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ABSTRACT

This report presents the evaluation results of the
prelaunch countdown, powered flight, and orbital phase
of the S-IVB-205 stage which was launched 11 October 1968

as the second stage of the Saturn AS-205 vehicle.

The report is a contractual document as outlined in NASA

Report MSFC-DRL-021, Contract Data Requirements, Saturn

S-IVB Stage and GSE, dated 1 August 1968, Revision B.

It was prepared by the Saturn S-IVB Test Planning and
Evaluation Committee and coordinated by the Saturn S-IVB
Project Office of the McDonnell Douglas Astronautics

Company - Western Division.

DESCRIPTORS

Data Evaluation S-IVB-205
Flight Test Saturn AS-205 Vehicle

Saturn V Countdown






PREFACE

The purpose of this report is to present the evaluation
results of the prelaunch countdown, powered flight, and
orbital phase of the 5-IVB-205 stage which was launched
on 11 October 1968 as the second stage of the Saturn
AS-205 wvehicle.

This report was prepared in compliance with the National
Aeronautics and Space Administration Contract NAS7-101.

It is published in accordance with NASA Report MSFC-DRL-021,
Contract Data Requirements, Saturn S-IVB Stage and GSE,

dated 1 August 1968, Revision B, which delineates the
data required from the McDonnell Douglas Astronautics

Company.

This document was prepared by the Saturn S-IVB Test Planning
and Evaluation Committee and coordinated by the Saturn S-IVB
Project Office of the McDonnell Douglas Astronautics Company

Western Division.
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INTRODUCTION

1,1 General

This report presents the results of analyses that were performed by McDonnell Douglas
Astronautics Company-Western Division (MDAC-WD) personnmel on the countdown, launch, and

flight of the Saturn S-IVB-205 stage.

This evaluation report also describes tests conducted at Kennedy Space Center (KSC), and

pertinent modifications made to the S-IVB and related ground support equipment.

This report is authorized by NASA Contract NAS7-101, and is the final report on the
5-1VB-205 stage by the MDAC-WD S-IVB Test Planning and Evaluation Committee, Huntington

Beach, California,

1,2 History

The 3-IVE-205 stage was assembled at MDAC-WD, Huntington Beach, California, where a limited
checkout was performed in the vehicle checkout laboratory prior to shipping the stage to
Sacramento Test Center (STC). The stage was installed on Beta Test Stand IIT on 15 April
1966 where the acceptance firing was conducted 2 June 1966. No confidence firings on the
two auxiliary propulsion system modules were scheduled. Evaluation and analysis of the

acceptance firing is presented in MDAC-WD Report SM-47471, Saturn S~-IVB-205 Stage Acceptance

Firing Report. A number of modifications were made prior to and after the stage entered

an extended storage at STC.

The S-TIVB-205 stage was shipped to KSC and was mated to the AS-205 launch vehicle on Launch
Complex 34. The AS-205 vehicle was launched on 11 October 1968 at 15:02:45 Greenwich Mean

Time. Figure 1-1 presents significant checkout and test history dates.

1-1



A403SLH 1S9L pue 1n0%23y) 96e1s §0Z-9AI-S

N

LT 9z

ansve

1 0l

b
6
v
8

‘cc-v-avnc

ylorees

wsanndensssdscssoduecnvesonsflocncpecvogossnshonsngecenapranagonnes

seennm

bessesn
seesse
peosenn

o

A |

9 .o-...oooﬁ-- »ees dossnsersssy

8T ¥

N asqenssssnspemoovarprsosg

vlez
0z | rl

ssjeracngsrsssmanns

oz | rl

L]
™

P S

Nela

| AT R IRY [T LY

ST
e ————

1z 41

1£4 Y
\/
€

HIEEN

HdV|HVYW

834 Nv( INT|NNTAVIN 3V | VN 93 4| NVT

> 561 fe———wei—]

"L-L d4nbLy4

Tttt HONNY

bosonpossssflosscnansonfuonneonnvefonnosfoonsnpocsnapasnsiecssafprannan ._vwm.._. WWWZ—D(WI F:Q‘J&
bosnnpecssofpscssasssaduecanincenshasssdescashrvosdescscpoccodeccens ._rmm._v ZO_-—.<K._-wzozmQ ZSQPZBO

pescepsvvonirvaressronhonsnprsnsdecnnajponssgecevobosssgnnnre

=7t 1NOMJ3IHI HONNVI34d

evesponsnslhecossveccchssccpmscesianccsfscessprcccnrocschboccodescrns QM xul_mso ZQQ._v<l_J<.sz_
Pessspassccfrcscncccnchaonsisenes --uv.o-n.--oo-'-h--v-v-- wzc—._-<o_m_cgoz< ZO—..F<JI_<.—-WZ—
poesshscsssfevcsnnesnshovseprscoqencashporsorovsnspannagassnonprnnos ml‘> Z—.JJI‘PWZ—

--:-..:A.-.-..-.-.o.-..c:-.ﬁu-..-.-..-...-:.:-:-.:-:- IVAINYY

J14
*e*=2" 314 0L dIHS

*=*** 1NONOIHO I9VHOLS LSOd

] A A O o
| Yheee b reenfoeeesp e e 1 V136 NOMA JAON

Tttt 1S3 SW3LSAS 1Y

_VNIMT-..L-:-.--.-T:-. Presegesesss 11 7139 NI .—.BXUMIO wm_mPBn_

L M b s SoNVLAT0Y

*"*""" DNI¥Id 3ONVL1d3D0V GILVINAIS

ottt 1NONO3HO 3¥idqud

>t JOVHOLS ONY

SNOILVOI 1GON ‘NOILYTTVLSNI

TrEesteettt T AN VA8 NEGITIVASN

T IVAIMYY

18
**°tt Q1S OL dIHS

4N. TREETTTTTT 9 °ON YIMOL ANOXMIIHI WOYS JAONIY
**2t* 1NOMJIHD

“*** SNOLLVOI 100N ONY NOLLYTIVASNI
"*+*** § "ON ¥IMOL LNONOZHO NI 03 TTVLSNI

gH

1-2



r
A

C I MO0

l

(TR

SECTION 2 NN

FLIGHT AND STAGE SUMMARY






FLIGHT AND STAGE SUMMARY

2.1 Flight Summary

2,1.1 Mission

The S§-IVB-205 stage was the second stage of the AS-205 launch vehicle which served as
booster for the Apollo 7 mission. AS-205 was launched 11 October 1968 at 11:02:45 AM EDT.
AS-205 was the first manned Apollo and it placed the Command and Service Module (CSM) with
its three astronauts into a 120.0 by 152.3 nmi elliptical orbit with an inclination of

31.6 deg. 1Insertion occurred at RO +626.76 sec.

Over the United States, 1 1/2 hr after liftoff, the instrument unit (IU) automatically
initiated the S-IVB orbital safing sequence which dumped the LOX through the J=2 engine,
vented the LH2 through the LH2 tank vent system, vented the cold helium spheres, 5-IVB
ambient pneumatic sphere, and J-2 engine control sphere. This was done to ensure a safe

S-IVB stage for a CSM rendezvous one day later.

Over Carmarvon, 2 1/2 hr after liftoff, the crew exercised the manual S-IVB/IU orbital
attitude control capability. This consisted of a 3 min test of the closed loop spacecraft/
launch vehicle control system by the performing of manual pitch, yaw, and roll maneuvers.
After completion of the test, the crew switched attitude control back to the automatic

launch vehicle system and the normal attitude timeline was resumed.

Launch vehicle/spacecraft (LV/SC) separation was accomplished over Hawaii 2 hr 55 min after
liftoff by a manual signal given hy the crew. The crew then performed a simulated transposi-
tion and docking maneuver with the S-IVB and took pictures of the S-IVB with the spacecraft

lunar module (LM) adapter panels in the deployed position.

The day after liftoff, the crew initiated a rendezvous with the expended S-IVB/IU to

simulate a LM rescue capability by the CSM.

2.1.2 Countdown and Launch

The AS-205 launch countdown was initiated at 0600 GMT on 8 October 1968. The countdown
proceeded on schedule until T -6 min 15 sec when a 2 min 45 sec hold was called due to the
J-2 thrust chamber chilldown taking longer than expected. The count resumed with no

problems and liftoff occurred at 15:02:45.323 GMT.

2.1.3 5-1B Powered Flight

The AS-205 vehicle lifted off on a launch azimuth of 100 deg E of N from launch complex 34.
The vehicle rolled to a flight azimuth of 72 deg E of N at RO +10.31 sec. The sequence of

significant occurances were as follows:

Guidance Reference Release {(GRR) RO -4.97 sec
Range Zero (RO) 15:02:45 GMT
TU Umbilical disconnect (TBl) RO +0.36 sec
Mach 1 RO +62.3 sec
Max q RO +75.5 sec
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TB2 RO +137.49 sec
0ECO RO +144,323 sec
S-1B/S~-1IVB physical separation RO +145.59 sec

2.1.4 S-1IVB Powered Flight

After S~-IB/S-IVB separation the retrorockets forced the S-IB stage away from the S-IVB and
the ullage rockets fired and settled the S-IVB propellants. Engine Start Command (ESC)

occurred at RO +147.08 sec, initiating a l-sec fuel lead and subsequent thrust buildup.

The open-loop propellant utilization (PU) system was commanded from 5.5 to 4.5 engine
mixture ratio (EMR) at ESC 4308.775 sec. Guidance was staged at RO +455.68 sec and went
into the artificial tau mode for 36.28 sec. At RO 4+592.65 sec the chi tilde mode was
initiated, Guidance commands were frozen (chi freeze) 4.013 sec before S-IVB cutoff and
were held constant through the cutoff transient. J-2 Engine Cutoff Command occurred at

RO +616,757 sec with a total burntime of 469.749 sec.

2,1.5 Orbital Safing

At TB4 +0.384 sec the first of three programmed nonpropulsive vents of the LHZ tank was
initiated. The second programmed nonpropulsive vent was initiated at TB4 +2,629.967 sec
and the third at TB4 +5,065.948 sec. Because the LH2 residual was not vented completely
during the three programmed vents, four additional ground commanded vents were required to

safe the LHZ tank.

A dump of LOX through the J-2 engine was initiated at TB4 +5,051.951 sec and terminated at
TB4 +5,772.,965 sec.

A cold helium dump was initiated at TB4 +5,531.962 sec and terminated 2,868 sec later. The

cold helium dump was repeated at TB4 +15,599.95 sec for 1,200 sec.

The stage pneumatic sphere dump was initiated at TB4 +11,236,.960 sec but was terminated early
in order to have pneumatic control pressure available to operate the LHZ vent and relief

valve during the extended LH2 tank passivation.

2.2 Mission Objectives

MDAC-WD considers the Flight Mission Directive for Apollo Saturn TB Missions, Revision 1

prepared by the Saturn I/IB Program Office, Marshall Space Flight Center, Huntsville,
Alabama dated 15 August 1968 as the official document for providing identification and con-
trol of launch vehicle mission requirements. The AS-205 launch vehicle mission objectives

are summarized and discussed as follows:

Principal Detailed Objectives

1. Demonstrate the adequacy of the launch vehicle attitude objective
control system for orbital operation achieved

2. Demonstrate S-IVB orbital safing capability objective
achieved



3. Evaluate S-IVB J-2 engine ASI line objective

modification achieved

Secondary Detailed Test Objectives

1. Evaluate the S5-TVB/IU orbital lifetime objective
capability achieved

2. Demonstrate CSM manual launch vehicle orbital objective
attitude control achileved

2.3 Stage Summary
Performance of the MDAC-WD built S-IVB-205 was satisfactory during countdown, boost, and

orbit. No significant anomalies occurred during the flight.

Orbital safing of the S~IVB was accomplished, but the LH2 tank passivation requlired four

ground commanded vents in addition to the three programmed vents,

The LOX tank dump essentially ended at RO +6,341 sec when the main oxidizer valve closed to
the 15 percent open position due to the depletion of engine pneumatics. This condition was

expected since pneumatic pressure is required to fully close the valve.

2,3.1 Test Operations

The launch day countdown was initiated on 8 October 1968 and culminated in a successful
launch at 15:02:45 GMT on 11 October 1968. The S-IVB portion of the countdown proceeded
satisfactorily, and all stage systems responded correctly to commands. The only problem

was thrust chamber chilldown which was slower than expected.

