l 

OXIDIZER 

PERCENT 

0.2 

5.5 

6.1 

0.1 

13.7 

3.4 

7.5 

51.l 

FUEL 

LBM 

126.1 

0.3 

11.3 

9.5 

0.2 

PERCENT 

.2 

9.0 

7.5 

.2 

18.8 14.9 

11.6 9.2 

4. 4 3.5 

12.0 9.5 

75.1 59.6 

NOTE: The APS propellant consumption presented in this table calculated 
from helium bottle pressure and temperature measurements. 

MODULE NO. 2 

OXIDIZER 

LEM 

203.6 

12.5 

12.5 

15.5 

16.0 

106.6 

PERCENT 

0.2 

6.1 

6.1 

0.1 

17.9 

3.4 

7.8 

52.1 

FUEL 

LBM 

126.1 

10.0 

0.2 

PERCENT 

0.2 

7.9 

7.5 

.2 

25.1 19.9 

12.0 9.5 

4.8 3.8 

12.2 9.7 

77 .6 61.6 
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14.0 PROPELLANT UTILIZATION 

The propellant utilization (PU) system successfully accomplished the 
r equirements associated with propellant loading and inflight monitor 
modes. The best estimate propellant mass values at liftoff were 
195,616 lbm LOX and 43,752 lbm LH2. These values are well within the 
required ±1.12 percent stage loading accuracy. 

The total propellant residuals (best estimate) at second Engine Cutoff 
Command (ECC2) were 4,249 lbm LOX and 2,224 lbm LH2. The useable masses 
at ECC were 1,320 lbm LH2 and 3,717 lbm LOX. By extrapolating to deple
tion cutoff at propellant flowrates of 80.4 lbm/sec LH2 and 403.4 lbm/ 
sec LOX, depletion cutoff would have occurred 9.2 sec. after second 
Engine Cutoff Command with a useable LH2 residual of 579 lbm. 

The PU system was operated inflight in the open loop mode. The PU valve 
operation was controlled in response to launch vehicle digital computer 
(LVDC) issued commands. The PU valve was positioned at null for start 
where it remained throughout the entire first burn mode. At time base 6 
(TB6) + 450.065 sec. the PU valve was commanded to the low EMR stop for 
restart. At ESC2 + 92.013 sec. the PU valve was commanded to the null 
position. By ESC2 + 93.290 sec. the valve had arrived at the null 
position where it remained positioned for the duration of the second burn 
operation. 

- The rise of propellants within the mass sensors due to capillary action 
during the low acceleration coast period was noted as on previous Saturn V 
flight stages. The capillary action had no effect upon the PU system 
operation due to the open loop mode of operation. 

14.1 PU Mass Sensor Calibration 

The S-IVB-512 stage did not undergo acceptance firing. Consequently the 
preflight full-point calibration propellant masses are maximum load 
values based on the volumetric calibration method. The LH2 volumetric 
mass at full load was reduced by 223 lbm based on the average deviation 
between the volumetric and flow integral data from previous stages. No 
adjustments were made to the LOX volumetric full load mass, consequently 
the LOX calibration is common for both FU volumetric and PU indicated 
methods. 

The full immersed capacitance values were predicted from vendor calibration 
data. The propellant masses at the empty calibration point were computed 
from unique tank volumes and predicted density data. The corresponding 
capacitance values were computed from fast drain data obtained from 
previous S-IVB stage acceptance firings. 

The following tabulation presents a summary of the PU mass sensor 
calibration data: 
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14.o (cont'd) 

LOX Sensor, Series 1, Serial Bl 

Probe Bottom (air) 
Probe Bottom (Cryogenic) 
Full Load (Pressurized) 
Full Immersion 

Mass 
(lbm) 

1363 
1955e4 
196997 

LH2 Sensor, Series 1, Serial C1/C6 

Probe Bottom (air) 
Probe Bottom (Cryogenic) 
Full Load (Pressurized) 
Full Immersion 

Mass 
(lbm) 

201 
43750 
44402 

Capacitance 
(picofarad) 

282.65 
282.15 
412.71 
413.66 

Capacitance 
(picofarad) 

970.33 
970.86 

1181.25 
1184.40 

During the CDDT, the LOX and LH2 sensors were fully immersed. The LOX -
probe immersed value at 71.07 lbm per ft.3 density was 413.51 pf or 
0.15 pf less than predicted. The LH2 probe immersed value at 4.396 lbm 
per ft.3 density was 1184.22 pf or .18 less than predicted. The desired 
PTCS values were modified for launch to account for these deviations. 
The following relationships are the revised mass equations for LOX and LH2. 
(The electronic calibration relationships of capacitance to fine mass pot 
ratio (FMPR) and coarse mass pot ratio (CMPR) were not affected by these 
changes). 

LOX Total Mass (lbm) 
LH2 Total Mass (lbm) 

= 
= 

(FM Ratio) 
(FM Ratio) 

(220771) 
(51225) 

+ (-8819) 
+ (-731) 

(FM Ratio) = fine mass pot ratio under pressurized condition 

14.2 Propellant Mass History 

The predicted, measured and best estimate propellant masses at significant 
flight events are presented in Table 14-1. 

The propellant mass measurement systems are: 
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14.2 (cont'd) 

a. PU indicated and corrected 
b. PU volumetric 
c. Flight flow integral 
d. Trajectory reconstruction 
e. Level sensors 

A brief description of each measurement system is as follows: 

a. The PU indicated method measures propellant mass from the 

b. 

raw PU probe output which is reduced according to the pre
flight calibration relationship. The procedures used for this 
calibration are described in detail in Section 14.l of this 
document. 

The PU indicated corrected data includes adjustments for tank
to-sensor mismatch and flight dynamics effects. 

Based on propellant loading conditions of (1) night launch 
and (2) an unprecedented countdown hold of two hours and 
forty-minutes,it was predicted that the nominal LH2 tank skin 
temperature was at the colder end of the nominal skin temp
erature range observed on earlier S-IVB flights. To account 
for this effect, a minus (-100) lbm adjustment was made to 
the LH2 PU indicated and PU volumetric liftoff data. 

The PU volumetric masses are derived from raw PU probe output 
data which are reduced according to volumetric calibration 
slopes and adjusted for flight dynamics effects and volumetric 
tank-to-sensor mismatch. The calibration slopes (lbm/pf) were 
computed from the capacitance-propellant mass relationships 
at the upper and lower probe active element extremities. 
Propellant masses at the extremities were calculated from unique 
tank volume determined from tank measurements and propellant 
density. 

c. The flight flow integral consists of determining the LOX and 
IB2 mass flowrates and integrating as a function of time to 
obtain total consumed propellant masses during engine burn. 
The flow integral propellant masses at first Engine Start 
Command (ESC1) are determined by adding propellant at second 
Engine Cutoff Command (ECC2) to the total propellant consumed 
by the engine during both burns, the fuel pressurant added to 
the ullage, and the propellant lost to boiloff. 
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14.2 (cont'd) 

d. Trajectory Reconstruction method determines vehicle mass from 
observed trajectory data. 

e. The residual point liquid level sensors determine propellant 
level at descrete times. Propellant mass at level sensor 
activation is computed from propellant volume below the level 
sensor together with propellant density at time of activation. 
Propellant residual is determined by subtracting, from the 
level sensor mass, the propellant consumed during the time 
interval between level sensor activation and engine cutoff 
command. The consumed mass is derived from engine flow 
analysis. 

The best estimate total propellant mass at liftoff was 239,368 lbm 
(34 lbm more than desired). The best estimate for LOX was 195,616 
+ 457 lbm and the best estimate for LH2 was 43,752 + 234 lbm. The 
best estimate full load propellant masses were O.Olb percent greater 
for LOX and 0,005 percent greater for LH2 than predicted. Both LOX and 
LH2 masses were well within the desired loading accuracies of± 0.75 
percent and± 1.04 percent respectively. The liftoff mass, as determined 
by each individual measurement system compared to the best estimate, is 
within the accuracy constraints for each system. 

The PU masses at second engine start command (ESC2) were obtained by reading 
the PU mass at ESC2 plus 81.4 seconds and adding the propellant consumption 
as determined by the flow integral method. 

The best estimate total propellant mass at second Engine Cutoff Command 
(ECC2) is 6473 lbm (2o6 lbm lower than predicted). The best estimate 
total burn consumption is 230,098 lbm (131 lbm greater than predicted). 

Propellant loading was accomplished automatically by the loading compute r . 

The loading computer values at liftoff were 99.95 percent for LOX and 100.13 
percent for IJI2; these were well within the 100.13 percent loading computer 
accuracy. 

14.2.1 Oribtal Boiloff 

LOX usage (best estimate) between first burn Engine Cutoff Command (ECC1) 
and second burn Engine Start Command (ESC2) was 131 lbm, including first 
burn engine thrust decay consumption, orbital boiloff and second burn 
engine chilldown. 
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14.2. 1 (cont'd) 

The LH2 usage (best estimate) between first burn ECC1 and ESC2 was 
2666 lbm. The orbital usage was 110 lbm greater than the predicted 
value of 2556 lbm. 

14.2.2 Propellant Residuals 

14.2.3 

The propellant residuals were computed at ECC2 by means of the residual 
point level sensors and the PU mass sensors. Three residual level 
sensors activated in the LOX tank and two in the LH2 tank during second 
burn operation (level sensors L0014, L0015 and L0016 in the LOX tank 
and L0018 and L0019 in the fuel tank). 

The LOX and LH2 tank point level sensor residuals were generated using 
the engine consumption data to extrapolate from each level sensor acti
vation to ECC2. An average level sensor residual was computed from 
the level sensors in the LOX and LH2 tanks. The final propellant res idual 
masses at engine cutoff is the weighted average of the level sensor an d 
PU mass sensor residuals. Table 14-2 summarizes the propellant residual 
data. The combined weighted average residuals were 4249 lbm LOX and 
2224 lbm LH2. These total masses include unusable masses of 532 lbm 
LOX and 904 lbm LH2. By extrapolating to depletion cutoff at propellant 
flowrates of 4o3.4 lbm/sec LOX and 80.4 lbm/sec LH2, LOX depletion would 
occur 9.2 seconds after ECC2 with a useable residual of 579 lbm IJI2. 

