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FOREWORD

The work reported herein was sponsored by the National Aeronautics
and Space Administration (NASA), Marshall Space Flight Center (MSFC)
(I-E-J), under System 921E, Project 9194,

The results of the tests presented were obtained by ARO, Inc., (a
subsidiary of Sverdrup & Parcel and Associates, Inc.), contract opera-
tor of the Arnold Engineering Development Center (AEDC), Air Force
Systems Command (AFSC), Arnold Air Force Station, Tennessee, under
Contract F40600-69-C-0001. Program direction was provided by
NASA/MSFC; technical and engineering liaison was provided by North
American Rockwell Corporation, Rocketdyne Division, manufacturer
of the J-2S rocket engine, and McDonnell Douglas Corporation, Douglas
Aircraft Company, Missile and Space Systems Division, manufacturer
of the S-IVB stage. The testing reported herein was conducted between
December 5, 1968, and January 10, 1969, in Propulsion Engine Test Cell
(J-4) of the Large Rocket Facility (LRF) under ARO Project No. KA1902,
The manuscript was submitted for publication on January 24, 1969,

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J), or higher authority. Private individuals or firms
require a Department of State export license.

This technical report has been reviewed and is approved.

Edgar D, Smith Roy R. Croy, Jr.
Major, USAF Colonel, USAF
AF Representative, LRF Director of Test

Directorate of Test
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ABSTRACT

Five firings of the Rocketdyne J-2S rocket engine (S/N J-111A)
were conducted in Test Cell J-4 of the Large Rocket Facility between
December 5, 1968, and January 10, 1969. These firings were accom-
plished during test periods J4-1902-01 through J4-1802-04 at pressure
altitudes of approximately 100, 000 ft at engine start to investigate
engine idle-mode operation, transition from idle mode to main stage,
and steady-state operation at main stage. The engine started success-
fully in all cases and two planned transitions from idle mode to main
stage were accomplished, The thrust chamber and injector were

damaged extensively during a 288. 5-sec duration idle-mode firing
(04A).
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2S rocket engine using an S-IVB battle-
ship stage has been in progress since December, 1968, at AEDC. The
five firings reported herein were conducted during test periods J4-1902-01
through J4-1902-04 in Propulsion Engine Test Cell (J-4) (Figs. 1 and 2,
Appendix 1) of the Large Rocket Facility (LRF). These firings were to
verify previously obtained test data on the performance of the simplified
J-2 engine under simulated altitude conditions. The firings were accom-
plished at pressure altitudes ranging from 86, 000 to 101, 000 ft {geo-
metric pressure altitude, Z, Ref. 1) at engine start. Data collected to
accomplish the test objectives are presented herein.

SECTION Il
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2S rocket engine (Fig. 3) designed and
developed by Rocketdyne Division of North American Rockwell Corpora-
tion. The engine uses liquid oxygen and liquid hydrogen as propellants
and is designed to operate either in idle mode at a nominal thrust of
5000 lby and mixture ratio of 2.5 or at main stage at any precalibrated
thrust level between 230, 000 and 265, 000 lbf at a mixture ratio of 5. 5.
The engine design isicapable of transition from idle-mode to main-stage
operation after a minimum of 1-sec idle mode; from main stage the
engine can either be shut down or make a transition back to idle-mode
operation before shutdown. An S-IVB battleship stage was used to sup-
ply propellants to the engine. A schematic of the battleship stage is
presented in Fig. 4.

Listings of major engine components and engine orifices for this
test period are presented in Tables I and II, respectively (Appendix II).
All engine modifications and component replacements performed during
this report period are presented in Tables III and IV, respectively.

2.1.1 3-28 Rocket Engine

The J-2S rocket engine (Figs. 3 and 5, Ref. 2) features the follow-
ing major components:
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Thrust Chamber - The tubular-walled, bell-shaped thrust
chamber consists of an 18. 6-in. ~-diam combustion chamber
with a throat diameter of 12. 192 in., a characteristic length
(L*) of 35.4, and a divergent nozzle with an expansion ratio

of 40, Thrust chamber length (from the injector flange to the
nozzle exit) is 108.6 in. Cooling is accomplished by the circu-
lation of engine fuel flow downward from the fuel manifold
through 180 tubes and then upward through 360 tubes to the
injector and by film cooling inside the combustion chamber.

Thrust Chamber Injector - The injector is a concentric-
orificed (concentric fuel orifices around the oxidizer post
orifices), porous-faced injector. Fuel and oxidizer injector
orifice areas are 19.2 and 5.9 in.2, respectively. The oxidizer
portion is compartmentalized, the outer compartment supply-
ing oxidizer during main-stage operation only. The porous
material, forming the injector face, allows approximately

" 3.5 percent of main-stage fuel flow to transpiration cool the

face of the injector.

Augmented Spark Igniter - The augmented spark igniter unit is
mounted on the thrust chamber injector and supplies the initial
energy source to ignite propellants in the main combustion
chamber. The augmented spark igniter chamber is an integral
part of the thrust chamber injector. Fuel and oxidizer are
ignited in the combustion area by two spark plugs.

Fuel Turbopump - The fuel turbopump is a one and one-half
stage, centrifugal-flow unit, powered by a direct-drive, two-
stage turbine. The pump is self lubricated and nominally pro-
duces, at the 265, 000-1bf-thrust rated condition, a head rise
of 60, 300 ft of liquid hydrogen at a flow rate of 9750 gpm for

a rotor speed of 29, 800 rpm.

Oxidizer Turbopump - The oxidizer turbopump is a single-
stage, centrifugal-flow unit, powered by a direct-drive, two-
stage turbine. The pump is self lubricated and nominally
produces, at the 265, 000-lbg-thrust rated condition, a head
rise of 3250 ft of liquid oxygen at a flow rate of 3310 gpm for
a rotor speed of 10,500 rpm,

Propellant Utilization Valve - The motor-driven propellant
utilization valve is mounted on the oxidizer turbopump and
bypasses liquid oxygen from the discharge to the inlet side of
the pump to vary engine mixture ratio.

Main Oxidizer Valve - The main oxidizer valve is a pneumat-
ically actuated, two-stage, butterfly-type valve located in the



10.

11,

12,

13.

14,

15.

16.

AEDC.TR.69.44

oxidizer high pressure duct between the turbopump and the in-
jector. The first-stage actuator positions the main oxidizer
valve at the 10-deg position to obtain initial main-stage-phase
operation; the second-stage actuator ramps the main oxidizer
valve full open to accelerate the engine to the main-stage
operating level.

Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the fuel manifold.

Pneumatic Control Package - The pneumatic control package
controls all pneumatically operated engine valves and purges.

Electrical Control Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing

of engine components during operation. The logic requires a
minimum of 1-sec idle-mode operation before transition to
main stage.

Flight Instrumentation Package - The instrumentation package
contains sensors required to monitor critical engine param-
eters. The package provides environmental control for the
sensors.

Helium Tank - The helium tank has a volume of 4000 in.3 and
provides a helium pressure supply to the engine pneumatic
control system for three complete engine operational cycles.

Thrust Chamber Bypass Valve - The thrust chamber bypass
valve is a pneumatically operated, normally open, butterfly-
type valve which allows fuel to bypass the thrust chamber body
during idle-mode operation.

Idle-Mode Valve - The idle-mode valve is a pneumatically oper-
ated ball-type valve which supplies liquid oxygen to the idle-
mode compartment of the thrust chamber injector during both
idle-mode and main-stage operation.

Hot Gas Tapoff Valve - The hot gas tapoff valve is a pneumat-
ically operated butterfly-type valve which provides on-off
control of combustion chamber gases to drive the propellant
turbopumps.

Solid-Propellant Turbine Starter - The solid-propellant turbine
starter provides the initial driving energy (transition to main
stage) for the propellant turbopumps to prime the propellant
feed systems and accelerate the turbopumps to 75 percent of

their main-stage operating level. A three-start capability is
provided.



AEDC-TR.69-44

2.1.2 S5.1VB Battleship Stage

The S-1IVB battleship stage, which is mechanically configured to
simulate the S-1VB flightweight vehicle, is approximately 22 ft in
diameter and 49 ft long and has a maximum propellant capacity of
46, 000 1b of liquid hydrogen and 199, 000 1b of liquid oxygen. The pro- °
pellant tanks, fuel above oxidizer, are separated by a common bulk-
head. Propellant prevalves, in the low pressure ducts (external to the
tanks) interfacing the stage and engine, retain propellants in the stage
until being admitted into the engine to the main propellant valves and
serve as emergency engine shutoff valves. Vent and relief valve sys-
tems are provided for both propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen and gaseous
oxygen for fuel and oxidizer tank pressurization during flight were
routed to the respective facility venting systems.

2.2 TEST CELL

Propulsion Engine Test Cell J-4, Fig. 2, is a vertically oriented
test unit designed for static testing of liquid-propellant rocket engines
and propulsion systems at pressure altitudes of 100, 000 ft. The basic
cell construction provides a 1. 5-million-lbf-thrust capacity. The cell
consists of four major components (1) test capsule, 48 ft in diameter
and 82 ft in height, situated at grade level and containing the test article;
(2) spray chamber, 100 ft in diameter and 250 ft in depth, located
directly beneath the test capsule to provide exhaust gas cooling and
dehumidification; (3) coolant water, steam, nitrogen (gaseous and liquid),
hydrogen (gaseous and liquid), and liquid oxygen and gaseous helium
storage and delivery systems for operation of the cell and test article;
and (4) control building, containing test article controls, test cell con-
trols, and data acquisition equipment. Exhaust machinery is connected
with the spray chamber and maintains a minimum test cell pressure
before and after the ‘engine firing and exhausts the products of combus-
tion from the engine firing. Before a firing, the facility steam ejector,
in series with the exhaust machinery, provides a pressure altitude of
100, 000 ft in the test capsule. A detailed description of the test cell is
presented in Ref. 3.