2.3.2 Cost Plus Incentive Fee

Performance of the S5-TB stage provided preconditions of flight (PCF) at S-IB/S-IVB Separation
Command that were within tolerance. Trajectory derived end conditions of flight (ECF) at
orbit insertion were within tolerance; also, maximum flight values of attitude errors and
rates for both phases of S-IVB operation (powered flight and orbit phase) did not exceed the
respective allowable tolerances. All received command signals were recognized, and all end
condition command signals were given. It was concluded for purposes of incentive achievement,

therefore, that all PCF and ECTF were achieved.

Evaluation of the telemetry performance indicated that the telemetry system operated at a
99.2 percent efficiency during the telemetry performance evaluation period (TPEP) phase 1

and performed at 99.2 percent efficiency during TPEP phase IT.

2.3.3 Trajectory

The actual trajectory of the AS-205 flight was very close to nominal. At S-IB/S-TVB
Separation Command the trajectory can be characterized as being slightly off nominal.
The slow and low trajectory of the S-IB stage caused the S-IVB stage to burn slightly
longer than predicted in order to obtain the desired cutoff conditions. An orbit was

obtained which was very near to that predicted.
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2.3.4 Mass Characteristics

At $-IVB-205 Engine Start Command the mass of the remaining AS-205 vehicle was 305,685 *641 lbm.
At S-IVB-205 Engine Cutoff Command, mass of the remaining AS-205 vehicle was 67,720 +159 lbm.

All total vehicle mass characteristics parameters were within tolerance throughout the flight.

2.3.5 Engine System

The engine system performed satisfactofily during the S-IVB-205 flight. The engine was
operated with the PU system in the open loop mode, and PU valve cutback to the low EMR

position was commanded as planned. The propellant utilization efficiency was 99.8 percent.

2.3.6 Solid Rockets

The solid rocket motors on the AS-205 launch vehicle performed satisfactorily and accomplished
their intended purpose. The $-IB was separated from the S-IVB by the retrorockets, and the

S-IVB propellants were settled prior to engine start by the ullage rockets,

2.3.7 Oxidizer System

The oxidizer system performed as designed and supplied LOX to the engine within the specified
limits. The LOX tank pressurization system satisfactorily controlled pressure in the LOX

tank during all periods of flight.

2.3.8 Fuel System

The fuel system performed as designed and supplied LH2 to the engine within the limits defined
in the engine specification. The GSE and airborne LH2 tank pressurization systems satisfactorily

controlled the LH2 tank ullage pressure during countdown, boost, and powered flight.

2.3,9 Auxiliary Propulsion System

Both auxiliary propulsion system modules operated very well and functioned as required to
perform the attitude corrections desired. The modules supplied roll control to the vehicle
during S-1IVB powered flight and pitch and yaw control at S-IVB engine cutoff. The two APS

modules then functioned to compensate for induced disturbances and to maneuver the vehicle.

2.3.10 Pneumatic Control and Purge System

The pneumatic control and purge system performed satisfactorily throughout the flight. The
helium supply to the system was adequate for both pneumatic valve control and purging; the
regulated pressure was maintained within acceptable limits; and all components functioned

normally.

2.3.11 Propellant Utilization System

The propellant utilization (PU) system successfully met the loading accuracy requirements of
the stage. The best estimate propellant mass values at liftoff were 193,360 1lbm LOX and

39,909 1bm LH2, These values are well within the required #1.12 percent stage loading accuracy.



After velocity cutoff the usable propellant residuals were extrapolated to depletion. This
extrapolation indicates that a LOX depletion would have occurred 3.08 sec after velocity
cutoff with an LH2 usable residual (less bias) of 538 1bm., This yields an open loop
efficiency of 99.8 percent.

The PU system was operated inflight in the open loop mode and the mixture ratio valve

operation was wholly 1n response to launch vehicle digital computer issued commands.

2.3.12 S5-1B/S-IVB Stage Separation

The separation analysis was done by a comparison of AS-205 data with the AS-204 separation

data. The majority of the data compared very closely for the two vehicles.

2.3.13 Data Acquisition System

The performance of the data acquisition system was very good throughout both phases of
evaluation., All systems performed as designed, and no system malfunctions were observed.

A summarization of the S-IVB-205 measurements 1s presented below:

Measurements Assigned 379
Checkout Only Measurements 12
Landline Measurements 114
Vibration Measurements Deleted from Incentive 8

Measurements Inoperative due to Stage

Configuration 2
Measurements Deleted Prior to Liftoff 0
Total Active Incentive Measurements at Liftoff 243
Phase I Measurement Failures 2
Phase TI Measurement Failures 2
Phase I Measurement Efficiency 99.2%
Phase II Measurement Efficiency 99.2%
Measurement Failures not Affecting CPIF 2

The performance of the pulse code modulation (PCM) system was excellent.

The RF system performed without difficulty in the transmission of airborne data to ground

stations located throughout the orbital flight path.

2.3.14 Electrical System

The electrical control system and electrical power system performed satisfactorily throughout
the launch and orbital phases of flight. All responses to switch selector commands were
satisfactory. The J-2 engine control system and APS electrical control system performed

properly. All control pressure switches and electrically controlled valves operated
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satisfactorily. The exploding bridgewire (EBW) system charged, fired, and jettisoned the

ullage rockets as expected. All batteries performed within expected limits, The chilldown Eﬁﬁi
inverter, static inverter-converter, and 5 V excitation modules operated normally. The

frequency measurement of the static inverter-converter shifted downward at RO +5,540 sec

but this was an instrumentation problem and not a power system problem.

2.3.15 Range Safety System

The range safety system was not required for propellant dispersion during flight. All
indications showed that it operated properly and would have satisfactorily tcrminated the

flight if commanded by the range safety officer.

A momentary signal strength dropout of 2 sec was observed at RO +121 sec due to range safety

command control difficulties.

2.3.16 Flight Control

The S-IVB thrust vector control system provided satisfactory control in the pitch and yaw
planes during powered flight. The auxiliary propulsion system (APS) provided satisfactory
roll control during powered flight and satisfactory pitch, yaw, and roll control during

orbital coast.

2,3.17 Hydraulic System

The S-IVB hydraulic system performance was within predicted limits and the entire system
operated satisfactorily throughout flight. There was one 48-sec thermal cycle which was 7

programmed during the first orbit.

2.3.18 Vibration

Fight vibration measurements were monitored on the J-2 engine. One measurement did not
provide usable data, The measured vibration levels were in agreement with those measured

by Rocketdyne during engine ground tests.

2.3.19 Orbital Safing

Orbital safing was accomplished satisfactorily. Operation was as predicted with the exception
of the LH2 tank safing. LH2 tank safing required approximately 18,500 sec to complete as
opposed to a predicted 6,000 sec. As a result of unanticipated venting conditions, the LH2

tank safing required four ground commanded vents in addition to the three programmed vents.

2.3.20 Stage Structure

A review of S-IVB-205 flight data revealed no structural anomalies. Photographs of the 5-TIVB
taken from the command module during orbit disclosed no loss of bonded insulation nor
structural damage. The structural integrities of the LH2 tank, LOX tank, and common bulkhead
were verified by telemetry pressure data. From the time of TLH2 tank loading until the end of
tank depressurizations in orbit, the common bulkhead internal pressure remained at 0.45 psia
or less, indicating a sound bulkhead. The maximum LH2 ullage pressure of 32.3 psia was

below the limit design LH2 ullage pressure of 39.0 psia., The maximum LOX ullage pressure



was 43.1 psia which did not exceed the limit design LOX ullage pressure of 44.0 psia,

At RO +11,354 sec the LH2 ullage pressure had increased to 21.6 psia while the LOX ullage
pressure was 0.4 psia. The resulting differential pressure across the common bulkhead

was -21.2 psid, which exceeded the limit value of -20.0 psid prescribed by flight mission
rule No. 5-7. At that time the LH2 tank vent valve was activated by the Corpus Christi
ground control station to reduce the differential pressure. The maximum negative pressure
was well below the ultimate capability of the common bulkhead of =-32.5 psid. The maximum
measured acceleration during critical first stage launch was 4.25 g which did not exceed

the S5-IVB-205 predicted axial load factor of 4.26 g.

2.3.21 Forward Skirt Thermoconditioning System

The forward skirt thermoconditioning system operated satisfactorily throughout powered flight.
The temperature of the coolant supplied was within the specification limits for the entire

flight.

2.3.22 Common Bulkhead Vacuum Monitoring System

The bulkhead internal pressure was satisfactory throughout the count, less than 0.2 psia at

liftoff, and indicative of a sound bulkhead throughout the flight.

2.3.23 Aft Skirt Thermoconditioning and Purge System

The aft purge maintained the APS modules' oxidizer and fuel tank temperatures within their

launch limits during the countdown.

2.3.24 Exploding Ordnance Equipment

All exploding bridgewire (EBW) initiated ordnance systems performed as required. The stage
separation system, which utilizes a dual mild detonating fuse (MDF) assembly, functioned on
command and effected a complete separation of the S-IVB from the S-IB. The ullage rockets

and retrorockets fired; thus, normal separation sequence was accomplished.

2.3.25 Thermal Environment

The mission profile of the AS-205 flight produced nominal thermal environments for the
S5-IVB components and structure. The boost trajectory was cooler than the thermal design

trajectory and the orbital environments resulted in nominal heat inputs.
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STAGE CONFIGURATION

Table 3-1 presents the S-IVB-205 stage and GSE orifice data and table 3-2 presents the

pressure switch checkout data.

The general configuration of the $~IVB 205 stage is described in MDAC-WD Report No.
SM-46978A S-IVB-205 Stage Flight Test Plan, dated 18 November 1966, revised Septéﬁber 1968,

This stage was equipped with a Rocketdyne 225,000 1bf thrust engine, serial number J-2033;

additional stage information is presented in the following documents:

a. MDAC-WD Report No. SM-47455, Saturn S-IVB-205 Stage Acceptance Firing Test Plan
dated March 1966, revised May 1966, revised June 1966,

b. MDAC-WD drawing 1B62934D, S-IVB-205 Stage End Item Test Plan, dated 6 October 1967.

c. MDAC-WD Report No., SM-56354 Harrative End Item Report on Saturn $-IVB-205 (MDAC-WD
S/N 2005), dated July 1966,

d. MDAC-WD Report No. SM~47184, Saturn S-IVB/IB Range Safety Report, dated
19 November 1965, revised 28 February 1966.

Figure 3-1 is a schematic of the S-IVB-205 propulsion system and shows the locations of the
telemetry instrumentation from which the data was obtained. Figure 3-2 shows a block
diagram of the electrical control system. Figure 3-3 is a schematic of the hydraulic

system. Figure 3-4 is a block diagram of the data acquisition system.
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TABLE 3-2

PRESSURE SWITCH CHECKOUT DATA

NOMENCLATURE

LOX Tank Prepress
P/N 7851847-533AE
Serial No. 104

Cold He. Reg. Backup
P/N 7851830-517
Serial No. 101

Engine Pump Purge
P/N 1A67002-509
Serial No. 113

LH2 Tk Fill Valve Control
P/N 7851860-537
Serial No.

LH2 Flight Control
P/N 7851860-539
Serial No, 200

Control He Reg Backup
P/N 7851830-521
Serial No. 102

Mainstage OK No. 1
P/N NA5-27302
Serial No. 25317

Mainstage OK No. 2
P/N NA5-27302
Serial No. 25237

PICKUP | DROPOUT | DEAD
SPECIFICATION PSIA PSTA BAND
Pickup: 41.0 psia max.
Dropout: 36.5 psia min. 39.9 37.8 2.1
Dead Band: 0.5 psi min.
Pickup: 440-491 psia
Dropout: 329-376 psia 461 358 103
Dead Band: None
Pickup: 136 psia max.
Dropout: 99 psia min. 121 108 13
Dead Band: 3.0 psi min.
Pickup: 34 psia max.
Dropout: 31 psia min. 33.4 31.1 2.3
Dead Band: 0.5 psi min.
Pickup: 31.5 psia max.
Dropout: 27.8 psia min. 30.25 28.25 2,0
Dead Band: 0.5 psi min.
Pickup: 579-621 psia
Dropout: 459-521 psia 602 491 111
Dead Band: None
Pickup: 515 +36 psia
Dropout = Pickup minus 520 441 79
75 461 psia
Pickup: 515 +36 +61 psia
Dropout = Pickup minus 538 468 70

75 +61, -36 psia
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Figure 3-1. Propulsion System Configuration and Instrumentation
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TEST OPERATIONS

The launch day countdown was initiated at 0600 Greenwich Mean Time (GMT) on 8 October 1968
and culminated in a successful launch at 15:02:45 GMT on 11 October 1968.