PU Efficiency 

The open loop PU efficiency was found to be 99 . 92 percent; t his i s based 
on utilizing the extrapolated flowrate and useable IJI2 residual les s bi as 
given in section 

14. 2 .4 Tot al PU Volumetric Method Mass Sensor Flight Correc t ion 

Fi gures 14-1 and 14-2 present the flight evaluation total corr ec tion t o 
the i ndicated propellant mass, as determined by the PU volumetric method, 
f or the LOX and LH2 mass sensors. The total mass correction is the sum 
of the predicted effects due to CG offset, changing tank shape i nflight, 
and volumetric tank-to-sensor mismatch. The LH2 mass correction includes 
a skew bias correction to compensate for differences between flow 
integral and volumetric data from past stages. 
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14.2.5 IJI2 Slosh 

The 1Jl2 slosh near second burn cutoff was analyzed by means of the 
i ndicated PU mass. The maximum peak to peak slosh was approximately 
959 lbm and diminished to 544 lbm at cutoff. When this diminishing 
rate is extrapolated to the depletion sensors, the amplitude is 
approximately 50 lbm which is less than the 150 lbm allowable. 

14-6 



TABLE 14-1 

DEVIATION FROM BEST ESTIMATE MASS 
PU PU PU 

EVENT PREDICTED INDICATED INDICATED VOWME. FI,(1,1 TRAJECTORY BEST 
RANGE ZERO MASS MASS . CORR. MASS MASS INTEGRAL RECONST. ESTIMATE PU 

PREDICTED PU INDICATED PU FLOW TRAJECTORY 
INDICATED CORRECTED VOLUM. INTEGRAL RECONST. 

-
LIFT-OFF LOX 195584 195427 .195421 195421 195495 195616 - 32 -ltl9 -195 -195 . -121 
t-0.63 LH2 43750 43826 43724 43944 43674 43752 - 2 + 74 -W +192 - 78 

TOTAL 239334 239253 239145 239365 239169 239383 239368 - 34 -115 -223 - 3 -199 + 15 
I 

FIRST ENG . LOX 195584 195427 195421 195421 195495 195616 - 32 -ltl9 -195 -19~ -121 
START CMD LH2 43750 43tl26 43724 43944 43674 43752 - 2 + 74 - 2tl +192 - 7!l 
t=560.7 TOTAL 239334 239253 239145 239365 239169 2393tl3 23936tl - 34 -115 -223 - 3 -199 + 15 

-FIRST ENG. LOX 138673 140321 14ol41 140141 139840 139971 -1298 +350 +170 +170 -131 
CUT-OFF CMD LH2 32345 32520 32610 32774 32610 32744 - 399 -224 -134 + 30 -134 
t=702.7 TOTAL l 710l!l 1721:l41 172751 172915 172450 172750 172715 -1697 +126 + 36 +200 -265 :t 35 

FIRST BURN LOX 56911 551o6 55280 5528o 55655 55645 +1266 -539 -365 -365 + 10 
CONSUMPTION LH2 11405 ll3o6 11114 11170 no64 11008 + 397 +298 +lo6 +162 + 56 

TOTAL 68316 66412 66394 66450 66719 66633 66653 +1663 -241 -259 -203 + 66 - 20 

ORBITAL LOX 132 123 156 156 156 131 + l - tl + 25 + 25 + 25 
CONSUMPTION LH2 2556 2493 2570 2611 2570 2666 - 110 -173 - 96 - 55 - 96 

TOTAL 2688 2616 2726 2767 2726 28oo 2797 - 109 -181 - 71 - 30 - 71 + 3 

SEX:OND ENG, LOX 13tl54l l4ol9!J 139985 139985 1396tl4 139tl40 -1299 +358 +145 +145 -156 
START CMD LH2 297tl9 30027 30040 30163 30040 3007tl - 289 - 51 - 38 + tl5 - 38 
t s ll548.7 TOTAL 168330 170225 170025 170148 169724 169950 169918 -1588 +307 +107 +230 -194 + 32 

SECOND ENG, LOX 4554 4319 4392 4392 4249 4249 + 305 + 70 +143 +143 ; 0 
CUT-OFF CMD LH2 2125 2317 2240 2251 2224 2224 - 99 + 93 + 16 + 27 0 
t-11907.6 TOTAL 6679 6636 6632 6643 6473 6713 _6473 + 206 +163 +_159 +170 0 +240 

SEX:OND BURN LOX 133987 135879 135593 135593 135435 135591 -16o4 +288 + 2 + 2 -156 
CONSUMPTION Lll2 27664 27710 27tl00 27912 27816 27854 - 190 -144 - 54 + 58 - 38 

TOTAL 161651 163589 163393 163505 163251 163237 163445 -1794 +144 - 52 + 6o -194 -208 

NOTE: MASS VALUES ARE REFERE~ ED ABOVE MIi N SHUT-OFF VALVE, I 
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10016 

PU Mass Sensor 
Mass-LBM 16e57 

Level Sensor 
Mass-Lif.i 16619 

Level Sensor 
Extrapolated 
Residual LBM 413/J 

Weighted 
Average 
Residual-LBM 

TABLE 14-2 

PROPELLANT RESIDUAL SUMMARY 

LEVEL SENSOR NUMBER 

LOX TANK 

L0015 L0014 ECC2 L0019 

1oe30 4392 4392 3421 

10602 4281 3426 

413e 42e1 4222* 2199 

4249 

* Statistical Average of Level Sensor Residuals 

IJl2 TANK 

L0018 

2656 

2696 

2226 

ECC2 

2251 

2214* 

2224 
:;3 
O' 
t-' 
(1) 

t-' 
~ 
I 
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15.0 DATA ACQUISITION SYSTEM 

The performance of the Data Acquisition System was good throughout the 
S-IVB stage flight mission. The systems performed as expected, and there 
were no system malfunctions. The total Data Acquisition System evaluation 
period was from the start of Automatic Sequence to 13 hr. 31 min. 25 sec. 
GET. 

PCM de.ta from the CPl data link which is transmitted on VHF, was lost at 
approximately Ro+ 13,900 seconds from the Ascension ground station. The 
DPl PCM data passes through the Instrument Unit (IU) and is transmitted on 
VHF as well as S-band. Data have been reviewed from the Carnarvon ground 
station on the S-band data link to verify S-IVB stage life and system 
performance. 

Verification of proper subsystem operation is shown in the following 
paragraphs. 

15,1 I nstrumentation System 

Measurement data from the PCM/FM and the IU FM/FM subsystems were 
reduced without difficulty. Summarization of the evaluations is 
presented below with a detailed measurement flight status presented 
in Table 15-1. 

Total Measurements Assigned 284 

Measurements Inoperative due to Stage 
Configuration 1 

Checkout Measurements 7 

Measurements Waived Prior to Flight 2 

Total Active Measurements for Flight 274 

Measurement Failures 2 

Measurement Deviations 2 

Measurement Reliability 99,3% 

Measurement failures are discussed in Table 15-2, Measurement 
deviations are found in Table 15-3, Measurements waived/scrubbed 
prior to launch are covered in Table 15-4, 

The Remote Automatic Calibration System (RACS), used for pre-launch 
instrumentation system evaluation, commenced with the High Mode at 
04:00:12.082 hours GMT (Ro - 5567.918 seconds) then to Low Mode at 
04:00:29,582 hours GMT, and returned to Run Mode at 04:00:48.332 
hours GMT. Calibration levels were verified on all channels having 
RACS calibration capabilities. 
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15.2 Telemetry System 

The airborne S-IVB Telemetry System was composed of one PCM subsystem. 
Performance of the Telemetry System was satisfactory throughout the 
flight. 

15.2 . 1 Pulse Code Modulation Subsystem 

The evaluation of the PCM System in-flight calibrations verified 
all channels were within system tolerances. 

15.2.2 Radio Freguency Subsystem 

The performance of the RF Subsystem was satisfactory throughout the 
flight. See Table 15-5. 

The Saturn S-IVB RF link signal strength received by the individual 
tracking stations was nominal and satisfactory as verified by the 
reduced data. One RF blackout period due to flame attenuation 
was observed during SIC/S-II separation at Ro+ 163.01 seconds for 
a period of 2.55 seconds. Data was intermittent for 0.57 seconds 
at Ro+ 194.08 seconds during S-II Aft Interstage separation. No 
loss of data was noted during S-II/S-IVB separation. 
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2. 

3. 

4. 

6. 

TABLE 15-1 

FLIGHT TELEMETRY PERFORMANCE SUMMARY 

DESCRIPTION 

Total number of measurements listed in the S-IVB-512 
Instrumentation Program and Components List, Drawing 
1B43576 "N". 

Measurements known to be inoperative at start of automatic 
launch sequence. 

The function of the following measurements is to moni
tor the output voltage of exploding bridgewire (EBW) 
firing units by means of pulse sensors during check
out. The pulse sensors are removed prior to launch, 
thus making the measurements inoperative during flight. 

K0141-411 
K0142-411 
K0149-404 
K0150-404 
K0169-404 

K0176-404 

K0177-404 

Event - R/S 1 Pulse Sensor 
Event - R/S 2 Pulse Sensor 
Event - Ullage Jettison 1 P/S 
Event - Ullage Jettison 2 P/S 
Event - EBW Pulse Sensor OFF 

Indication 
Event - Ullage Rocket Ignition 

P/S 1 Ind. 
Event - Ullage Rocket Ignition 

P/S 2 Ind. 

The following measurement was listed in the IP&CL, and 
the capability to make the measurement existed on the 
stage. MSFC did not require the associated rate gyro 
installation; thel"efore, the measurement is inopera
tive. 

K0152-404 Event - Rate Gyro Wheel Speed 
OK Ind. 

Measurements waived prior to start of Automatic Launch Sequence 
(See Table 15-4) 

The total number of measurements to be evaluated for the flight 
is item 1 minus the sum of items 2 and 3. 