The battleship stage and the J-25 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
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in length), a centerbody steam ejector within the diffuser duct, a dif-
fuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure re-
covery of the engine exhaust gases and to maintain engine ambient pres-
sure altitude (attained by the steam ejector) during the engine firing.
The annular ejector was provided to suppress steam recirculation into
the test capsule during steam ejector shutdown. The test cell was also
equipped with (1) a gaseous nitrogen purge system for continuously
inerting the normal air in-leakage of the cell; (2) a gaseous nitrogen
repressurization system for raising test cell pressure, after engine
cutoff, to a level equal to spray chamber pressure and for rapid
emergency inerting of the capsule; and (3) a spray chamber liquid
nitrogen supply and distribution manifold for initially inerting the spray
chamber and exhaust ducting and for increasing the molecular weight of
the hydrogen-rich exhaust products.

Systems were provided for temperature conditioning of engine com-
ponents. Cold helium from a liquid hydrogen-helium heat exchanger
was routed externally over the main fuel valve to provide the required
temperature. Temperature-conditioned nitrogen from liquid nitrogen-
steam vaporizers was routed through shrouds surrounding the solid-
propellant turbine starters to provide the required temperatures.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of
(1) flight instrumentation for the measurement of critical engine param-
eters and (2) facility instrumentation which was provided to verify the
flight instrumentation and to measure additional engine parameters.
The flight instrumentation was provided and calibrated by the engine
manufacturer; facility instrumentation was initially calibrated and
periodically recalibrated at AEDC. Appendix III contains a list of all
measured engine test parameters and the locations of selected sensing
points.

Pressure measurements were made using strain-gage and
capacitance-type pressure transducers. Temperature measurements
were made using resistance temperature transducers and thermocouples.
Oxidizer and fuel turbopump shaft speeds were sensed by magnetic pick-
up. Fuel and oxidizer flow rates to the engine were measured by
turbine-type flowmeters which are an integral part of the engine. Vibra-
tions were measured by accelerometers mounted on the oxidizer injector
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dome and on the turbopumps. Primary engine and stage valves were
instrumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers and
resistance temperature transducer units; (2) voltage substitution for
the thermocouples; (3) frequency substitution for shaft speeds and flow-
meters; and (4) frequency-voltage substitution for accelerometers and
the capacitance-type pressure transducer.

The types of data acquisition and recording systems used during
this test period were (1) a multiple-input digital data acquisition sys-
tem scanning each parameter at 40 samples per second (50 samples
per second for firing 04A) and recording on magnetic tape; (2) single-
input, continuous-recording FM systems recording on magnetic tape;
(3) photographically recording galvanometer oscillographs; (4) direct-
inking, null-balance, potentiometer-type X-Y plotters and strip charts;
and (5) optical data recorders. Applicable systems were calibrated
before each test (atmospheric and altitude calibrations). Television
cameras, in conjunction with video tape recorders, were used to pro-
vide visual coverage during an engine firing, as well as for replay
capability for immediate examination of unexpected events.

2.4 CONTROLS -

Control of the J-2S engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect
the engine control system, major stage systems, the engine safety cut-
off system, the observer cutoff circuits, and the countdown sequencer.
A schematic of the engine start control logic is presented in Fig. 6.
The sequence of engine events for start and shutdown is presented in
Figs., 7a and b.

SECTION 1l
PROCEDURE

Preoperational procedures were begun several hours before the
test period. All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chem-
ical analysis of propellants was provided by the propellant suppliers.
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Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events. Facility and engine sequence checks con-
sisted of verifying the timing of valves and events to be within specified
limits; the abort checks consisted of electrically simulating engine mal-
functions to verify the occurrence of an automatic engine cutoff signal.
A final engine sequence check was conducted immediately preceding the
test period.

Oxidizer dome and thrust chamber jacket purges were initiated
before evacuating the test cell. After completion of instrumentation
calibrations at atmospheric conditions, the solid-propellant turbine
starters were installed, the test cell was evacuated to approximately
0. 5 psia with the exhaust machinery, and instrumentation calibrations
at altitude conditions were conducted. Immediately before loading
propellants on board the vehicle, the cell and exhaust-ducting atmos-
phere was inerted. At this same time, the cell nitrogen purge was
initiated for the duration of the test period, except for engine main-
stage operation. The vehicle propellant tanks were then loaded, and
the remainder of the terminal countdown was conducted. Temperature
conditioning of the various engine components was accomplished as re-
quired, using the facility-supplied engine component conditioning sys-
tem. Table V presents the engine purges and thermal conditioning

operations during the terminal countdown and immediately following the
engine firing.

SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Five firings of the Rocketdyne J-2S rocket engine (S/N J-111A)
were conducted between December 5, 1968, and January 10, 1969,
during test periods J4-1902-01 through J4-1802-04. These firings
comprised the initial testing of the J-2S engine at altitude conditions;
pressure altitude at engine start ranged from 86, 000 to 101, 000 ft.

Test requirements and specific test results are summarized in
Table VI, Start and shutdown transient operating times for selected
engine valves are presented in Table VII. Figure 8 shows engine start
conditions for propellant pump inlets and helium tank. Accumulated
firing durations were 593, 8 sec in idle mode and 39.1 sec of main-
stage operation,



AEDC.TR.69-44

Data presented in subsequent sections are from the digital data
acquisition system except where indicated otherwise. Propellant flow
rates are based on engine flowmeter calibration constants supplied by
the engine manufacturer: 5.50 and 2. 00 cycles/gal for the oxidizer and
fuel flowmeters, respectively.

4.2 TEST RESULTS
4.2.1 Firing J4-1902-01A

Firing 01A was a 172, 3-sec duration idle-mode firing to evaluate
(1) thrust chamber chilldown rate, (2) augmented spark igniter perform-
ance, (3) engine mixture ratio, (4) helium consumption rate, and
(5) engine integrity. Engine ambient and combustion chamber pressures
are shown in Fig. 9; pressure altitude at engine start was 99, 000 ft. At
tp + 42 sec a facility malfunction resulted in an engine ambient pressure
and temperature level which adversely affected engine performance.
Data beyond tg + 42 sec which are not considered representative of
J-2S engine operation at altitude conditions are not presented.

Thrust chamber chilldown rate as indicated by external skin thermo-
couples at the engine throat and exit is shown in Fig. 10. Augmented
spark igniter performance is shown in Fig. 11; ignition was detected at
tg + 0. 364 sec. Engine propellant flow rate and mixture ratio data in
Fig. 12 were based on pump discharge temperatures and pressures
and a manual reduction of the flowmeter cyclic outputs as recorded on
an oscillogram. Included in Fig. 12 are engine inlet and combustion
chamber pressures. Helium consumption and engine integrity data are
presented in Sections 4. 2, 7 and 4. 2. 8, respectively.

4.2.2 Firing J4-1902-02A

This was a 32. 2-sec duration main-stage firing to evaluate (1) engine
start and shutdown transients, (2) steady-state operation, (3) solid-
propellant turbine starter perférmance, (4) oxidizer system pressure
surges, and (5) engine-generated side loads. Pressure altitude at
engine start was 99, 000 ft; engine ambient and combustion chamber
pressures are shown in Fig. 13. The ambient pressure increase be-

ginning at tg + 7 sec was caused by inadvertant operation of the facility
annular ejector.

Engine start and shutdown transients and steady-state operation
were satisfactory, as shown in Fig. 14. At tg + 7 sec a propellant
utilization valve excursion was made to prodice a mixture ratio of 5. 44
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and a peak combustion chamber pressure of 1215 psia at tg + 27 sec.
Solid-propellant turbine starter performance is shown in Fig. 15.
Combustion pressure measurement was not recovered, but satisfactory
starter performance is shown by the propellant pump start transients
(Fig. 14). A maximum oxidizer system pressure of 1460 psia (230 psi
above the operating level) was measured at the oxidizer pump discharge
at tp + 33.45 sec as shown in Fig. 16. Engine-generated side loads
were less than 1200 lbf, as shown in Fig. 17. The indicated levels
before engine start result from tare loads caused by engine propellant
supply line pressures and temperatures; the indicated oscillations be-
fore engine start result from the operation of facility steam and cooling
water systems. Fuel pump start transient performance is shown in
Fig. 18. '

4.2.3 Firing J4-1902-03A

This firing consisted of 76. 2 sec of idle-mode operation followed
by a transition to main stage. Primary objectives were to evaluate
(1) thrust chamber chilldown, (2) augmented spark igniter performance,
(3) idle-mode mixture ratio, (4) engine transition from idle-mode to
main-stage operation, (5) solid-propellant turbine starter performance,
and (6) oxidizer system pressure surges. Pressure altitude at engine
start was 86, 000 ft; engine ambient and combustion chamber pressures
are shown in Fig. 19.

Thrust chamber chilldown data are indicated in Fig. 20. The
thrust chamber chilldown rate compares closely with that indicated for
firing 01A. Augmented spark igniter performance is shown in Fig. 21;
ignition was detected at tg + 0.481 sec compared to 0. 364 sec for
firing 01A. Engine propellant flow rate and mixture ratio data in
Fig. 22 were calculated in the same manner as those presented for
firing 01A. Engine inlet and combustion chamber pressures are in-
cluded in Fig. 22.