The S-IVb portion of the countdown proceeded satisfactorily, and all stage systems responded
correctly to commands. The only problems and unexpected items noted during the launch

countdown were:
a. LOX chilldown pump purge seal leakage was above the maximum allowable of 25 scim.
b. S~TIVB thrust chamber chilldown was slower than expected.

The countdown demonstration test (CDDT) was satisfactorily conducted between 12 and 16
September 1968. Prelaunch checkouts, auxiliary propulsion system (APS) preparations, and

the launch countdown are discussed in the following paragraphs.

Significant countdown events occurred at the following times:

LOX loading initiated 0904:35 GMT
LH2 loading initiated 1025:59 GMT
Cold gas loading initiated 1120:29 GMT
Terminal count initiated 1442:00 GMT
Liftoff 1502:45 GMT

4.1 Propulsion System Checkout

The S-IVB-205 stage arrived at the Florida Test Center (FTC) 7 April 1968 and was
transferred to the vehicle assembly building, low bay 8 April; it was erected on ’
Complex 34 16 April., Propulsion subsystem checkout procedure I-24135 was started on

17 April and completed on 11 September.

The APS module engine valve current and voltage signature test procedure 1B62276 (NASA
1-24156) was performed 10 May on module 1 and 20 May on module 2. The results of both

tests were satisfactory.

The J-2 engine (S/N 2033) sequence test was conducted 14 August in accordance with TCP I-24136.
The test consisted of two purge runs and three data verification runs. All parameters were

within specification.

4.2 Launch Vehicle Tests

After the S-IVB-205 stage was erected at complex 34, it was subjected to the launch vehicle

tests listed in table 4-1.



4.2.1 Countdown Demonstration Test L

The CDDT was initiated at 0900 GMT on 12 September with the count at T -72 hr. The planned
cutoff at T -3 sec occurred at 2214:32 GMT on 16 September. This test was conducted at
launch complex 34 in accordance with Kennedy Space Center (KSC) procedure 1-20049, revision
001 and consisted of two segments identified as CDDT wet and CDDT dry. During the wet test
all launch vehicle cryogenics were loaded. The recycle for CDDT dry included cryogenic
drain, vehicle dryout, and umbilical safing. The dry test was performed with the launch

vehicle devoid of propellants and with reduced pressures in the spheres.

The first terminal count sequence was terminated because of launch vehicle digital computer/
ground computer interface problem. Several other minor problems occurred and were corrected,

and the CDDT was satisfactorily concluded.

4,2,2 TFlight Readiness Test

The flight readiness test was conducted on 26 and 27 September in accordance with procedure
1-20035 and included a pneumatic engine sequence and APS dry fire. No anomalies occurred
during the APS dry fire, but several occurred during the engine sequence. The anomalies
were corrected, and the engine sequence test was again performed to verify the integrity of

the new pneumatic control package and to reverify the times of the engine sequence of events.

4.3 APS Preparations

The APS modules were loaded with propellants on 4 October in accordance with MDAC-WD
procedure §-1-24157 revision 001, which covers APS module loading only. The APS modules 7
were not test fired. Both oxidizer and fuel were loaded without incident; 1 hr 2 min were

required for oxidizer and 43 min were required for fuel.

The module 1 100-percent fuel indication dropped out 35 min after the module was fully
loaded, and the fuel fill valve was found to be leaking internally at 0.75 in./hr under
blanket pressure and 2.4 in./hr under flight pressure. The tank was drained and refilled
without problem, and no further leakage was cbserved after the module port was capped off.
The modules were pressurized to flight pressure for a 1-hr APS helium sphere leak check;

and neither helium sphere leakage nor any noticeable bellows movement was detected.

4.4 AS-205 Launch Countdown—-Sl&Oll

The AS-205 space vehicle launch countdown was initiated at 0600 GMT 8 October 1968 with
the count at T -72 hr; liftoff occurred at 1502:45.323 GMT on 11 October. The countdown
was conducted in accordance with KSC procedure I-20048 revision 001. The MDAC-WD prepara-

tion and securing steps were conducted in accordance with procedure 1-20060.

4.4,1 Prelaunch Preparations and Purges

The prelaunch preparations and purges were accomplished in accordance with MDAC-WD

procedures and were the same for launch countdown and CDDT. However, during the T -2 day

(
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propulsion preparations, excessive leakage was measured at the LOX chilldown pump purge
seal. Although the leakage was dispositioned as acceptable to engineering, it resulted in

a lower LOX chilldown pump container pressure (49 psia) than the 60 psia noted during CDDT.

4.4.2 Component Tests

The engine sequence test was conducted at T -2 days 6 hr. All valves and timers functioned

properly, and helium consumption was well within Rocketdyne requirements.

All stage and GSE component functions were accomplished as they were during CDDT with the
exception of bottle mass decay checks and the cold helium regulator check which were not

performed during the launch countdown.

4.4.3 Loading Operations

LOX and LH2 tank loading, thrust chamber chilldown, and helium and GH2 sphere loading were

all satisfactorily accomplished. Data are presented in tables 4-2 and 4-3.

4.4.4 Terminal Countdown

The launch terminal count was initiated at T -30 min and was completed without any
significant problems except thrust chamber chilldown. During this period, final engine

conditioning was accomplished. The sequence of countdown events is presented in table 4-4.

4.4.4.1 Engine Conditioning

J-2 engine conditioning was initiated at T -20 min with a 50-psig ambient helium purge of

the J-2 engine start sphere. Other engine purges were performed and, at T -10 min, thrust
chamber chilldown was initiated with cold helium from circuits 2 and 3 of the GSE heat
exchanger. At approximately T -7 min, the thrust chamber was noted to be chilling improperly
and, at T -6 min 15 sec, a hold was called for 2 min 45 sec. Although the maximum
temperature at T -8 min was not significantly higher than S-IVB-502, which also had

a scheduled 10-min chilldown period, the temperature difference compared to S-IVB-502

was maintained as chilldown progressed. Since the redline limit at initiation of

automatic sequence (IAS) was lower for S-IVB-205 (315 deg R versus 345 deg R), the hold

was called to ensure that the redline requirements were met at IAS and liftoff. The

results of engine conditioning produced the following:

At TAS At Liftoff
Thrust chamber jacket temperature (deg R) 261 258%
Engine start sphere pressure (psia) 1,250 1,271
Engine start sphere temperature (deg R) 268 271
Engine control sphere pressure (psia) 3,179 3,250
Engine control sphere temperature (deg R) 280 283

*Maximum allowable is 265 deg R.
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4.4.4.2 Stage Conditioning

LOX turbopump chilldown was initiated at T -9 min 50 sec. The chilldown flowrate was 40 gpm
unpressurized and 43 gpm pressurized. The chilldown was normal and resulted in LOX pump

inlet conditions at T -19 sec of 165.2 deg R and 59,1 psia.

LH2 turbopump chilldown was initiated at T -10 min. The flowrate was 101 gpm unpressurized
and 139 gpm pressurized; the chilldown was normal and resulted in LH2 pump inlet conditions

at T -19 sec of 39.1 deg R and 39.4 psia.

4.5 Redline Limits

All redline limits for launch vehicle parameters were satisfied. The redlines are presented

in NASA Report K-IB-02.10/5: Apollo/Saturn IB Launch Mission Rules Apollo 7 (SA-205/

CSM-101), Revision A, Change 2, dated 10 October 1968; in MDAC-WD Report SM-46978: Saturn
S-1VB-205 Stage Flight Test Plan, Revision A, dated September 1968; and in the A4l Redline

Monitoring Brief.

4.6 Atmospheric Conditions

The atmospheric conditions on the launch day are presented in table 4-5.



TABLE 4-~1

INTEGRATED LAUNCH VEHICLE TESTS

TITLE PROCEDURE DATE
Launch Vehicle Electrical Systems Test I-21042 Rev 001 5-20-68
LOX System Simulate and Malfunction Test I-20028 Rev 001 6-5-68
Launch Vehicle Propellant Dispersion Systems Functional Test I-20042 Rev 001 6-14-68
LH2 System Simulate and Malfunction Test 1-20029 6-17-68
Umbilical Swing Arm Qualification Test 1-26007 6-27-68
Launch Vehicle Emergency Detection Systems Test 1-20009 7-10-68
Launch Complex Power Failure Test 1-20072 Rev 001 7-16-68
LH2 Cold Flow Test I-20075 Rev 001 7-31-68
Launch Vehicle Sequence Malfunction Test I1-20031 Rev 001 8-1-68
Launch Vehicle MCC-H Interface Test 1-20056 Rev 001 8-22-68
Space Vehicle Plugs In OAT 1-20033 Rev 001 8-31-68
Space Vehicle Plugs Out OAT 1-20034 Rev 001 9-3-68
9-4-68
9-5-68
TABLE 4-2
§-1VB-205 STAGE PROPELLANT LOADING DATA
PARAMETER UNIT LOX LH2
Chilldown initiated GMT 0930:15 1033:00
Slow fi1l
Levels percent 0 tob 0tob
Initiation time GMT 0938:15 1043:05
Flowrate gpm Kk 300
Maximum ullage pressure psia 31.0 17.0
Fast f111
Levels percent 5 to 96 5 to 96
Initiation time GMT 0943:21 1054:01
Flowrate gpm 830 2250
Maximum ullage pressure psia 29,6 17.2
Final slow fil1
Level at initiation percent 96 96
Initiation time GMT 1006:10 1121:20
Flowrate gpm Hk
Maximum ullage pressure psia 19.7 17.2
Total time required min 38 52

**Not avallable.
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TABLE 4-4

TERMINAL COUNTDOWN SEQUENCE S-IVB-205 FLIGHT

FUNCTION

TIME FROM

LIFTOFF (MIN:SEC)

Start Tank Vent Open

Start Tank Purge Valve Open

Thrust Chamber Purge Valve Open

Start Tank Supply Valve Open

Start Tank Purge Valve Closed

LOX
LH2

Tank Vent Valve Cycled
Tank Vent Valve Cycled

Cold Heat Exchanger Circuit Vent Open

LH2

Chilldown Pump ON

Thrust Chamber Purge Valve Closed

Thrust Chamber Chilldown Valve Opened

LOX
LH2
LOX

Chilldown Pump ON
Prevalve Closed

Prevalve Closed

Cold Helium Crossover Valve Closed

Cold Helium Crossover Valve Open

Cold Heat Exchanger Circuit 1 Vent Open

Cold Heat Exchanger Circuit 1 Vent Closed
Start Tank Vent Closed

Engine Control Helium Supply Valve Closed

Engine Control Helium Supply Vent Open

Start Tank Supply Vent Cycled

Cold Helium Crossover Valve Closed

LOX
LOX
LOX
LH2
LH2
LH2
LH2

Vent Closed

Tank Pressurized

Fill and Drain Valve Closed

Tank Vent Valve Closed

Tank Ground Prepressurization Supply Valve Open
Tank Ground Prepressurization Supply Valve Closed

Fill and Drain Valve Closed

Power Transfer Complete

LH2

Directional Vent to Flight Position

S~IVB Ready for Launch

Commit and Liftoff

~22:45
~-22:45
-17:46
-17:16
-17:15
-15:22
-15:17
-15:16
-12:46
-12:44
-12:44
-12:35
-12:30
-12:30
-10:58
-10:08
- 8:36
-~ 5:30
- 5:15
- 4:59
~ 4:58
- 4:56
- 3:29
- 2:43
- 2:27
- 2:25
- 1:52
- 1:52
- 1:34
- 1:32
- 0:28
- 0:28
- 0:28