Measurement failures (See Table 15-2) 

C0002-401 
T0002-401 

Temp - Oxidizer Turbine Inlet 
Speed - Fuel Pump 

Measurement Reliability 

15-3 

TOTAL 

284 
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274 
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TABLE 15-1 (Cont'd) 

FLIGHT TELEMETRY PERFORMANCE SUMMARY 

ITEM DESCRIPTION 

7. Measurement Deviations (See Table 15-3) 

C0200-401 
D0218-403 

Temp - Fuel Pump 
Press - Diff LH2 Chilldown Pump 
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TABLE 15-2 MEASUREMENT FAILURES . 

C0002-401 TEMP - OXIDIZER TURBINE INLET 

T0002 

First burn data were good. Second burn data were good until 
approximately 11778 seconds GET when the trace abruptly Jumped to 
off-scale high and remained there. 

The C2 anomaly appears to have been caused by an open circuit in 
either the sensor or the interconnecting cable. There is no 
evidence to suggest a failure in the bridge circuitry. The 
First burn data was good and the Second burn data was good until 
approximately 11,778 seconds. 

SPEED - FUEL PUMP 

First burn data were good. The measurement did not respond to 
fuel pump operation during Second burn. 

Review of recent flowmeter failure history indicates that the 
most likely cause of the T2 anomaly is an open pick-up coil. 
Similar output characteristics could also be obtained from a 
shorted coil, open 28 VDC wires, open output wires, or open 
multiplexer input switch. The First burn data were good but 
no response occurred during Second burn. 
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C2OO-4O1 

TABLE 15-3 

MEASUREMENT DEVIATIONS 

TEMP - FUEL INJECTION 

Data was erratic after approximately 25,600 seconds GET. The 

deviation appears to have been caused by a series resistance added 

to the sensor or the interconnecting cable. There is no evidence 

to suggest a failure in the bridge. This deviation occurred long 

after all significant data from this measurement had been received. 

The measurement performance is considered satisfactory. 

DO218- 4O3 PRESS - LH2 CHILLDOWN PUMP 

The data dropped to off-scale low between approximately 35,500 and 

36 , 65 0 seconds GET. A similar phenomenon was observed during CDDT . 

Analysis of the transducer revealed a trimming resistor which open 

c ircuited when subjected to low temperature. A similar environment 

exist ::! d at the time of this deviation. All significant data had 

been previously received. The measurement performance is considered 

satisfactory. 
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TABLE 15-4 

MEASUREMENTS WAIVED/SCRUBBED PRIOR TO LAUNCH 

COOOl-401 TEMP - FUEL TURBINE INLET 

During countdown demonstration test, at approximately 260 seconds 

after T-0, this measurement came ON-SCALE from OFF-SCALE LOW and 

wandered erratically to as high as 24 percent of scale during the 

next 2-1/2 minutes. It should have remained OFF-SCALE LOW during 

all of this time period. Requirements for the measurement were 

waived by waiver 512-WR-18. During first burn after launch, good 

data was obtained from the measurement. However, during restart 

preparations, the measurement behaved erratically, and during second 

burn, fluctuated erratically between 1750°R and 2260°R. 

D0225-403 PRESS - COLD HELIUM CONTROL VALVE INLET 

During countdown demonstration test, this measurement had an 

improper LO-RAC output and the dynamic response to pressure was 

suppressed. Requirements for the measurement were waived by waiver 

512-WR-17. The transducer output was disconnected and the wires 

coiled and stowed to forestall a possible effect on the remote 

analog submultiplexer by subsequent erroneous inputs. 
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TABLE 15-5 RF SYSTEM PERFORMANCE 

RANGE TIME IN SECONDS 

PCM/FM XM'l'R OUTPUT PWR (WATTS) 
(PRELAUNCH MINIMUM - 15 WATTS) 

PCM/FM RF SYSTFJ.1 VSWR 
(PRELAUNCH MAXIMUM - 1.7:1) 

R -200 R +200 Rl+6oo R +11500 o o ______ -~o __ _ 

22.75 23.5 23.35 25.15 

1.48 1.46 1.51 1.27 

NOTE: Values listed after liftoff are for information purposes 
only since they rney not be accurate due to the variations 
of the Forward and Reflected RF Power measurements caused 
by the instability of the cold plate temperature. 
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l G. O ELECTRICAL SYSTEM PERFORMANCE 

16 .1 Electrical Control System 

The Sequence of Events, Table 4-2, details the times of occurrence f or 

signifi cant events during the S-IVB-512 flight. Discrete and analog data 

which are responses to the switch selector commands sent to the stage are 

f urnished in this sequence, and these data were used to evaluate the 

operational integrity of the Electrical Control System. 

Data evaluation of the measurements associated with the control pressure 

switches and valves and the attitude control relay modules verified that 

the electrical control system operated as expected during the flight. 

16.2 Electrical Power System 

With the exception of the Aft 1, Unit 1, Battery Temperature Primary 

Controller System, the electrical power system performed satisfactorily 

throughout the S-IVB mission. The chilldown inverters, 5 volt and 

20 volt excitation modules all remained within acceptable limits. 

Forward #1, Forward #2, Aft #1 and Aft #2 batteries performed within 

the expected limits as verified by load profiles shown i n Figures 16-1, 

16-2 , 16-3 and 16-4. The battery temperature profiles remained within 

required limits. 

The Af t-1 Unit-1 Battery Heater Primary High Temperature Controller failed 

to control at the upper temperature point of approximately 554°R (308° K) 

at R0 + 32,440 seconds (See Figure 16-5). However, the Backup High 

Temperature Thermostat subsequently exercised proper control to limit the 

temper·ature at approximately 583°R ( 323°K). The Low Temperature Controller 

operated properly until the end of data. A review of the solar roll angle 

profi l e during thi s period indicates that the solar radiation was impinging 

on the stage approximately 150 degrees circumferentially away from the 

Position Plane I mounted battery. Therefore, it is concluded that the 

cycling change was not caused by environmental considerations, but was 

internally induced and probably caused by a failure of the battery heater 

primary control system. Preliminary evaluation of the data indicates the 

most likely cause for failure is thermal runaway of the power transistor. 
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16.2 Electrical Power System (Continued) 

A tes t plan has been submitted for evaluating this problem, however, 

detail ed evaluation is still in process. The test plan includes the 

following items: 

1 ) Study of heater failure history. 

2) Evaluation of external environmental conditions at time 

of failure. 

3) Evaluation of transistor heat sink. 

4) Dissection and analysis of power transistors from the same 

l ot. 

5) Analysi s of heater controller modules, components and 

circuits. 

6 ) Attempted simulation of flight failure by induced fai l ure s 

in controller modules. 

'rhe predicted battery usage and the actual usages are a s f ol lows : 

Power Consumption (Amp-Hrs ) 

Batter y Predicted Actual 
& Usage Preflight Inflight Total 

Ratins; Nominal Usas;e Usas;e Usa5e 

Fwd #1 - 227 . 5 187 23. 27 176. 85 200 . 12 ( 1) 

Fwd #2 - 24. 6 28 2. 79 23. 93 26. 77 ( 2) 

Aft #1 - 227 . 5 159 21.21 ll8 . 24 139 . 45 ( 1) 

Aft #2 - 66 . 5 35 8 .62 28 . 85 37 .47 (1) 

(1) From Bat ter y Activation until end of data (R0 + 48 , 685 Sec . ) 

(~) From Batt ery Activation until battery voltage decayed below 26V 
(R0 + 30,412 Sec . ) 

16.2 .1 Propellant Utilization Inverter/Converter 

The PU Inverter/Converter operated as expected during the boost and 

r estart flight evaluation periods and all parameters monitored were 

within their specified limits. 
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16.3 

16.2.2 Exploding Bridgwire (EBW) System 

All EBW firing units functioned as expected in response to their 

respective commands. The ullage rocket ignition EBW's were charged 

at Ro+ 492.378 seconds and were fired at Ro+ 560.512 seconds. 

The ullage rocket jettison EBW's were charged at R0 + 569.413 seconds 

and fired at R0 + 572.429 seconds, resulting in the jettison of the 

two ullage rockets. Since the flight was successful, the destruct 

EBW's were not charged or fired. 

Range Safety Command System 

The Secure Range Safety Command System was not required for propellant 

dispersion during this flight. All pertinent data indicate that the 

system operated properly and would have satisfactorily terminated an erratic 

flight. 

An RF carrier was received by the stage until the Range Safety System was 

safed at R0 + 723.1 seconds. Saturation level of Range Safety Receiver 

No. 1 Low Level Signal Strength (N0057-411) was 3.51 volts and Range Safety 

Receiver No. 2 Low Level Signal Strength (N0062-411) was 3.51 volts. 

A momentary dropout was observed on both Low Level Strengths at Ro+ 111.0 

seconds. This was attributed to the Range Safety Control Ground Transmitter 

switching from the omni directional antenna to the helix antenna. 

16.4 Emergency Detection (EDS) System 

The AS-512 Emergency Detection System (EDS) configuration was the same as on 

the AS-511 Vehicle. Performance of the system was nominal; no abort limits 

were exceeded. 

The S-IVB stage utilizes two thrust OK sensors on the J-2 engine. When both 

switches indicate low thrust, an abort indication is given to the crew. 

Operations of the thrust OK sensors and associated logic were as expected. 

Thrust OK-1 and 2 pressure switch closing and opening times for the S-IVB 

were (in seconds from Range Zero): 
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16. 4 Emergency Detection (EDS) System (Continued) 

Switch-1 

Switch-2 

First Burn 
Closed Open 

565.527 

565.569 

702.934 

702.892 

Second Burn 
Closed Open 

11558.362 

11558.404 

11907. 913 

11907.871 

S-IVB LOX and LH2 ullage pressures are displayed to the crew. Tank pressure 

abort limits are based upon differential pressure across the common 

bulkhead and apply only during orbital operations. Tank pressures stayed 

below the limits of -20 and+ 30 psid for PLOX -P1H2 during AS- 512 orbital 

operations . 
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17. 0 FLIGH'l' CONTROL AND SEPARA'rION DYNAMICS 

17.l S-II/S-IVB Separation 

' \ 

A detailed reconstruction of the separation dynamics was not possible 

since the necessary measurements on the S-II have been removed, A 

comparison of the S-IVB longitudinal acceleration and body rates to 

past flights showed essentially nominal separation. Table 17-1 

contains significant times and events during the separation sequence. 