Transition from idle-mode to main-stage operation is shown in
Fig, 23. Transition was satisfactory and compares favorably with
firing 02A. Solid-propellant turbine starter performance (Fig. 24)
was consistent with that obtained during firing 02A. Combustion pres-
sure (Fig. 24a) was as predicted by the engine manufacturer. The burn
duration was 2.4 sec, and the maximum pressure was 3420 psia, A
maximum oxidizer system pressure (Fig; 25) of 1340 psia was meas-
ured at the oxidizer pump discharge at tg + 83. 38 sec. This was 120 psi
less than that measured during firing 02A.
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Fuel pump start transient performance is shown in Fig. 26. Data
analysis indicated a possible degradation in the fuel pump balance
piston rings, and the engine manufacturer requested that no further
main-stage testing be conducted until the pump could be repaired or
replaced.

4.2.4 Firing J4-1902-03B

Firing 03B was a 55. 8-sec duration idle-mode firing to evaluate
(1) thrust chamber chilldown, (2) augmented spark igniter performance,
and (3) engine mixture ratio. Engine ambient and combustion chamber
pressures are shown in Fig. 27; pressure altitude at engine start was
101, 000 ft.

Thrust chamber chilldown rate (Fig. 28) compared favorably with
that obtained for firings 01A and 03A. Augmented spark igniter per-
formance was satisfactory, as shown in Fig, 29; ignition was detected
at tg + 0. 371 sec. Engine propellant flow rate and mixture ratio data
shown in Fig. 30 were calculated as stated in Section 4.2.1, Engine
inlet and combustion chamber pressures are included in Fig. 30.

4.2.5 Firing J4-1902-04A

Firing 04A was a 288. 5-sec duration idle-mode firing to evaluate
(1) thrust chamber chilldown rate, (2) augmented spark igniter per-
formance, and (3) engine mixture ratio. Pressure altitude at engine
start was 98, 000 ft; engine ambient and combustion chamber pressures
are shown in Fig. 31,

Thrust chamber chilldown rate, as shown in Fig. 32, was lower
than that measured for firings 01A, 03A, and 03B. The time required
to reach a stable temperature was approximately 35 sec, some 10 sec
longer than required for firings 01A, 03A, and 03B. Augmented spark
igniter performance is shown in Fig. 33; ignition was detected at
to + 0.412 sec. Engine propellant flow rate and mixture ratio data
shown in Fig. 34 were calculated as stated in Section 4. 2.1. Engine
inlet and combustion chamber pressures are included in Fig. 34.

Post-test inspection showed that the engine had been damaged ex-
tensively during this firing. The injector face had been burned through
in two separate places (Fig. 35a), and the ends of several oxidizer
posts had been burned and distorted. The combustion chamber tubes
(upstream of the throat) in approximately 28 isolated areas had been
ruptured and distorted with no evidence of heat damage (Fig. 35b).

10
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Data analysis showed severe pressure perturbations in the com-
bustion chamber and propellant systems beginning at tg + 158 sec and
recurring at random time intervals until approximately tg + 252 sec,
at which time combustion chamber pressure decreased to 4.5 psia and
remained stable until engine shutdown at tg + 288.5 sec. The data
shown in Fig. 36 are typical of the pressure perturbations as recorded
by the digital data acquisition system. A pressure increase of 412 psi
was reduced from the oscillogram recording of oxidizer injector pres-
sure POJ-2 at tg + 158, 20 sec. No failure analysis is attempted in
this report.

4.2.6 Idle-Mode Mixture Ratio

Figure 37 shows idle-mode mixture ratio predicted by the engine
manufacturer as a function of propellant pump inlet pressures. The
predicted mixture ratio assumes saturated liquids at the pump inlets.
The measured mixture ratio data are from manual reductions of flow-
meter cyclic outputs over 0. 5-sec increments as recorded on an oscil-
logram. The symbols (Fig. 37) are predicted mixture ratio as a func-
tion of measured pump inlet pressures. The numbers in parentheses
are measured mixture ratio. A portion of the erratic nature of the data
in Fig. 37 is attributed to the fact that propellant quality at the oxidizer
flowmeter is not known in all cases. The times shown (Fig. 37) were
chosen to represent data for which the oxidizer pump discharge pres-
sures and temperatures indicated 100-percent liquid, except firing 03A,
for which liquid was not indicated until after shutdown. For firing 04A,
liquid was not indicated before tg + 140 sec. In all cases shown, the
fuel pump discharge pressures and temperatures indicated 100-percent
liquid. |

4.2.7 Helium Consumption

Figure 38 shows temperature and pressure in the engine-mounted
helium tank as functions of time for the five firings in this testing
period. Helium consumption rate as indicated by a mass change aver-
aged 0, 001 lby, /sec for idle-mode operation and 0. 002 1b,, /sec for
main-stage operation.

4.2.8 Engine Integrity

The main oxidizer valve was replaced following firing 01A because
of a leaking idler arm shaft seal. The oxidizer dome purge check valve
was repaired because of reverse flow following firing 01A and was re-
placed following firing 03B. The oxidizer idle-mode line purge check
valve was replaced following firing 01A because of reverse flow.

11
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Following firing 02A, the seal between the main oxidizer valve and
the high pressure oxidizer supply duct was replaced because of leakage.
At this time the oxidizer dome purge check valve was repaired to
eliminate reverse flow.

Analysis of data from firing 03A indicated that the fuel pump balance
piston rings had degraded to a degree that required repair or pump re-
placement before any further main-stage operation.

Inspection following firing 04A showed that the engine thrust cham-
ber and injector had been damaged extensively and would require
replacement.

SECTION V
SUMMARY OF RESULTS

Results of testing the J-2S rocket engine in Test Cell J-4 during
test periods J4-1902-01 through J4-1902-04 between December 5, 1968,
and January 10, 1969, are summarized as follows:

1. Augmented spark igniter performance was satisfactory, and
engine start was successful in all cases.

2. Transition from idle-mode to main-stage operation was suc-
cessful in all cases.

3. Engine-generated side loads during transition to main-stage
operation were less than 1200 lbg.

4. Possible degradation of the fuel pump balance piston rings
occurred during main-stage firing 03A.

5. The engine thrust chamber and injector were damaged exten-
sively during a 288.5-sec duration idle-mode firing (04A).

6. Thrust chamber temperatures reached a steady-state idle-
mode operating level within 40 sec after engine start.

12
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TABLE |

. MAJOR ENGINE COMPONENTS
(EFFECTIVE TEST J4-1902-01)

Part Name

Thiust Chamber Body Assembly
Thrust Chamber Injector
Assembly
Augmented Spark Igniter
Assembly
Ignition Detector Probe No. 1
Ignition Detector Probe No. 2
Fuel Turbopump Assembly
Oxidizer Turbopump Assembly
Main Fuel Valve
Main Oxidizer Valve
Idle-Mode Valve
Thrust Chamber Bypass Valve
Hot Gas Tapoff Valve
Propellant Utilization Valve
Electrical Control Package
Engine Instrumentation Package
Pneumatic Control Package
Restart Control Assembly
Helium Tank Assembly
Oxidizer Flowmeter
Fuel Flowmeter
Fuel Inlet Duct Assembly
Oxidizer Inlet Duct Assembly
Fuel Pump Discharge Duct
Oxidizex Pump Discharge Duct
Thrust Chamber Bypass Duct
Fuel Turbine Exhaust Bypass Duct
Hot Gas Tapoff Duct
Solid-Fropellant Turbine
Starters Manifold
Heat Exchanger and Oxidizer
Turbine Exhaust Duct
Crossover Duct

68

P/N
99-210620

99-210610-71

652050
3243-2
500750
99-461500
99-460430
99-411320x3
99-411225
99-411385
99-411180
99-557824x2
99-251455x5
99-503670
99-704641
99-558330
99-503680
80097-1
251216
251225
409900-11
409899-11
99-411078
99-411077
99-411079
307879-11
99-411080-51

99-210921

307887
307879-11

S/N
4094417

4087379

4097350
041
7202262
R0O01-0B
S001-0
8900881
8900815
8900816
8900806
8900847
8900911
4098176
4097437
8900817
4097867
0002
4096874
4096875
6631788
4052289
417

417

417
02143580
7239769

7216433

2142922
02143580
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TABLE |l

SUMMARY OF ENGINE ORIFICES

Diameter,

Orifice Part Test
Name Number Inches Unless Effective Comments
Otherwise Noted

Oxidizer Turbine 99-210924 1. 960 J4-1902-01
Bypass Nozzle
Main Oxidizer Valve 99-411279 0. 0443 J4-1902-01 | Thermostatic
Closing Control Line 208.5 scfm J4-1902-02 | Orifices
Augmented Spark Igniter | 99-558365-87 0. 100 J4-1902-01
Oxidizer Supply Line :
Augmented Spark Igniter No Orifice
Fuel Supply Line Installed

ry-69-¥1°0Q3VY
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TABLE Il
ENGINE MODIFICATIONS
(BETWEEN TESTS J4-1902-01 AND J4-1902-04)

Modification Completion Description of
Number Date Modification
Pre-Te
R 086729 12/3/68 Insulation of Fuel Film
Coolant Line and the
Augmented Spark Igniter
Fuel Line
Test J4-1902-01 12/5/68
R 121031 12/16/68 | Replaced Main Oxidizer
Valve Closing Control
Orifice, 208.5 scfm
{Thermostatic Orifice)
Test J4-1802-02 12/18/68
R121114 12/30/68 Installed Fuel Pump
Volute Seal Drain Line
Test J4-1902-03 1/3/69
None
Test J4-1902-04 1/10/69

TABLE IV
ENGINE COMPONENT REPLACEMENTS
(BETWEEN TESTS J4-1902-01 AND J4-1902-04)