0




TABLE 4-5

S-1VB-205 LAUNCH ATMOSPHERIC CONDITIONS

AMBIENT DEW AMBIENT WIND Dlgé§?ION
TIME TEMPERATURE POINT PRESSURE SPEED FROM NORTH
(GMT) (°F) (°F) (in. of Hg) (knots) (DEG)
1000 78 70 7 29.955 77174 90
1100 78 70 29.970 14 80
1200 78 70 29.990 15 80
1300 80 71 30.00 13 100
1400 82 72 30.025 13 90
1500 82 72 30.040 17 80
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COST PLUS INCENTIVE FEE

Flight Mission Accomplishment

Flight data evaluated to establish preconditions of flight (PCF) and end conditions of flight
(ECF) were obtained from observed trajectory and attitude data transmitted by magnetic tape
and printout to McDonnell Douglas Astronautics Company (MDAC-WD) from MSFC as requested in

MDAC-WD Report No. SM-46538, Douglas S-IVB Stage Data Acquisition Requirements Document for

Saturn IB Flights, Revision C, dated June 1968,

Performance of the S-IB stage provided PCF at S-IB/S-IVB Separation Command that were within
allowable tolerances. Trajectory ECF at orbit insertion were within tolerance; also,
maximum flight values of attitude errprs and rates for both phases of S-IVB operation
(powered flight and orbit phase) did not exceed the respective allowable tolerances. All
received command signals were recognized, and all end condition command signals were given,
It was concluded for purposes of incentive achievement, therefore, that all PCF and ECF were

achieved,

Table 5-1 presents the nominal values for PCF and the allowable deviations agreed upon
between MDAC-WD and NASA, and the actual values obtained during the AS-205 mission of

11 October 1968, The actual values were all within tolerance, All received commands were
recognized, and all end condition commands were given. The extent of the agreement is set
forth in NASA Letter I-CO-S-IVB-8-927, dated 17 September 1968, and MDAC-WD Letter
A3-131-5,3.1,13-L-4575, dated 27 September 1968,

Table 5-2 presents the nominal values for ECF and the allowable deviations agreed upon
between MDAC-WD and NASA as set forth in NASA Letter I-CO-S-IVB-8-927, dated 17 September
1968, and MDAC-WD Letter A3-131-5,3,1,13-1L-4575, dated 27 September 1968, and the actual
values obtained during the AS-205 mission of 11 October 1968. The actual values were all
within tolerance, all received commands were recognized, and all end condition commands

were given,

Evaluation of the telemetry performance indicated that the telemetry system operated at a
99,2 percent efficiency during the telemetry performance evaluation period (TPEP) phase I
(liftoff to S-IVB engine cutoff +10 sec) and performed at 99.2 percent efficiency during
the TPEP phase II (liftoff until planned launch vehicle/spacecraft separation, 2 hr, 55 min

following guidance reference release),

The results of the telemetry performance analysis are shown in table 5-3,
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TABLE 5-3 (Sheet 1 of 2)
FLIGHT TELEMETRY PERFORMANCE SUMMARY

ITEM DESCRIPTION TOTAL
1. Total number measurements listed in the S5-IVB-205 Instrumentation 379
Program and Components List (IP&CL) MDAC-WD Drawing 1B4355AH Change.
2. Measurements listed in the IP&CL which are not wholly on the S$-IVB-205
stage:
Measurements transmitted by the IU telemetry link: 8
E0209-401 VIB - Combustion Chamber Dome-Long
E0210-401 VIB - LH2 Turbo Pump-Lateral
E0211-401 VIB - LOX Turbo Pump-Lateral
E0236-401 VIB - Main Fuel VLV-Tangential
E0237-401 VIB - Main Fuel VLV-Radial
E0242-401 VIB - Fuel ASI Block-Radial
E0243-401 VIB - ASI LOX VLV-Radial
EQ245-401 VIB - ASI LOX VLV-Longitudinal
Measurements wholly tramsmitted landline to the launch control center. 114
3. Measurements that are for checkout only and are not transmitted during
flight:
The function of the following measurements is to monitor the output
voltage of exploding bridgewires (EBW) by means of pulse sensors
during checkout.
The pulse sensors are removed prior to launch, thus making the 11
measurements inoperative during flight.
K0141-411 Event R/S 1 Pulse Sensor
K0142-411 Event R/S 2 Pulse Sensor
K0143-404 Event - U/R 1 Ignition Pulse Sensor 1
K0144-404 Event - U/R 1 Ignition Pulse Sensor 2
K0145-404 Event - U/R 2 Ignition Pulse Sensor 1
K0146-404 Event - U/R 2 Ignition Pulse Sensor 2
K0147~404 Event -~ U/R 3 Ignition Pulse Sensor 1
K0148-404 Event - U/R 3 Ignition Pulse Sensor 2
K0149-404 Event ~ Ullage Jettison 1 Pulse Sensor
K0150-404 Event - Ullage Jettison 2 Pulse Sensor
K0169-404 Event - EBW Pulse Sensor OFF Indication
4, The following measurement was listed in the IP&CL, aund the capability to 1

make the measurements existed on the stage. MSFC did not require the
associated rate gyro installation, therefore, the measurement is

inoperative.

KO0152-404 Event - Rate Gyro Wheel Speed OK Ind

5-4



TABLE 5-3 (Sheet 2 of2)
FLIGHT TELEMETRY PERFORMANCE SUMMARY

ITEM

DESCRIPTION

TOTAL

10.

11.

12,

The following measurement was replaced by a shorting plug:

K0095-401 Event - Thrust Chamber LH2 Injector Temp OK

The following measurement is used for checkout only. The IU flight
sequencing tape is not programmed to activate this measurement in flight.

Therefore, it is inoperative.

K0168-404 Event - Switch Selector Register Test

Measurements known to be inoperative at start of automatic launch sequence,

or become inoperative prior to start of automatic launch sequence - 0.

The total number of measurements to be evaluated for incentive performance
for both TPEP phase I and phase II is item 1 minus the sum of items 2, 3, 4,
5, 6, and 7.

Phase I
Phase II

Measurements which were failures during TPEP phase I (liftcff to S-IVB
engine cutoff +10 sec). Details regarding these measurement failures

may be obtained in section 17 of this report.

C2044-401 Temperature - ASI Combustion Chamber
D0104-403 Pressure - LH2 Pressure Module I Inlet

Measurements which were failures during TPEP phase II liftoff until
planned LV/SC separation. (2 hours, 55 minutes following guidance

reference release.)

All measurements which were failures during TPEP phase I are included as
phase II failures because phase II encompasses phase I. These two

measurements are given in item 9 above.
There were no other phase II failures.
Calculation of phase I performance:
Item 8 minus item 9 divided by item 8, multiplied by 100, and rounded

off to the nearest one-tenth of one percent

243-2

553 X 100 = 99.2%

Calculation of phase II performance:

Item 8 minus item 10 divided by item 8 multiplied by 100, and rounded

off to the nearest one-tenth of one percent

243-2
243

x 100 = 99.2%

243
243
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TRAJECTORY

6.1 Comparison Between Actual and Preflight Predicted Trajectories

This section presents a comparison between the actual trajectory (based on tracking and
telemetry data) and the preflight predicted trajectory. The predicted trajectory for the
S-IB stage is the same as that presented in the Chrysler final operational trajectory., The
5-IVB stage portion of the predicted trajectory is presented in MDAC-WD Report No. SM-46978A,
S-1VB-205 Stage Flight Test Plan, dated September, 1968. Figures are presented comparing the

actual and predicted values of altitude, surface range, crossrange positionm, crossrange
velocity, inertial velocity, axial acceleration, inertial flight path elevation angle, and
inertial flight path azimuth angle for the S-IVB powered flight phase of the mission. Fig-
ures 6-1 through 6-11 compare the actual and predicted histories for each trajectory param-
eter. Table 6-1 summarizes surface weather conditions at time of launch, and table 6-2

shows conditions at certain significant event times.

The actual trajectory of the AS-205 flight was very close to nominal. At S-1B/S-IVB Separa-
tion Command the trajectory can be characterized as being slow, low, long, and to the right.
This can be seen in table 6-2. The slow and low trajectory of the S-IB stage caused the
S-IVB stage to burn slightly longer than predicted in order to obtain the desired cutoff

conditions. An orbit wes obtained which was very near to that predicted.

6.2 Evaluation of Vehicle Performance Effects on Observed Trajectory

As stated in paragraph 6.1, the AS-205 actual trajectory closely matched the predicted. Only
small deviations in the end conditions of flight were observed. Table 6-3 lists the most
significant of these parameters. Total deviations are categorized as $-IB and S-IVB perform-
ance contributions. The S-IB contributions are due to the off-nominal conditions provided to
the 5-TVB by the S-IB at physical separation. These had significant effects only on the
downrange position and the time of orbit insertion. S-IVB performance contributed signifi-
cantly to all parameters listed. Unexplained portions of the total deviations presented in

table 6~3 may be considered as evaluation uncertainty or IU dispersions.

Table 6-4 lists the contribution that S-IVB performance deviation made to the trajectory
deviations shown in table 6-3. Initial weight, thrust, and weight flow deviations explain
the S-IVB contribution to the range and insertion time deviations. Cutoff impulse deviation

explains the S~-IVB contribution to inertial velocity and apogee radius.

Actual S-IVB thrust and weight flow data used above was obtained from a five-degrees—of-
freedom trajectory simulation program. Propulsion system parameters were adjusted so that
an 5-1VB trajectory could be generated to closely match the observed trajectory. Differences
between the observed and simulated trajectories are presented in figure 6-12. Thrust and
weight flow from the propulsion tape were increased by 0.41 and 0.31 percent, respectively,

during high stop operation and increased by 1.13 and 0.0l percent, respectively, during low



stop operation. Plots of the corresponding thrust and weight flow are presented in fig-

ure 6-13, Listed below is a table of predicted and actual thrust, weight flow and specific

impulse averages.
Parameter
Total average thrust (1bf)
Total average weight flow (lbm/sec)
Total average specific impulse (sec)

Average thrust at the high mixture ratio (1bf)

Average weight flow at the high mixture ratio (lbm/sec)

Average specific impulse at the high mixture ratio (sec)

Average thrust at the low mixture ratio (1bf)

Average weight flow at the low mixture ratio (lbm/sec)

Average specific impulse at the low mixture ratio (sec)

Predicted Actual
208,956 209,142
490.4 490.1
426.1 426.7
226,684 226,702
534.6 535.7
424.0 423.2
174,942 174,405
405.9 405.9
430.9 429.7

The pitch and yaw thrust misalignment angles established by the control system and trajectory

analysis, compare favorably. The values obtained are given below.

Control Analysis

Parameter Value
Pitch thrust misalignment {(deg) +0.55
Yaw thrust misalignment (deg) +0.41

Simulated
_Value

+0.45

+0.30

A positive pitch misalignment produces a nose-above-commanded and a positive yaw misalignment

produces a nose-left-of-commanded attitude (looking downrange).

The steady-state thrust vector

as determined by flight simulation was located relative to the vehicle as shown below:

PITCH PLANE

POSITION
PLANE I1II
| VEHICLE
| CENTERLINE [_
| POSITION
PLANE I1
|___ posITION
PLANE 1

THRUST VECTOR
RELATIVE TO
ENGINE

~~0.30|4¢"

YAW PLANE

VEHICLE
CENTERLINE

POSITION
PLANE 1V

THRUST VECTOR
RELATIVE TO
ENGINE



The S-IVB weights and predicted values as determined from trajectory reconstruction are:

Predicted Simulated
Engine Start Command (1lbm) 305,764 305,725
Engine Cutoff Command (lbm) 67,748 67,710

A comparison of certain performance characteristics between AS-205 (the first operational

Saturn IB vehicle) and the R&D vehicles AS-201 through AS-204 is presented in table 6-5.

6.2.1 S-1IVB Orbital Deviation

Due to a deviation in the S-IVB orbit, it was reported necessary for the spacecraft to have
an unscheduled burn to establish the proper phase relationship for the rendezvous maneuver.
The deviation in the S-IVB orbit was caused by a series of unscheduled LH2 nonpropulsive
vents which impinged on the open SLA panels. Analysis performed by MDAC-WD determined

that the resulting force on the panels was sufficient to cause the S-IVB orbit to be
slightly lower and faster than nominal after launch vehicle/spacecraft (LV/SC) separation.
This could have set up the improper phase relationship observed. Sufficient detailed infor-
mation on the S-IVB and spacecraft orbits during this time period is not available at this
time to perform a detailed analysis. Since the SLA panels will be jettisoned on future

flights, this problem will not recur.

