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ABSTRACT

Since 2001, the National Aeronautics and Space Administration (NASA) has worked to develop
spacecraft reaction control systems (RCSs) that use nontoxic and cryogenic propellant combinations, such
asliquid oxygen (LO,) and ethanol and L O, and liquid methane (LCHy,), as aternatives to common
systems that rely on the highly toxic and more expensive hypergolic fuels. Compared with these
propellants, cryogenic propellants offer higher performance and easier ground handling and can be
generated in situ on the Moon or Mars. System-level studies have shown performance benefits for an
integrated main engine and RCS that reduces mass and simplifies the system. However, advanced
technology is required to store the cryogenic propellants in liquid form and feed them to apulsing RCS
engine. Testing began with the firing of three 870-I1b; (3870-N) thrust engines on a L O,/ethanol feed
system; the engines were later modified and fired on a LO./LCH, feed system across a matrix of
propellant inlet temperatures and pressures, engine duty cycles, and pulse times. 1,685 firings using
LO/ethanol propellants and 733 firings using LO,/L CH, propellants were completed. The impulse bit
pul se-to-pul se repeatability of both the L O./ethanol and LO,/L CH, thrusters was typically within 5%.
Severa problems related to igniter ignition reliability were uncovered and resolved, and it was
determined that more oxygen in the main chamber was required for reliable main-stage ignition. The
hardware proved durable given the number of off-nominal engine firings, and the cryogenic feed system
and Thermodynamic Vent System (TVS) were able to maintain propellant temperatures within tight
tolerances. Overal, LCH, isabetter match with LO, than ethanol because of its |lower freezing point and
higher vapor pressure.



TABLE OF CONTENTS

TABLE OF CONTENTS ...ttt b bbb et b e bt st e s b et e e e e et e st nbenne st I
TABLE OF FIGURES........cctiiiieisese ettt st te et e e eseeseeseesentessensenseneeneenensennenes Il
ACRONYMSAND ABBREVIATIONS ...ttt st sttt A%
1 INTRODUGCTION.......cititiitiiteriestereeee ettt be st e b b et e et e st e bt bt s b e sb e st e s b e e e e et eaeeneneennas 1
O 1= @ o= o Y=< SRS 2
1.2  TeSt BEO DESCIIPLION. .. ...ceiiieeeeieieeiere st eee sttt ee et e e steeeesaesneeneesteeneeseesseensesneeneesseeneensesseensens 2
1.3  Aergjet ENgINE DESCIIPLION.......ccciiieiieiteeie sttt e et e re e st sre e tesreeaesreenaesresreennens 5
1.4  Summary Of the MaJor FINAINGS ........cceiiiiieiinirise e 5
2 LOJ/ETHANOL HOT-FIRE TESTS.....oc ettt see ettt e sse st sse e ssenesnsenessesses 6
2.1 Impulse Bit REPEAADIITY .....cueeieieeece ettt 7
A2 Lo oL L0 gl = 1= o ] ] SRS 9
2.3 LOy/Ethanol Main Chamber NON-IgnitionS..........ccoiiriririneseeeeeeesese e 9
3 LOYJ/LCH, HOT-FIRE TESTS.....ccoi ittt sttt st nne s 10
3.1 E2 Hot-Fire of Unmodified LO,/Ethanal Igniter on LOy/LCH ......ccovvvevveiicecece e 11
3.2 EB IGNITEr HO-FINE ...ttt e 11
3.3 Initial E3 Hot-Fire Testing of ENgIN@ POSItION 3........ccoiiiiiiieeeceeeres e 11
3.4 Initial E2 Hot-Fire Testing of ENgINe POSItION 2.........ccoieeiiiicececeece e 12
3.5 Final Single and Simultaneous E2 and E3 TESHING........ccirirerierieireeeesese s 12
3.6 Exciter Vacuum Compatibility — GRC Follow-On Igniter TeStNG.........cccvvrverververeeieeeeerennens 18
4 CONGCLUSION ...ttt sttt st b st se bbb e st e s e e et e st be e b e sb e s b et e s et et nbeeseenenbennas 18
5 REFERENCES....... oottt bbbttt b e bbb e s et e seene st 19
APPENDIX A: TEST STAND 401 FACILITY TEST SYSTEMS......ocoo it 20
AL OVEIVIEBW SEIUCLUIE. ...t eteeie st e sttt e see st eeeste e e eesaesseestesaeeneeseeeneessesseensesseeneensesneeneas 20
A.2 FlUI SYStEMS OVEIVIEW......eveeeie ettt sttt te e e e s re et e st e s e e stesreenbesreesaentesaeensesneeneas 20
A.3 LiqQUid OXYGEN (LO0)..uiiiieieieiieiieeeiesestesieseeseeeesesessessessestessesseseesessessessessessessessesssssensesensesses 21
F Y = 1= (2 7 PP 21
F N ST o L= o] [ USSP 21
ALB INEMT GBS SYSIEIMIS.....ii ettt e et e e s te e saeesrteete e reenreenreennes 21
AT SFELY SYSTEIMIS. ... eieieeeee ettt r e ettt s e b bt r e e e n e e e s e nenreans 23
A8 AlTITUAE SIMUIBLION. ...ttt bbbt e et ae b e 23
A.9 APSTB EIECHrCal CONIOIS......c.eiuiiiiiiiiieriisierie ettt sttt st 24
A.10 Distributed Computer Control System (DCCS) ......ccvieriirerreieeieeeeresesie e 24
F N Y @ @] [ 1= 5 = = TP 25
Y o T R YT = o IS T o RS 25
A.13 APSTB EFCS Panel Control CaNEr.........ccooiieeee et 26
A.14 VaVE DIIVEr OPEIBLION .....coueiviitiriite sttt e e ss e r b anesnesn e e e e nneanas 27
A.15 High-Speed Vide0 CONLIOL .......cceecieiieeece ettt ettt st r e re e 28
A.16 TR CamEra CONIOL.....cueieieieeiceiieiese ettt bbbt nrennas 28
A.L7 Digital St PROLO ... 28
APPENDIX B: LO/ETHANOL HOT-FIRE TEST MATRIX AND DATA ..o 29
APPENDIX C: LO,/LCH, COLD FLOW TEST MATRIX AND DATA ..ot 35
C.1 LO, Cold Flow TVSand MLI FINAINGS .....c.coviiriiieieieeiceeesese e 39
C.2 LO, Cold Flow Problems ENCOUNLEIEX...........ceeeiiiieie ittt s svae e e s sbre s e s sraee e 39
C.3 MEhane Cola FIOW ......couiiiiieieieieeeesie sttt bbbt 39
C.4 Methane Cold Flow Problems ENCOUNLEred ...........cccoiiiieiineeene et 40
APPENDIX D: LOY/LCH; HOT-FIRE TEST MATRIX AND DATA ..ot 41
APPENDIX E: APSTB INSTRUMENTATION LIST ..ot 48
APPENDIX F: WSTF LOJ/ETHANOL TEST PLOTS.....c.oiiiiriineniesie e 56



Figure 1
Figure 2:
Figure 3:
Figure 4.
Figure5:
Figure 6:

Figure 7:

Figure 8:
Figure 9:
Figure 10:

Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:

TABLE OF FIGURES

Test article and atwo-engine LO,/LCH, 870-1b; hOt-fire........ccoooveieiiciece e, 1
Test article @SSEMDIY ...ttt e e e 3
RCS stinger vacuum box with three Aerojet enginesinstalled ..., 3
RCS cryogenic manifold with three enginesinstalled...........ccccov e, 4
F = Lo 1= B ST 1 o O S 5
Views of three engine firing sequences: engine E1 horizontal, engines E2 and
ESVEITICEL ..ot bbb bbbttt nre s 7
Representative sample of a 5-sec preburn and five 320-ms engine pulse-width firings
with a 15% duty cycle (110 successful pulses; thefirst 6 are Shown).........ccocvvveeeiiiceir e 8
Impulse bit for each of the 110 pulsesin Figure 7 (integration of PC At)........ccccoevvvveveieceenen, 8
Igniter chamber pressure, original configuration versus orifice Changes...........ccoveeveieieeenene. 9
Purge system simplified to purge the main fuel and oxidizer ports on each
L Lo L TR = (o S 10
Five-second NOL-FIr@ OF E2.......cuiiiie et et 13
Five-second NOt-fir@ OF E3.......ouiiiiee ettt 14
MUIIPIE PUISES ON E3.......ceieeeeseee ettt st e st sre e s ne e e e tesneennas 15
Impulse bit for each of the 15 pulsesin Figure 13 (integration of PC At)........cccccvvvevevvnenen. 16
Comparison of E2 and E3 during simultaneous enging firings.........ccccovveeveveevesesceseseennens 17



ACRONYMSAND ABBREVIATIONS

pm micrometer

APSTB Auxiliary Propulsion System Test Bed
ASME American Society of Mechanical Engineers
CAD computer-aided design

CFM Cryogenic Fluid Management

DACS Data Acquisition and Control System
DCCS Distributed Computer Control System
DR discrepancy report

E engine

ECV Electronic Control Valve

EFCS Engine Firing Control System

EP4 Propulsion Systems Branch

ETM ethanol to methane

ft foot, feet

gal galon

GHe gaseous helium

GN; gaseous nitrogen

GO, gaseous oxygen

GRC Glenn Research Center

GUI graphical user interface

hr hour

in. inch, inches

IR infrared

IRIG-B Inter-Range Instrumentation Group-B
JSC Johnson Space Center

LASS Large Altitude Simulation System

Ib pound

o pound-force

b, pound-mass

LCH, liquid methane

LED light-emitting diode

LN, liquid nitrogen

LO;, liquid oxygen

LOx liquid oxygen

MAWP maximum allowable working pressure

iv




MLI

multilayer insulation

MODACS ModComp Data Acquisition and Control System
ms millisecond

MSDS material safety data sheet

MSFC Marshall Space Flight Center

mtorr millitorr

NASA National Aeronautics and Space Administration
Pc Primary Chamber Pressure

PC personal computer

PCAD Propulsion and Cryogenic Advanced Development (Program)
PCIG Igniter Chamber Pressure

ppm parts per million

psia pounds per square inch absolute

psig pounds per square inch gauge

PWM pulse-width modulation

R Degree Rankin

RCE reaction control engine

RCS reaction control system

ROV remotely operated valve

RTD resistive thermal device

SASS Small Altitude Simulation System

Sec second

TA test article

TAD Test Article Director

TLV threshold limit value

TPS task performance sheet

TVS Thermodynamic Vent System

uv ultraviolet

WSl WSTF standard instruction

WSTF White Sands Test Facility

A delta




1 INTRODUCTION

This paper discusses tests conducted at the NASA White Sands Test Facility (WSTF) in 2005 and
2006. The tests were performed on the Auxiliary Propulsion System Test Bed (APSTB) in Altitude Test
Stand 401. To advance the technology readiness level of a cryogenic reaction control system (RCS),
multiple thrusters were tested on an integrated cryogenic feed system in a simulated space environment.
These tests were the technical responsibility of the Propulsion Systems Branch (EP4) of the NASA
Johnson Space Center (JSC) in Houston, Texas, and were funded by the Propulsion and Cryogenic
Advanced Development (PCAD) Program managed by the Glenn Research Center (GRC). Aerojet
provided the test article engines under contracts managed by the Marshall Space Flight Center (MSFC)
for the second-generation reusable launch vehicle program and later by JSC EP4 for the ethanol -to-
methane (ETM) conversion. System-level hot-fire testing at altitude was conducted at the WSTF near
Las Cruces, New Mexico.