Completion Component
Replacement Date Replaced
Test J4-1902-01 12/5/68

P/N 557755-11
S/N 2137550

P/N 99-411225X4
S/N 8900929

12/16/68

12/16/68

Oxidizer Idle-Mode Line
Purge Check Valve,

P/N 557755-11

S/N 2137547

Main Oxidizer Valve,
P/N 99-411225
S/N 8900815

Test J4-1002-02  12/18/68
None
Test J4-1002-03  1/3/69
P/N 554175 1/7/69 Oxidizer Dome Purge
S/N 7224310 Check Valve,
P/N 554175

S5/N 2138996

Test J4-1802-04

1/10/69
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TABLE V

. ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

&
-8 e
Ll »
<3 &
. LA L3) Coast Q
Purge Requirement rg°\\ ?\i\\ & o ‘}Qé' Perga 5 & . S48
P o5 ey 5 & oQa 5 7 o
& Q‘O @(‘g o\)" Q{ @&’ (N
Oxidizer Dome and Nitrogen, / AL
o 600 £ 25 psla; I/ Z?
Idie=Mode 100 to 200°F at /43[/ %/ﬁa A /[/I/AZ[/ fi ///
Compartment ’CCP 150 scfm(s)
15
Helium, ®) () min (b) (c) 15 min
Thrust Chamber ) - |
Jackst, Film Coolant ::g ::0215 53.5:' 7/7] 7 7/ ) (a) ’;7//7/7/-/ (a) 7/, ////
and Turbopump Purges at CCP  // /‘_/u A{, 7 /, /
(125 scfm)
Solid- Progeliant Turbine | Nitrogen, iy / ////// Remaining Sohd-PrnpeTlantV
v oo ar | e L8 s ST V) rersine sarsee smasees S
Mau Fuel Valve Helium, -300°F //,
Conditioning to Ambient (/ }’/

(a) Engine-Supplied Liquid Oxygen Pump !ntermed.iate Seal Cavity Purge
®) Any Tlme Facility Water On
() 30 min before Propellant Drop

() Initiate Main Fuel Valve Conditioning 30 min before Engine Start for those Firings with Temperature Requirements

(&) 100 to 150°F for Firing 04A
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TAB

LE VI

SUMMARY OF TEST REQUIREMENTS AND RESULTS

J4-1802-01A J4-1902-024 J4-1902-03A J4-1902-03B J4-1302-04A
Firing Number
Terget Actual Tergst Actuel Terget Actual Taiget Aclual Target Actunl
Firing Date/ Time of --- ~|12/578 see " h2hus - 173769 L. 173169 - /107
£ Dot/ 4 --- w2hr | --- 2025 hr --- 1449 hr - 1031 ur --- 1416 hr
Preeeure Altitude at ty, {t (Ref, 1) 100, 000 99, 000 100, 000 99, 000 100, 000 as, oon 100, 000 101, 000 100, 000 68, 000
1dle- Mode Duration Pre-Main Stage, eeem 200 172, 310 1.0 0. 996 80 76. 243 100 55.758 j200 Minimurmn 288, 542
Main-Stage Duration, sec® --- -- 12,5 2. 242 7.5 6. 852 --- - -— -
_—— 0] —_ J
1dle- Mode Duretlon Post-Main Stege, sec .am - - =-—-- - == === .= .= .=
Fuel Pump Inlet Pressure at tg, psle 40.0% 1,0 10,1 40.0%3-0 0.9 40.02 1.0 1,0 83,021.0 32,8 30,0 L 1.0 30. 4
Fuel Pump Inlet Tempereture et tg, °F om- -416.0 - -416,6 -—— -1417,7 - =311.4 .=- -255, 8
Fuel Tunk Bulk Temperatura at tg, *F -422.4 0.4 -422.5 -422.420.4 -422.4 -422.4 £ 0. 4 -422.8 -422,41 0.4 -422.3 -422,4 %0, 4 -422.6
Oxldizer Pump Inlet Preeeure et {j. psle 45.,021.0 4.7 45.0x1,0 45.2 45.0% 1.0 45,2 39.0%t1.0 37.1 45.0x1.0 4.7
Oxidizer Pump Inlet Temperature at tg, °F m-- -291.8 - -292.4 -—- -287,8 -— -270.8 - -278. 3
Oxudizer Tank Bulk Temperature at tg, °F -295,.0% 0.4 -205,1 -295.020,4 -295.6 -205,0£ 0.4 -185. 3 «295.0 ¢ 0.4 -295. 3 -295.0 + 0, 4 -295.0
Prexsure, ps 3450 *9 3302 3z0* 3333 34502 3427 3450 12 3329 3450 9 3240
Helmm Tank Condstlons et tg refsure, rew 200 800 -200 -200 -200
Temperature,*F - +80 - +53 ome i —ee +41 —_——— +90
Main Fuel Velve Tempereture et t;, °F o= +96 100 :‘gn -146 -—— +94 - 476 -—- +104
|
Augmentnad Sperk Igniter ignition Datected, sec (Ref. tnﬂ -a= 0, 364 aa- 0,425 --- 0. 481 y - 0.3 - 0,412
Propellani Utllizetion Velve Position et tg Null Null Null Null Nul Null Null Null Null Null
ven e Clneed Cloeed e e e . . en
Propellant Utilixetlon Velve Excursion, Poeltlon/Time - =° 0 + 6.0 to + 7.0} - =" T o T -
——- —— Null Nult . . A .- - .
--- --- T+ 21.6 0+28,5 --- --- --- --- --- ---
Part Number .- .- - 99803527- 11 --- 88803527-11 --- == --- .-
Sarlel Number - am- —— RT000001 . RT000002 -a= o= -e= ——-
Tempereture at Not - . - -—
Solid- Propelleat Turbine Starter to, °F ot w ¥50:2.10 Recovered | *50%10 44
Burn Tlme, sec -=e - --- -— -—— 2.4 -— e --= -—
Mazimum Pres- om= ——- [ ame - 3420 . . -— —-
eure, pele

leh Reducad from Oscillogrem
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TABLE ViI
ENGINE VALYVE TIMINGS

Stert
Fuel V ldle- Mode Hot Ges Mawn Oxidixer Valve Main Oxidizsr Valve Thrust Chamber
Test Meln Fuel Velva Oxidiger Velve Tapoff Velve Firat Stage Sccond Stege Bypass Valve
J4-1802- Firing
Time |Valve| Valve Tima |Valve | Valva Time {Valve| Valve Time [Valva | Valve Time [Valve | Valve Tims [Valve| Velve
of Delay|Opening of Delay | Opening of Deley | Opening of Delay | Opening of Dclay |Openingf] of Delay |Closing
Opening | Timo,| Time, || Opening|Time,| Time, |} Opening|{Timo,| Time, Opening| Time, | Timo, [|Opening [Time, | Time, {{ Closing |Timo,| Time,
Signal | cec sce Signal | sec ace Signel | see eee Signsl | soe see Signal | sec sec | Signal | sec eec
01 A 0.0 [o.om) o122 | 0.0 Jo.200] o.060 fj --- - |- EECE R mea | aem f - I R s
FialSequenced 9.0 |0.047] 0.074 || 0.0 o.125 | 0.04¢ || 0.094 [o0.155] 0,110 || 0.994 (0,076 0.033 || 2.890 |o.160 [{0.620 | 2.980 jo.18686 Jo.611
02 A 0.0 0, 053] 0.062 0.0 0.130 | 0.035 0.996 |o0.170{ 0.105 0,996 [0.060 | 0.032 2.870 [0.188 0. 877 2.970 IO. 157 [o. 860
[Fmal Sequence 0.0 0.045] 0.067 0.0 0,122 | 0.045 0.992 | G.155f 0.110 0.992 | 0.080} 0.040 2,892 |0, 205 ] 0, 822 2. lﬁ?lo. 150 Jo. 925
03 A 0.0 0. 053} 0,050 0.0 0.12¢4 | 0.0% j76.243 ] 0.164] 0.124 [ 75.243 |0.075] 0,032 78.128 |0,180 | 0.878 78,129 JO. 150 {0.010
B 0,0 Jo.053] o.058 | 0.0 Jo.125] 0.033 || --- --- --- N --- IR B EECEN IETT JEC
Finel Sequence] 0.0 0.049] 0.071 0.0 0.129 | 0,041 0.992 | 0.162) o0.118 0.992 {0.079| 0,039 2.679 10.182 0. 411 2.879 [0.173 [0,782
04 A 0.0 0.050] 0.057 0.0 0,122 | 0.044 - == == =-- .-- --- == -—- - --- === m--
Final Seqt 0.0 Jo.050] o.01¢ || 0.0 Jo.1371] 0.043 § --- -] --- —ve [ --- --- EETNN BT B CEONN IEX ST
Shutdown
Hot Gas 1dle- Mode Thrust Chamber
Test Main Oxidiger Valve Tepoff Volvs Muln Fuel Valva Oxid{zer Valve Bypase Vaiva
Je-1902- Firlog
Tima |Valva | Valve Tima [Velva | Valve Time |Valva | Valve Time |[Vaive | Velvo Time |Velve | Velvo
of Delay [Closing of Delay | Cloaing of Deley {Closing of Dalay {Clozing of [Delay {Opaning
Cloaing | Time, | Time, || Closing {Time,| Time, || Closing | Time, | Time, {Closing |Time, | Time, || Opening [Time,| Tiune,
Signal nec neg Sigual | eec sec Signel | aec sec Signal | sec aec Signal | sec sec
01 A == === --- —ea oo .on 172.302 [ 0.065 [ 0.245 172302 [0. 065 {0,137 - o= av=
Sequence! 7.049 { 0.084) O, 145 7.099 [0.094 ] 0.210 7.048 1 0,089 | 0. 249 7.049 J0.075 ] 0,118 7. 049 | 0, 248] 0,220
02 L A 33.244 | 0,069] 0.150 33,244 0. 004 | 0.225 33.244 | 0. 090 | 0, 304 3% 244 IQ. 084 | 0,160 33,244 | 0. 26‘[ 0.200
Final Sequence] 9,666 | 0.099]| 0. 144 9,668 [0.097] o.179 9.889] 0.085 | 0.237 9. BDSJQ. 077 | 0,119 9.668 | 0.238] o0.221
03 A 83.085 | 0.092] 0,146 || 63.005 |o.0a8s [ o.220 83.085] 0. 092 | 0,281 83. 09&. 071 [0.112 83.095 | 0,281) 0.184
B -ee --- - .- --- -es 58.756] 0. 070 0.252 533.758 Ig.oan 0, 151 - -—- -
al Sequence] 7.970 | 0.081| 0. 142 7.8%0 Jo.088 | 0.217 16.288( 0,099 | 0.254 18. Zﬂﬂg. 087 | 0,119 7.870 | 0,232] 0.219
04 | A - cee | e- - --- --- || 286.547] 0.073] 0.258 [i268.547 jo.071 | 0,132 - | -1 ---
Pl Sequance]  --- - --- I IS --- 8.134]0.0m{0.25¢ § 9.134]0.070 [0.119 - | -1 ---
Notes: 1. Al veive signel tinnes are referenced to tg,
. Valve delay tlme ie the lime required for initisl vaive movement aftar the valve "open”
or "closed" polenoid has bsen snsrgized,
3. q check is ducted withoat prop and within 12 hr bofora tasting.
4, Deta ere reduced from oscillogram.
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APPENDIX Il
INSTRUMENTATION