Figure 6-14 presents the predicted and actual thrust and velocity change associated with the
LOX dump, the actual as determined from inertial platform accelerometer data. The actual

LOX residual was close to the predicted value of 1,707 lbm. The large deviation between
actual and predicted thrust and velocity gain can be explained by the fact that a three-sigma
high LOX residual of 2,600 1bm was used in generating the predicted thrust data. This LOX
dump impulse produced the deviation in apogee altitude at LV/SC separation presented in

table 6-2,

TABLE 6-1
SURFACE WEATHER CONDITIONS AT TIME OF LAUNCH

Parameter Units Actual
Range Time sec 0.00
Clouds

Amount 4 30

Coverage - Scattered

Base ft 2,100
Visibility nmi 10
Pressure at mean sea level mbars 1,017
Dry Bulb Temperature deg F 82
Relative Humidity % 65
Wind Direction deg 80
Wind Speed knots 17
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CONTRIBUTIONS TO TRAJECTORY DEVIATIONS AT ORBIT INSERTION

TABLE 6-4&

RAM RANGE TIME - t RANGE - 8 VELOCITY ~ Vi1 RADIUS OF APOGEE
P ETER SYMBOL (sec) (ft) (ft/sec) (nmi)
Loading and Payload +0.05 1,276 0.0 0.0
Weight
Thrust +0.45 +11,484 0.0 0.0
Weight Flow -0.22 ~5,615 0.0 0.0
Cutoff Impulse 0.00 0.0 +5.3 +3.0
TOTAL S-IVB
Contribution +0.28 +7,105 +5.3 +3.0
TABLE 6-5
PERFORMANCE COMPARISONS WITH R&D VEHICLES
PARAMETER SYMBOL AS-201 AS-202 AS-203 AS-204 AS-205
Deviation from predicted % -2.03 +2.07 -1.00 +1.00 +0.09
thrust
Deviation from predicted % -2.61 +1,37 -1.00 +1.30 ~0.06
weight flow
Deviation from predicted % +0.57 +0.05 ~0.14 -0.30 +0.09
Isp
Deviation from predicted
loading:
LOX % -0.15 +0.11 +0.17 -0.43 +0.03
LH2 % +0.23 -0.15 -0.20 +0.21 +0.66
Deviation from predicted % +29.0 9.7 -6.1 +1.0 -10.6
cutoff impulse 3-sigma
deviation = 10%
Thrust Misalignment
Pitch Deg +0.54 +0.27 +1.09 +0.20 +0.45
Yaw Deg 0.00 -0.51 +0.08 +0,50 0.30
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S-IB Angle of Attack History (Sheet 3 of 3)

Figure 6-3.
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S-IVB Ground Range History

Figure 6-5.
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S-IVB Crossrange Velocity History

Figure 6-7.
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MASS CHARACTERISTICS

7.1 Mass Characteristics Summary

The AS-205 second flight stage (S-IVB-205, IU, and payload) mass summary, presented in

table 7-1, is a best estimate value,

7.2 Mass Properties Uncertainty Analysis

Figures 7-1 through 7-4 present a comparison of the predicted vehicle mass characteristics
and three-sigma uncertainties versus the postflight actual vehicle mass characteristics
during S-IVB powered flight. The predicted uncertainties were determined from a statistical
analysis of component mass propertles uncertainties and are referenced relative to time

from S-IVB Engine Start Command. Each of the postflight mass properties were within the

predicted three-sigma uncertainty bands.

7.3 Second Flight Stage Best Estimate Ignition and Cutoff Masses

The best estimate method is a three-dimensional statistical analysis of data from five mass
measurement systems, This method develops a joint probability density function from which

the most probable values and accuracies for ignition and cutoff masses are determined.

Two measurement systems provide unique values for ignition mass and three measurement
systems provide unique values for cutoff mass and two methods were used to provide a linear
relationship between ignition and cutoff mass. The five measurement systems used in deter-
mining the best estimate masses are: (1) PU Volumetric, (2) PU Indicated (Corrected),
(3) level sensors, (4) flow integral and (5) trajectory reconstruction. These measurement

systems are described briefly in section 14,

Figure 7-5 1s a graphical presentation of the best estimate analysis for ignition and cutoff
mass. The second flight stage ignition mass was 305,685 2641 lbm and the cutoff mass was

67,720 2159 1lbm.

7.3.1 Best Estimate Program Input

Table 7-2 presents a summary of the values used for the best estimate analysis. For the
unique measurement systems, only the total mass values and associated uncertainties are used
for program input. The linear relationship values are presented as utilized for the best

estimate analysis.
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205 Second Flight Stage Vehicle Mass



A31ARUY 40 48IUB) [BULPNG LBUOT BDLYSA 8BRS FUBL(4 PUODDS §OZ-SY "g-/ B4nbLy

(335) ONYWWOD L1¥YLS 3INIONI WOYJ WIL

08Y Oty 00y 09¢ 02¢ 082 0t2 002 091 0zl 08 oY 0
. \.‘.“L‘\l» e
~ I||”|||||||r|\l
NOISHIASTQ WNWINIW , - — ,
2y
o 5Ly
4
\\ ‘d
\\\ \H\A
.z \\M/\l 525
1 TYNIWON Q31D103Yd ! |
WNLIY A
51§
/
/
1+ 529
/v ,
A/
¥ 4 / /
AW/
\ \\K Nh me
VAR { A 4
Y/
\ \ / i
A ! ,
—7 52/
\ x \— NOISYIASIO WOWIXYW
[
) S/L
/
/
/
/ %ﬂu%
7

7-5

("NI) ALIAVY9 40 ¥3INID TYNIONLIINOT



eLI4BUL 40 JudMOl | |0y 31D1yap abeig jybL|4 puodas 50zZ-SyY "g-/ d4nblL4

(03S) ONYWWOD LY¥LS 3NIINI WO¥4 IWIL

Obb 00b 09¢ 02¢ 082 0b2 002 091 0zl 08 0¥ 06"
bt ey : sl 3 T W a— l"lllll-l'l-—
\, '
L 196"
NOIS¥3IdSIA WOWINIW A-TYNIWON Q3L01034d !
/ =
4 _ S S (e o s e | o - — e m—a— e s ndem i) e Y NpUNY REpE N mm.
| / &
t T
| | Wwnioy -/ | .
W , | J : : M
l..llllTlu'l.ll-l.l.lI:ll'%ll-ll'lll'lll'_llL.'lnllllulnll. — . - ‘
N l"'r'illll" s | e — 'IAJ
— — |
03010 —— | x | m i
_ | 2071
TYNLIY —mmm , _/ ‘, L
NOTSYIASIO WNWIXYW | | ™
; ; |
N N ¥0"L

(714 9n7s 901) VILY3INT 40 INIWOW T70Y

7-6



BLIMBU 4O JUBWOKN YDILd DD1ydp 6e3S JUBL|J PUOI3S §0Z-SY

"§-f 34nb L4

(33S) ONVWWO0D LYVYLS 3INIONI WOU4 3WIL

08Y oy 00y 09¢ 02¢ 082 0v2 012 081 orl 00L 09 0
— T T
|
! i
- NOISY3dSIa WAWINIW
. ya
\
N
%.\\\
<
IIJ .,,1
/. ~<
Sy I’
X T e L vnLov
~ y{ il \.
[~ ~ ~
I.III o ly/# ~ N’A..I"r
4.1’, b ’IT" M — [~ - L .
-~ o Dy =~ -~
l"wR’ - lﬂﬂ'[’ T,"lll-'..l .
WNIWON 031910344 ~— I..l;i\...l!-illlnll-ﬂtlil S N et wn .
I
i
NOISHIdSIA WAWIXYW / “
'
V1OI0Nd —=—=—= H
WLV “
L
W'!

(714 9M7S gOL) VILYINT JO INIWOW HOLId

7-7



IGNITION MASS (10000 LBM)

307 ———
AT TGNITION: 305.685 +641 LBM /
AT CUTOFF: 67,720 +169 LBM I\
/
BEST ESTIMATE
/" MASSES
306 £
/
FLOM
PU_INDICATED
INTEGRAL f /" (CORRECTED)
> |
Y [
/
y //\
////// N\— PU VOLUMETRIC
305 /
/ / |
TRAJECTORY |
RECONSTRUCTION /
LEVEL SENSOR
j CUTOFF MASS
F
304 [ |
2
O a
0 v 67 68 659

CUTOFF MASS (1000 LBM)

Figure 7-5.

AS-205 Second Flight Stage Best Estimate Masses



I  SECTION 8

ENGINE SYSTEM







ENGINE SYSTEM

The main propulsion system of the S-IVB stage of the AS5-205 launch vehicle consisted of a

225,000-1bf-thrust Rocketdyne J-2 engine, S/N J-2033, shown schematically in figure 8-1

with the associated propellant ducting and conditioning systems.
analysis of the engine and stage acceptance tests, the following

established with the engine constants presented.

TAG VALUES

Thrust (F) 227,249
Engine mixture ratio (EMR) 5.464
Specific impulse (Isp) 425.5

ENGINE CONSTANTS

LOX flowmeter 5.5779
LH2 flowmeter 1.8008
LOX boot strap orifice 0.256
LH2 boot strap orifice 0.466
LOX turbine bypass nozzle 1.080

The engine was equipped with a 0.640 sec start tank discharge valve (STDV) delay timer in

As a result of the

60-sec tag values were

1bf

sec

cycles/gal
cycles/gal
sq 1in.
sq in.

sq in.

the engine control circuit; however, actuation of the STDV, which determines the fuel lead

duration, was controlled by an IU command at Engine Start Command (ESC) +1 sec through the

fuel injection temperature bypass circuit, There were no engine

modifications that

affected performance, except for the addition of a poppet orifice to the main oxidizer

valve (MOV) opening system which provided a more rapid start transient. The start tank

refill lines were blocked with blank orifices to prevent refill.

Significant engine events during the S-IVB powered flight phase of the 205 mission were as

follows:
EVENT REFERENCE TIME
ESC Range Zero Prediction % Dev,
Engine Start Command 0 +147.008 148.8 ~-1.22
Engine Cutoff Command +469.749 +616.757 621.1 -0.69

Comparisons are made to the predicted propulsion system performance as published to Marshall

Space Flight Center (MSFC) in MDAC-WD letter A3-250-KCBC-L-4184 dated 23 September 1968.

8.1 Engine Chilldown and Conditioning

8.1.1 Engine Turbopump Chilldown

The engine LOX and LH2 turbopumps were adequately chilled, and the temperatures and pres-

sures were within the required band at Engine Start Command (paragraphs 10.4 and 11.2).



8-2

8.1.2 Thrust Chamber Chilldown

Thrust chamber chilldown was initiated at T -10 min (RO ~12 min 45 sec). The thrust

chamber jacket temperature response was slightly slower than usual, and it appeared that a
blockage may have occurred in the ground support equipment (GSE). The GSE heat exchanger
crossover valve was closed for 50 sec and reopened to verify flow through both coils of the
heat exchanger. This procedure further reduced the rate of chilldown, and raised doubts that
the temperature requirement would be met at initiate automatic sequence (IAS). To avoid
calling a hold after IAS, which would have caused a countdown recycle to T ~-15 min, a hold was
called out at RO -6 min 15 sec. After 165 sec, the chilldown was progressing satisfactorily,
and the countdown was resumed. When chilldown was terminated at liftoff (figure 8-2) the
temperature was 258 deg R which was below the redline maximum of 265 deg R. At S5-IVB Engine
Start Command, the temperature was 283 deg R, which was within the requirement of 240 %50 deg R.

Significant data are presented in table 8-1.

8.1.3 Engine Start Sphere Chilldown and Loading

Engine start sphere chilldown and loading met the requirements for engine start (table 8-2

and figures 8-3, 8-4, and 8-5). Further information is presented in section 4.

8.1.4 Engine Control Sphere Chilldown and Loading

Engine control sphere conditioning was adequate; and all objectives were accomplished.

Significant control sphere performance data are presented in table 8-3 and figure 8-3.