This paper summarizes over 1,600 firings using L O./ethanol propellants and 733 firings using L O,/
liquid methane (LCH,) propellants. The engines were pressure-fed propellants from vacuum-jacketed
tanks through feedlines and a flight-weight manifold equipped with a Thermodynamic Vent System
(TVS). TheTVSisableed path that uses an orifice for volumetric expansion of the cryogenic
propellants. By bleeding a small amount of propellant through this system, the main propellant manifolds
were maintained at cryogenic conditions. During the majority of the tests, the propellant tank, propellant
manifold, and engine inlets were contained in arough vacuum chamber at approximately 0.075 torr
(~220,000 ft), while the entire test article was contained inside a large altitude chamber, which evacuated
the engine combustion plumes using a steam ejector system at approximately 8 torr (~100,000 ft). Figure
1 shows the test article outside of the vacuum chamber and a simultaneous hot-fire of two 870-1bx
LO,/LCH, engines.

Figure 1. Test article and atwo-engine LO,/LCH, 870-Ib; hot-fire

Devel opment challenges being addressed by the testing can be divided into two areas: Cryogenic
Fluid Management (CFM), which includes efficient long-term storage of conditioned propellants and
their distribution to engines, and engine performance, which includes ignition, cold starts, restarts, heat
soak-back, reliability, and repeatability. These issues are being addressed in relation to common RCS
demands, such as varying duty cycles, high cycle life, and short pulse times.
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1.1 Test Objectives
The specific test objectives for the system and engine tests were asfollows:
1. Evauate and compare L O,/ethanol and L O,/L CH, propellants.
a. Evauate pulse repeatability, thrust response (via chamber pressure), and ignition reliability.

b. Evaluate engine performance over an extended duty cycle map of pressure and propellant
temperature.

c. Evaluate system and engine performance at typical mission duty cycles over extended periods of
time.

d. Evaluate system performance for delivering propellant at the required conditions to the engine.
e. Evauate system pressure transients for afour-engine startup and shutdown.
f. Evaluate plume contamination.
g. Evauate spark ignition system life.
h. Evaluate engine operation without purges in a simulated space vacuum.
2. Evaluate operational procedures for rapid loading, conditioning, and maintaining propellants.

a Evaluate operational techniques and timelines for reactivation of the system after extended
dormant periods.

b. Evaluate system and engine health monitoring software algorithms and hardware.
c. Evaluate leak detection sensors.

1.2 Test Bed Description

Thetest article used for both the ethanol and methane systems consisted of the primary structure, the
propellant tanks, the feed system, the RCS stinger box, three RCS engines, three engine ssimulators, and
two accumulators, as shown in Figures 2 and 3. The propellant tanks were vacuum-jacketed 500-gallon
(gal) tanks that had a maximum operating pressure of 375 psia and a maximum allowable working
pressure of 415 psia. The integrated system simulated a shuttle or reusable launch vehicle with a centrally
located orbital maneuvering system, RCS propellant, and distributed RCS engines in the front and aft of
the vehicle to create two flow paths to the reaction control engine (RCE) manifold: aft feed and forward
feed. For the forward feed, the 50-ft and 110-ft lengths were selected by configuring the feed system
valves. An accumulator wasinstalled on the forward line lengths to damp transients. The aft feedline was
28 ftinlength. Two isolation valves were placed between the tank and the RCS engines so that engine
work could be performed safely when the propellant was loaded. Figure 2 showsthe test article and
instrumentation setup and the Pro-E assembly drawing.
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Figure 2: Test article assembly

Two RCS manifolds were used: one with three engine-flow simulators and one with three engines.
The three RCS engines were mounted in a box that allowed a space vacuum to be simulated on the
manifolds and thruster head end. The three primary engine flow simulators were mounted on the
manifold opposite the manifold with the three engines, so that up to six operating engines could be
simulated. All of the feedlines and tanks were insulated with 22 to 50 layers of multilayer insulation
(MLI). Figure 3 showsthe RCS stinger box being installed at WSTF and the Pro-E assembly drawing.

# \ h % &

Figure 3: RCS stinger vacuum box with three Aerojet enginesinstalled

A vacuum chamber called the RCS stinger vacuum box was constructed to contain the three RCS
engine head-end assemblies, which consisted of the valves, spark plug, exciter, and injector. A vacuum
flange separated the injector and the chamber, alowing arough vacuum to be pulled on the engine head
end and manifolds while the engine exhausted into the Test Stand 401 dtitude cell at a 90,000-ft or higher
altitude equivalent (~12.8 torr). The rough vacuum was required to improve MLI performance and alow
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the engine to start under vacuum conditions. Figure 4 shows the RCS cryogenic manifold with the
engines installed and the Pro-E assembly drawing.

Figure 4: RCS cryogenic manifold with three engines installed
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1.3 Aerojet Engine Description

The Aerojet RCE, configured with a 3:1 nozzle, is shown in Figure 5. It produces 600 Ib in the
primary mode. The engine has four valves: two for the igniter and two for the main injector. A more
detailed description of the engine is provided by Robinson, Veith, and Turpin.*

Igniter Fuel
System .
Orifice Vernier Ox
System Orifice
| |
" | ; ) | ;
Primary K Igniter Igniter Ox Primary
Fuel Primary Fuel Fuel Valve Valve Ox Valve
System
Valve .
Orifice
Ign. FFC. Igniter Igniter
Core Fuel
Injector Injector Fuel Mantf. Manf Core Ox Injector
Primary Primary ' Manf. Primary
|\'/|::§fl FFC Manf. Ign. FFC Clgni::er | Igniter Ox Manf.
i _ Fuel Inj. ore Fuel Core Ox )

Injector Injector Inj. Inj. Injector
Primary Primary Primary
Fuel Inj. FFC Inj. Ox Inj.

PCIGN

Igniter
Throat

T F,CAV

Figure5: Aerojet 870-1bs RCE

1.4 Summary of theMajor Findings
1. Theimpulse bit pulse-to-pulse repeatability of both the LO,/ethanol and LO,/L CH, thrusters was
excellent, within approximately 12% and typically within 5%.

2. Severa problemsrelated to igniter ignition reliability were uncovered and resolved.
a. Orifices on the valve inlets were removed, as they restricted LO, flow and created a weak torch.

b. The exciters were found to be incompatible with vacuum operation without a purge on the plug
and cable. Thisincompatibility created intermittent ignition failure.
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3. It was determined that reliable main-stage ignition regquired more oxygen in the main chamber; thisis
true for both LO,/ethanol and L O./LCH, propellants. In some cases, the igniter lighted, but the main-
stage ignition was delayed or did not occur within redline limits. 1t was determined that the main
chamber was fuel-rich during the start transient.

a A LO,lead of 50 msimproved main-stage ignition reliability for both the ethanol and methane
systems.

b. Ignition improved with higher LO, pressures and colder temperatures. Future engine designs
should ensure that enough oxygen is delivered on startup.

4. Thehardware (e.g., valves, injectors, and chamber) proved durable given the number of off-nominal
engine firings.

5. The cryogenic feed system and TV S were able to maintain propellant temperatures within tight
tolerances; e.g., 204 R + 5 R. These set points could be adjusted from 167 R to 214 R. Many heat
leaks occurred due to poor insulation and vacuum levels, but the TV S maintained the required
temperatures.

6. Methaneisabetter choice than ethanol for use with cryogenic oxygen because of methane's lower
freezing point and higher vapor pressure. Additionally, the need to purge circuits to prevent the
accumulation of unburned fuel isalesser concern with methane.

2 LOJ,/Ethanol Hot-Fire Tests

A total of 1,685 firings from three different engines were performed during the LO,/ethanol test
campaign. The engine firings consisted of single-engine pulse strings and three-engine pulse strings that
simulated mission profiles on the space shuttle for on-orbit, externa tank separation, and entry duty
cycles. Initially, the testing consisted of initiating cold flows to check out the system, measuring the
pressure drop, and calculating heat leaks. Next, igniter hot-fire tests were performed for steady state at 5
and 30 seconds(sec). Duty cycles were performed on the igniter, and single-engine firings of the main
stage were conducted. The final test series consisted of simultaneous multiple-engine firings that
simulated the external tank separation burns (two-engine, 6-sec burns), on-orbit attitude hold (0.1-% duty
cycle), and shuttle entry duty cycle (~5%). A sequence of theseisshown in Figure 6. Overall, the test
firings were successful. However, numerous ignition issues were worked over the course of the test
program.
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Figure 6: Views of three engine firing sequences: engine E1 horizontal, engines E2 and E3 vertical

2.1 Impulse Bit Repeatability

A major objective of the test program was to measure impulse bit repeatability. The concern was that
the use of cryogenic propellants would result in variable impulse bits. The test matrix was designed to
determine whether the subcooled propellantsin the cryogenic feedline would help provide arepestable
pulse. The impulse bit repeatability was calculated by integrating the chamber pressure and time and
recording the area under the curve for each pulse, since a direct thrust measurement was not provided.
The conversion to thrust was made using the measured C-star of the engine (obtained during vendor tests)
and the engine sthroat area. Figure 7 shows a representative sample of a 5-sec pre-burn and five 320-ms
engine pulse-width firings with a 15% duty cycle. Figure 8 shows the pulse repeatability (impulse bit)
using a 1-sec interval to calculate the area under the curve over the entire run.
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2.2 lgnition Reliability

Evaluation of ignition reliability was another major objective of the test program. During testing,
1,685 firings using L O./ethanol propellants and 733 firings using L O./L CH, propellants were compl eted.
Reliability issues arose during the tests, but were resolved. During testing, either the igniter or the main
stage of the enginesfailed to ignite in 22 cases, as discussed below. Of the 16 igniter non-ignitions, 8
were due to facility or instrumentation problems. Most of the remaining ignition problems were resolved
by changing the trim orifices installed at the igniter valve inlets. The orifice change increased the flow
rates of both the LO, and ethanol into the main chamber. Only one non-ignition (sequence 3_12D)
occurred after the LO,/ethanol orifice size was increased. This non-ignition may have been related to
exciter problems caused by corona that were experienced during vacuum operation; this was confirmed in
follow-on testing of the 870 igniter at GRC in 2007 (Please see Section 0, 3.6 Exciter Vacuum
Compatibility — GRC Follow-On Igniter Testing later in this report).

Figure 9 shows how the orifice change resulted in a better ratio of the LO,/ethanol propellant mixture
into the igniter and helped guarantee igniter lighting. Figure 9 helps explain the igniter failures by
highlighting three separate 5-sec pulses. onein the original configuration represented by sequence 0_1B,
another after the orifice changes were made (sequence 0_1D), and the third after orifice changes were
made and PFJIGN1 was capped (sequence 0_1F). Asseen in the figure, the original configuration
contributed to lower igniter chamber pressures early in the ignition phase, resulting in aweak torch or no
torch at al. Intherunsthat occurred after the orifice was changed, the igniter chamber pressure rose
much more quickly, resulting in a strong torch.

—— Seq 0_1 D (Orifice Changed)
Seq 0_1 F (Orifice changed and PFJIGN1 Capped) I
150 —— Seq 0_1 B (Original Configuration) I,

e —

8
3

Igniter Chamber Pressure (psi)

g
¥
\\
=

5.0 51 5.2 53 54
Time (Sec)

Figure 9: Igniter chamber pressure, origina configuration versus orifice changes

2.3 LOy/Ethanol Main Chamber Non-Ignitions

The ignition failures of the engine main stage were caused by excessively fuel-rich conditionsin the
main chamber at the time of normal ignition. Increasing the main LO, lead time decreased these
problems, but did not eliminate them. When repeat pulses were performed using a cryogenic oxidizer and
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aliquid fuel with afairly low vapor pressure, accumulation of fuel tended to be theissue. Unpurged
manifolds do not drain completely on short coasts, so fuel arrivesin the main chamber more quickly on
the next pulse. Vaporization of fuel in the chamber may also affect the mixtureratio. Since there were
multiple instances of the engine not lighting at the appropriate time despite an operating igniter, the
problem appeared to be an overly fuel-rich mixture. The engine start sequence was modified to include a
50-ms L O; lead, which meant that the main LO, valve and the igniter valves opened simultaneously.
Based on soon-to-be-published 100-1b; thruster work performed at WSTF in 2009, a potential solutionis
to change the propellant mixture ratio to increase the temperature of the igniter exhaust gas.