S-II/S-IVB Separation Command was verified as sent from the IU 

(560,609 seconds GET), and the S-II retro motor EBW's were fired. 

The S-IVB ullage motors were fired, and nominal acceleration, similar 

to that seen on AS-511, was observed on the S-IVB during ullage 

motor firing. 

Figure 17-1 shows the pitch, yaw, and roll attitude errors during 

S-II/S-IVB separation, and Figure 17-2 shows the pitch, yaw and roll 

angular rates during S-II/S-IVB separation. Vehicle dynamics were 

nominal, and well within staging limits. 

17.2 S-IVB Powered Flight Control System Evaluation 

The S-IVB Stage Thrust Vector Control (TVC) System and Auxiliary 

Propulsion System (APS) provided satisfactory attitude control during 

separation and during first and second burns. Control system transients 

were experienced at S-II/S-IVB separation, guidance initiation, 

engine mixture ratio (EMR) shift, chi tilde Guidance Mode initiation, 

and J-2 engine cutoff, All transients were expected and were well 

within the capabilities of the control system. 

17.2,1 Control System Evaluation During First Burn 

The S-IVB Stage first burn attitude control system response to guidance 

commands for pitch, yaw and roll are presented in Figures 17-3, 

17-4 and 17-5, respectively. The significant events related to 

control system operation are indicated in each figure. The maximum 

attitude errors and rates occurred at separation and iterative 

guidance mode (IGM) initiation. A summary of the maximum values of 

critical flight control parameters during first burn is presented in 

Table 17.2. No unexpected variations in any ,control system parameters 

were observed du.ring first burn. 
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'I'he responses of the pitch and yaw control loops indicate the 'l'VC -

system provided satisfactory S-IVB Stage control. The initial transients 

i n both planes damped out as expected near the control frequency of 

0.1 cps. 

The effective thrust vector misalignment is defined as the difference 

between the indicated actuator position and the calculated thrust 

vector position resulting from actuator tolerances, thrust eccentricity, 

thrust misalignment with respect to the engine centerline, and 

electrical measurement biases. The predicted pitch actuator trim 

angle required to trim the thrust vector through the vehicle total 

center of gravity (e.g.) during first burn was +0.05 degree (retract), 

whereas the actual deflection was +0.42 degree (retract). This 

resulted in an effective pitch thrust vector misalignment of +0.37 

degree (retract). The effective yaw thrust vector misalignment was 

- 0.18 degree (retract). 

The roll control system operation appeared normal during first burn. 

Following disturbances resulting from separation and guidance initia- -

tion , a one-sided limit cycle operation was observed until S-IVB cutoff. 

This limit cycle operation resulted from counterclockwise (looking 

forward) steady-state roll disturbing torque of approximately 7.4 

newton-meters (5.4 lbf-ft). The steady-state roll disturbing torque 

experienced on previous flights has ranged between 45.3 lbf-ft 

counterclockwise and 40 lbf-ft clockwise and has generally been 

att r ibuted to engine exhaust gas swirl. 

17. 2 .2 Control System Evaluation During Second Burn 

The S-IVB Stage second burn attitude control system response to guidance 

commands for pitch, yaw and roll are presented in Figures 17-6, 17-7 

and 17-8, respectively. The significant events related to control 

system operation are indicated on each figure. The maximum attitude 

errors and rates occurred at IGM initiation and with transients of 

a lesser degree at chi tilde, A summary of the maximum values of 

critical flight control parameters during second burn is presented 

in Table 17-3, 
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The response of the pitch and yaw control loops indicates that the 

TVC provided satisfactory S-IVB Stage control. The transients at 

guidance initiation and EMR shift in both planes damped out as 

expected near the control loop frequency of 0.1 cps. 

Since the pitch and yaw actuators exhibited a change in trim position 

at EMR shift, the effective thrust vector misalignment was evaluated 

for two distinct periods. The predicted pitch actuator trim angle 

prior to the EMR shift was +0.064 degree (retract), whereas the actual 

trim angle was +0.42 degree (retract). This resulted in an effective 

pitch thrust vector misalignment of +0.36 degree (retract). Similar 

computations resulted in an effective pitch thrust vector misalignment 

of +0.50 degree after the. EMR shift. The effective yaw thrust vector 

misalignment was -0.16 degree (retract) prior to EMR shift and -0.24 

degree after EMR shift. 

The pitch actuator retracted 0.1 degree, and the yaw actuator retracted 

0.08 degree at EMR shift. The expected actuator deflection due 

to the thrust structure compression resulting from the 23,800 lbf 

thrust increase is 0.096 degree (retract). Actuator deflections 

of this magnitude are not always observed because of the nonlinearities 

between actuator position and engine position. Static friction may 

result in an actuator deflection to engine deflection errors of 

!_0.10 degree. 

Transients were observed in the pitch control telemetry channels 

approximately 27 seconds before engine cutoff command (Figure 17-6) 

at the initiation of the chi tilde guidance mode. The transients 

were expected and were well within control system limitations. 

The roll control system operation appeared normal during second burn. 

The steady-state roll torque was essentially zero as minimum impulse 

firings were observed at alternating sides of the roll deadband 

following the engine mixture ratio shift to 5.1:l. 

17-3 



LOX and LH2 slosh amplitudes and frequencies during second burn were 

comparable to those observed on previous flights and had no appreciable 

e ffect upon the response of the attitude control system. 

17 . 3 S-IVB Stage Coast Attitude Control System Evaluation 

The Auxiliary Attitude Control System (AACS) provided satisfactory 

attitude control during parki~g orbit and translunar coast. 

Auxiliary Propulsion System (APS) propellant usage for attitude control 

and ullaging was very near the predicted mean usage. 

Attitude control was verified through the S-IVB/IU (Instrumentation 

Unit) passive thermal control maneuver ("three-axis tumble maneuver"). 

17.3.l Parking Orbit 

In order to minimize disturbances at S-IVB first burn engine cutoff, 

guidance commands were frozen approximately 7 seconds prior to cutoff 

(Time Base [TB] 5, 702.9 seconds GET). The programmed command for 

S-IVB burn mode off was initiated at TB5 + 3.5 seconds, transferring 

pitch and yaw attitude control from the Thrust Vector Control (TVC) 

System to the AACS. 

Initial conditions at S-IVB first cutoff were as follows: 

Pitch Attitude Error o.4 deg Pitch Angular Rate -0.02 deg/sec 

Yaw Attitude Error -0.4 deg Yaw Angular Rate 0.03 deg/sec 

Roll Attitude Error -0.8 deg Roll Angular Rate -0.02 deg/sec 

17.3.1.l Maneuver to In-Plane Local Horizontal 

Guidance commands remained frozen until initiation of the maneuver to 

the local horizontal at 724.7 seconds GET (TB5 + 20 seconds nominally). 

The pitch, yaw and roll control system responses for the time period 

following first cutoff are shown in Figures 17-9, 17-10 and 17-11, 

respectively. In order to maintain the vehicle in a local horizontal 

attitude during parking orbit, an orbital pitch rate was established 
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following the maneuver to the local horizontal, Propellant settling 

was provided by APS ullaging between 703,2 and 789,9 seconds GET, 

Further propellant settling was provided by the LH2 Continuous Vent 

System (cvs) from 761,9 seconds GET until the initiation of restart 

preparations. 

The maneuver to the local horizontal on AS-512 (and AS-511) incor

porated the lower rate of change of minor loop guidance commands 

(0.14 deg/sec) for TB5 in order to minimize sloshing disturbances 

which caused venting of LOX on AS-510, Available data indicate that 

sloshing was significantly reduced on AS-512. The LOX ullage 

pressure remained below the relief setting throughout parking orbit 

and did not exhibit as severe a pressure rise during the maneuver to 

the local horizontal as was observed on AS-510. 

17,3,1,2 Parking Orbit After Maneuver to In-Plane Local Horizontal 

In conjunction with a radial center of gravity offset, the CVS caused 

a positive pitch and a negative yaw moment on the vehicle. This 

resulted in intermittent Ip, Irv, and IIIrvAPS engine f irings to 

compensate for the CVS disturbing moment. 

At 'l'B6 + 41.6 seconds (11,020.2 seconds GET), the 02H2 burner was 

programmed on to provide repressurization of the LOX and LH2 pro

pellant tanks prior to engine restart, Following initiation of 

02H2 burner operation, the CVS was commanded off. The 02H2 burner 

caused a positive pitch and negative yaw and roll moments resulting 

in Ip, r 1v, and 11111 firings. 

At 11,474.9 seconds GET (TB6 + 496,4 seconds) the APS ullage engines 

were programmed on to provide additional propellant settling and 

caused a slight yaw/roll moment which resulted in a IIIII firing, 

The 02H2 burner was commanded off 0,4 seconds later. LH2 fuel lead 

was initiated at ESC (engine start command) (approximately 8 seconds 

prior to mainstage enable), causing a slight positive pitch moment 

and a Ip engine firing. 
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17 .3 .1.3 Total APS Propellant Requirements During Parking Orbit 

The total APS propellant requirements for ullaging and attitude control 

during parking orbit (including 1st burn roll control) were 66.9 lbm 

and 54.6 lbm for Modules land 2, respectively. These propellant 

usages were slightly more than the mean predicted propellant usage. 

17.3.2 Post Translunar Injection (TLI) 

17.3.2,l Maneuver to In-Plane Local Horizontal 

Prior to S-IVB second cutoff (TB7; 11,907.9 seconds GET) guidance 

commands were frozen, and the vehicle was held inertially for 151.l 

seconds after cutoff. At TB7 + 0.5 seconds, the LH2 CVS was commanded 

on for approximately 150.6 seconds. At TB7 + 151.l seconds the 

vehicle was maneuvered to the in-plane local horizontal (through 

approximately -26 degrees in pitch and -0.2 degree in yaw), and an 

orbital pitch rate was established. The control system response 

was nominal and is shown in Figures 17-12, 17-13 and 17-14 for the 

pitch, yaw and roll axes, respectively. 