The instrumentation for AEDC tests J4-1902-01 through J4-1902-04
is tabulated in Tables III-1 and III-2. The location of selected major
engine instrumentation is shown in Fig. III-1.
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AEDC
Code

10C
1I1C

EASIS-1
EAS1S-2

EECL
EECO
EER
RES
EESCO
EFBYO

EFPCO

ERGTC
ERGTO

EID
EIDA-1

EIDA-2
EINCS

EINVC
EIMVO
ENCL
ENCO
ENCS

EMD-1
EMD-2

EMFVC
ENFVO

Tap
Parameter No
Current
Control
Ignition
Event

Augnented Spark Igniter
No 1 Spark

Augmented Spark Igniter
No. 2 Spark

Engine Cutoff Lockin
Engine Cutoff Signal
Engine Ready Signal

Engine Start Conmmand
Programmed Duration Cutoff

Fuel Bleed Valve Open
Limit

Fuel Pump Overspeed Cut-
of f

Fuel Prevalve Closed Limit
Fuel Prevalve Open Limit

Exploding Bridge Wire
Firing Units Armed

Helium Control Solenoid
Energized

Hot Ga= Tapoff Valve
Closed Limit

Hot Gae Tapoff Valve
Open Limit

Ignition Detected

Ignition Detect Anmplifier
No. 1

Ignition Detect Anplifier
No. 2

Idle-Mode Control Solenoid
Eperglzed

Idle-Mode Valve Cloeed Limit

Idle-Mode Valve Open Limit

lnin—psttge Cutoff Lockin

Nain-Stage Cutoff Sigmal

.
Main-Stage Control Solencid
Energized

No. 1 ¥ain-Stage "OK“
Depreeeurized

No. 2 Nain-Stage "OK"
Depreseurized

Main Fuel Valve Closed Limit
Main Fuel Valve Open Limit

Kain Oxidizer Valve Closed
Limit

TABLE Ili-1
INSTRUMENTATION LIST FOR MAIN-STAGE OPERATION

Digital

AEDC.TR.69.44

Data Magnetic Oscillo- Strip Event X-Y
Range Syeten Tape graph Chart Recorder Plotter
amp

0 to 30 X

0 to 30 x

on/0ft x
on/0ftf x
on/oft x x x
on/ort x x x
on/0frf x
on/0ff x x x
On/0Off x
on/0ff x
on/0ff x
on/off x ' x
on/Off x x
on/off x
Oon/0ft x x x =
on/0ff x
on/0f ¢t x
on/or¢ x x x
on/orf x
on/0ff x
on/0ff x x x
on/ofrt x
on/0ft x
on/oft x x x
Oon/0ff x x

on/Off x x x
on/0ff x x x
on/0ft x x x
on/ofrt x
on/0f ¢ x
on/ort x

5
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AEDC

Code

EBOVO

ENP-1

ENP-2

ENPCO

s
EMSCO

ENSS

EOSVO

EOPCO

EOPVC

EQPYO

EOTCO

ERASIS-1

ERAS15-2

ES1M1

ES1N2

ES2M1

ES3KL

ES3M2

ESAMCO

ESPTS

Parametar
Event

Main Oxidizer Valve
Open Limit

No. 1 Main-Stage "OK"
Prassurized

No. 2 Main-Stags "OK"
Pressurized

Tap
No.

Main-Stage Pressure Cutoff

8ignal
Main-Stage Start Signal

Main-Stage Programmed
Duration Cutoff

Main-Stage Start Solenoid

Energlzed

Oxidizer Bleed Valve
Open Linit

Observer Cutoff Signal

Oxidizer Pump Overspeed
Cutoff Signal

Oxidizer Prevalve Closed

Limit

Oxidizer Prevalve Open
Limit

Fuel Turbine Overtempera-

ture Cutoff

Augmented Spark Igniter
No. 1 Spark Rate

Augnented Spark Igniter
No. 2 Spark Rate

Ko. 1 Solid-Propellant
Turbine Starters Ex—
ploding Bridge Wire
No. 1 Monitor

No. 1 Solid-Propellant
Turbine Starters Ex-—
ploding Bridge Wire
No. 3 Monitor

No. 2 Solid-Propellant
Turbine Starters Ex—
ploding Bridge Wire
No. 1 Monitor

No. 2 Solid-Prapellant
Turbine Starters Ex-
ploding Bridge Wire
No. 2 Monitor

No. 3 Solid-Propellant
Turbine Starters Ex-
ploding Bridge Wire
Fo. 1 Monitor

No. 3 Solid-Propellant
Turbine Starters Ex—
pleding Bridge Wire
No. 2 Monitor

Stall Approach Monitor
Cutoff

Solid-Propellant
Turbine Starter
Initiated

Raoge

on/0tf
on/0ff
on/o0ff
on/0ff

on/0ff
On/Off

on/0f¢
On/0f¢f

on/0f £
on/0ff

on/o0ft
on/0ff
On/0ff
on/off
On/Off

On/0ff

On/0ff

on/otf

Oon/off

On/0ff-

On/0ff

On/Off

On/0ff

Digital
Data

Systen
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AEDC
Code

ESR-1

ESR-2

ESR-3

ESTCO

ETCBC

ETCBO

EVSC-1

EVSC-2

QF-1
QF-2
QF-3
QF-1SAN

Q0-1

Q0-2

Q0-3

FSP-1
FSY-1

LovT
LPUTOP

LTVT

PA-1

PA=-2

Tap
Parsmeter No.

Event

No. 1 Solid-Propellant
Turbine Starter Ready

No. 2 Solid-Propellant
Turbine Starter Ready

No. 3 Solid-Prapellant
Turbine Starter Raady

Start "OK" Timer Cutof?
Sigoal

Thrust Chamber
Brpass Valve Closed

Thrust Chamber
Bypass Valve Open

Vibration Safety Counts
No. 1

Vibration Safety Counts
No. 2

Vibrataon Safety Counts
No. 3
Flows
Engine Fuel Flow PFF
Engine Fuel Flow PFFa
Engine Fuel Flow PFF

Fuel Flow Stall
Approach Monitor

Engine Oxidizer POFP
Flow

Engine Oxidizer POFa

Flow

Engine Oxidizer POF
Flow

Forces
Side Load (Piteh) |
Side Load (Yaw) '

Position
Thrust Chamber
Bypass Valve
Nain Fuel Valve

ldle-Kode/Augmented Spark
Igniter Oxidizer Valve

Main Oxidizer Valve

Propellant Ctilization
Yalve

Hot Gas Tapoff Valve

Pressure
Test Cell
Test Cell
Test Cell

TABLE [li-1 (Continued)

Digital
Data

Range Systen
On/0ff x
on/o01t x
On/0ff x
on/oft
on/0ff
on/off
on/01f
on/0f1
on/off

gpx
0 to 11,000 x
o to 11,000 x x
0 to 11,000 x
x

0 to 3600 x
0 to 3600 x x
0 to 3600 x

in,
+20,000 x
+20,000 x
Percent

Open
0 to 100 x
0 to 100 x
0 to 100 x
0 to 100 x
5 volts x
0 to 100 x

psia
0 to 0.5 x
O to 1.0 x
0 to 5.0 x

7

Hagnetic
Tape .

Oscillo- Strip

graph
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Event Y
Chart Recorder Plotter




AEDC.-TR.69.44

AEDC
Code

rC-1P
PC-2p
PC-2PL
PCSPTS-1

PCSPTS-2

PCSPTS-3

FFASIJ

PFAS1J-L

FFBM

PFCO

PFCO-L

PFI-1
PFJ-1L
PFNI

PFMI-L

PFPBC

PFPD-1L
PFPD-1P
PPPD-2

PFPI-1
PFP1-2
PFPI-3

PFPS ]

PFTI-1P
PFTO

Paraneter

Premeure
Thrust Chamber
Thrust Chamber
Thrust Chamber
Solid-Propellant

Turbine Starter
No. 1 Chamber
Solid-Propellant
Turbine Starter
No. 2 Chamber
Solid-Propellant
Turbine Starter
No. 3 Chamber
Augmented Spark
Igniter Fuel
Injection
Augmented Spark
Igniter Fuel
Injection

Thrust Chamber
Bypase Manifold

Fila Coolant
Orifice

Fila Coolant
Orifice

Fuel Injection
Fuel Injection

Fuel Jacket Mani-
fold Inlet

Fuel Jacket Mani-
fold Inlet

Fuel Pump Balance
Piston Cavity

Fuel Pump Balance
Piston Sump

Fuel Punmp Dis-—
Sharge

Fuel Pump Dis-
charge

Fuel Pump Dis-
charge

Fuel Punp Inlet
Fuel Pump Inlet
Fuel Pump Inlet

Fuel Pump Rear
Bearing Coolant

Fuel Pump Inter-
dtege

Fuel Pump Shroud
Inlet

Tap
No.