3 LOYJ/LCH4HOT-FIRETESTS

Thetest article used with both the ethanol and methane systems was modified after the L O,/ethanol
testing as follows:

1. A TVSwasadded tothe LO, and LCH, lines.

2. Only two engines were used in this testing, and both were installed in the vertical, down-firing
configuration.

3. The purge system was simplified such that only the main fuel and oxidizer ports on each engine
injector were purged, and the system was installed as shown in Figure 10.

4. More effort to fix leaks was made to improve vacuum level; this effort was successful.

While these changes improved the feed system performance and TV S operation, they created
problems related to exciter vacuum.
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Figure 10: Purge system simplified to purge the main fuel and oxidizer ports on each engine injector

Initially, testing began in January 2007 with an unmodified L O,/ethanol engine installed in the E2
position. In February 2007, Aerojet delivered an engine that had been modified for the methane operation
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and installed it with an ablative chamber in the E3 location. In April 2007, Aerojet delivered another
LO,/LCH, 870-1b; engine. The unmodified engine was replaced with the new engine. Modifications to
the main injector consisted of increasing the orifice dimensions to improve stability margins per the
Hewitt Correlation.

The hot-fire test program was broken into three sets of firings: igniter-only firingson E2 and E3,
single-engine hot-firings of E2 and E3, and simultaneous firings of E2 and E3. Morethan 733 hot-fire
tests were conducted. Several modifications were required to obtain reliable ignition of the igniter and
main stage. In addition, some ignition issues related to the exciter’ s vacuum compatibility were not
resolved until testing was conducted at GRC after the WSTF tests were compl eted.

3.1 E2 Hot-Fire of Unmodified L Ox/Ethanol Igniter on LO,/LCH,4

Initially, 232 igniter-only pulses were performed on an unmodified L O,/ethanol main injector in the
E2 location. Three configuration changes were made, one at atime, to eliminate the firing failures: the
spark plug gasket thickness was increased, but this had no effect; the eroded and dirty plug from the
ethanol tests was replaced with a new plug, but the results showed no clear effect on the ignition failure
rate; and the spark timing was moved from T-zero to 10 ms before T-zero, which reduced the number of
non-ignitions.

3.2 E3Igniter Hot-fire

The E3 position igniter was hot-fired 364 times. The results improved with thisigniter, although late
in the day it would start to experience non-ignitions. Several pulse profiles were completed over awide
range of pressures and temperatures, from 275 to 375 psiaand from 170 R to 224 R for LO, and from
200 Rto 240 R for LCH,4. Theigniter successfully completed these profiles. The profiles consisted of
160-ms pulses at 1% duty cycle and steady-state 0.5-sec firings. However, during a nominal firing
attempt late in the day, several non-ignitions occurred in arow, and testing was halted. Subsequent
investigation at GRC showed that different exciter-plug combinations were more leak tight, and hence
could operate longer in a vacuum before the gas evacuated and corona issues caused non-ignitions.

3.3 Initial E3 Hot-Fire Testing of Engine Position 3

Thefirst few days of vacuum testing the 870-1b; LO,/LCH,4 engine at WSTF were conducted at
altitudein Test Stand 401. Numerous non-ignitions of the igniter and several non-ignitions of the main
stage occurred, even when the igniter lighted successfully. Engine tests performed at sea-level in Aerojet
facilities showed successful, reliableignition of the 870-Ib; engine under similar propellant conditions,
with the primary differences being altitude (sealevel versus 100,000 ft) and differencesin the feed
systems. Investigation of these issues provided valuable insight into the ignition of LO,/LCH,4 engines.
One of the factors contributing to non-ignitions was the lack of oxygen during the start transient in the
igniter or in the ignition of the main stage. Another factor, which was discovered in later testing at GRC,
was the configuration of the exciter, which was not properly configured for vacuum operation and
experienced corona, degrading the spark output.

Several steady-state approximately 5-sec burns were performed; these burns looked good, but shut
down early at higher tank pressures when igniter chamber pressure crept up and resulted in aredlinekill.
In addition, severa pulse profiles of 0.25-sec pulses with 4.75-sec coast times were performed, but the
engine would run for only 12 of the designated 38 pulses due to engine main injector pressure
measurements creeping up and not bleeding off with each successive pulse. Failure to bleed off the
pressure may have been caused by the accumulation of ice or propellant in the pressure transducer lines.
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Engine serial number 1, in position E3, ignited more reliably at low temperatures. The igniter did not
fail to light even when the propellant was coldest, after being in the test and cold soaking for hours.
However, the main stage did fail to light when the propellant was warmer, despite a strong igniter. It was
determined that the engine started best with an oxygen lead, just as it had during LO./ethanol testing at
dtitude at WSTF in 2006. The LO./LCH, testing at WSTF initialy used simultaneous fuel and oxygen
main valve timing.

3.4 Initial E2 Hot-Fire Testing of Engine Position 2

E2 experienced more non-ignitions than E3. Several areas were investigated. The spark exciter’s
output diagnostics were measured at ambient pressure, but nothing significant wasfound. WSTF then
made a diagnostic, boroscopic movie of the spark plug dry firing and noted that the rate of non-ignition
increased over time on agiven test day. During testing, it wasincorrectly believed that this was caused
by the hardware becoming more chilled over time. The cause was later determined to be coronaissues
related to the exciter as explained in follow-on testing at GRC. See Section 0, “3.6 Exciter Vacuum
Compatibility — GRC Follow-On Igniter Testing” of this document.

3.5 Final Single and Simultaneous E2 and E3 Testing

With the test program running out of time and funds, and after making the changesto add aL O, lead,
2 days of testing were conducted. The primary objective was to perform simultaneous firings of E2 and
E3. Testing was performed with two engines, both of which were installed in the down-firing test stand:
E2 had a 0.030-inch (in.). thick spark plug gasket and arelatively new, unworn spark plug, and E3 had a
0.030-in. thick spark plug gasket and a new spark plug. Except where noted otherwise, pressures were set
at 315 psiafor both propellant tanks, and valve timing at the beginning of each pulse was simultaneous
for the two igniter valves and for the two main stage valves, with the mains opening 50 ms after the
igniter valves. Closure valve timing varied to prevent shutdown pressure spikes. Typically, pressure
inside the stinger box was held at 50 mtorr, athough during some E3 firings, it rose to 300 mtorr.
Propellant temperatures varied during the tests, as indicated below.
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3.5.1 Tests Performed on E2 — May 3, 2007

A 5-sec steady-state burn was performed on E2. Propellant temperature set points were 240 R for
LCH,4 and 204 R for LO,. Thefiring ran to completion as shown in Figure 11.
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—A— Engine 2 Igniter Chamber

200
7 A AAAANAAANANAANNAAAAAANNNAANN
2 150 P aduib
T

100

50
0 J
1 2 3 4 5 6 7
Seconds

Figure 11: Five-second hot-fire of E2

Several tests were then run on E3, after which testing resumed on E2. Approximately 1 hour had
elapsed since the first test of E2. Propellant temperature set points were 210 R for LCH, and 170 R for
LO,. Four sequential attemptsto fire E2 were performed in 45 minutes (mins) and, during each one, the
spark failed to light the igniter torch. Each attempt used different valve timing, but in no attempt did the
torch ignite.

The next day, the first test on E3 was conducted with propel lant temperature set points of 240 R for
LCH,4 and 204 R for LO,. The temperature changes resulted in the lighting of the igniter torch, but not
the main stage, so the engine redline system halted the test immediately.

The second test of E3 was a successful 5-sec firing. The 5-sec firing, shown in Figure 12, used the
same propellant conditions as the first test (in which the igniter torch failed to ignite), but with different
valvetiming. Thethird test of E3 used propellant temperatures of 210 R for LCH, and 170 R for LO..
Thetorches of both the igniter and main stage ignited well, but shut down early as the igniter chamber
pressure (PCIG) climbed over the 275 psiaredline during the single 5-sec burn. It was considered a
successful firing, however, because it was determined that the redline was too conservative.
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Figure 12: Five-second hot-fire of E3

Approximately 80 mins later (after several E2 tests), E3 wastested again. The default valve timing
was used at the beginning of the pulse, and the fuel valves were closed after the LO, valves closed. The
propellant condition set points were 210 R for LCH, and 204 R for LO,. The profile was a 5% duty cycle
of 38 pulses of 0.250-secs each of the main stage (with the valve timing used, the igniter pulse was 0.300
secs). The engine successfully pulsed 14 times, then shut down on the 15" pulse when the main stage
failed to light. The first three pulses and last three pulses are charted in Figure 13. Figure 14 showsthe
impulse bit for each of the 14 pulsesin Figure 13 (impulse bit equals integration of Pc At).
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Figure 13: Multiple pulseson E3
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Figure 14: Impulse bit for each of the 15 pulsesin Figure 13 (integration of Pc At)

3.5.2 Simultaneous Firings of E2 and E3 —May 4, 2007

Testing continued with the same engines, configuration, igniters, default tank pressures, and default
valve timing as were used on May 3. May 4™ was the only day of dual enginefirings. Typically, pressure
inside the stinger box was 50 to 80 mtorr at the beginning of each test and rose to between 140 and
200 mtorr during engine firings. The 401 atitude chamber established approximately 8 torr at the nozzles
at the beginning of each test. Propellant temperatures varied during the tests as indicated in this report.

The first two firing attempts achieved proper ignition of the igniter and main stages in both engines,
but they were shut down prematurely dueto aflaw in the test stand’s valve driver system. The flaw
caused both main LO, valves to close prematurely. Diagnosisindicated that this problem occurred only
during simultaneous valve actuations in both engines, so the remainder of the dual-engine tests were run
with staggered engine timing, such that E2 started 0.250 secs before E3.

The next two attempts were shut down by the automatic engine redline system when the igniter torch
in E2 failed to light. Because of the non-ignitions, the decision was made to halt the test, repressurize cell
401, and perform visual inspections of the E2 engine.

Before disturbing E2, its exciter was powered on, and the spark was observed through the nozzle
opening. Although the exciter appeared to behave normally, a new igniter was installed based on the
theory that the existing plug had a defect that manifested itself only at cryogenic temperatures, and the
igniter gasket was changed from a thickness of 0.030 inches (in) to one of 0.020 in. to allow the tip of the
igniter to reach deeper into the engine, where the propellant mixture ratio might be more favorable to
ignition. In addition, the process of installing a new plug and shim resulted in reintroducing air back into

Page 16



the exciter and plug assembly, which has a mechanical seal. It was|ater learned that the exciter design
required pressure sealsto maintain pressurized air to prevent corona. The pressure seals on the exciter
cable and plug leaked over time, and eventually evacuated the igniter so that its pressure matched the
pressure in the vacuum chamber, resulting in non-ignitions due to corona.

After reintroducing air into the exciter cable after changing the spark plug, testing was resumed with
much better results. Five back-to-back, dual-engine firings were performed. The pulse duration was
3.000 secs, with the engine firings staggered by 0.250 secs. The pressure in both propellant tanks was
315 psia. The LO, manifold temperature was set at 204 R, and the fuel manifold temperature was set at
240 R.