17.3.2.2 Transposition, Docking and Extraction (TD&E) Maneuver 

At TB7 + 901.1 seconds (12,809 seconds GET) a maneuver to the TD&E 

attitude was initiated to assure proper lighting and communication 

conditions for the subsequent events (spacecraft separation, docking 

and lunar module extraction). The vehicle was commanded to pitch 

120 degrees, yaw 40 degrees, and roll -180 degrees. This attitude 

was held inertially until the beginning of the evasive maneuver. 

The control system response to the TD&E maneuver is presented in 

Figures 17-15, 17-16 and 17-17. Attitude error limits were increased 

to 4.5 degrees in each axis prior to the TD&E maneuver to provide 

maneuvering rates of sufficient magnitude to ensure that the maneuver 

would be completed in ample time. 

17.3.2.3 Spacecraft Separation 

Transients due to spacecraft separation (approximately 13,347 seconds 

GET) appeared normal with a small pitch and roll disturbance. The 

pitch, yaw and roll control system response for this time period is 

shown in Figures 17-18, 17-19 and 17-20, respectively. 
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17.3.2.4 Spacecrart Docking 

Disturbances at sort spacecrart docking (approximately 14,204 seconds 

GET) resulted in 3 module 2 pitch firings. Disturbances at hard 

spacecrart docking (approximately 14,231 seconds GET) were less 

than on previous flights. Hard docking disturbances required 

485 lb-sec of impulse from Module 1 and 261 lb-sec of impulse 

from Module 2. The largest docking disturbances on previous flights 

occurred on AS-510 and required 783 lb-sec of impulse from Module 1 

and 683 lb-sec of impulse from Module 2. The pitch, yaw and roll 

control system response for this time period is shown in Figures 

17-21, 17-22 and 17-23, respectively. 

17.3.2.5 Lunar Module Extraction 

Postflight data indicate that disturbances on the S-IVB due to Lunar 

Module (LM) extraction (approximately 17,102 seconds GET) were not 

excessive and were easily damped. Figures 17-24, 17-25 and 17-26 

show the control system response in the pitch, yaw and roll axes, 

respectively, for this time period. 

17.3 . 2.6 Evasive Maneuver and APS Ullage 

I n order to remove the S-IVB from the vicinity of the spacecraft, 

an evasive maneuver was performed. This involved an - 80.3 degree 

yaw maneuver from the TD&E yaw attitude of 40.3 degrees to a yaw 

attitude of -40. 0 degrees, followed by an 80 second APS ullage burn. 

The evasive maneuver was initiated at 17,520 seconds GET, and t he 

control system responded as expected (Figures 17-27, 17-28 and 17-29 ). 

At TB8 + 1.2 seconds (18,181.2 seconds GET), the APS ullage engines 

were commanded on. The 80 second ullage caused pitch and yaw body 

moments and resulted in IIIp, Irv, and IIIrv APS engine firings. 

The major part of the disturbance during the ullage burn was 

attributed to a radial center of gravity offset. 
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17. 3.2.7 LOX Dump 

The vehicle maneuvered to the preprogrammed LOX dump attitude at 

18 ,760 seconds GET. This was a two-axis maneuver with pitch command 

from 179.5 to 190.0 degrees and yaw from -40.0 to -19.0 degrees 

referenced to the in-plane local horizontal. 

The control system response during these maneuvers is shown in 

Figures 17-30, 17-31 and 17-32 for the pitch, yaw and roll axes, 

respectively. 

The auxiliary hydraulic pump was programmed on prior to LOX dump to 

maintain the J-2 engine in a centered position to minimize dump 

disturbances. LOX dump was commanded on at 19,460 seconds GET 

and remained on for 48 seconds. The control system response to 

LOX dump is shown in Figures 17-33, 17-34 and 17-35 for the pitch, 

yaw and roll axes, respectively. The disturbances were expected 

and were attributed to a radial center of gravity offset and thrust 

vector misalignment. 

17.3.2. 8 APS Ullage Burn for Lunar Target Impact 

Following LOX dump, a limited amount of S-IVB tracking data were 

used to determine the optimum attitude and duration for the APS 

ullage burn for lunar target impact. At 21,740 seconds GET, the 

S-IVB was ground commanded to pitch from 190.0 to 248.o degrees and 

yaw from -19.0 to -23.0 degrees referenced to the in-plane local 

hori zontal to attain the desired attitude. The control system 

response to the lunar target impact maneuver is shown in Figures 

17-36 , 17-37 and 17-38 for the pitch, yaw and roll axes, respectively. 

At 22 ,200 seconds GET, the APS ullage engines were commanded on for 

98 seconds to provide delta-V for lunar target impact. The control 

system response during the APS ullage burn is shown in Figure 17-39, 

17-40 and 17-41 for the pitch, yaw and roll axes, respectively. 

The disturbances were expected and were attributed to a radial 

center of gravity offset. 
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17.3.2.9 Maneuver to Solar Heating Attitude 

Prior to the lunar target impact ullage burn, the IU Thermal 

Conditioning System (TCS) sublimator was turned off in order to 

eliminate cyclic low level lateral disturbances on the S-IVB stage. 

The IU TCS sublimator was turned back on following the completion of 

the passive Thermal Control maneuver. In order to prevent over

heating of critical IU/S-IVB components while the IU TCS subiimator 

was off, a maneuver to an optimum solar heating attitude was 

performed following the lunar target impact ullage burn. This 

was a single-axis pitch maneuver beginning at 22,664 seconds GET 

and resulted in a pitch maneuver change from 248.0 to 161.0 degrees 

referenced to the in-plane local horizontal. The control system 

response to the solar heating maneuver is shown in Figures 17-42, 

17-43 and 17-44 for the pitch, yaw and roll axes, respectively. 

17.3.2.10 Vernier APS Ullage Burn for Lunar Target Impact 

Following the lunar target impact APS ullage burn, S-IVB tracking 

data were used to determine an optimum attitude and duration for a 

vernier APS ullage burn for lunar target impact. These tracking 

data were degraded by a low level lateral disturbance that is thought 

to be caused by the IU platform gas bearing vent. The disturbance 

caused approximately 20 module 2 pitch firings per hour. 

At 39,760 seconds GET, a ground command was received to perform the 

maneuver to the desired attitude for the vernier lunar impact APS 

ullage burn. This maneuver was a two-axis maneuver and resulted in 

a pitch maneuver change from 161.0 to 121.0 degrees and a yaw maneuver 

change from -23.0 to -11.0 degrees referenced to the in-plane local 

horizontal. The control system response during this maneuver is 

shown in Figures 17-45, 17-46 and 17-47 for the pitch, yaw and roll 

axes, respectively. 

At 40,500 seconds GET, the APS ullage engines were commanded on for 

102 seconds to provide the delta-V needed for an improved lunar 

target impact. The control system response during the APS ullage 
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burn is shown in Figures 17-48, 17-49 and 17-50 for the pitch, yaw 

and r oll axes, respectively. The disturbances experienced during 

t he ullage burn were expected and were attributed to a radial 

center of gravity offset, 

17 . 3,2.11 Passive Thermal Control Maneuver ("Three-Axis Tumble Maneuver") 

In order to prevent possible overheating of critical IU command 

communication ~stem components during lunar coast, the S-IVB was 

spun up in all three axes. The command to initiate the "Three-Axis 

Tl.Ullble Maneuver" was received at 41,510 seconds GET. This maneuver 

cons i sted of commanding the vehicle +31 degrees in the pitch, yaw 

and r oll axes. After vehicle angular rates of approximately -0.3 

degree/second pitch , -0.3 degree/second yaw, and 0, 6 degree/second 

roll were established, a ground command was received (Flight Control 

Computer Power Off B) at 41,532.5 seconds GET to inhibit the IU Flight 

Contro l Computer, l eaving the vehicle in a three-axis tumble mode 

until l unar impact. The control system response during the above 

maneuver is shown in Figures 17-51, 17-52 and 17-53 for the pitch, 

yaw and roll axes, respectively. 

17. 3. 2 .12 Total APS Propellant Requirements During Post TLI 

The APS propellant usage for all periods of attitude control and 

ullaging prior to t he APS ullage burn for lunar target impact was 

114.2 lbm and 116 .7 lbm for Modules 1 and 2, respectively, and was 

approximately 35 percent of the total available propellant in each 

module (approx imately 330 lbm). This was slightly less than the 

mean predi cted propellant usage for Module 2 . Propellant remaining 

after the FCC was inhibited at 41,532.5 seconds GET was approximately 

150,5 lbm and 145.5 lbm for Modules land 2, respectively. 
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S-II OUTBOARD ENGINE CUTOFF 

S-IVB ULLAGE ROCKET IGNITION 

S-II/S-IVB SEPARATION COMMAND 

S-II RETROROCKET IGNITION 

~ S-IVB ENGINE START COMMAND .... 

TABLE 17-1 

SEPARATION EVENTS 

AS-512 TIME FROM 
RANGE ZERO (SEC) 

559.65 

560.51 

560.61 

560.61 

560.71 

TIME FROM 
SEPARATION COMMAND {SEC) 

AS-512 AS-511 AB-510 AS-509 

-0.96 -0.96 -LOO -0.95 

-0.10 -0.10 -0.16 -0.10 

0 0 0 0 

0 0 0 0 

0.10 0.12 0.09 0.10 



TABLE 17-2 MAXIMUM CONTROL PARAMETERS DURING S-IVB FIRST BURN 

PITCH PLANE YAW PLANE ROLL PLANE 

PARAMETER AMPLITUDE RANGE TIME AMPLITUDE RANGE TIME AMPLITUDE RANGE TIME 
(SEC) (SEC) (SEC) 

Attitude Error, deg 2.6 572 -0.7 574.5 -0.9 606 

Angular Rate, deg/s -1.4 573 -0.3 572 -0.5 561.4 

Maximum Gimbal Angle, 1.5 570.5 -0.7 574 - -
deg 



.... ..., 
I 

I-' 
l,.) 