8.1.5 Engine Environment

Measurement C2037 gas gencrator (CG) LOX bootstrap line temperature and CO010 engine area
ambient temperature exhibited normal characteristics. Measurement C2037 is of particular
interest in this flight for two reasons: (1) it was one of the primary indicators of the
failure that occurred during AS-502 flight; and (2) it is critical with respect to a success-
ful start. During AS-205 flight, 2037 exhibited none of the aberration that occurred during
the 502 flight. At 80 min after engine cutoff it indicated 455 deg R compared to 320 deg R
during the $5-IVB-502 flight. Acceptable start limits are 468 to 394 deg R at the 80 min
restart time point. The 205 flight C2037 measurements therefore substantiates the previously
reported 502 failure analysis. It also indicates that a condition suitable for 80-min
starts, from a GG LOX supply line temperature standpoint, will exist during future flights

with a similar environment.

8.2 Start Sphere Performance

8.2.1 During Engine Operation

The engine start sphere conditions at S-IVB Engine Start Command were 1,293 psia and
273.1 deg R with a mass of 3.75 1bm (figures 8-3 and 8-4) as compared to the predicted
values of 1,260 psia, 280 deg R, and 3.36 lbm. The deviation produced a negligible effect

on the start transient.



Start Tank Discharge Valve (STDV) Open Command occurred at ESC +0.983 sec, and the pressure
decay initiated at ESC +1.2 sec. The blowdown was terminated by the STDV closure at

ESC +1.786 sec. Figure 8-5 shows a plot of the start tank blowdown and the resulting
bottle conditions until engine cutoff. Accepting the minimum recorded pressure of 160 psia
to be correct, a minimum temperature resulting from an adiabatic blowdown to this pressure

is 150 deg R, as compared to the recorded temperature of 195 deg R.

The mass was calculated at the adiabatic end conditioms (0.84 1lbm) and at the actual data
end conditions (0.65 1bm). These two masses were taken as the maximum and minimum possible
mass left in the bottle after blowdown. Mass remaining, based on measured data alone,
ranges from 0.65 lbm to 0.97 lbm. The discrepancy is due to inaccurate temperature indi-

cations after blowdown.

The measured pressure deviated from the prediction after the start tank blowdown. The
actual pressure initially rose at a faster rate than the prediction- however, it was at a
lower value at engine cutoff. The deviation was due to improper predicted heat inputs

based on AS-204 flight during which the bottle was refilled.

The conditions In the start tank at engine cutoff were a pressure of 312 psia and a tem-

perature between 290 and 360 deg R.

8.2.2 During Orbit

After engine cutoff heat input from the surroundings caused a temperature and corresponding
pressure increase; however, as during the AS-204 and 501 missions, the measured temperature

did not indicate reasonable agreement with gas laws (figure 8-6).

The close proximity of the uninsulated temperature transducer to the turbine crossover duct
exposed the transducer to a high temperature (approximately 1,200 deg R) at Engine Cutoff
Command (ECC). 1t appears that the transducer measures local conditions and is not
indicative of the hydrogen gas bulk temperature. Perturbations in the g forces on the
stage such as indicated by venting or propellant dumping and impingement of vented gases

on the start sphere, were reflected in the temperature measurement as shown in figure 8-6,
thereby, indicating the lack of convection induced mixing in the O g environment. Assum-
ing the pressure measurement to be correct, a bulk temperature was calculated using perfect

gas laws. The results are shown in figure 8-6.

8.3 Control Sphere Performance

8.3.1 During Engine Operation

At Engine Start Command during the AS-205 mission, the conditions in the engine helium
sphere were 3,290 psia, 284 deg R and 2.07 1bm. During the start transient, the pressure
in the helium control sphere decreased 425 psia as compared to the predicted value of

440 psia. The pressure at ECO +1 sec was 2,183 psia. The nominal prediction was

2,100 psia. The temperature was 248 deg R and helium consumption was 0.43 lbm., both

of which were well within the range of expected values. During the cutoff transient, the
pressure decay was as predicted. Figure 8-3 shows both the predicted and flight control

sphere pressure profiles.
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8.3.2 During Orbit

The control sphere temperature transducer sensor is located in a region of high velocity
and senses total local temperature during rapid blowdowns. Therefore, the bulk temperature
must be estimated. The transducer is also afflicted with the O-g heat transfer problems of
the start tank temperature transducer although to a lesser degree. The pressure data are
considered more reliable. Figure 8-7 shows the pressure build up from engine cutoff to

the initiation of the passivation experiment due to heat input. The pressure and tempera-
ture as recorded at the start of the LOX dump were 2,420 psia and 290 deg R. The helium
was dumped through the regulator and terminated when the pressure in the control sphere
reached 50 psia. This is approximately equal to the spring force of the main regulator

which closed at this point and prohibited any further dumping of helium.

8.4 Engine Performance Analysis Methods and Instrumentation

Engine performance for the powered flight portion of the S-IVB-205 mission was calculated

by use of computer programs PA63, AA89, and G105-1. The average of the results of PA63

and G105-1, which is considered to be the best current estimate of engine performance, was
calculated by computer program PA49. Revised tag values based on flight data were generated
by computer program PA63 (Rocketdyne PAST.641). The results of PA49 program were used in
determining the best estimate of stage propellant consumption. Computer program UT23A was
used to investigate internal engine performance. Computer program PA53 was used to compute
start and cutoff transient performance. A description of the operation and a comparison of
the results of each program is presented in table 8-4. Data inputs to the computer programs

with the applicable bias are shown in table 8-5.

8.5 Engine Performance

The $-IVB J-2 engine met all objectives during the 205 mission. Plots of selected data

showing engine characteristics are presented in figures 8-8 through 8-14 for engine main-

stage operation. The engine propellant inlet conditions are discussed in sections 10 and 11.

The engine performance level at STDV +60 sec as determined by computer program PAG63 at

standard altitude conditions was as follows:

Stage Acceptance* % Dev. Flt.

Parameter Flight (Predicted *3¢) Engine Accept to Pred.
Thrust (1bf) 227,249 225,657 +£2901 225,343 +0.71
EMR 5,464 5.484 +0.09 5.51 -0.36
Specific impulse (sec) 425.5 423,2 2.7 422.2 +0.54

*Used for flight prediction

A plot of these and other performance values is shown in figure 8-14. All tag values
were within the 60-sec, three-sigma run-to-run deviations. The composite values for steady-

state performance with a comparison to the predicted, as well as overall engine average



performance from the 90-percent performance level (chamber pressure = 618 psia [including
bias] by definition) to Engine Cutoff Command are presented in table 8-6. The variation
of the site Igp with mixture ratio is shown in figure 8-15. The stage propellant and
impulse summary is presented in table 8-6, All values were within the prediction accuracy

of 1 percent,

8.5.1 Start Transient

Engine performance during the start transient was satisfactory. A summary of engine per-

formance during the start transient is presented in the following table:

Parameter Flight Acceptance Firing J-2 Engine Log Book

Time of STDV Command 0.983 0.646 1.0
(sec from ESC)

Time from STDV to 90% 2.25 2.66 2.16
performance level* (sec)

Thrust rise time®** (sec) 1.83 2.21 1.70
Total impulse to 90% performance 148,013 196,343 144 ,200%**

level® (1bf sec)

*Defined as chamber pressure = 618 psia.
*%Time from initial thrust rise after STDV to 90 percent performance level
#%*%Based on stabilized thrust at null PU and at standard altitude conditionms,

Engine thrust buildup occurred at a null PU valve position following a 1 sec fuel lead. The
fuel lead, PU valve position, and main oxidizer valve operation were satisfactory and a good
start was obtained, Thrust buildup to the 90 percent performance level (chamber pressure =

618 psia) was within the maximum and minimum thrust limits shown in figure 8-16.

Thrust buildup during flight was faster than during the acceptance firing. This was largely
due to the expected shorter MOV opening time during flight. The total impulse during start
(to the 90 percent performance level) was slightly greater than the engine log book value
and much less than the acceptance firing value. These total impulse values were approxi-
mately proportional to the thrust rise times and were largely the result of the various

MOV opening times during the three tests.

There was some thrust instability during the start transient from STDV +1 to +2.2 sec.
This was reflected in some of the engine pressure data and in the main LOX valve position
data. However, this instability was within the Arnold Engineering Development Center (AEDC)

testing experience limits and was not considered to be a problem.

The 205 flight start transient buildup was slightly faster than that observed during the

204 flight start transient.
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8.5.2 Steady-State Operation

The engine performed satisfactorily during the steady-state portion of engine burn.
Figures 8-8 through 8-14 contain plots of selected data used as input values to the engine
performance computer programs. Sections 10 and 11 contain a discussion of the engine

turbopump inlet conditions; figure 8-17 presents the computed performance parameters.

A negative shift in engine performance was observed at ESC +244 sec (RO 4391 sec). This
shift was observed on the parameters listed in table 8-7 which alsc contains the observed
magnitudes. These magnitudes were similar to the shift which occurred during the S-IVB-205
acceptance firing. The performance shift during the flight did not recover to the original
level but persisted until PU valve cutback at ESC +308.8 sec. These performance shifts

have been associated with a positive shift in GG LOX feedline resistance.

Table 8-6 compares average performance values with predicted performance values during
closed PU valve and reference mixture ratio operation. All values were within the 1 per-
cent accuracy of the prediction. The specific impulse exhibited a relatively high deviation
(-1.18 percent) during open PU valve operation. Following ESC +375 sec an observed shift in
measured chamber pressure produced an average thrust reduction of 900 1bf. This reduction in
performance was not observed on other related engine instrumentation. Neither the gas
generator nor PU valve resistance indicated any change during this period. It is concluded
that the indicated thrust reduction was caused by an erroneous chamber pressure measure-
ment of approximately -2.5 psi following ESC +375 sec. Therefore the indicated specific
impulse deviation calculated after cutback is invalid. The actual average thrust and spe-
cific impulse following cutback are estimated to be 175,000 1bf and 429.7 sec, respectively.
The deviation from prediction would then be revised to be -0.03 percent and -0.3 percent

for thrust and specific impulse respectively. The actual engine performance tag value

trends were very close to those predicted based on acceptance firing (figure 8-14).

Engine thrust variations produced by closed loop PU system operation were nonexistant

during this open loop flight, therefore, the variation limits are not applicable.

8.5.3 Cutoff Transient

Engine performance during the engine cutoff transient was satisfactory. The time lapse
between engine cutoff, as received at the engine, and thrust decrease to 11,250 1bf (5 per-
cent rated thrust) was within the maximum allowable time of 800 ms. Figure 8-19 shows the
thrust chamber pressure; the thrust decrease, and total impulse during the cutoff transient.

Engine performance during the cutoff transient is presented in the following table:

¢



Deviation

Parameter Unit Flight Predicted (Actual- Jiz Eggige
Predicted) o8
Time for thrust decrease ms 497 400* +97 475
to 11,250 1bf
PU valve position at Engine deg -28.5 -28.5 *2 0 -0.1
Cutoff Command
Thrust at cutoff command 1bf 172,793 174,390 ~1,597 204,723
Actual total impulse 1bf-sec
o +4,200
To 5% thrust 41,261 39’697—4:000 +1,564 -
, +4,200
To zero thrust 47,127 46’097—4,000 +1,030 -
Total impulse to 5% thrust lbf-sec 41,485 - - 39,602

adjusted to null PU valve
position and 460 deg R
MOV actuator temperature

#*Maximum allowable = 800 ms

The total impulse value determined for the flight was adjusted to standard conditions (null
PU and 460 deg R MOV temperature) to compare it to the value obtained from the engine log
book. The MOV actuator was not instrumented and the temperature used in the adjustment

was assumed to be the same as that observed at S-IVB-501 first burn cutoff. The temperature
during flight was probably colder, however, since the MOV started to close late and remained
open longer than expected. A 20 deg colder actuation gas temperature will explain the

1,883 1lbf-sec difference between the adjusted total impulse value from the flight and

that from the log book, This variation is well within the allowable tolerance.