CGla-2
CGla-1
PrS-1
PTS-2
PI'S-3

CF4

Ccr4

R

FFé

Fuel Trubine Inlet TGl

Fuel Trubine
Outlet

'TG2

TABLE (11-1 (Continued)

o o © o

=]

=]

Digital
Data Magnetic Oscillo- Strip Event X-Y
Range Systen Tepe __graph ~ chart Recorder Plotter
psia
to 1300 x
to 1300 x x x
to 50 x x
to 5000 x x
to 5000 x x
to 5000 x x
to 2000 x
to 5¢ x
to 1500 x
to 2000 x
to 50 x
to 1300 x x
to 50 x
to 2000 x
to 50 x
to 2000 x = x
to 1000 x x x
to 50 x
to 2500 x x
to 3000 x x x
to 100 x x x
to 100 x x
to 100 x x x x
to 1000 x x
to 1000 x x
to 2500 x x
to 1000 x x
to 200 x .
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AEDC
Code

PFTSC

PFYC

PEVI

PFVL

PHES
PHET=1P
PHET-2P

PHRO-1P

PNODP

POASIJ

POAS1J-L

POINL
POIML~-L
POJ-1
POJ-2
POJ-3

POPBC
POPD-1L

POPD-1P

POPI-1
POPI-2
POPI=3
POPEC

POTI-1P
POTO-1P

ROVI

Parameter

‘Preseure

Fuel Turbine Seal
Cavity

Fuel Ullage Tank

Fuel Repressurization
at Customer Connect
Panel

Fuel Repreesurization
Nozzle Inlet

Fuel Represeurization
Nozzle' Throat

Heliua Accumulator
Helium Supply
Helium Tank
Heliun Tank

Helium Regulator
Outlet

Oxidizer Dome Purge at
Cuetoner Connect Panel

Augnented Spark Igniter
Oxidizer Injection

Augmented Spark Igniter
Oxidizer Injection

Oxidizer Idle=Modo Line
Oxidizer Idle=Mode Line
Oxidizer Injection
Oxidizer Injection

Oxidizer Injection
¥anifold

Oxidizer Pump Bearing
Coolant

Oxidizer Pump Discharge
Oxidizer Pump Discharge
Oxidizer Pump Discharge
Oxidizer Pump Inlet
Oxidizer Pump Inlet
Oxidizer Pump Inlet

Oxidizer Pump Primary
Seal Cavity

Oxidizer Turbine Inlet
Oxidizer Turbine Qutlet
Oxidizer Ullage Tank
Oxidizer Repreesuriza-
tion at Cuetomer
Connect Panel

Oxidizer Represeuriza-
tion Nozzle Inlot

AEDC-TR-69.44

TABLE 1111 (Continved)

Tap
¥o.

TGl0

KHF1
KHF2
NN3
NN1-1

NN1-3
NN2

103
I03

PO10
Pol0
co3

Co3a
co3b

Po7

P03
PO3
PO2
POl

POla
PO6

TG3
TG4

KHO1

Range

[}

e ¢ 0o o ©

(-]

e © & o o o

o 6 o ¢ © © o

o © © ©

psia

to

to

to

to

to

to

to

to

to

to

to

to

to
to
to
to

to

to

to
to
o
to
to
to
to

to
to
to

to

to

500

100

2000

2000
1000

750
5000
5000
5000
750

750
1500

S0

2000
50

1500
2000
5000

500

S0
2500
3000
100
100
100
50

200
100
100
2000

1500
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AEDC
Code

PPTD
PPTU
PPUVI
PPUVO
PICFJIP

PTEM

PTi-L

FFR-1
NFrp-2
¥FP-3
NoP-1
ROR-2
NOR-3

TA~2
TA~3
TA-4
TECP-1P

TFAS1Y

TFD-Avg

TFDUFVA
TFDMOVA
TFDODA
TFDTDA

TFJ=1P
TFJ-2P

TFPD=-1P

TABLE ili-1 (Continued)

- Tap
Paranetsr No.

Preseure

Oxidizer Represeuriza- KBE02
tion Nozzle Throat

Photocon Cooling Water
(Downetrean)

Photocon Cooling Water
{Upstream)

Propellant Utilization POS
Valve Inlet

Propellant Utilization POS
¥alve Outlet

Thrust Chamber Fuel
Jacket Purge

Turbine Exhauet TGS
Manifold

Tapoff Manifold GG2b
Tapoff Manifold GG2b

Speeds
Fuel Pump

Fuel Pump
Fuel Pump
Oxidizer Pump
Oxidizer Pump
Oxidizer Pump

§333%7%

Temperatures
Test Cell North

Teet Cell East
Teet Cell South
Teet Cell West

Electrical Control NSTla
Aseembly

Augmented Spark Igniter IFT1
Fuel Injection

Fire Detection Average

Fire Detect Puel Turbine
Manifold Area

Fire Detect Main Fuel
Valve Area

Fire Detect Main Oxidizer
Valve Area

Fire Detect Oxidizer

Dome Area
Fire Detect Tapoff

Duct Area
Fuel Injection CFT2
Fuel Injection CFT2a
Fuel Pump Balance PFT4

Piston Sump

Fuel Pump Diecharge PFT1

Range

peis

0 to

0 to

0 to

to

1000

1lo0

2000

1000

1500
50

rpm

to

to

to

to

to

o o © o o o

to

33000
33000
33000
12000
12000
12000

x

=50 to 800

-50 to 800

-50 to 800
«30 to 800

~300

0 to
0 to
|
0 to

0 to

0 to

~-425
=425
425

to 200
to 100

1000
500

500
500
500
500

to 100
to 100
to =375

to =380
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AEDC
Code

TFPD-2P
TFPI-1
TFPI-2
TFRT-1
TFRT=-3
TFTC-1
TFTC-2
TFT1-3
TFTI-4

TFVC

THET-1P
TNFVS-1

TNFVS-2

THODP

TOPD-1P

TOPD-2P

TOPI-1
TOPI-2
TORT-1
TORT-3
TOTI-1P
TOTH-1

TOTH-2
T070~-1P

TOT3DL

TPIR-1P

Fuel

Fuel

Parameter

Temperatures
Punp Discharge

Pump Inlet
Punp Inlet
Run Tank

Run Tank
Turbine Cone
Turbine Cone
Tuxrbine Inlet
Turbine Inlet

Repressuriza~

tion at Customer
Connect Panel

Fuel

Represauriza-

tion Nozzle Inlet

Aelium Tank

Main

Fuel Valve

Skin (Outer Wwall)

¥ain Fuel Valve
Sxin (Inner Wall)

Oxidizer Dome Purge at
Customer Connect
Panel

Oxidizer Idle Mode
Line

Oxidizer Injection

Oxidizer Pumnp Beering
Coolant

Oxidizer Puap
Discharge

Oxidizer Pump
Discharge

Oxidizer Punp Inlet

Oxidizer Pump Inlet

Oxidizer Run Tank

Oxidizer Run Tank

Oxidizer Turbine Inlet

Oxidizer Turbine
Manifold

Oxidizer Turbine
Nanifold

Oxidizer Turbine
Outlet

Oxidizer Turbine Seal
Drain Lipe

Oxidizer Repressuriza-

tion at Customer
Coonect Panel

Oxidizer Repressurize-

tion Nozzle 1Inlet

Instrumentation Package

AEDC.TR.69.44

TABLE [i1-1 (Continued)

Tap
Yo.

PFT1

KFT2a

TGT1

GGT2
and GG2

NNT1

POTS

CoT1
POT4

KOT2
KOT2a

TGT4

KHOT1

Range

-425
-425
-425
-425
-425
~-400
-400
=300
=300

=300

=300

—425

—425

-250

=300

=300

=300

~300

=310

=310

=300

=300

=300

Op

to
to
to

to

to
to

to

to

to

to’

to

to

to

to

to

to
to
to
to
to

to

to

to

to

to

to

100

—400
100

-400
—400
1800
1800
2400
2000

~100

=100
150

100

100
200
100

1200
-250

-250
100

-250
100

~285
-285
1200
1000

1000
1000
1000

500

500

200
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TABLE 1111 (Concluded)