A sixth attempt to fire the same profile with lower propellant temperatures (LO, at 170 R and LCH, at
210 R) was halted by the redline system as the igniter chamber pressure on E3 spiked above its 275-psia
[imit when the valves on E2 closed, causing a spike in propellant pressure. Figure 15 represents that test
run.
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Figure 15: Comparison of E2 and E3 during simultaneous engine firings

Three more tests were conducted, and all were pulse trainson E2 alone. The propellant conditions
were left as they were in the previous test: both tanks at 315 psia, with the LO, manifold temperature set
at 170 R and the fuel manifold temperature set at 210 R. Two attemptsto fire were made, both of which
shut down early after two or three pulses. Both shutdowns appeared to have been caused by exciter
problems, as indicated by off-nominal exciter feedback signals. The third, and final, test firing was set up
the same way as the previous two, except that the LO, tank pressure was raised to 350 psia. It shut down
during the second pulse because of a high igniter pressure redline. The main stage showed normal
combustion pressure. This concluded testing of the 870-1b; engine at WSTF.
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3.6 Exciter Vacuum Compatibility — GRC Follow-On Igniter Testing

Following the testing at WSTF, the cause of the igniter non-ignitions was investigated at GRC. It
was thought that the non-ignitions were caused by the temperatures of the propellant quenching the spark.
GRC used aWSTF 870 LO,/LCH, igniter and an exciter at avacuum. The test replicated the non-
ignitions of the igniter; however, the non-ignitions did not correlate to temperature. The igniter lighted
successfully over abroad range of propellant and igniter body temperatures. Non-ignitions tended to
occur later inthe day. The vacuum compatibility of the exciter then came into question.

GRC tested the exciter purged at ambient pressure and exposed to vacuum. All 800 ignitions were
successful at ambient pressure. At vacuum, there were 2 non-ignitions out of 90.

Some of the later igniter non-ignitions at WSTF can be attributed to aweak spark. In hindsight,
several observations from the WSTF testing corroborate this fact:

1. Thenon-ignitions at WSTF tended to occur later in the day and as the vacuum improved. The
exciter cable and connection to the plug are sea ed, but the trapped gas does leak out over time,
eventually leading to corona discharge and a weaker spark.

Vacuum was broken on the last day of testing, and the spark |eads were switched.

3. Theexciter cable design, which was originally designed for another application, is meant to be
purged as part of the exciter box, but this was not known during testing. The exciter box was
hermetically sealed and potted, but the cable required purging.

4 CONCLUSION

The APSTB and 870 RCS devel opment and test program provided val uable data on impulse bit
repeatability and ignition reliability. The feasibility of a cryogenic RCS system is supported by this data.
Additional fine tuning of the engine igniter, development of a vacuum-capable exciter, and improvement
of injectors are required, but overall the project was successful. Both ethanol and methane are feasible
propellants for an RCS. The methane has an advantage due to its higher vapor pressure.

The significant test results show that the engine pulses are repeatable. Initial ignition problems were
resolved, and a better understanding of the physics developed. Ignition issues were resolved during
testing by changing the igniter orifices to improve injector priming and adding an LO, lead to the primary
valve. Ethanol and methane perform similarly during engine pulses. The fudl primes the injector first,
regardless of which fuel isused. However, ethanol drips from the chamber, whereas methane easily
evaporates. Pressure transient datafor both the ethanol and methane feed systems was obtained and
correlated to model predictions. Operational procedures and timelines for loading and checking
propellant leakage were devel oped, and these can be extended to space vehicle launch processing. A TVS
was installed and used to condition the manifolds during the L O,/L CH, testing.

Another lesson learned from the testing is the necessity of performing vacuum and sea-level testing
during technology and advanced development testing, since the test stand atmospheric pressure may cause
differencesin ignition behavior. Thisdatawill also be useful for the 100-1by thruster that isin
devel opment.

Page 18



5 REFERENCES

1. Robinson, Philip J.; Veith, Eric M.; Turpin, AliciaA., “ Test Results for a Non-toxic, Dua Thrust
Reaction Control Engine”, 41% AIAA/ASME/SAE/ASEE Joint Propulsion Conference, 11-13 Jul.
2005, Tucson, AZ, United States, AIAA Paper 2005-4457.

Page 19



APPENDIX A: TEST STAND 401 FACILITY TEST SYSTEMS
A.1 Overview Structure

The APSTB support structure was designed to mount directly on the WSTF-supplied PA-1 frame (the
structural frame originally used to hold Apollo propulsion systems). The total weight of the unloaded test
article assembly is 19,600 pound-mass (Iby. The weight of the PA-1 structure is approximately 2,500
Ib,. The major components of the test article were assembled in WSTF Building 413, then transferred to
Test Stand 401 through the top of the test stand using a custom fabricated 4-point spreader bar. The PA-1
with the tank and feed system was attached to the screw-jack lifting/positioning assembly (Western Gear
Jackscrew Assembly). Thetota lifting capacity of the jackscrew assembly is 40,000 Ib,..

A.2 Fluid Systems Overview

The nontoxic propellant system (Figure A-1) includes liquid and gaseous oxygen (GO.) tanks; an
ethanol (hydrocarbon) tank; and aliquid methane supply, dump, and vent system. The GO, system
consists of GO, high-pressure storage and low-pressure run tanks, piping, manual and remotely operated
valves, atest chamber wall feed through, instrumentation for pressure temperature and flow
measurements, and associated piping systems required to supply propellant from the run tanks to the test
article. The system also includes some gaseous nitrogen (GN,) piping and components (not shown here)
that supply GN, as amotive fluid and inert gas to the GO, system. A GO, recharger systemis used to
provide oxygen recharge capability to the system, but it is not considered a permanent part of the system.

Methane Test Stand 401
Vent

Stack

Test Article
. =

LOX Dump
Tank

Ethanol Heat
Exchanger Ethanol
Tank GOX
Sioam W . (Inactive)
Cleaner or s

LN2 Dewar

Figure A-1: Test Stand 401 nontoxic propellant systems

The LO, system consists of an LO, run tank, LO, dump tank, piping, manual and remotely operated
valves, test-chamber wall feed-through penetrations, instrumentation for pressure temperature and flow
measurements, and associated piping systems required to supply propellant from the run tank to the test
article. The LO, run tank is a vacuum-jacketed 4,200-gal, 715-psig maximum allowable working
pressure (MAWP) tank. The LO, run tank is pressurized with gaseous helium (GHe) through a
proportional control valve. The system aso includes some GN, piping and components that supply GN,
asamotive fluid and inert gas to the oxygen system. The LO, tank isfilled from avendor-owned LO,
transporter, which is not considered to be a part of the system. The dump system consists of a 1,175-gal
open tank, located in the Test Stand 401 flume, that captures LO, and alows for bail off into the
atmosphere. A back-pressure regulator was installed on top of the storage vessel to help condition and
maintain an ullage pressure of 100 psiawhile LO, wasin the tank. GN; isinterfaced with the LO, storage
system and used to cycle pneumatic operated valves and purge the offload, transfer, and dump lines as
required. GHe is used to pressurize the LO, storage tank.
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The methane system consists of awelded supply line, LCH,4 blow down tank, vent system, piping,
manual and remotely operated valves, test-chamber wall feed-through penetrations, instrumentation for
pressure and temperature measurements, and helium and GN, purge systems required to purge LCH,4 from
the system. The LCH, system provides supply, dump, and vent interfaces for test articlesthat are
installed inside the test chamber. The LCH,4 blow down tank is a400-gal, 500-psig MAWP tank. LCH,
is provided by a vendor-owned L CH,4 transporter, which is not considered to be part of the system, and
supplied to the test article through the welded supply system. Helium at 100-psig is used to purge LCH,4
from the welded supply line to the blow down tank located approximately 250-feet (ft) north of the test
chamber. A 12-psig GN, trickle purge is plumbed into the dump and vent lines to prevent any air from
migrating back down the lines and causing a flammable condition.

All systems supporting test operations fell within current WSTF pressure vessel certification, in
accordance with WSTF standard instruction (WSI) 09-SW-0005." This WSI includes instructions for
pressure tests to meet the requirements of American Society of Mechanical Engineers (ASME) B31.3,
Process Piping (1999). The test stand fluid system is documented in WSTF drawings 413-15290° and
413-12484.3

A.3 Liquid Oxygen (LO,)

The LO, was procured per MIL-P-25508F; analyzed for composition per SES-0073; and verified to
level 100A per SN-C-005, revision D, within 10 ft of the test article interface. The LO, was passed
through a 25-um absolute filter before entering the test article from the facility storage tanks.

A 4,200-gal, vacuum-jacketed, LO, storage tank was used to store the LO, needed for testing and
other operations. LO, tankers offloaded the LO, into the storage tank, which was then conditioned and
transferred through insulated linesinto the test cell and into the test article run tanks.

A.4 Methane (LCHy)

The liquid methane used in the supply, dump, and vent systems is propellant grade methane (MIL-
PRF-32207 — Grade B). The hazards associated with liquid and gaseous methane are documented in
Chemwatch material safety data sheet (MSDS) No. 1971-1. The MSDS meets the requirements of
29 CFR 1910.1200 (g). It contains toxicity information, permissible exposure limits, physical data,
thermal and chemical data, and reactivity data. The MSDS documents athreshold limit value (TLV) level
of 1,000-ppm for liquid methane and lists gaseous methane as a simple asphyxiate. LCH, poses a
cryogenic hazard when exposed to skin and will form explosives when mixed with air and oxidizing
agents as described in the MSDS.

A.5 Filtration

All fluids interfacing with the test article were filtered using 25-um nominal filters just downstream
from the test stand supply isolation valves before proceeding to the test article through the appropriate
flexhose, which was the closest practical point to the test article.

A.6 Inert Gas Systems

GNy, supplied at pressures as high as 500-psig throughout the test cell, was used for system purging,
system leak checks, muscle pressure for pneumatic actuated valves, and pressure for test cell and test
article stinger box vacuum operations. A 250-psig GN, source was plumbed to provide purge pressure
for the test article engines.

! In-house document. WSI 09-SW-0005.H. Certification, Recertification, and Deactivation of WSTF Pressure
Vessels and Pressurized Systems (PV/S). March 13, 2003.
2 In-house document. WSTF Drawing 413-15290. 400 Area TS 401Non-Toxic Fluid Schematics. February 16,
2007.
® In-house document. WSTF Drawing 413-12484. TS401 Fluid Schematic. Rev. AC-1, February 16, 2007.
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GHe was supplied from a 2,200-psig source, regulated as required for pressure to the test articlerun
tanks, and provided muscle pressure for pneumatic actuated valves on the test article flow simulator
systems.

Dual check valves were used to protect against propellant migration into the inert gas supply lines.

See Figures A-2 and A-3 for the GHe and GN,, facility interfaces to the test system.

Test Stand 401 Test Article

—

Figure A-2: Test Stand 401 and APSTB GHe interface chart
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Figure A-3: Test Stand 401 and APSTB GN, interface chart
A.7 Safety Systems

Theinterior of Test Stand 401 is equipped with an ultraviolet (UV) fire detection system that is
designed to initiate the fire alarm. Thefire darm ringslocally and at the fire department. The UV fire
detection system provides 24-hour (hr) coverage. The cell interior isaso covered with FIREX systems.
Infrared (IR) methane detectors are installed inside the test cell to detect methane vapors.