PARAMETER 

Attitude Error, deg 

Angular Rate, deg/s 

Maximum Gimbal Angle 
deg 

TABLE 17-3 MAXIMUM CONTROL PARAMETERS DURING S-IVB SECOND BURN 

PITCH PLANE YAW PLANE ROLL PLANE 

AMPLITUDE RANGE TIME AMPLITUDE RANGE TIME AMPLITUDE RANGE TIME 
(SEC) (SEC) (SEC) 

2.4 11567.5 -o.8 11579 0.9 11887 

-1.4 11569 0.3 11581 0.15 11560 

1.3 11567 -0.7 11570 - -
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18. 

l d .l 

18 . 2 

Vl!:HICLE 512 HYDRAULIC SYSTEM PERFORMANCE 

General 

'l'he S-IVB Hydraulic System performed within the predicted 

Limits throughout the flight. No overboard venting of system 

f l uid was evident as a result of fluid expansion. Prior to 

start or propellant loading, the accumulator was precharged 

t o 2,440 psia (1,680 N/CM2 ) at 85°F (302°K). Reservoir oil 

level (auxiliary pump off) was 82 percent at 65°F (291°K) at 

'l'- c:O minutes. 'l'here were three thermal cycles during earth 

parking orbits and one thermal cycle prior to propellant dump. 

Boost and First Burn (Figure 18-1 through 18-4) 

Dur i ng S-IC/ S-II boost, all system fluid temperatures rose 

steadily when the auxiliary pump was operating and convection 

cooling was decreasing. The supply pressure during the S-IVB 

first burn was 3570 psia (2460 N/CM2) which was within the 

allowable limits of 3515 to 3665 psia (2422 to 2521 N/CM2). 

The system internal fluid leak.age rate, 0.63 ga/min (o.4 to 0.8 

gpm allowable), was provided primarily by the auxiliary pump 

during engine burn as characterized by the auxiliary pump motor 

current draw of 42 amperes. 

~ngine deflections were nominal throughout first burn. The 

actuator positions were offset from null during powered flight 

due to the displacement of the vehicle's center of gravity off 

the vehicle's vertical axis, the J-2 engine installation toler

ances, thrust misalignment, uncompensated gimbal clearances, 

and thrust structure compression effects. 
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18.3 Parking Orbits and Second Burn (Figures 18-5 through 18-8) 

'l'hree 48 second thermal cycles were utilized during the earth 

parking orbit. Fluid temperatures and pressures were normal 

durin~ this period. 

The auxiliary hydraulic pump was programmed to flight mode 

"u.J" at T+ll ,198 seconds for engine restart preparations. 

System pressure stablized at 3,580 psia (2465 N/CM2) and remained 

steady for approximately 140 seconds. The engine driven pump 

furnished most of the leakage flow during this period as evident 

by a current draw from Aft Battery No. 2 of 22 amperes. (Refer 

to Figure 18-5). Following the first 140 seconds, the auxiliary 

hydraulic pump began sharing a portion of the internal leakage 

flow as indicated by an increase in current to 29 amps and a 

s.light decrease in system pressure. Later, during the burn, the 

engine driven pump again supplied the leakage flow requirements 

for approximately 30 seconds followed by the auxiliary pump 

furnishing most of the leakage flow as evident by shifts in Aft 

Battery No. 2 current. System pressures and temperature remained 

well within the allowable limits during the burn. Pump inlet oil 

temperature responded to changes in Aft Battery No. 2 current as 

the pressure and flow output varied between the two pumps. 

The most probable cause for the interaction between the two pumps 

was frictional hysteresis in the Engine Driven Pump pressure/flow

regulating mechanism. It should be noted that this interaction 

between the two pumps does not indicate an impending malfunction 

and does not degrade the reliability of the Engine Driven Pump or 

Auxiliary Hydraulic Pump. 'rherefore, the fluctuation in System 

18- 2 



18. 3 

18 . 4 

Parking Orbits and Sec ~d Burn (r'igures 18-5 through 18-8) - Continued 

Pressure, Aft Battery No. current. or Pump Inlet Oil Temperature 

during second burn, are not considered a problem and indicate 

nominal system performance. 

Translunar Coast and Propulsion Dump 

The final thermal cycle was performed at 'l'+ 15108 seconds. Prior 

to the thermal cycle, the highest oil temperature was recorded at 

the engine driven pump inlet (C050-401). This temperature was 

197°F ( 365 °K) . 

The pump was turned "ON" at T+ 19430 seconds and operated for 326 

seconds during LOX dump. All system pressures and temperatures 

were normal. 
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19. 0 S'l'AGE STRUCTURE AND ENVIRONMENT 

19.1 Flight Load Conditions and Structural Integrity 

A review of AS-512 flight data revealed no structural anomalies. The 

structural integrities of the LH2 tank, LOX tank, and common bulkhead 

were verified by telemetry pressure data. After LH2 loading, the common 

bulkhead internal pressure was at essentially zero psia and remained at 

that level through second burn. The internal pressure history of the 

common bulkhead during flight was indicative of a sound bulkhead. 

The maximum LH2 ullage pressure recorded during pre-launch and flight 

was 32.2 psia. This value was less than the limit ullage pressure of 

34.o psia used for design of the LH2 tank. The maximum LOX ullage pressure 

recorded during pre-launch and flight was 41.9 psia. This value was less 

than the limit ullage pressure of 43.5 psia used for the design of the LOX 

tank. 

The maximum ullage differential pressures on the common bulkhead during 

pre-launch, powered flight, orbital coast, and translunar trajectory to the 

time of propellant tankage depressurizations were 24 . 8 psid and - 3 .8 psid. 

(Note: A positive differential pressure indicates the LOX tank ullage 

pressure exceeds the LH2 tank ullage pressure.) The measured maximum 

positive differential pressure was less than the corresponding common 

bulkhead limit structural capability of 30.0 psid. The maximum negative 

differential pressure was within the corresponding limit capability of 

- 23 . 2 psid. 

The maximum measured acceleration during critical first stage launch was 

3.80g at S-IC CECO. This value was less than the mission restricted nominal 

acceleration of 4.o g. 

19. 2 Forward Skirt Thermoconditioning System 

The thermoconditioning system operated normally during boost and flight. 

All parameters were within their design limits with respect to temperature, 

pressure and flow. 
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19.3 

19.2.1 Temperature 

The coolant control temperature (C0015-601), which is the inlet 

temperature for the S-IVB stage thermoconditioning panel system, 

remained within its interface limits of 45 to 68°F throughout 

flight until end of data. The temperature differential (exit, 

C0026-601 minus inlet, C0015-601) did not exceed the allowable 

l.9°F below or 2,1°F above the coolant supply to the S-IVB. This 

can only be verified in those regions where the exit temperature 

exceeds 58°F. 

19,2.2 Pressure 

The S-IVB manifold inlet pressure (D0017-601) remained in the 

required range of 42 to 45 psia until end of data. 

19.2.3 Flow 

The flow rate through the S-IVB system (FOOl0-601) remained 

essentially constant. It varied from 7.9 to 7.7 gpm during the 

course of the flight. This flow rate complie s with the require

ment for 7.4 gpm minimum. 

Structural Heating 

The AS-512 flight trajectory was cooler than both the AS-511 trajectory 

and the design trajectory (Figure 19-1). There was no instrumentation 

from which structural temperatures could be obtained; however, since the 

flight trajectory was cooler than the design trajectory, it is apparent 

that the S-IVB Stage structural temperatures were within the design 

limits for the boost phase. 

19.4 Vibration and Low Frequency Dynamic Environment 

Two vibration measurements were installed on the S-IVB-512 stage to monitor 

basic structural vibrations. One acceleration and two engine pressure 

measurements were installed to monitor the dynamic coupling between the 

propulsion system and the stage structure. The data show that the dynamic 
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19 .4 Vibration and Low Frequency Dynamic Environment (Continued) 

environments throughout the flight were within the stage design criteria. 

Although there was sufficient structural feedback to produce oscillations 

in the LOX pump inlet and J2 engine chamber pressures, the structural 

loads remained low and there was no degradation in propulsive performance. 

19.4.1 Data Acquisition and Reduction 

The field splice (E0098-411) and thrust structure (E0042-403) 

vibration measurements were acquired via the FM/FM telemetry 

system which provided data from 5 to 220 Hertz and 5 to 660 Hertz, 

respectively. The gimbal block acceleration measurement (A0012-403) 

provided data from Oto 22 Hertz (! 3 dB) with a rolloff of 19 dB 

at 60 Hertz. The J-2 engine thrust chamber pressure measurement 

(D0266-40l) utilized additional signal conditioning, which included 

a band pass filter and amplifier to provide a more sensitive measure 

of chamber pressure oscillations. The frequency response of this 

band pass filter was~ 3 dB from 3 to 22 Hertz. The close-coupled 

oxidizer pump inlet pressure transducer (D0265-403) was mounted on a 

separate port on the Solar feed duct at the inlet flange to the 

Rocketdyne low pressure oxidizer feed duct. The static pressure sensed 

by this measurement was 5 percent lower than the static pressure 

measured by D0003-403 (oxidizer pump inlet pressure) throughout S-IVB 

first and second burns and provided valid dynamic pressure data. 

Both analog and digital techniques were utilized in reducing the data. 

The data are presented in plots showing root-mean-square (RMS) and 

peak-to-peak composite time histories for the vibration, acceleration, 

and pressure measurements, and power spectral density (PSD) plots at 

selected time intervals for all measurements. The PSD plot amplitude s 

were corrected for data acquisition system and data reduction filter 

rolloff characteristics. 
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19.4.2 Vibration Environment 

Figure 19.2 shows that the maximum vibration on the thrust structure 

occurred at liftoff and slightly after maximum q. The levels were 

much lower during S-II powered flight. The levels were comparable 

to those measured during the AS-511 flight. The power spectral 

density (PSD) plot at Ro+ 176 seconds shows the vibration on the 

thrust structure before the random noise disturbance occurred on 

the S-IVB gimbal block measurement during S-II powered flight. The 

PSD plot at R0 + 191 seconds shows the vibration during the disturbance. 

There was no noticeable increase in vibration amplitudes which 

indicates that the disturbance was not produced by vibration of the 

thrust structure. 

The thrust structure vibration levels during S-IVB powered flight 

were comparable to the levels measured during previous flights. 

The PSD plot at R0 + 630 seconds (ESCl + 69) shows the vibrations 

during the period of maximum low frequency oscillations on the gimbal 

block. During second burn the vibration increased after the shift 

from the low, ESC2 + 89 (R0 + 11,638 sec.), to the high engine -

mixture ratio operation, ESC2 + 110 (R0 + 11,659 sec.). This has 

been observed on previous flights and static firings. 