The cutoff impulse to zero thrust computed from actual trajectory data was 57,682 lbf-sec,
which deviates very significantly from both>the predicted value of 46,097 1bf-sec and the
actual value of 47,127 lb-sec as determined from engine thrust data. The cutoff impulse
value from trajectory analysis was determined from observed trajectory data generated by
MSFC; the cause of the discrepancy has not been determined. Figure 8-18 compares the two
values for actual velocity gain during the cutoff tranmsient to the predicted velocity gain
and its predicted three-sigma deviation. The velocity gain as computed from engine analysis
data is close to predicted, while the gain as computed from trajectory data exceeds con-
siderably the predicted three-sigma maximum. The only explanation of this deviation could be
an error in cutoff time of approximately 0.060 sec which cannot be substantiated. The cutoff

impulse and velocity change were as follows:

Unit Predicted Actual-Trajectory Data Actual-Engine Data
Cutoff Tmpulse lbf-sec 46,097 T4»200 57,682 47,127
-4,000
Velocity Change ft/sec 21.9 2.5 27.4 22,2



8.5.4 Trajectory Reconstruction Analysis

Using a trajectory simulation program, propulsion system parameter histories were adjusted
so that an S-IVB trajectory could be generated to closcly match the observed trajectory.

To obtain this match of the observed trajectory it was necessary to adjust the levels of
thrust and weight flow from those determined by engine analysis. Before cutback the thrust
and weight flow determined by engine analysis were increased by 0.41 and 0.31 percent
respectively, after cutback the engine analysis thrust and weight flow were increased by
1.13 and 0.0l percent respectively. The corresponding change in specific impulse over the
values determined from engine analysis were 0.10 percent increase in specific impulse before

cutback and a 1.12 percent increase in specific impulse after cutback.

Histories of simulated thrust and weight flow are presented in figure 6-13. The average

values for these parameters are presented in paragraph 6.3.

8.6 Component Operation

8.6.1 Main Oxidizer Valve

The MOV opened and closed satisfactorily during engine burn. The opening time data were

as follows:

E’i Specification g;igi;ﬁ}t‘t AC;‘;‘;;?CE Flight
First stage travel time 50 *25 40 61 88
First stage plateau time 365 75 402 500 417
Second stage travel time 1,390 40 1,420 1,930 2,100
Total time 1,805 2140 1,862 2,491 2,605

The flight data were taken from 12 sps data which was the best available, but somewhat
affected the accuracy of the reported times. lowever, with careful interpretation of the
data, reasonably good accuracy was obtained. The given specification times are for a dry
valve at ambient temperature. During the preflight checkout when these same conditions

existed, all valve opening times were within specifications, as shown in the preceding table.

The MOV exhibited longer than expected flight travel times during the engine start transient.
However, the start transient was satisfactory. The first stage travel time was 13 ms longer
than the specification. This is normal with valves not incorporating the thermal compen-
sating orifice and reflects approximately the same results as the S-IVB-204 flight. The
second stage travel time was 710 ms longer than specification. Approximately 500 ms can be
attributed to the reasons described for the first stage excessive travel time. The remainder
can be attributed to the thrust instability during the start transient. The instability was

within the AEDC testing experience limits and was not considered to be a problem.
The MOV closing time was 233 ms which was 83 ms longer than specification. This resulted in
a slightly higher than expected cutoff impulse.

The MOV was not fully close at the end of the LOX dump sequence as expected. This was due to

lack of pneumatic pressure on the closing port. Approximately 30 psia is required to fully

close the valve.
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8.6.2 Pumps and Turbines

The LH2 and LOX pumps and turbines performed satisfactorily throughout the engine firing.
The pump speeds and discharge pressures and temperatures responded as expected to PU valve
cutback and alsc to engine inlet conditions. The pressure and temperature increases across
the pumps were satisfactory, although a 480 psi spike was observed in the fuel pump dis-
charge pressure at approximately ESC +2.0 sec. This rise was only observed on one data
sample which was considered to be invalid since the increase was not reflected in the flow-
rate data. However at thils same time a 15 psi rise was observed in chamber pressure and
was attributed to transient thrust instability which has occurred for short periods in

past tests at AEDC.

Temperatures and pressures for both turbines responded as expected to PU system cutback.
The pressure and temperature drops across the turbines were nominal. The LH2 and LOX pump
and turbine data are shown in figures 8-11 and 8-12. The LH2 pump performance during start
is also shown on the pump discharge pressure vs flowrate (H-Q) curve (figure 8-20) which

indicated no severe trends toward the stall line.

8.6.3 PU Valve

The PU valve performed satisfactorily. At Engine Start Command, the PU valve was at

-0.59 deg which was within the required range of 0 *2 deg. The PU valve remained in the
null position (0 deg) during the start transient until PU activation at ESC +6 sec, At

that time the valve started closing, reaching the fully closed position (31.7 deg) at

ESC +6.9 sec. The valve remained in the fully closed position (high EMR) until PU valve
cutback at ESC +308.8 sec. The predicted time of PU cutback was ESC 4308.7 sec. The

valve was commanded open to -28.5 deg, where it remained until engine cutoff. After cutoff,
the PU valve started closing to the null position, but did not reach null due to deactiva-
tion of the PU system. PU valve response to PU system commands is further discussed in

section 14. Plots of PU valve performance are shown in figure 8-10.

8.6.4 Gas Generator

The GG performance was satisfactory. The GG chamber pressure and LH2 turbine inlet tem-
perature indfcated nominal values before and after EMR cutback (except at time of the
engine performance shift as noted in paragraph 8.5.2). The GG flowrates and mixture ratio
were nominal, and sufficient energy was delivered to the turbines to assure satisfactory

operation. Plots of GG performance are shown in figure 8-21.

8.6.5 Engine Driven Hydraulic Pump

The engine driven hydraulic pump performed satisfactorily during engine burn. The average
power required by the pump was 5.2 hp as determined by a flight reconstruction computer

program.
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8.6.6 ASI System X i

Both the LOX and the ASI feed system and combustor performed satisfactorily as indicated by
the available instrumentation. A summary of the LOX line skin and combustion temperature

measurements (figure 8-22) follows:

C2043 SKIN TEMPERATURE AST LINE

The measurement exhibited valid data until RO +415 sec., At this time noise, along with a
decrease in temperature readings began. This continued until engine cutoff. Because of the
magnitude of the noise and the readings during this period, it is believed this is invalid
data. Offscale low readings remained until RO +1,000 sec. At this time, the readings began
a gradual rise to the steady-state temperature of 250 deg R. However between RO +1,200 and

RO +1,300 sec several dropouts occurred.

It is believed that the reasons for the data discrepancies are the following. During stage
separation the retrorocket impingement may have destroyed some of the insulation surrounding
the sensor leads. This condition along with the leads being near a cryogenic environment
could have made the sensor quite sensitive to any vibration. This would result in large

changes in electrical resistance (therefore invalid data) or total electrical discontinuity.

C2044 AST COMBUSTION CHAMBER TEMPERATURE

The measurement exhibited valid data until ESC +1.85 sec. At this time the transducer
failed, going offscale high. ©No other data correlated to give an indication that high - -

temperatures should exist at that time, \

The additional vibration instrumentation Installed for ASI system evaluation is discussed in

section 21. Also refer to section 16 for general instrumentation summary.

8.7 Engine Sequence

The engine start and cutoff sequences were satisfactory and were compatible with the engine
logic and flight test plan. Table 8-8 shows the times of the significant flight events
compared to the nominal times. Figure 8-22 shows the engine power rise as controlled by
the sequence of events. Some inconsistencies are necessarily introduced into the sequenc-
ing because different sources of data must be used to obtain sequence times. Valve opening
or closing times were obtained from either micro switches or potentiometer positions. 1In
all cases, valve opening or closing times were obtained from one source or the other, but

not a combination of the two, in order to eliminate as many inconsistencies as possible.

Events occurring prior to start tank discharge control solenoid energized were not available
due to a data blackout during this period. The GG valve opening time appears to be slightly
longer than nominal as has been observed on all previous $-IVB flights. The MOV closed
microswitch appears to have been late in dropping out. The MOV opening time was longer than
normal due te a thrust instability in the engine system at start. The validity of the fuel
pump discharge pressure spike at ESC + 2.0 sec is questionable although fuel injector and

chamber pressures seem to substantiate the trend.
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Engine cutoff events occurred near the nominal times although there were a few exceptions.

The MOV open dropout and closed pickup occurred later than nominal.

Main fuel valve closed

pickup occurred later than nominal and the GG valve closed pickup occurred earlier than

nominal. It should be noted that nominal times are based on ambient conditions.
TABLE 8-1
THRUST CHAMBER CHILLDOWN
PARAMETER UNIT S-IVB-205 S-1VB-204 S-1VB~203
Engine start requirement deg R 240 50 260 *50 260 £50
Thrust chamber chilldown initiated sec from liftoff -765 -1,021 -900
Thrust chamber chilldown terminated sec from 1iftoff 0 0 0
Thrust chamber skin temperature at deg R 258 238 227
end of chilldown
Thrust chamber temperature at deg R 283 255 255
engine start
TABLE 8-2
ENGINE GH2 START SPHERE PERFORMANCE
TEMPERATURE (°R) PRESSURE {psia) MASS (1bm)
PARAMETER — - ) . . T
205 FLT| 204 FLT| 203 FLT | 205 FLT{ 204 FLT| 203 FLT | 205 FLT|{ 204 FLT| 203 FLT
Liftoff 271 272 278 1,278 1,323 1,300 3.49 3.49 3.48
Liftoff requirement SEE LIFTOFF BOX SEE LIFTOFF BOX SEE LIFTOFF BOX
At Engine Start Command 273 274 278 1,293 1,342 1,307 3.49 3.62 3.48
After start sphere blowdown 199 197 210 158 200 160 0.62 0.78 0.54
At Engine Cutoff Command 254 194 215 312 1,365 1,150 0.96 5.20 4,51
Total GH2 usage during start - - - - - - 2.87 2.84 2.94
TABLE 8-3
ENGINE CONTROL SPHERE PERFORMANCE
TEMPERATURE (°R) PRESSURE (psia) MASS (1lbm)*
PARAMETER 205 FLT| 204 FLT| 203 FLT | 205 FLT | 204 FLT | 203 FLT | 205 FLT| 204 FLT| 203 FLT
Engine start requirement 290 *30 2,800 to 3,450 - - -
At liftoff 283 278 275 3,240 3,029 3,320 2,07 1.98 2.16
At Engine Start Command 28B4 278 278 3,290 3,044 3,335 2.07 1.98 2.15
At ECC +1 sec 248 193 193 2,183 1,585 1,960 1.64 1.55 1.87
Total helium usage during - - - - - - 0.43 0.43 0.28
burn

*Mass data calculated from indicated pressure and temperature readings



TABLE 8-4

COMPARISON OF COMPUTER PROGRAM RESULTS

RESULTS
) I 0
PROGRAM NPUT METHOD AT ESC +60 sec
AABY LOX and LH2 pump inlet pressures Influence equations relate nominal inlet} F = 227,327 1bf
and temperatu?es, PU valve posi- conditions to‘nominal p?rformanrp. Wp = 537.37 1lbm/sec
tion, and engine tag values. Using actual inlet conditions, PU valve
position and engine tag values, the Igp = 423.04 sec
actual performance is simulated. EMR = 5.511
G105 LOX and LHZ flowmeters, pump Flowrates are computed from flowmeter T = 228,905 1bf
discharge pressures and tempera- data and ?ropellant densities. The Cg Wp = 537.18 1bm/sec
tures, chamber pressures, is determined from equation Cp = f
chamber thrust area. (P., FMR) and thrust is calculated from Igp = 427.12 sec
equation F = CpArPc. EMP = 5.502
PAG3 Pump inlet and outlet conditions, Math models or rocket engine components 13 = 228,681 1bf
PU valve position, chamber pres- ?re linked together by program which Wp = 537.81 Ibm/scc
sure, turbine inlet and outlet iterates among the component models
conditions, flowmeter speed. until an operating peint is reached Igp = 425.02 sec
where the power required by the pumps EMR = 5.502
"balances" the power available from the
turkines.
PALY G105 and PA63 outputs. Averaging of PA63 and G105 and comparing| F = 228,793 Ibf
to predictec. Wy = 537.28 lbm/sec
Igp = 425.7 sec
FMR = 5.511
UT23A All measured engine data. Calculates turbopump and feed system Does not calculate
performance using classical methods. engine output per-
formance, refer to
paragraphs 9.5.1
and 9,5.3.
PAS53 Thrust chamber pressure. Thrust is computed from equation Computes transient
F = £(P.). The impulse is determined start and cutoff data
from integrated thrust. only. Refer to para-
graphs 8.5.1 and
- .5.3.