A watch-dog alarm system is programmed to alert personnel after hoursin the event of an equipment
failure. Thisaarm system provides 24-hr coverage of systems. UV detectors, IR detectors, and the GN»-
supply low-pressure alarm are part of the watch-dog alarm system. If an alarmis detected, the watch-dog
system sends an indication of the type of alarm to the fire department. Depending on the alarm, the fire
department personnel will contact the appropriate personnel to address the alarm. The GNx-supply low-
pressure alarm supports the L CH,4 dump and vent system trickle purge system. A GN, trickle purgeis
supplied through the LCH,4 dump and vent lines to prevent migration of outside air through the piping,
which could create an explosive hazard during non-working hours. If the main GN, supply pressure
drops below an established pressure, the watch-dog alarm system natifies the fire department, and the
appropriate personnel are contacted to address the anomaly.

A.8 Altitude Simulation

It was anticipated that the 400-Area Large Altitude Simulation System (LASS), Small Altitude
Simulation System (SASS), and vacuum pumps would be used to support testing in Test Stand 401.
However, only the SASS was used to support testing for reasons described below:

1. Dueto theincompatibility of oxygen with the oil used in the altitude vacuum pumps (10W30

motor oil) and the potential for oxygen to leak from the test article into the cell, the vacuum
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pumps were not used during APSTB hot-fire operations. The Oxygen Hazards Group reviewed
the pumps and the vacuum oil. There was very little data on the ignition properties of 10W30 ail.
Because of thislack of information, the Oxygen Hazards Group assumed that it would be possible
toignite the oil at any oxygen concentration greater than the oxygen concentrationin air.

2. Ananalysis was performed to determine the cost saved by using SASS rather than LASS. The
results showed a significant reduction in cost and prompted the project office to reduce the
atitude requirement from 80,000 ft to 40,000 ft for hot-fire profiles with active engine purges.
With this modification, SASS or vacuum pumps could be used to maintain the minimum altitude
for al planned test profiles.

The SASS was used to pull a vacuum through the 24-in. chamber outlet valve (the north-side port of
Test Stand 401). Before the steam gjectors were activated, the 24-in. cell isolation valve was opened by
opening the vacuum isolation valves at the large and/or small gectors. This prevented (or at |east
minimized) pressure differential at the cell outlet, which in turn minimized any chance of picking up
particulates in the vacuum header or the cell and causing particle impact and unintentional combustion.
The north chamber outlet valve remained open throughout testing (with SASS support) and was closed
once the GN, cell break valve was opened, the g ectors were isolated, and the cell was brought back to
ambient pressure.

A jet direction device was designed, fabricated, and installed to divert the exhaust from the
horizontally firing engine into the Test Stand 401 77-in. diffuser. The water-cooled device acted as a
low-performance diffuser and was intended to recover only enough pressure to overcome line friction and
convey gas safely into the 77-in. inlet. Theinlet of the jet direction device was initially positioned 3 in.
from the horizontal engine chamber exit. After observing what appeared to be exhaust “ spill over” from
the diffuser inlet, it was positioned within 1 in. of the engine chamber inlet.

During preliminary hot-fire tests, the jet direction device moved back and forth aong the axial plane
of the horizontal engine when the horizontal engine was firing. The total movement was estimated to be
1lin.to 1.5in. inthe horizontal plane. Additional bolts wereinstalled near the exit of the jet direction
device to prevent further movement during testing.

A.9 APSTB Electrical Controls

The electrical controls system, as configured for APSTB testing, consists of three distinct subsystems.
These are the Distributed Computer Control System (DCCS), the ModComp Data Acquisition and
Control System (MODACS), and a separate hard-wired safing and backup system. The DCCS controls
and monitors the positions of most of the valves and other devicesin the APSTB electrical controls
system. Exceptions are controlled and/or monitored via the hard-wired safing and backup system or by
the MODACS. The MODACS provides precision timing for the thruster valves and ignitors, controls the
firing profiles, and runs the algorithms used to monitor such things as thruster chamber pressures during
firing profiles. The hard-wired safing and backup system provides control of power buses and provides
another layer of control and safing for the APSTB and related propellant systems.

A.10 Distributed Computer Control System (DCCYS)

The DCCS consists of amaster controller (Opto22 G4LC32) located in Bunker 1 that communicates
with the various input/output units that are responsible for control and monitoring of the individual input
and output modules, both digital and analog. These units are directly wired to the various valves and
talkbacks installed on the APSTB test article and related propellant systems. Using an ArcNet link (a
communications protocol much like Ethernet), the master controller communicates with the Engine Firing
Control System (EFCS) operator’s personal computer (PC), located in the Blockhouse Control Center on
which the graphical user interface (GUI) isresident. This provides an easy way for the EFCS operator
and the test conductor to verify the positions of valves (because a computer monitor on the test

Page 24



conductor’ stable mirrors the EFCS operator’ s PC screen), to verify pressures and levelsin the propellant
tanks, operation of various agorithms controlled by the DCCS, and ready logic of the DCCS to support
firing operations. Remotely operated valve (ROV) positions are indicated on the GUI by color changes—
blue for closed, yellow for open, and “barber-poled” for transitional states. Proportional valve positions
are indicated by text boxes on the GUI that indicate the commanded value as a percentage from O to
100%. Proper operation of such valves can be inferred by noting whether the appropriate action is taking
place (usually pressurization or venting). For manua control of valves and other devices, the EFCS
operator selects the devices on the GUI using the computer mouse and, depending on the level of
confirmation required, either clicks the mouse button or opens a dialog box to control the device.

For the purpose of testing the APSTB, two new purged J-boxes were configured and installed on the
APSTB support structure (the PA-1) in Test Stand 401. Each of these J-boxes contains slave input/output
units (Opto22 B3000s) and associated input and output modules that control the valves located on the
APSTB and perform system health monitoring.

The DCCS master controller runs the WSTF-designed subroutines that compose the DCCS computer
program and are required to perform various functions and to monitor the system and verify its health.
These include subroutines to verify that all valves are commanded closed when valve power is off, to
verify that al parts of the system are communicating with one another, and to perform various other
functions, such as conversion of voltage levels to temperature values for display on the GUI.

A.11 MODACS Interface

A third junction box (the engine-firing J-box) containing WSTF-designed valve drivers was
configured to accept timing commands from the MODACS to drive the thruster propellant valves and
igniters. The engine-firing J-box is located on the PA-1 structure in Test Stand 401 to reduce the voltage
drop inherent in sending high currents over long distances. The valve drivers monitor over- and under-
current conditions and provide a high current (limited to 5A) input to the engine valves to open them
quickly. After aprogrammed time delay of 100 ms, the valve driverslower the current flow to the valve
and begin a pulse-width-modul ated output that provides sufficient holding power to keep the valve in the
open position as long as the command input from the MODACS is maintained.

A.12 Hard-Wired Safing

The hard-wired safing and control system is designed to provide redundant control of critical valves
and voltages from the EFCS operator’s panel in the control center. Switches on the EFCS console allow
the operator to turn the valve power bus on or off, providing motive force to all valves that are part of the
APSTB €electrical control system. In addition, all valvesthat are considered to be tank outlet valves,
whether they are on the facility storage tanks or on the APSTB test article, require switches on the EFCS
console to be in the Enable position before they can be operated remotely by the DCCS. Thisisalso true
of power provided to the engine-firing J-box, which contains the thruster valve drivers and is located on
the PA-1 structurein Test Stand 401. In this case, the arm key switch on the EFCS console must be
placed in the armed position for power from the engine firing power supply to be connected to the power
bus in the engine-firing J-box.
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A.13 APSTB EFCS Pand Control Center
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Figure A-5: GUI main screen control panel, part 2
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A.14 Valve Driver Operation

The valve driver described herein is alightweight, compact, microcontroller-driven unit capable of
providing up to 10A at 30 VDC to a single solenoid valve coil with minimal internal heat dissipation and
very low standby power requirements. A detailed schematic and aflow diagram of the firmware in the
driver’s microcontroller are available upon request.

Thisdriver provides the capability for opening a solenoid valve while monitoring the valve's coil
current to provide positive indication of whether the valve armature has moved. Additionally, the valve
driver will limit the total current delivered to the valve coil by switching to a pulse-width modulation
(PWM) maode if the current in the coil exceeds a value defined by the user. If the valve driver detects an
opening of the valve armature, the valve driver will automatically reduce the power delivered to the valve
coil after a user-defined period ranging from 50 to 500 ms, again using PWM with feedback, to maintain
the open valve while minimizing power and heat within the coil. If the valve driver does not detect valve
armature movement within the specified period, then the “NO movement” light-emitting diode (LED)
will be lighted, and the microcontroller will start the reduced-current PWM mode. Additional error
signals provided by the valve drivers indicate whether the output is short circuited or there is no load
(open circuit). The output stage of the valve driver contains circuits that minimize the closing time of the
solenoid valve allowing rapid valve cycling. The “turn-off” portion of the output stage is optically
coupled to the valve driver input command signal such that the “off” command isimmediate and
overridesthe PWM control electronics. Findly, initial valve driver power-up diagnostics with indicators
areincorporated; these check for defective componentsin the input stage, the power output stage, and the
analog-to-digital converters used within the valve driver.

Two major motivating factors resulted in the development of thisvalve driver. First, arequirement
exists for operating the cryogenic propellant solenoid valves of an Aerojet rocket engine currently under
test at WSTF. Therequirement isto provide 28 VDC at no more than 5A for 100 msto open the valve,
then reduce the current to 2A to maintain the valve open. Under cryogenic conditions, the coil resistance
of these valves will decrease to less than 1 ohm, which at 28V applied to the coil would imply more than
30A. One previous method for operating these valves used a current-limited power supply that would
automatically switch to “current mode” regulation once the 5A level was established in the coil. When
the 100-ms opening period expired, the power supply would be programmed to drop to the 2A constant
current level. The disadvantages of using traditional current-limiting power supplies or avoltage
regulator include bulky size, the need to provide adequate environmenta protection for them, and higher
costs. Another motivation stemmed from the generally inefficient practice of applying the stated voltage
to any solenoid valve coil to haveit reliably open. Once a solenoid valve has opened, the power required
to hold it open is usually considerably less that the power required to overcome the mechanisms that held
it closed. Thisresultsin excess power consumption and heat dissipation. Traditional valve voltage
reduction techniques such as voltage regulators and power resistors reduce the power in the valve coil, but
only move the heat dissipating effects to those circuits.

The other major motivating factor in developing this WSTF-designed valve driver stems from the fact
that unlessthereis alimit switch package or some form of sensor attached to a solenoid valve, it is
difficult to determineif the valve has opened. One can use upstream or downstream indicators (i.e.,
pressure change, flowrate), or the valve current trace can be monitored to verify the valve's operation, but
for closed loop processes and valve sequencing applications, it is better to have the valve' s state known
electrically. Adding alimit switch to a solenoid valve, the traditional favorite, increases the valve's
weight and requires additional wiring and connection points. This valve driver can determineif the
solenoid armature has moved and provide positive indication of the movement within afew milliseconds.

When 28-VDC power isfirst applied to the circuit, the microcontroller performs a set of diagnostics
that determineif there are any off nominal conditions. If any problems are detected, the valve driver will
flash all four LEDs, and it will remain in this state until power isremoved.
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Aninput signal between 4V and 32V will start the operation of the valve driver. First, the input
signal is optically coupled to the output circuity such that the driver transistor is allowed to switch on,
making the transistor conduct across the zener flyback diode, which effectively shuntsthe zener. If the
command input signal isremoved, then the driver transistor isforced off and the zener shunting transistor
opens, alowing the current in the valve coil to decay quickly through the zener diode.