Therms composite time history of field splice vibration presented 

in Figure 19-3 shows that the maximum levels occurred at liftoff, 

Mach 1, and maximum q. The levels were comparable to those measured 

on the AS-511 flight. During S-II stage burn the levels were 

negligible. The PSD's at R0 + 176 and R0 + 191 se conds show that 

there was essentially no increase in vibration levels during the 

time period when the noise was observed on the gimbal block vibrat ion 

measurement. The PSD plots at ESCl + 69 (R0 + 630 sec.) and 

ESC2 + 110 seconds (R0 + 11,659 sec.) show the "buzz" frequency 

(66 Hertz) that occurs at the high E.M.R. 's. The "buzz" frequency 

does not occur at the low E.M.R. setting (PSD at ESC2 + 89 seconds) . 

The vibration levels on the field splice are considered negligible 

during both S-IVB burns. 
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19.4.3 Stage Low Frequency Dynamic Environment 

Figure 19-4 presents a comparison of composite vibration time

histories expressed in peak g's of the gimbal block vibration 

(A0012-403) for the AS-505 and the AS-509 through AS-512 flights. 

Oscillations during S-IC burn were comparable to previous flights. 

The random noise disturbance on the S-IVB gimbal block during S-I I 

burn is noticeable from R0 + 185 to 205 seconds and again from 

260 to 270 seconds, Figure 19-5 presents a frequency analysis of 

the gimbal block vibration and LOX pump inlet pressure at S-IC 

CECO , and before and during this disturbance. Both the LOX pump 

inlet pressure and gimbal block vibration responded to the 5 Hertz 

oscillations that occur after S-IC CECO which indicates the inlet 

pressure will sense low frequency vehcile vibrations. The gimbal 

block vibration spectrum shows an order of magnitude increase when 

the noise occurs whereas the pump inlet pressure shows little 

change . The higher levels at frequencies from 5 to 13 Hertz on the 

gimbal block do not occur in the LOX pump inlet pressure. Also, 

no corresponding disturbance was noted on the thrust structure 

(see Section 19.4.2). Therefore, it is concluded that the 

di sturbance is not valid vibration data. In addition, if the gimbal 

block disturbance amplitudes were valid, they would produce 

insignificant dynamic loads on the stage. 

During S-IVB first burn, low frequency longitudinal vibrations 

similar to those observed on previous flights were again evident 

on AS-512 (Figure 19-6). The vibration reached a maximum of 

! 0,14 g at R0 + 628 seconds (ESCl + 67). This was within the 

range measured on previous flights (! 0.04 to! 0,25 g's). The 

frequency varied from 17 Hertz at engine ignition to 20 Hertz at 

cutoff and was the result of structural response at a LOX tank mode. 

These frequencies are seen in the LOX pump inlet and thrust chamber 

pressure data. Figures 19-7 and 19-8 show composite time histories 

of J-2 engine thrust chamber and LOX pump inlet pressure oscillations 

during first burn, These pressures show a slight increase in 

osc illations at the time of maximum gimbal block vibrations indicating 

feedback from the structural oscillations. 

19-5 



19.4.3 Stage Low Frequency Dynamic Environment (Continued) 

During S-IVB second burn, int ermittent longitudinal oscillations 

began on the gimbal block about R0 + 11,744 seconds (ESC2 + 225) , 

Figure 19- 9 . The frequency was about 11 Hert z and i s attr ibuted 

t o the f irst compressive mode of the vehicle . The osc i l l ation s 

reached a maximum 25 seconds prior to cutoff with± 0.10 g 's 

measured on the gimbal block. This was within the range measured 

on previous flights (: 0,07 to± 0.15 g's). As compared t o S- IVB 

first burn , there was little feedback reflected in the thrust 

chamber pressure and LOX pump inlet pressure (Figures 19- 10 and 19-11). 

Figure 19-11 shows an increase in LOX pump inlet pressure oscillations 

following t he E.M.R. shift at ESC2 + 100 seconds whi ch correlates 

with the increase in vibration amplitude s measure d on the t hrust 

structure, This oc curred on previous flights and is cons i dere d 

normal. 

Figure 19-12 presents power spectral den s ity pl ots of the gimbal 

block vibration , t hrust chamber pressure , and LOX pump inlet 

pressure at s elected time periods during S- IVB firs t and second burn . 

The frequen cy at 62 . 5 to 67. 5 Hertz obs erved in the D0265 data is 

the "buzz" that the astronauts report ed on the AS- 511 f l i ght . The 

"buzz" frequen cy range on the AS-511 fli ght was 62 to 65 Hert z and 

on AS-510 , 72 t o 76 Hertz. This "buz z" fr equen cy is appr oximately 

three times the LOX feedline frequency (21 t o 23 Hertz ) and varie s 

a s LOX NPSH varie s. At ESCl + 57 seconds (R0 + 618 sec . ) , the LOX 

feedline frequency is 21 Hertz and the "buz z" fr equency i s 63 Hert z. 

At ESCl + 67 seconds (R0 + 628 sec .), with a hi gher NPSH, the 

feedline frequency i s 22 . 5 Hertz and t he "buzz" fre quency 67 Hert z . 

The "buzz" frequency only oc curs at high E. M. R.' s . During second 

burn at the 4, 5 E. M. R. (low) , ESC2 + 89 seconds (R0 + 11 , 638 sec , ) , 

the "buzz " frequency is not present . The most l ikely source of 

this excitation is the LOX turbopump. 
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19 .4.3 Stage Low Frequency Dynamic Environment (Continued) 

At ESC2 + 333 seconds (R0 + 11,882 sec.), the gimbal block data 

shows two structural frequencies (13.5 and 16 Hertz); the result 

of two coupled modes of the vehicle. The coupling of these two 

modes produces the beating phenomenon observed on this and past 

flights near S-IVB second burn cutoff. These structural oscilla

tions produced low loads and no degradation in propulsive performance. 
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Appendix 
Glossary and Abbreviations 

1. GLOSSARY AND ABBREVIATIONS 

This appendix (Table Al' 1) lists the commonly used S-IVB-511 stage flight 
evaluation terms and abbreviations together with their definitions. 

Abbreviation 

AACS 

ac 

amp 

APS 

AS 

ASI 

AST 

At 
aux 

~ 
BDA 

Btu 

ccs 

CDDT 

CECO 

CEI 

CF 

cf 

Average 
specific 

Collapse 

TABLE AP 1 (Sheet 1 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

thrust or 
impulse 

factor 

Definition 

Auxiliary attitude control system. 

Alternating current 

Ampere 

Auxiliary propulsion system 

Apollo Saturn 

Augumented spark igniter 

All systems test 

Throat area 

Auxiliary 

Determined between the time of 90 percent 
thrust and Engine Cutoff Command 

Axial acceleration (ft/sec2) 

Bermuda 

British thermal unit 

Command communication system 

Countdown demonstration test 

S-IC Stage Center Engine Cutoff Command 

Contract end item 

Thrust coefficient 

A measure of the effectiveness of pressuriza
tion defined as: 

M 
actual , where M actual: 

Mtheoretical 

is the mass necessary to pressurize the 
propellant tank (lbm) M h . 

1
: is the t eoret1.ca 

mass necessary to pressurize the propellant 
tank if heat and mass transfer across the 
ullage boundaries are neglected (lbm) 

Al'P-1 
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Abbreviation 

CPIF 

cpm 

cps 

CSM 

cu in. 

CVS 

cw 
db 

dbm 

dbw 

D/B 

de 

deg 

D/0 

e 

EBW 

ECC 

ECF 

ECP 

ECS 

EDS 

EMC 

TABLE AP 1 (Sheet 2 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Composite data 
(Acoustic and 
vibration) 

Depletion Engine 
Cutoff Command 

Effective burntime 

Definition 

The total energy of the oscillatory 
phenomen, consisting of all frequencies 
and amplitudes sensed by the transducer s, 
and represents the phenomenon at the 
point of measurement within the limita
tions of the data acquisition and 
reduction systems 

Cost plus incentive fee 

Cycles per minute 

Cycles per second 

Connnand service module 

Cubic inches 

Continuous vent system 

Clockwise 

Decibel 

10 log P (milliwatts) where p = power 

10 log P (watts) 

Dead band 

Direct current 

Degree 

The time that engine cutoff was, or would 
be, initiated by the depletion level 
sensors 

Dropout 

Eccentricity 

Exploding bridgewire 

Engine Cutoff Command 

End conditions of flight 

Engineering change proposal 

Environmental control system 

Emergency detection system 

The engine burntime from 90 percent thrust 
buildup to Engine Cutoff Command 

Electromagnetic compatibility 

APP-2 



Abbreviation 

EMI 

EMR 

eng 

ESC 

ETD 

ETR 

EST 

OF 

F 

FM 

fps 

ft 

FTC 

fwd 

g 

GCC 
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TABLE AP 1 (Sheet 3 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Engine propellant 
mixture ratio 

Engine cutoff transient 

Engine start transient 

Engine steady-state 
qperation 

Stage longitudinal 
thrust 

Flow integral propel
lant mass history 

Gravitational accel
eration 

Definition 

Electromagnetic interference 

The ratio of engine LOX mass flowrate to 
LH2 mass flowrate includes gas generator 
operations 

Engine 

Engine operation during the period from 
the Engine Cutoff Command until the end 
of thrust decay 

Engine Start Command 

Engine operation during the period from the 
Engine Start Command until the time of 90 
percent thrust (approximately a 3-sec period) 

Engine operation during the period from the 
time of 90 percent thrust until Engine 
Cutoff Command 

End of thrust decay 

Eastern Test Range 

Eastern standard time 

Degree Fahrenheit 

Thrust (lbf) developed by the J-2 engine. 
Ullage rocket thrust is not included. 