Digital
AXIDC Tap Data Magnetic Oscillo- BStrip Bvent ) 2
Cods Parameter Mo, Range System Tape = _graph  Chart Recorder Phadtes
Temperatures °r
TPTU Photocon Cooling Water 0 to 300 x
(Upatreas)
T8CGA~1 Solid-Propellant -~100 to 200 x
Turbine Starter
No. 1 Conditioning Gas
TSCGA-2  Solid-Propellant Turbine -~100 to 200 x
Statter No. 2 Conditioning
Gas °
TSCGA-3  Solid-Propellant =100 to 200 x
Turbline Starter .
No. 3 Conditioning Gas
TSCiF-1 Solid-Propellant Turbine 0 to 1500 x
Starter Case Mount Flange
TSCMF-2 Bolid-Propellant Turbdine 0 to 1300 x
Starter Case Nount Plange
TSCHF=-3 Solid-Propellant Turbine 0 to 1500 ]
Starter Case Nount Flange
TICP Thrust Chamber Purge ~250 to 200 x
TICT-B Thrust Chamber Tube (Exit) ~425 to 300 x
TTCT-T1 Thrust Chamber Tubs (Throat) -435 to 500 x x
TICT-T2 Thrust Chamber Tube (Throat) =425 to 300 x
Vibrations E's
UFPR Puel Pump PZA-1 450 peak x
UFTR Pusl Turbine V133-2 450 peak x
UOPR Oxidizer Pump PZA-2 300 peak x
VICD-1  Thrust Chamber Dome FZA-1a 1400 peak x x
UTCD-2 Thrust Chanber Doms YZA-3 1400 peak x x
UTCD-3 Tbrust Chamber Dome FZA-3 300 peak x x
Yoltage volts
VvCB Cootrol Bus 0 to 36 x
YIB Ignition Bus 0 to 36 x
VIDA-1 Ignition Detect Amplifier 9 to 16 x
VIDA-2 Ignition Detect Amplifier 9 to 18 z
VPUVEP Propellant Utilization Valve 0 to$S x
Telemetry Potentiometer
Excitation
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AEDC
Code

I1CC

l1c

EASIS-1
EAS1S-2

EECL
EECO
EER
EES
EESCO
EFBYO
EFPCO
EFPVC
EFPYO
EFUA

EHCS

EHGTO

EID
EIDA~1

EIDA-2
EIMCS

EINVC
EINYO
ENCL
ENCS

END-1
EMD-2
ENFVC

ENFVO
EMOVC

ENOYO
ENP-1
ENP=-2
EMPCO

ENSS
EOBYO

Tap
Parameter Yo,
Current
Control
Ignition

Augmented Spark Igniter
¥o, 1 Spark

Augmented Spark Igniter
No. 2 Spark

Engine Cutoff Lockin

Engine Cutoff Sigml

Engine Ready Signal

Engipe Start Command
Programaed Duration Cutoff
Fuel Bleed Valve Open Limit
Fuel Pump Overspeed Cutoff
Fuel Prevalve Cloeed Limit
Fuel Prevalve Open Limit

Exploding Bridge Vire
Firing Units Armed

Helium Control Solenocid
Energized

Hot Gas Tapoff Valve
Closed Limit

Hot Gas Tapoff Valve
Open Limit

Ignition Detected

Ignition Detect Amplifier
No, 1

Ignition Detect Anplifier
Ko, *

tdle=lode Control Solencid
Energized

1dle-Mode Valve Cloeed Limit
Idle=-Mode Valve Open Limit
Main-Stage Cutoff Lockin

Main-Stage Control Solemoid
Energized

No. 1 Main-Stage "OK"|
Depressurized '

No. 2 Main-Stage "OK”
Depreesurized

Nain Fuel Valve Cloesed
Limit

Main Fuel Valve Open Limit

Wain Oxidizer Valve Closed
Limit

Main Oxidizer Valve Open
Limit

¥No. 1 Hnn:stngo "oK"
Pressurized

N¥o, 2 Main-Stage "OK"
Pressurized

!ni;snse Pressure Cutoff
8ignal

Ilun‘-snge Start Signal

Main-Stage Programmed
Duration Cutoff

IuE—Stue Start Solenoid
Energized

Oxidiger Bleed Valve Open
Limit

Obsarver Cutoff Signal

TABLE NI-2
INSTRUMENTATION LIST FOR IDLE-MODE OPERATION

Range
hnp
0 to 30
o0 to 30

Counte

On/0ff
On/0ft

On/011
Oon/o2f
On/0ff
on/0f¢
on/o0tf
On/0ff
Oon/02f
on/0ff
On/0ff
Oon/0ff

on/off
On/0f1
on/0f¢

on/0f22
on/off

On/o0ff
/01t

On/0f1¢
on/0ff
On/0f¢
On/0f¢f

On/0ff
On/off
On/0Of £

on/0ft
on/0ft

Oon/off
On/0f2
On/oft
on/0f2

On/0ft
On/0ff

On/0f
On/0ff

on/ott

Digital
Data

System
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AEDC
Code
EOPCO
EOPVC
EQOPVO
EOTCO
ERASIS-1
ERASIS-2
ESAMCO
ESPTS
ESR~-1
ESR-2
ESR-3
ESTCO
ETCBC
ETCBO
EVSC-1
EvSC-2

EVSC-3

QF-1
QF-2
QF-3
Qr-1SAM

Qo-1
Q0-2
Q0-3

FSP-1
FSY-1

LINT

LPUTOP

PA-1
PA=2
PA=J
PC-2PL
PPASLJ-L

Parameter
Event
Oxidizer Pump Overspeed
Cutof{ Signal

Oxidizer Prevalve Cloged
Limit

Oxidizer Prevalve Open
Limit

Fuel Turbine Over-
Temperature Cutoff

Augmented Spark Igniter
No. 1 Spark Rate

Augmented Spark Igniter
No. 2 Spark Rate

Stall Approach Monitor
Cutoff

Solid-Propellant Turbine
Starter Initiated

No. 1 Solid-Propellant
Turbine Starter Ready

No. 2 Solid-Propellant
Turbine Starter Ready

No. 3 Solid-Propellant
Turbine Starter Ready

Start "OK" Timer Cutoff
Signal

Thrust Chamber Bypass
Valve Closed

Thrust Chamber Bypass
Valve Open

Vibration Safety Counts
No. 1

Vibration Safety Counts
No.

Vibration Safety Counts
No. 3

Flows

Engine Fuel Flow
Engine Fuel Flow
Engine Fuel Flow

Fuel Flow Stall
Approach Menitor

Engine Oxidizer Flow
Engine Oxidizer Flow
Engine Oxidixer Flow

Forcee

Side lLoad (Pitch)
Side Load (Yaw)

Position

Nain Fuel Valve

Idle-Node/Augmented Spark

Ighliter Oxidizer Valve
Propellant Utilization
Yalve
Pressure

Test Cell
Test Cell
Tent Cell .

TABLE 11-2 (Centinued)

Tap
No.

PFF
PFFa

POF
POFa
POF

Thrust Chamber CGla-1

Augmented Spark
Igniter Fuel
Injection

CF4

Raoge

Oon/0t 1t
On/0ft
on/0ft
On/0ff
On/0ff
Oon/0ff
on/0ft
On/0ff
On/0ff
On/0f
On/Oft
on/0f f
Oon/0ff
on/0ff
Oon/0ff
On/Off

On/0ff

gpm

0 to 11,000

o
L
o

11,000

0 to 11,000

0 to 3600
3800
0 to 3600

lbf

(-]
(24
o

+20,000
20,000

0 to 100
0 to 100

5 volts

peia
to 0.5
to 1.0
to 5.0
to 50
to 50

[~ - T - I — I - )
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Digital
Data Magnctic Oscillo- Strip Event XY
Systen Tape graph Chart Recorder Plotter
x
x x
x x
x
x
x .
x
X
x
X
x
x
X
x
x
X
x
x
x x
X
x x
x x
x x
x
x x x
x
X
x x
x x
x



AEDC
Code

PFCO-L
PFJ-1L
PFNI

PFNI-L

PFPD-1L
PFPI-1
PFPI-2
PFPI-3
PFUT

PHET-1P
PHET-2P
PHRO-1P

PNODP

POASIJ-L

POIML~L

POJ-2
POPD-1L
POPI-1
POPI-2
POPI-3

PPIU
PTICFJP

PTM-L

NFP-2
NFP-3
ROP-2
NOR-3

TA-1
TA-2
TA=-3
TA—4
TECP-1P

TFASIJ

TFD-AVG
TFDFTA

Parameter
Pressure

Film Coolant Orifice
Fuel Injection

Fuel Jacketr Manifold
Inlet

Fuel Jacket Manifold
Inlet

Fuel Pump Diacharge
Fuel Pump Inlet
Fuel Pump Inlet
Fuel Punmp Inlet
Fuel Ullage Tank
Helium Accumulator
Helium Bupply
Helium Tank

Helium Tank

Helium Regulator
Outlet

Oxidizer Dome Purge

AEDC-TR-69.44

TABLE 11I-2 {Continved)

Tap
No.

NN3

NN1-1
NN1-3
NN2

at Customer Connect Pasnel

Augmented Spark
Igniter Oxidizer
Injection

Oxidizer ldle-Node
Line

Oxidizsr Injectinn

103

PO10

€03

Oxidizer Pump Discharge PO3
[

Oxidizer Pump Inlet
Oxidizer Pump Inlet
Oxidizer Pump Inlet
Oxidizer Ullage Tank

Photocon Cooling Vater
{Downstrean)

Photocon Cooling Water
(Upstream)

Thrust Chamber Fuel
Jacket Purge

Tapoff Manifold

Speeds
Fusl Pump
Fusl Pump
Oxidizer Pump
Oxidizer Pump

Temperatures
Test Cell North
Test Cell East
Teat Cell South
Test Cell West

Electrical Control
Asssmbly

Augmented Spark
Igniter Fuel
Injection

Pire Detection Average

Fire Detect Fuel Turbine

Manifold Area

POl

POla

GG2b

NST1a

IFTl

Range

to

o o

to

o

to

to
to
to
to
to
to
to
to
to
to

OO0 0000 O O0CO0OO0

o

to

0 to

to
to
to
to
to
to
to

oaoo0oocoo0o0

to

0 to

0 to

50
50
2000

50

S0
100
100
100
100
750
5000
5000
5000
750

750

50

2000
50

100
100
100
100

100

200

ren
33,000
33,000
12,000
12,000

o O o0 o
-
[-]