As shown in the flowchart, the microcontroller first turns the driver transistor on and monitors the
current risein the coil by digitizing the voltage dropped across the current sense resistor. While the valve
is opening, a current dip occurs as the valve armature moves from closed to open. The microcontroller
detects this current dip and illuminates the “valve OK” LED at that time. The delay period set by the
jumpersistheinterval between the time that the driver transistor is turned on fully,to the time that it
switches to PWM mode. If this delay period expires and the current dip is not detected, the “NO
movement” LED islighted, and the microcontroller starts the reduced current PWM mode.

If the voltage drop across the current sense resistor exceeds the voltage set by the current limit
potentiometer before the valve opens, the microcontroller will flash the “ over current” LED and remove
al power fromthe valve. If thisvoltage is exceeded after the valve has opened, but prior to the end of the
delay period, the microcontroller will begin closed-loop PWM control to maintain the current at the
current limit value. Thisisthe operating condition under which this valve driver was originally
devel oped to meet the project requirements.

Once the delay period has expired, the microcontroller will begin closed-loop PWM control of the
valve driver transistor, such that the voltage drop across the current sense resistor equals the voltage set
by the PWM current potentiometer. The valve driver will maintain this closed-loop control until the
command input signal isremoved. If during this time the current drops to zero or increases to the point
that the PWM can not reduce it, the microcontroller will flash the corresponding error LED, and power
will be removed from the valve coil. This condition may be caused by failure (open or short) of the
valve's coil due to unforseen conditions.

Finally, when the command input signal is removed, the microcontroller will monitor the voltage
drop across the current sense resistor as the coil decays (through the zener clamping diode) until current
approaches zero. The software will not respond to the command input until the valve coil has decayed.

A.15 High-Speed Video Control

The high-speed video system is triggered by the firing profile through a dedicated MODACS channel.
The Inter-Range Instrumentation Group — B (IRIG-B) circuit that was originally used for the Cine
Camerais now providing the IRIG-B signal to this system. An Opto-22 unit has been installed to monitor
the operating pressure and temperature of the explosion-proof enclosure that houses the camera controller.

A.16 IR CameraControl

The IR camerais used to monitor the temperature of any desired area of interest inside the test stand.
The camera operator has complete control of this system viathe control computer. All of the settings for
this camera system are set prior to initiation of the firing profile. The camerais manually triggered by the
operator upon averba command from the test conductor. This command isincluded in the countdown
sheet for each firing profile.

A.17 Digital Still Photo

A till camerainside Test Stand 401 may be triggered manually from the EFCS control panel during
thetest and at atitude.
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APPENDIX B: LO,/JETHANOL HOT-FIRE TEST MATRIX AND DATA

Profile Name g Shutdown Rationale ChangesiComments
ATP_1 100% Amivient lermporature Ethanal & |PCIGNE1 and PFIGNE low| POJIGN, PFJIGN and PCIGN foe Limit Group 3and 4.
5 seconds O temp () 184 tank, (R) 200 lin Limit Group 3
1 Manifold
ATP_1 [EzaE3 100% (Ambient lerperature Ehanol & |PFJIGNET and POJIGNET | Determined thal enging 1 had . Decided o start profile midway 1o lest
5 seconds Ox temp (R) 184 high in Liit Group 5. igriters on engine 2 and 3. it at 50ms & ATP and 76ms for E2 and 3 at WSTF
ATP_1 7 3 0 1T |5 ] 5 5 |AmBient lermperanie EManal & | Suctasshdly compiated ‘Successhully compisted Enging 2 and 3 igniter only s¥eady stale bum, Ignilers it al 50ms aL ATP and 76ms for E2 and
O temp (R) 184 planned portion of profile. | E3 at WSTF
ATP_2 100% 1 0 |50 XTI ] Ambient lerperature Eancl & |PFJET kowin Limid Group 3. | Redines agusiod sightly 19 acoount Kr negalive pressurs fead on eng due to allitude
5 seconds O temp (R) 184
ATP_2 100% 5 1 0 |50 %[0 T |Arkentiarnperature Efancl & |PCIGNET high i Limil Group | A 3.38 PM yesterday, we i 3 test sequence I ach engine for 5 58conds (36
5 seconds O temp (R) 184 & (180 psi) 0, Test 2, Run 8). We hit jne rediine a1 1,85 the Engine 1 fring. Afler kioking at the sirp charts, i
that afiee a nominal startup e p in the igniter chamber exceseded Me rodiing Emit by
appeoximately 160 psia.
Charis Cartor, the Asrcjet representative, suspected that a piece 9 off and was
lodged in the igniter chamber. Post test purges indicated 2t something was definitsly blocking the igniter charmber
outiel. We broks altitude and parformed a call aniry and procesdad to inspact the spark plug by remaoving from angine
1 = with the stinger bax configuration this was easier to do than & was at Aercjet. We did have o raise the western gear|
becauss the side-firing diffuser preventad looking down the chamber. We found that the spark plug ceramic had, in
mmmnmammmmummwmwuwawmm The spark
5p the fragments ware minimal (~0,040-0.050 mil) and were biawn
it using canned a this moming. Charke did uple of small anomabes inside the igniter that we wil do some
further checkout ir :mmmaw The ceramic cracking may be a thermal
Mmmmmmmmznhmmm“nmmy& Once we complete these
checkouts and get Aerciet approval we plan to replace the spark plug on 2l hree engines, just in case, with spark.
plugs that we have in hand, and proceed with lesting.
mmwual.ozmnmwmmmmunuwmmtmmmaum
gotan i k from the
|y bafora whan we re-torqued, we Wil procsed with esing today with he minge loaik Lloss it shows change. The
mmwﬂwmmmw P&hmnwwmwﬂamw
by brokan. Spark plug replaced. GH‘MWWM'
igriter barrel, agresd 1o p d with furth mmmmmm g g prior to
hatfire. 5 that ol phug may h
01-2506 ’smo_z [ATP_2 100% 7 1 %0 455|455 |485 |Ambient lemperature Bhandl & |Profie pleled sieady stale bum of all 3 engines. oy showed a 550ms delayed
5 seconds O temp (R) 184 complated. filing of IGN#1 fusl mariokd. This caused the igriler 1o be bask gine starts and o be cloarly fuel
imited after the main chamber lights. However, this did not resultin difficulty lighting the engine in steady-state testing.
E2& E3 showed a reduced dalay (300ms) compared to E1 in reaching full power. Alsa, no significant back driving of
igniter occurred when main chamber &t
012606 |SEQ03 [ATP3 100% 1 o |®0 CRER 0| Ambient lomparature EMancl & |PCAVET lowin Limit Group 3 | Engin redines adjusied
30 seconds Ox 184
012506 |5EQ03 (ATP_3 100% 1 0 |%0 013 |0 0 |Ambientlemperalure Efvancl & |PCAVET lowin Lt Group 3[LOX Maniold Venl Valv foed over. Notcycing wh 7 ‘cenlrel loop. Unatie 1o
secends O temp (R) 184 ifcld
012606 |SEQ03 ATP 3 100% 1 0 [®0 075 |0 ] Wl & |PCAVET low in Limil Group 3 | Figh gine i Rl During coll Tound that LOX Manifold Vent Vave
30 seconds: Ox temp (R) 184 i fn cling whe Al and conirel
wrapped with refractony material
01-27-06 |5320_3 ATP_3 100% 1 1 0 409897 (2985|1108 |0 Ambient lemperature Ehanol & Video showed hal PCAVEZ cabling is damaged. PCAVEZ replaced. LOX Manifold Vent valve is sill not funtioning
30 seconds 15,959 O tamp (R) 184 properly. Actuation line repained mpped E2 dua to bumed PCAVE cable a1 11.1sec, PCIGN readings
noisser as testing nag
(ATF_3 100% 2 0 310 000|000 |30 5 Efhandl & Complaind ovent 8 Ewough compieton. Daa ]
30 seconds O temp (R) 184
(ATP_S % 3 2 CENES 2683 (000 000 |Ambient lemperature Ethancl & PCIGNE showing signs of damage due 1o high pressure and lemperalure. behaves|
1 smcond O temp (R) 184 this way again. rmtamummmmmaamamseusommmmmm
These tests were the fst atlempt fo pulse
ATP_S 5% 14 £l 0 1257 3348 1000 |000  |Ambient Ethanol & |PCIGNET low in Limit Group | Same results as previous test. Team decided to attempt a pulse train that provides less strain on PCIGNE1, Tests 13
1 sacend O temp (R) 184 5 and 14 ey for PCIGNET out of imits. SENSOTEC A302-05 ing. Thess tests were the frst
attempt to pulse
ATP_& 5% 15 200 5450 2704 000 000 Ehanal & Succassfuly completed Gmmmﬁms-em‘dpumelm! Decided to Iry a shorter "ON" me test 1o see if transducar would get
111 seconds it bemp (R) 184 planned portien of prafile. WM:MMFMWWMPFJ&M:%MMMMMMW
i I@#Elmmnuhammnmmm
Mnumsmmm.im
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Arojet Test#

01-28-08

SEQ1_1

SEQ1_1

.32 seconds

J

Test Time

el

1,136.0

E1
52.38

0.00

Total On Time (Sac)
E2 E3

Propellant conditions

Shutdown Raticnale

(Changes/Comments

0.00

Ambient temperature Ethanol &
Ox temp (R) 184

Fire white called after 4
non ignitions

Test 16 1st No-Light of campaign. 3rd relight attempt, should have exited sequence but continued due to flag
error. Did not call for an i iate fire-white as the missed pulses appeared benign. Igniter peaks
and swoons however, at 95ms it was still 18.5 psia, which is will above igniter cold flow pressure with baseline
orifices-angine should have lit. Concemn that 100ms of spark "On" time was insufficient prompted an increase
from 100ms to 160ms on all igniters, this was 1st implemented on E2 test 21 2-5-06, E3 test 25 2-23-06 and on
E1 test 26 on 2-23-06. (further info see page 31 in report). The changes were prompted by Tests 16 (320ms
Onl6.08 sec Off 1-30-07) on E1 in which several pulses were missed and at times PCIGN would peak and begin
to fall (Swoon) near 100ms. Suspect that engine purge is too high and is the engine's

though it lights temporarily. Ne majer changes made to system before resuming testing. After this test it was
decided to ro-orifice lgn#1.

01-30-06

SEQ1_2

SEQ1.2

15%
.32 seconds

0 801.0

97.%

0.00

Ambient temperature Ethanol &
Ox temp (R) 184

Fire white called after 2
|consecutive non ignitions

Posttest i of the firing profil d adesign flaw. The FS2 variable was not resat after limit group 5
time window expired. The profile was correctad and revalidated bafore testing resumed.

02-15-06

SEQ4_2

A [sEQ42

5%
.32 seconds

0 [250

0.00

Ambient temperature Ethanol &
Ox tamp (R) 204

PCAVEZ low in Limit Group
3

[PFIIGNEZ plumbing d the igniter capped to reduce the volume
that had to be filled through the 0.031" ign fuel orifice on the valve inlet.. It was felt that this was safer than
|removing the igniter fuel purge on the horizontally criented E1 to check the effect of igniter fuel manifold
volume on igniter performance. Overall, the reduced volume appeared to have helped PCIGNE2 on the warm
up burn in this test, It lit ms Later, but was slightly stronger at 95ms. PCIGNEZ on the relight attempt (tst
aborted no main stage ignition within time specified) was strong (32psia at 93ms). Note this was the 1st
attempt to pulse E2. Despite the 32 psia PCIGN torch at 95ms, the engine did not light until the abort. Both
main valves were open, but it appears that there was not an ignitable mixture ratio.