Ullage rocket thrust (lbf) 

That propellant mass history determined by 
combining independent engine analyses by a 
statistical method 

Frequency modulation 

Feet per second 

Foot 

Florida Test Center 

Forward 

The acceleration produced by the force of 
gravity, which varies with the altitude 
and elevation of the point of observation. 
The value 32.1739 ft/sec2 has been chosen 
as the standard by international agreement 
for sea level at 45° north latitude 

Guidance Cutoff Command 
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TABLE AP 1 (Sheet 4 of 11) 
GLOSSARY AND ABBREVIATIONS 

Abbreviation Terms Definition 

GET 

GG 

GHZ 

GMT 

GN2 

GOX 

gpm 

GSE 

h 

h (AP) 

He 

HF 

hr 

H/W 

Hz 

i 

IAS 

ICD 

IECO 

IGM 

in. 

in./in. 

IP&CL 

ips 

IRIG 

IRN 

Isp 

lU 

k 

kc 

KSC 

ksi 

Hertz 

Ground Elapsed Time 

Gas generator 

Gaseous hydrogen 

Greenwich mean time 

Gaseous nitrogen 

Gaseous oxygen 

Gallons per minute 

Ground support equipment 

Altitude 

Apogee altitude 

Helium 

High frequency 

Hour 

Hardwire 

Cycles per second 

Inclination 

Initiation of automatic sequence 

Interface Control Document 

S-IC stage Inboard Engine Cutoff Command 

Iterative guidance mode 

Inches 

Inches per inch (strain) 

Instrumentation Program and Components List 

Inches per second 

Inter range instrumentation group 

Interface Revision Notice 

Specific impulse 

Instrument unit 

Insulation thermal conductivity 

Kilocycles 

Kennedy Space Center 

1,000 lb/in. 2 



Abbreviation 

lbf 

lbm 

lbm/hr 

lbm/sec 

lb/pf 

LC 

LCC 

LES 

LET 

LH2 

LM 

LO 

LOS 

LOX 

LV 

LVDC 

M 

M 

Mo 

ma 

max q 
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TABLE AP 1 (Sheet 5 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Pounds mass 

Level sensor residuals 

Look angle 

Stage propellant mass 
flowrate (lbm/sec) 

Stage LH2 mass flow
rate (lbm/sec) 

Stage LOX mass flow
rate (lbm/sec) 

Definition 

Pounds force 

1/32.1739 slug 

Pounds mass, hour 

Pounds mass, second 

Pounds per picofarad 

Launch Complex 

Launch control center 

Launch escape system 

Launch escape tower 

Those propellant residuals above the main 
propellant valves determined by combining 
data from one or more level sensors by a 
statistical method and extrapolating to 
Engine Cutoff Command 

Liquid hydrogen 

Lunar module 

Vehicle liftoff time 

Angle between the vehicle centerline and the 
line of sight, measured from the rear of the= 
vehicle (deg) 

Loss of signal 

Liquid oxygen 

Launch vehicle 

Launch vehicle di gital computer 

Mach number 

Engine propellant mass flowrate (includes 
propellant flowrate for gas generator 
operation) 

Engine LH2 mass flowrate (includes LH2 
flowrate for gas generator operation) 

Engine LOX mass flowrate (includes LOX 
flowrate for gas generator operation) 

Milliampere 

Maximum dynamic pressure 
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Abbreviation 

iiin./in. 

MDAC 

MDF 

MFV 

MHz 

MILA 

MOI 

MOV 

MP&E 

MRCV 

MRS 

ms 

MSC 

MSFC 

MSL 

MSSD 

mv 

mxr 

N/A 

NASA 

NC 

nmi 

NO 

No. 

N204 
NPSP 

NPV 

OAT 

OECO 

TABLE AP 1 (Sheet 6 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Micro inch per inch 

Millisecond 

Ninety percent thrust 
buildup 

NTO 

Definition 

Millionth of an inch per inch 

McDonnell Douglas Astronautics Company 

Mild detonating fuse 

Main fuel valve 

Millihertz 

Merritt Island Florida 

Moment of inertia 

Main oxidizer valve 

Mission Planning and Evaluation 

Mixture Ratio Control Valve 

Mixture Ratio Shif t 

Thousandth of a sec 

Manned Spacecraft Center, Houston, Texas 

Marshall Space Flight Center 

Mean sea level 

Missile and Space Systems Division, 
Huntington Beach, California 

Millivolt 

Multiplexer 

Not applicable 

National Aeronautics and Space Administration 

Normally closed 

Time from Engine Start Command until t he 
last engine chamber pressure (injector end) 
reaches 618 psia 

Nautical miles 

Normally open 

Number 

Nitrogen Tetroxide 

Net positive suction pressure 

Nonpropulsive vent 

Overall test 

S-IC stage Outboard Engine Cutof f Command -
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Abbreviation 

0-P 

OMPT 

p 

PA 

PAM 

PCF 

PCM 

P/N 

P-P 

ppm 

PS 

P/S 

PSD 

PSI 

psia 

psid 

psig 

PTC 

PTCS 

P/U 

PU 

q 

OR 

RACS 
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TABLE AP 1 (Sheet 7 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Propellant residuals 

PU system propellant 
mass history 

PU system residuals 

Definition 

Zero to peak 

Observed Mass Point Trajectory 

Pitch 

Ambient pressure 

Combustion chamber pressure measured at 
the injector 

Pressure actuated 

Pulse amplitude modulation 

Preconditions of flight 

Pulse code modulation 

Part number 

Peak to peak 

Parts per million 

The sum of LOX and LH2 remaining onboard at 
Engine Cutoff Command. The residuals 
include .both usable and trapped propellants 

Pressurization system 

Pulse sensor 

Power spectral density 

Pounds per square inch 

Pounds per square inch absolute 

Pounds per square inch differential 

Pounds per square inch gauge 

Passive Thermal Control 

Propellant tanking computer system 

Pickup 

Propellant utilization 

That propellant mass history determined for 
flight by the PU system 

Those propellant residuals above the main 
propellant valves determined by the PU system 

Dynamic pressure 

Degrees Rankine 

Remote analog calibration system 
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Abbreviation 

reg 

RF 

RFI 

RMR 

rms 

R/NAA 

RO or 

rpm 

R/S 

RSCR 

rss 

s 
SC 

scfm 

scim 

sco 

sec 

S-IC 

S-II 

S-IVB 

SLA 

SM 

S/N 

SPS 

sov 

sss 
sta 

R 
0 

Slug 

TABLE AP 1 (Sheet 8 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms Definiti.on 

Regulator 

Radio frequency 

Radio frequency interference 

Reference mixture ratio 

Root mean square 

Rocketdyne, North American Aviation 

An event time used as reference for S-IVB 
stage flight evaluation sequence of events. 
Defined as the first Greenwich mean time 
second prior to vehicle liftoff 

Revolutions per minute 

Range safety 

Range safety command receiver 

Root sum square 

Surface range (ft) 

Spacecraft 

Standard cubic ft/min 

Standard cubic in./min 

Subcarrier oscillator 

Seconds 

First stage of the Saturn V (500) series 
of vehicles 

Second stage of the Saturn V (500) series 
of vehicles 

Third stage of Saturn V (500) series of 
vehicles 

Spacecraft LM adapter 

English system unit of mass 

Service module 

Serial number 

Service propulsion system 

Shutoff valve 

Stage switch selector 

Station 



Abbreviation 

STC 

STDV 

S/V 

SW 

Sw sel 

T 

tk 

T/M 

TP&E 

TVCS 

U/R 
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TABLE AP 1 (Sheet 9 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Statistical weighted 
average residual 
propellants 

Total depletion 
burntime 

Total propellants 
consumed 

Total stage burntime 

Total stage mass 
history 

Unusable propellants 

Definition 

The most accurate determination of actual 
propellant residual at Engine Cutoff 
Command as derived from the statistically 
weighted average IDass determination method 

Sacramento Test Center 

Start tank discharge valve 

Space vehicle 

Switch 

Switch selector 

Countdown time from prospective liftoff or 
as specifically defined in the text 

Tank 

Telemetry 

The engine burntime from Engine Start Command 
to the time that the Depletion Engine Cutoff 
Connnand would have been initiated 

That amount of liquid propellants consumed 
from Engine Start Command to Engine Cutoff 
Connnand includes engine consumption, boiloff, 
and LH2 tank pressurant 

The engine burntime from Engine Start Command 
to Engine Cutoff Command 

A compilation of all final hardware, propel
lant, and gas masses. The measured and 
computed mass of each constituent is adjusted 
within its accuracy band so that the total 
stage mass at Engine Start Command and 
Engine Cutoff Command agrees with the total 
stage mass as determined by the Statistical 
Weighted Average mass determination method . 

Test Planning and Evaluation 

Thrust vector control system 

Those propellants remaining after a propel
lant depletion cutoff. This includes the 
propellant in the tank below the. depletion 
sensor, propellant in the feed duct, and 
trapped propellants. 

Ullage rocket 
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Abbreviation 

V 

vac 

VCL 

vco 
vdc 

VHF 

VSE 

VSWR 

w 

WRO 

~ 

XE 

y 

YE 

YE 
ZE 

~E 

ap 

Cly 

y I 

11 

TABLE AP 1 (Sheet 10 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms 

Usable residual 

Definition 

Propellants in excess of trapped propel
lants left onboard a stage after powered 
flight has been terminated by some 
specified cutoff criteria 

Volt 

Relative velocity 

Inertial velocity 

Freestream velocity 

Vehicle Assembly Building, KSC, Florida 

Voltage, alternating current 

Vehicle Checkout Laboratory 

Voltage controlled oscillator 

Voltage, direct current 

Very high frequency 

Vehicle support equipment 

Voltage standing wave ratio 

Watt 

MDAC work release order 

Weight 

Time rate of change of total vehicle weith 
weight 

Downrange distance 

Downrange velocity 

Yaw 

Vertical distance 

Vertical velocity 

Crossrarige distance 

Crossrange velocity 

Pi.tch angle of attack 

Yaw angle of attack 

Inertial flight path elevation angle 



• 

• 

Abbrev i at i on 

µ 

µv 

aq 
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TABLE AP 1 (Sheet 11 of 11) 
GLOSSARY AND ABBREVIATIONS 

Terms Definition 

Inertial flight path azimuth angle 

Longitude 

Microvolt 

Product of angle of attack and dynamic 
pressure 

Earth fixed flight path elevation angle 

AP.P-f1 
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