Thrust, W, = Total Weight Flowrate, I = Specific Impulse, EMR =
T SP B

F = Engine Mixture Ratio
TABLE 8-5
DATA INPUTS TO COMPUTER PROGRAMS
PARAMETER PROGRAM SELECTION BIAS REASON
Chamber Pressure Cl05% DO001 (TM/FM) -15.0 psia -15 psi Rocketdyne estimation of
P. purge effect
PA53 DOOOL (TM/FM) 98.6% Agree with bias of steady state
(Start) programs at ESC +60 sec
-3.85 psi Data zero shift at engine start
(Cutoff) 97.9% Agree with bias of steady-state
programs at Engine Cutoff Command
-1.992 Post-test data zero shift
LH2 Pump Disch Press, G105* DOOOS8 (TM/PCM) 0%
LH2 Pump Disch Temp. G105% C0134 (TM/PCM) 0%
LOX Pump Disch Press. Gl05%* DO009 (TM/PCM) 0%
LOX Pump Disch Temp. G105% C0133(T™M/PCM) 0%
LH2 Flowrate Gl105% FOOO2 (TM/TFM) 0% Note: There were no pip counts
on 205 Tlight.
LOX Flowrate G105% FOOO1 (TM/FM) 0%
LH2 Pump Inlet Press. AAB9 DO002 (TM/PCM) +1.38 psi Dynamic head adjustment
LH2 Pump Inlet Temp. AA89 CO003 (TM/PCHM) 0%
LOX Pump Inlet Press. AA89 DO003 (TM/PCM) +2.6 psi Dynamic head adjustment
LOX Pump Inlet Temp. AA8B9 €0004 (TM/PCM) 0%
PU Valve Position AABY GO010(TM/PCM) 0%
TM = telemetry, FM = frequency modulated, PCM = pulse code modulated

*Bias apply te PA63 also




TABLE 8-6
ENGINE PERFORMANCE

CLOSE;pU VALVE OPEN PU VALVE . OVERALL PERFORMANCE

OPERATTION OPERATION -90% THRUST TO ECC
PARAMETER UNIT —
.I}FZTUAL: PREDECTED ‘Z_BE{V ,ACTUA'L*E PREPICTED % DIﬁZ‘:";L”}}CTUAI ) PREDICTED »j/u PFV
Thrust s 1bf 226,817 226,687 | +0.50 | 174,088 175,058 | -0.50| 208,514 | 208,850 | -0.16
Total Flowrate lbm/sec|  536.2 534.6 | +0.30 | 407.23| 406.14 | +0.27| 491.34| 490.15 | +0.24
LOX Flowrate lbm/sec|  453.7 452.4 | 40,29 | 332.52| 330.92 | +0.48| 411.58| 410.37 | +0.29
LH2 Flowrate lbm/sec| 82.44 82.23 | 40.26 | 74.71 75.22 | -0.68( 79.76 79.78 | -0.02
Engine Mixture Ratio 5.504 5.501 | 40.05 | 4.451 4.400 | +1.16| 5.137 5.122 | +0.29
Specific Impulse sec 423.03|  424.01 |-0.23| 427.49 431.0 | -0.81 | 424.66 426.5 -0.43J

MAINSTAGE ** TO DEPLETION **¥

PARAMETER UNTT ACTUAL PREDICTED % DEV ACTUAL PREDICTED % DEV

Burntime sec B 7466.5247 470,075 _—0.76 1 -469.954 ' 472.605 —0.56—
Consumption

LOX 1bm 191,897 191,633 -0,07 193,258 192,828 +0.22

LH2 1bm 37,175 37,555 ~0.99 37,509 37,793 -0.75
Total Impulse 1bf/sec 97.19x10° 98,04x106 -0.87 97.94x105 98.68x106 -0.7;

*Refer to remarks in pa;égrap}\ 8.5.2
**Mainstage is time from 90 percent thrust to cutoff,
*%*%Depletion {s time from Engine Start Command to LOX load = 518 1bm.

TABLE 8-7
ENGINE PERFORMANCE AND DATA SHIFT SUMMARY
PARAMETER MACNITUDE
1., Main Chamber Pressure ) DO001 - 6 psi
2. LOX Injector Pressure nooos - 5 psi
3. Fuel Pump Discharge Pressure DOGCO8 - 10 psi
4. Fuel Turbine Inlet Temperature 0001 - 15°R
5. LOX Turbine Inlet Temperature c0002 - 10°R
6. LOX Flowrate FO0O1 - 10 gpm
7. Fuel Flowrate F0O002 - 30 gpm
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TABLE 8-8 {(Sheel 1 of 3)
ENGINE SEQUENCE

CONTROL EVENTS CONTINGENT EVENTS ACTUAL TIME
NOMINAL TIME FROM (ms)
SPECIFIED REFERENCE FROM
€ AMBIENT
Mggs EVENT AND COMMENT Msgg EVERT AND CONMENT ( NT, DRY) gggN SPECIFIED
e : REFERENCE
— e . -k - L
K0021 | *Engine Start Command P/U 0 N/A N/A
{K0021)
K0007 | Helium Control Within 10 ms of K0021 [N/A N/A
(K0531) | Solenoid Enrg P/U
KO010 | Thrust Chamber Spark Within 10 ms of K0021 |N/A N/A
(K0&454) | on P/U
K001l | Gas Cenerator Spark Within 10 ms of K0021 |N/A N/A
(K0455) | on P/U
KO006 | Ignition Phase Con- within 20 ms of K0021 |N/A N/A
(K0535) | trol Solenoid Enrg P/U
K0012 | Engine Ready D/O Within 20 ms of K0O06 |N/A N/A
(K0530)
K0126 | LOX Bleed Valve Within 130 ms of K0OO7|N/A N/A
(K0558) | Closed P/U
K0127 | LH2 Bleed Valve Within 130 ms of KOOO7, N/A N/A
(K0557) | Closed P/U :
K0020 | ASI LOX Valve Open Wwithin 20 ms of KOOO6 |N/A N/A
(K0627) | P/U
KO119 | Main Fuel Valve Closed| 60 30 ms from KO006 [N/A N/A
{G506) | D/O
K0118 | Main Fuel Valve Open 80 +50 ms from K0119 |N/A N/A
(G506) P/U
KOO08 | **Ignition Detected Within 250 ms of K0O021 N/A N/A
(K0537) P/U
k0021 | VEngine Start Approx 200 ms from N/A N/A
(K0021) | D/O K0021 P/U
k0096 | TfStart Tank Disc Con- 1,000 #40 ms from 983 983
(K0536) trol Solenoid Enrg K0021 P/U
K0123 Start Tank Disc Valve 100 +20 ms from K0096 | 1,202 219
(G508) Closed D/O
K0122 Start Tank Disc Valve 105 +£20 ms from K0123 1} 1,285 83
(G508) Open P/U
K00Q5 | Mainstage Control 450 +30 ms from K0096 | 1,425 442
(K0538) | Solenoid Enrg
K0096 Start Tank Disc Con- 450 +30 ms from K0096 | 1,433 450
(K0536) | trol Solenoid Enrg D/O

(KOXXX) Actual number from acceptance firing event recorder.

#Engine ready and stage separation signals (or simulation) are required before this command will be
executed. This command also actuates a 640 +30 ms timer which controls energizing of the start tank
discharge solenoid valve (K0096).

**This signal must be received within 1,110 #60 ms of K0021 P/U or cutoff will be initiated.
TThis signal drops out after a time sufficient to lock in the engine electrical.

ttAn indication of fuel injection temperature of -150 #40 deg F (or simulation) is required before this
command will be executed. This command also actuates a 450 *30 m¢ timer which controls the start

of mainstage.

P/U - Pickup D/O - Dropout N/A - Not available



TABLE 8-8 (Sheet 2 of 3)

ENGINE SEQUENCE

CONTROL EVENTS

CONTINGENT EVENTS

ACTUAL TIME

(ms)
NOMINAL TIME FROM FROM
MEAS g
o EVENT AND COMMENT HEAS EVENT AND COMMENT SP?ES;ETRE;;%ENCE FROM | SPECTFTED
: ’ ESC REFERENCE
K0121 Main LOX Valve Closed 50 *+20 ms from KOOO5 1,513 88
(G507) | p/O
K0116 Gas Generator Valve 140 +10 ms from KOOO5| 1,610 185
(G509) | Closed D/O
K0122 Start Tank Disc Valve 95 $20 ms from KO096 1,618 185
(G508) Open D/O D/o
K0117 Gas Generator Valve 50 #+30 ms from K01l16 1,703 93
(G509) Open P/U
K0124 | LOX Turbine Bypass 1,711
(G510) Valve Open D/O
LOX Turbine Bypass 400 +150ms from K0122; 1,910 292
Valve 80% Closed - 50
K0123 Start Tank Disc Valve | 250 *40 ms from KO122| 1,786 168
(G508) Closed P/U
K0125 *LOX Turbine Bypass 1,960
(G510) Valve Closed P/U
K0158 Mainstage Press Switch 2,727
(K0572) | #1 Depress D/O
KO159 | Mainstage Press Switch 2,727
#2 Depress D/O
K0120 | Main LOX Valve Open 2,435 *145 ma from 4,118 2,605
(G507) P/U K0005
KO0010 | Thrust Chamber Spark 3,300 200 ms from 4,700 3,275
(K0454) on D/O K0005 P/U
K0011 Gas Generator Spark 3,300 $200 ms from 4,700 3,275
(K0455) on D/O K0005 P/U
€Ss5-22
K0OO13 Engine Cutoff PU 0 0
(K0522){ (New time reference)
K0005 Mainstage Control Within 10 ms of KOO13 0 0
(K0538)| Solenoid Enrg D/O
KO006 Ignition Phase Control| Within l0 ms of KO013 0 0
(KCS535)| Solencid Enrg D/O
K0020 | AST LOX Valve Open 86
(K0622)] D/O
KO120 Main Oxidizer Valve 50 215 ms from KOOO5 94 94
(G507) Open D/O
KO117 Gas Generator Valve 75 +25 ms from KC006 67 67
(G509) | Open D/O -35
k0018 Main Fuel Valve Open 90 *25 ms from KO006 89 89
(G506) D/0O
K0121 Main Oxidizer Valve 120 %15 ms from K0120 327 233
(G507) Closed P/U
KO116 Gas Cenerator Valve 500 ms from K00O6 255 255
(G509) Closed P/U
KO119 | Main Fuel Valve 225 +25 ms from K0O18 447 358
(G506) Closed P/U

P/U - Pickup

*Within 5,000 ms of KO005 (Normally = 500 ms)
D/0 - Dropout




TABLE 8-8 (Sheet 3 of 3)

ENGINL SEQUENCE

CONTROL EVENTS CONTINGENT LVENTS ACTUAL TIME
- NOMINAL TTME FROM (ms)
SPECIFIED REFERENCE FROM
MF MT q
'[ggs EVENT AND COMMENT “%gs EVENT ARD COMMENT (AMBTENT, DRY) ggg” SPECIFIED
. : REFERENCE
K0158 | Mainstage Press Switch At injection pressure 294
(K0572) | A Depress P/U of 500 #30 psia
K0159 Mainstage Press Switch At Injection pressure 294
(K0573) | B Depress P/U of 500 #30 psia
K0191 Mainstage OK D/O At 20 to 105 psi below
(K0610) P/U
KQCOo7 Helium Control Solenoid 1,000 #1110 ms from 984 984
(K0531) | Enrg D/O K0013
§5-22 PU Activate Switch D/O N/A
K0507
K0125 Oxidizer Turbine 199
(G510) Bypass Valve
Closed D/O
K0124 Oxidizer Turbine 10,000 ms from KOOO5 878 777
(G510) Bypass Valve Open
P/U
K0126 LOX Bleed Valve Closed 30,000 ms from KOOO5 2,943 2,943

(K0558) | p/O

K0127 LH2 Bleed Valve Closed 30,000 ms from KOOO5 2,943 2,943
(X0557) | D/O

P/U - Pickup D/0 - Tropout
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