On 2/06/06, extensive cracking found on Engine 1 chamber. Engine 1 chamber removed and capped off with
cover plate. Test operations resumed on 2/8/06 on engines 2 and 3. During pretest operations, team saw
indications of LOX and in the ethanol feed: Later ixing had
occurred through engine 1's valves. Replaced engine 1 cap with a pristine chamber. Received approval to
proceed with testing on 2/15/06. Shutdown on 215 required data review by Aerojet before proceeding.
Engine redlines adjusted. Hot gas circulation observed in cell during steady stata firing at greater than 100K ft
altitude.

02-16-06

SEQ4_2

]

SEQ4_2

5%
.32 seconds

5.07

0.00

Ambient temperature Ethanol &
Ox temp (R) 204

[PCAVE2 low in Limit Group 3

To address issues from test 21, on Test 22 the facility GN2 purge source pressure was lowered to give an 82psia
running POJE2 purge level (135psig source). This was nearly identical to the purges used at ATP. The change was
made to see if late checking of the main ox purge at WSTF was impeding ignition. The chamber lit earlier, but hard.
PCIGNEZ racorded a steep spike to about 510 psia and PCAVE2 died in a negative direction without ever having risen.
This furthered suspicions that an overly fuel rich condition was to blame for late or non-ignitions. However, given the
violence of test 22, the decision was made to advance the main lox cmd rather than experiment with purges at this point
in the test campaign.

Shutdown identical to yesterday's. Immediately following shutdown, PCAVEZ began reading at high end of range.
Replaced with a spare. LOX Manifold vent line leaking. Replaced tefion seal and leak checked. Wrote two new
profiles for SEQ 4_2. One titled Seq 4_2a, where the LOX valve opens at FS+1 and one titled Seq 4_2b, where the
LOX Primary opens at FS-1+20ms. Plan to use Seq 4_2b first

02-17-06

SEQ4_2

C

SEQ4_2b

5%
.32 seconds

0.00

4.59

0.00

Ambient temperature Ethanol &
Ox temp (R) 204

PCIGNEZ high in Limit Group
4

PCIGNEZ redline limits increased from 50-225 psi to 50-300 psi prior to proceeding with next test. Since we are going
back to the same engine purge pressure that we were previously testing a couple days ago, could you please update
the engine redlines (actually, go back to the way that we had them two days ago.) | have alfached the Test Request
Sheet for this fest, with the assumption that we are going to start with the 20 ms lead on the MOOG LO2 valve, which is
profile SEQ_4-2B. If | hear something different from Aerojet or MSFC | will redline the TRS at that time.

02-17-06

SEQ4_2

02-17-06

D

SEQ42 |E

SEQ4_2b

5%
.32 seconds

£

3

"Ambient temperature Ethanol &
Ox temp (R) 204

SEQ4_2a

%
.32 seconds

127

‘Amblent lemperature Ethanol &
Ox temp (R) 204

PCAVE2 low In Limit Group'
3
PCAVE2 low in Limit Group
3

No changes to redlines. Next, plan to run Seq 4_2a, with LOX primary and igniters opening at FS-1.

PCAVE2 read off-scale low after shutdown. Plan to replace instrument with identical spare.

02-23-06

SEQ4_18

02-23-06

SEQ 1_1

A

SEQ4_18a

SEQ1_1a 5%

5%
.32 seconds

75 [480.0

0.00

|Ambient temperature Ethanol &
Ox temp (R) 184

PCIGNES high in Limit Group
3

PCIGNE3 showing pressure after purges were stopped. Appears to be an erroneous reading. Transducer will be
replaced at end of test day. Plan to proceed with Seq 1_1a_b. PCIGNES pressure holding at 158 psia (02 purge turned
off).

32 seconds

0 1,300.0

64.85

0.00

0.00

Ambient temperature Ethanol &
Ox temp (R) 184

Profile completed
successfully

[Pian to proceed with ATP_1_d.

Recorded at 0.01 samples per secend so pulse width cannot bs (says 0.34)

02-23-06

SEQO_1

D

ATP_T

100%
5 saconds

0.00

5.02

0.00

Ambient temperature Ethanol &

Profile completed

Plan to proceed with SEQ 1_2a_b

Ox temp (R) 184
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te fully chilled)

2;: | Propellantconditions | Shutdown Rationale Changes/Comments
15% ‘Amblent temperature Ethanol & |PCAVE1 low in Limit Group 3 | Stopped testing to review data and inspect engine 3. Fallowing day, decided to remove all PCIGN and PCAV
32 seconds Ox temp (R) 184 and raplace with Aercjet-provided transducers. Plan to proceed with mission simulations 3_10 and 3_12
on 2127106.
Recorded at 0.01 samples per second so pulse width cannot be determined (says 0.34). Fire White after pulse 88 and
211822 ms. Low PCAVE1 Wailing for data on low PCAVE1 fire white. It's 4:54 PM, we're done for today!
02-27-06. ET 1% 150 0.16 0.00 [0.12 |Ambient temperature Ethanol & |PCIGNES low in Limit Group |Redline adjusted. Testing continued. During all runs and the day the vent valy ycled, but the limits
.16 saconds. Ox temp (R) 204+0/-5R 2 |were changed at 15:43. DPLOTNK=53.69 at 14:27
E3:.1% Worked Issue with no engine 1 02 purge. Resolved by resetting valve control at 15:03 Run A: starting mission
16 s000ndS | simulation sequence 3 firing profils now at 15:30
Start of profile at 15:25 Engine 1 okay early shutdown on engine 3 in limit group 2, due to low PCIGN € psia < 8 psia
after 80 msec
022706 |SEQ3_10 150 0.16 027 [0.16 |Ambienttemperature Ethanol & |PCIGNE2 low in Limit Group Deﬂfdhaid1mHzﬁLmrsmleCIGN Hgnalmndﬂmersbehmmnﬂmmmhhmg Run B: Adjusted manifold
Ox temp (R) 204+0/-5R 3 temp conirol loop to 214 high, 209 lo., and adjusted PCI p2to5Spsiai of 8 psia.
Start profile over ~16:00 Engine 1 okay Engine 3 okay Engine 2 kill onPCIGNhuh reached 408 psia in limit group 3
Continuing to auto cycle temperature control on LO2 manifold
The PCIGN Tabor transducers are noisy and causing the kill. Itis believed that the data is not real, since other
| measurements do not show anything similar. Aerojet uses filters with these Tabors, but these were not used at WSTF.
WSTF s going to instal filters at ~100 Hz that will allow redline algarithm to function property in terms of catching non-
ignitions, but to not trigger on noise. DPLOTNK=52.594 at 17:05:33
02-27-06 [Et 1% 9120 113 109 [1.13 |Ambient temperature Ethanol & [PCAVEZ low in Limit Group 3 | No changes made before proceeding. Plan to enter profile at a specific event during nexttest. Run C: Restarted
16 seconds Ox tamp (R) 204+0/-5R profile with the signal filters installed at 17:44
E2 1% Ran for ~15 minutes, with good pulses on all 3 engines, and then killed an engine 2 PCAV low in limit group 3. Non-
.45 seconds ignition of the main, but did ignite after valve commanded closed.
E3: 1% Data shows PFJ responsa lower than normal, could be valve driver, etc DPLOTNK=51.773 at 18:22 DPLOTNK=
.16 seconds 51.069 at 19:18
02-27-06 E1:.1% 3 [4530 048 062 048 |Ambienttemperature Ethancl & |PCAVEZ low in Limit Group 3| Suspect that warmer engine manifold temperalures may ba creating "ot spots” in ines, fullignition. Plan to
.16 seconds Ox temp (R) 204+0/-5R run with colder manifold temperatures tomorrow (199-204R). Run D: Going to restart profile to sea if it repeats at 20:00|
E2.1% Problem repeated on engine 2 on second pulse as it had before Turned off purges at 21:23, DPLOTNK = 49.728
.45 seconds DPLOTNK = 48.986 at 22:37
E3: 1%
02-28-06 E1:.1% 10 |1,375.0 161 180 [1.81 |Ambient temperature Ethanol & |Completed planned portion of| Successfully completed planned portion of 3_10a at colder temperatures. We are in the middle of a long test day again
16 seconds Ox temp (R) 204+0)-5R profile. Manually called  [today. We ran Sequence 3 Test 10 again today with lower manifold temps and ran succsssfully, relighting engine 2 a
E2 1% shutdown. total 3 times (total of 4 pulses). We called a manual fire white after successfully lighting engine 2 rather than continuing
.45 seconds with the 4 hour long profile. We are now proceeding to test Sequence 3 Test 12 Run A, which is a ane hour mission
E3: 1% simulations profile. | will send out an update as we continue to test.
16 seconds
02-28-06 E1: 58% 4 115.0 0.64 179 |0.64 |Ambienttemperature Ethanol & |PCAVE2 low in Limit Group 3| The profile was performed at warmer manifold temperatures. Adjusted manifold temperature control loop fo 193-204
.16 saconds Ox temp (R) 2044015 before continuing with testing..
E2:1.65%
.4 seconds
E3: .58%
e 16 seoonds
02-28-06. E1:.58% 2 [%80 048 098 (032 |Ambienttemperature Ethanol & [PCAVEZ low in Limit Group 3|Data review showed that ignifion occurred. Proceaded with next planned test sequance.
16 s8c0nds Ox temp (R) 204+0/-5R
E2: 1.65%
4 seconds
E3: 58%
16 saconds
02-28-06 ? 0 100 0 1.01 0 Ambient temperature Ethanol & |Limit group changed after | Corrected limit group and restarted algorithm.
Ox ternp (R) 184 fast algorithm was loaded.
02-28-08 ? 0 10.0 0 103 |0 Ambient temperature Ethanol & |Profile completed Plan to proceed with SEQ 1_4a.
Ox temp (R) 184 | sucoessfull
02-28-08 SEQ_1-4A 5% 0 2150 128 |0 0 Ambient temperature Ethancl & |PCIGNE1 and PCAVE low |(Profile stopped after 4 pulses. Engine TADs asked that testing stop for the night so a thourugh engine inspaction can
2.56 seconds Ox temp (R) 184 in Limit Group 3. be performed. No spalling or cracking were noted during post test inspection.