-50 to
=50 to
=50 to
=50 to

Digital
Data

Nagnetic Oscillo- Strip Event X-Y

Syetem Tape graph Chart Recorder Plotter

800
800
800
800

=300 to 200

~425 to 100

0 to
0 to

1000
500

85

x x
x

x
x

x x

x

x

x

x
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AEDC
Code

TFDUFVA
TFDMOVA
TFDOOA
TFDTDA

TFJ=-1P
TEJ-2P
TEPBS

TFPD-1P
TPED-zP
TFPI-1
TFPI1-2
TFRY=1
TFRT-3
TFTI=-3
TFT1-4

THET-1P
TMEVS-1

THNFVS-2
TRODP

TOIML
TOJ
TOPBC

TOPD-1P
TOPD-2P
TOPI~1
TOPI-2
TORT=-1
TORT-3
TOTM=2
TOTSDL

TPIP-1P
TPTU

TTCP
TTCT-E
TTCT-T1
TTCT-T2

TABLE 111-2 (Continued)

Tap
Parameter No.
Tenperatures
Fire Detect Main Fuel
Valve Arca
Fire Oetect Main
Oxidizer Valve Area
Fire Detect Oxidizer
Dome Area
Fire Oetect Tapoff
Duct Area
Fuel Injection CFT2
Fuel Injection CFT2a
Fuel Pump Balance PFT4
Piston Sump
Fuel Pump Discharpe PFT1
Fuel Pump Oischarge PFT1
Fuel Punp Inlet KFT2
Fuel Pump Inlet KFT2a
Fuel Run Tank
Fuel Run Tank
Fuel Turbine Inlet TGT1
Fuel Turbine Inlet GG2
and
GGT2
Helium Tank NNT1

Main Fuel Valve Skin
(Outer Wall)

Kain Fuel valve Skin
(Inner wall)

Oxidizer Dome Purge at
Customer Connect Panel

Oxidizer 1dle-Mode Line poT5
Oxidizer Injection CoTl

Oxidizer Pump Bearang  POT4
Coolant

Oxidizer Pump Discharge PQT3
Oxidizer Pump Oischarge POT3
Oxidizer Pump Inlet KoT2
Oxidizer Pump Inlet KOT2a
Oxidizer Run Tank

Oxadizer Run Tank

Oxidizer Turbine Manifold

Oxidizer Turbine 5eal
Drain Line

Instrumentation Package

Photocon Cooling water
(Upstream)

Thrust Chanber Purge

Thrust Chamber Tube (Exit)
Thrust Chamber Tube (Throat)
Thrust Chamber Tube (Throat)

YVibrations
Fuel Pump PZA-1
Fuel Turbine v123-2
Oxidizer Pump PZA-2

Thrust Chamber Dome FZA-1a
Thrust Chamber Dome FZA-2
Thrust Chamber Dome FZA-3

Range

Digital
Data
Systen

Magnetic
Tape

Oscillo-
graph

Strip
Chart

Event
Recorder

X=Y
Plotter

-425
~-425
-425

-425
-425
—425
-425

-300
=~300

=200
-425

-425
=250

=300
=300
=300

-300
-300
=310
-310
=300
-3d9
=300
-100

=300
0 to

-250
-425
-425
-425

500

500

500

500

to
to
to

o
to
to
to

to

to
to

to

100
100
=375

=390
100

-400
100

-400
-400
2400
2000

150
100

100

200

100
1200
-250

~250
100
-250
100
=285
=285
1000
1000

200

300

to
to
to
to

200
500
500
500

E's
450 Ppeak
450 Peak
300 Peak
1400 Peak
1400 Peak
300 Perk
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AEDC

Code

¥CB
vIiB
YIDA-1

VIDA-2

Paraseter

Yoltage
Control Bus
Ignition Bus

Ignition Detect
Amplifier

Ignition Detect
Amplifier

AEDC.TR-69-44

TABLE ili-2 (Concluded)

Digital-
Tap Date Hagnetic Oscillo-~ Strip Event X-Y
No. Range Systom Tape graph Chart Recorder Plotter
Yolta

0 to 36 x

0 to 36 x

9 to 16 x -

9 to 16 x

81
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®——AREA FIRE DETECTION THERMOCOUPLES
TFDODA

TFDMOVA |
MAIN OXIDIZER FUEL
CTIEATION v - ‘buet buct
VALVE | j
- HELIUM TaNK
TAPOFF
\l VALVE FUEL TURBOPUMP
A ae 4 FURBINE STARTER—
v~ s A TPIP- 1P|
uooE ( - 2 TFOFTA—*
VALVE X
S 5 lerasd "lr-ln‘:l"u' TON | 5=
eLECTRICAL : 0 0‘[‘-; .g;'; DA'":Am:: —
PACKAGE 2 o TURBINE HEAT
- 4 BYPASS DUCT E‘l;l:‘l‘%l:f EXCHANGER
”etm;f — " MAIN FUEL oucy T TC T"Tl &Ta
PACKAGE ~NZ VALVE
TECP-IP ] = s ® E‘?::‘::{' EXHAUST

{NST-1a) = AL 58
vaLve Iumlrowﬁc )

PEMI \
. -

a. General Arrangement
Fig. lll-1 Selected Sensor Locations
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® 0 [« I ) (PF6)
T(EET?)S .Ol OO
e v —d
erec PFPBS — § \ [
rAL (Pra) NFP-1243
reps— |\ |

b. Fuel Turbopump Sensor Locations
Fig. lll-1 Continued
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UFPR
(PzA1)
C QF-1&3
(PFF)
TFASIJ PFPD-IP
FTH) PFPD-IL
(PF3)
[5
PFASIJ -
PFASIJ-L ’
(CF4) . e 1
PFCO -
PFCO-L—" s QF-2
icen) (PFFA) .
N
|
/l UFTR
] ] i {TZA)
- 1}
= |} )
iy i_l
— it
TEPD-IP zs(
TePD-2p~  — J11 —
PR ‘ TMFVS-2
- TMFVS-|
=] LFVT
& )=
0,
LFBT

4 b

'3

¢. Fuel System Sensor Locations
Fig. I3 Continved
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{PO2)
TOPBC
(POT4)
TOTSOL
NOP-12& 3" ]
{(POV)
©
POPBC
(Po7) v, POPSC
293 (PO6)

d. Oxidizer Turbopump Sensor Locations
Fig. ll1-1 Continuved
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e. Oxidizer System Sensor Locations
Fig. lll-1 Continued

TOFD-IP
F*ropo-ap
{PCT 3)

POIML
POIML-L

|-| (PO1O)
I \-TOIML

| (POTS5)

|

TOPD~IP <3 ST
TOPD-2P ,.,f/ N
[)-./ ®
)]
in
_ {
POPD-IL )
(PO3) C}\ 0O
\-';? \ @ /
TR0
K|
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TOTI-IP

(TGTaA)

TOTO-IP

(TGT4)

f. Turbine Exhaust System Sensor
Fig. ll-1 Continved
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UTCD+

(FZA1) »

POASIU—
POASIU-L7Z
(303)

p— I

~ T S ~UTCD-3

I / (FZA3)

TOJ

b (cory)

ML
\

I
|
|
|

]

\
POJ-3
JHﬁéLm

(&
; o VA Y
8. R
ga-uTcn-2

- A (FZa2)

PPTD

TPTU

9. Thrust Chamber Injector Sensor Locations

Fig. lll-1 Continued
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POJ-1——

(CO3)
PC-1P — pC-2P
A 4 PC-2PL
(CG1Aa-t)
F i
;’C.F},ZIZ)
| T
PTM——7€ I
PTM-L
(GG2b)
TFTI-4 PEBM
{(GGT2) {CF3])

( o)
&= 5 2
C ° )

h. Theust Chamber Sensor Locations
Fig. 1ll-1 Continued
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g
@
(o)
i
E - = -
PHEA—"
(NN-3) a Pmﬁg—lp
=0

i. Pneumatic Contrel Package Sensor Locations

Fig. llI-1 Continued
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THET-IP

PHET-IP
{NN1-1)
PHET-2P
(NN1-3)
;
R\ I,
R S

j. Helium Tonk Sensor Locations
Fig. I1l-1 Continued
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TSCMF-2
PCSPTS-2

(PTS-2)

PCSPTS-I

(PTS-1)

TSCMF-|

: L PCSPTS-3
(PTS-3)

SCMF-3

TOP VIEW [ TSCM

SIDE VIEW (O \TSCMF-:a

k. Selid-Propellant Turbine Starter Sensar Locations
Fig. IlI-1 Continved
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=N

I. Solid-Propellant Turbine Starter Conditioning System Sensor Locations
Fig. lll-1 Continved
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_ TFTC-18 2

AL
%W AR S /.r';:
/9.//'7/ ;. = —

= % ’//Z//,// ////ﬁ 7 /y 2. ;
& ///i

m. Fuel Turbine Sensor Locations
Fig. Ill-1 Continued
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n. Oxidizer Turbine Sensor Locations

Fig. llI-1 Continved
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View Looking
Downstream

Thrust Chamber Exit

Oxidizer Pump
Inlet

— Fuel Pump Inlet

o. Side Load Forces Sensor Locations

Fig. ll-1 Continued
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S-IVB BATTLESHIP
STAGE
PFVI
TFVL POVC PFVC
PFVL TOVC TFVC
J .
Povij /
" TOVL
POVI s
PNODP —
TNODP/
TTCP

p. Customer Connect Panel Sensor Locations
Fig. 111-1 Continved
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=
B |

TA4

l—’t' W W

VIEW
LOOKING NCRTH CALLED
NORTH

u
q. Test Cell Amblent Temperature Sensor Locations
Fig. 1)1 Continued
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r. S-IVB Battleship Sensor Locations
Fig. lll-1 Concluded
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