Ambient temperature Ethanol & |Completed planned portion of | Igniter #1 was re-crificed to increase propellant mass flow. The LOX orifice diameter was increased from 0.0205 to
5 seconds Ox temp (R) 184 profile. Manually called 0.0245 inch. The fuel orifice diameter was increased from 0.03 to 0.039 inch. Profile intentienally stopped after 5
shutdown. second firing of engine 2. Plan to proceed with E1_IGN. Second set of igniter-only firings completed, (E1, one 1 sec
pulse with fuel lead, then one with lox lead, quick look appears nominal....prepping for next firing.
03-06-08 ? 0 1.0 2.04 0 (] Ambient temperature Ethanol & |Profile successfully Plan to proceed with ATP_2 after TAD reviews strip charts.
Ox temp (R) 184 completed.
03-06-06 100% 0 150 500 0 0 Ambient temperature Ethanol & |Completed planned portion of | Profile intentionally stopped after 5 second firing of engine 1. Plan to proceed with E1_IGN
5 seconds Ox temp (R) 184 profile. Manually called
shutdown.
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De% Coeone ChangesiComments Moo=
Date Filename Profile Name EPW | Propellantconditions | spt4oun Rationale igniticn? |
030606 |SEQ12 |C |[SEQ1-2A  [15% Ambiert, Ethanol & |C portion 4 GNZ break and BJ131 open 1o keep " down during pulses. TOF was
.32 saconds O ternp (R) 184 profile. Manualy called maintainesd. Abla o complete 1 Gul ded 200-degrees F.
| shudoun.
030606 |SEQ14 |B |SEQ1-4A 5% 0 12500 [6647 [0 O |Ambient temperature Ethandl & |Profie sucoesshuly Sitg lesiivg for day 1o review data.
256 seconds O teemp () 184 completed.
030706 |SEQO_1 F |ATP_1 100% a4 1 150 501 G ] | Aembient Ethancl & |C: porﬁmnfTBang!TﬂTm 1?3R.MPFJMWMEWBIMWMWU)M AND with the
5seconds O temp (R) 184 profilo. Manually called the change. The PFJIGNE1 plumbing was disconnecied and capped.
| shutdown. mmummmwauwmwm«mns«sammm1w1 SEQ
0, Test 1, Run F - Engine 1 IGNITER and Engine 2IGNITER. 5 sec igniter firings with 60
Stop afer E2 igniter fires. Completed successfully. Plan to proceed with E1_IGN profile
030706 |SEQ1_11 |B |E1IGN u 0 10 204 |0 o | Ambient temperature Ethanol & | Profile successfuly Plan 1o proceed with ATP_Z profile, E1_IGN, SEQ 1, Test 11, Run B - Engine 1 IGNITER, 2 pulses of 1 second
O teemp () 184 completed. duration as follows: 1 firing with 20 ms fuel lead, 5 minute hoid, then ane firing with 20 ms, LOX lead. Completed
succasshuly
030706 |sEQOz  |E |ATPZ 100% B 150 295 0 0 |Ambient Ethanol & |C Janned porion of|ATP_2, SEQ O, Tesi2, Run E, ONLY Engine 1 Full Engine 1 firing for 5 saconds. Completed sucosshully. Plan 1o
5§ seconds Cox toemp () 184 profile. Manually called proceed with Seq 1_2A profile.
030706 [se@12  |D [SEQ12A  |15% o 6 e |0 0 |Bmbent Ehanol & |G portion of|SEQ_1-2A, SEQ 1, Test 2, Run D, Engine 1 ONLY, 20 pulses , 0.32 SECOND ON, 1813 SECOND OFF, Completed
32 seconds O teemp (R) 184 profile. Marually called succassfully. Plan to proceed with Seq 3_124 profile.
| shutdown after 22 pulses.
[0307-06 |m3_|2 C [SEQ 3124  |ET: 58% 2 450 032 [055 (032 |Ambient temperature Ethanol & PCAVEZ low i Limit Group 3| The LOK, tank was condiioned 10.163 R for mission si d the LOX temp | loop was sel al 185R o 7
16 seconds Oxtemp (R) 204+01-5R 194R per TLORCEM1.
E2 165% 5. SEQ_ 312a, Run C with norminal purge pressurs,
4 seconds Test wentinto hold ticaily, based on a low PCAV p e 2 shortly afer the profile started.
E3: S8% Testing ended for the day and work fo change igniter orifices in engine 2 and 3 was initiated. The last attempted profle,
16 seconds SEQ 3-12a, shut down after justa 1o low E2 PCAV, whi appened before with the highes LOX.
tamp, 50 lowering the lox temp alone did not fix that issus.
W are shuing down for the day, and moving to change orifioes in E2 and E3 before addiional tests.  Exact meline
fior changing orifices ks TBD, so testing may, or may not resume tomommow.
030806  |SEQO_1 G |ATP_1 100% 1 150 501 50 |0 | Ambient temperature Ethancl &  (Profile succassfully Stinger box evacuated, cell 401 closed, will pull down with steam within a few minules
5 seonas O teemp (R) 184 camglited, Prepping for first ring of the day - igniters enly, 5 e on sach angine - firsttest since replacing orfices in E2 and E3
igniters.  LOX tank full, conditioning temp and filing manifold All with nominal LOX temp, and nominal purge pressure.
PF.IGN removed from Engine 1 and from Engine 2, & those ports capped ciose 10 engine, AND with the appropriate
redlines disabled to accommodate the change. This i the first day of tests since changing igniter arifices in E2 and
E3 1.ATP1, SEQO,Test1,RunG EnmelGNl'l‘Em‘lma 5 sac igniter firings with 50 sec coast betwesen
them. One shot each. C: Pan o p d with E2_GN profilk
030806  |SEQ1_10 |B IBIE] 7 0 10 0 103 |0 Aivient Ethanol & |Profile |E2JGN, SEQ Y, Test 11, FunC
O temp (R) 184 | completod. Engine 2 IGNITER, 2 pulses of 1 second duration as follows: 1 firing with 20 ms fuel lead, 5 minute hold, then one firing
with 20 ms, LOX lead
Completed successhully. Plan to proceed with ATP_2 profile
03-08-06  |SEQO_2 F |ATP_2 100% [51 0 100 012 |0 0 Agribient lemperature Ethanal & Pcammhmmsi’aqiwmaam&wwvsmmm One shot each. Profile automaically shut down on
5 seconds O temp (R) 184 m! PCAV low pressure, 50 E2 and E3 did not get a chance 1o fire. This run was not attempted again, once it was
umummwawmwmwmmmwnmmwwm
opened simult iy, per the profil Since It would take 100 long to modiy the ATP_2 profile valve iming
and re-run it on the same day, it was not attempted again. Teamn determined tal shutdown was due to the profle not
including the updated valve timing (LOX lead) Valve iming update required after recrificing. Team agreed o sidpt this
profle and proceed with SEQ 3_12a. Only Test that engine cid not light on the first pulse if the igniter was running.

Page 32



Filename

Profile Name

Actual # of Pulses

Aercjet Test# ] E2

SEQ3_12

D

SEQ_3_12A

E1:.58%

16 saconds
E2:1.65%
4 seconds:
E3:.58%
.16 seconds

i

Test Time

Total On

Time f!}
E2 E3

Propellant conditions

Shutdown Rationale Changes/Comments

ignition?

205.0

114

321

1.13

| Ambient temperature Ethanol &
Ox lemp (R) 204+01-5R

PCAVE1 low in Limit Group | Shutdown cause not known. Decided to avoid Engine 1 for remainder of tests. Plan to proceed with Seq 1_5A
profie. All 3 engines, pulsed one at a time, ially in varying engine per prefile. It was to run
58 pulse sets in approximately 25 minutes.
Ran 8 sets of pulses on all 3 engines, then the profile automatically shut down on engine 1, PCAV low

due to ignition in engine 1 during the 9th pulse set.
This was first test to incorporate all the proposed “fixes" for non ignites. Igniters re-orificed, PFJINGN
plumbing removed for Ign E1 and E2. Exited low PCAVE1 on 8th E1 pulse. All problems obviously still not
sorted out as PCAVE1 lit late first pulse at 140ms. Then settied down to light at 90-95ms until the igniter cold-
flowed on the last pulse. Several issues working on this test. Note that the previous test (Test 51) was the only
test of the entire campaign in which an engine did not light on the first pulse if the igniter was running. Need to
|figure out why the Ign E1 did not light on the last pulse.

03-08-06

SEQ1_5

A

SEQ_1-5A

100%
6 seconds

16.0

6.00

6.00

\Ambient temperature Ethanol &
Ox temp (R) 184

Profile succassfully
completed.

Engine2 and 3 simultaneously for 6 seconds. Completed successfully. Visually, it looked great, 2 robust plumes.
Testing ended for the day. Stop testing fo the day to inspect engine 1 and review data. Engine 1 chamber
measurements indicate growth. Engine TAD suggests not firing Engine 1 any more. 5. SEQ_1-58A

Note- question exists as to whether this should read *SEQ_1-5A" instead of *SEQ_1-5BA";

there may have been a typo on the test request sheet- will try to resolve, but if anyone knows for sure let me know)

03-03-06

SEQ3_17

A

SEQ_3-12C

2700

0.00

441

161

Ambient temperature Ethanol &
Ox temp (R) 204+0/-5R

Completed planned partion of |Profile 3_12a modified to remove Engine 1 from firing; called SEQ 3_17. Plan to repeat this sequence with purges
profile. Manually called reduced to 80 psi from 135 psi, as read on POJE2.

shutdown after T-+4:20. | After data review overnight and a telecon with Eric Hurlbert this morning, weighing in Aerojet recommendations, WSTF
inputs, and Marshall inputs from the test team here, this is today's plan. Also rolled into this plan are the reality of
limited test time for pursuing of Engine 1' yeslerday, and some lingering
cancerns, unknowns, and potential risks for Engine 1 due to its history of problems, and as of yet unexplained indication
of combustion in the acoustic cavity. This plan also puts priority on getting reduced purge pressure tests completed (on
E2 and E3 only) as a higher pricrity than pursuing engine 1's problems.

MAKE TWO MODIFIED PROFILES & VALIDATE THEM AS FOLLOWS. RUN IN THE ORDER SHOWN:

1. Make a new version of 3_12a that eliminates Engine 1 from the profile, but no change to the valve timing from
eriginal profile.

[ This profile will be used to run the reduced purge pressure tests.

2. Make a new version of 3_12a with a 30 ms lag on igniter fuel valve on Engine 1 only.

Run this if time permits. LOX tank full, prepping for first firing.

| As a quick “feel good" with the newly modified version of the 3-12a profile (It deletes E1), we will first run abeut 2 pulsa
sats atnormal purge pressure.

| Assuming that goes well, we will then attempt the full 25 minute profile at the first reduced purge prassure of 80 psia.

03-09-06

SEQ3_17

B

SEQ_3-12C

0.00

7.01

2.58

Ambient temperature Ethanol &
Ox temp (R) 204+0/-6R

PCIGMEZ low in Limit Group |Suspect a bad transducer (off scale low). Plan to repeat profile. Tests 54 and 55 ran E1 & E2 with POJE2 purge levels

of 126 and 76 psia. PCIGNE2 die during apparently normal igniter operation and lighting on the 18th E2 pulse,

03-09-06

SEQ3_17

c

SEQ 3-12C

130

0.00

0.17

0.16

Ambient temperature Ethanol &
Ox temp (R) 204+0/-6R

PCIGNEZ high in Limit Group [POJE2 = 67-71 psia, Confirmed that iransducer is bad (off-scale high, but same value as previous shutdown).
3 8 ted that strain-type may k tinuity when the igniter chamber is pressurized. Decided to stop

03-09-06

SEQ4_18

B

SEQ_4-18A

5%
32 seconds

1200

0.00

0.00

6.10

Ambient temperature Ethanol &
Ox temp (R) 184

testing engine 2 for remainder of testing.
Completed planned portion of|POJE2 = 68 psia, Successfully completed 10 pulses with 20 psia and 10 pulses at zero psia purge, on E3
profile. Manually called End of testing tonight.
shutdown after 20 pulses. | Completed 10 pulses on E3 as intended at ~40 psia purge press.
move into 20 psia run..in work
[f nothing horrendous comes of it, will run a zero psia after that
(Completed 10 pulses on E3 as intended at ~55 psia purge press......some pulses not so pretty, but good enough to
move into 40 psia run..in work
[AND, we will leave the purge gas ON
In order to keep running reduced purge pressures, We are considering running a profile that is only E3, *Firing Profile:
SEQ_4-18A" which had been run before. It has 320 ms ON, 6.08 sec ON...188 pulses....and we weuld skip the 5 sec
pre-burn., and not run for the entire 20 minutes. Engine TAD noted that data from pulse train looked a little funny (bat
man ears).

..some pulses not so pretty, but good enough to

03-09-08

SEQ4_18

c

SEQ_4-18A

5%
32 saconds

70.0

0.00

0.00

321

Ambient temperature Ethanol &
Ox temp (R) 184

Completed planned portion of[POJE2 = 55 psia.
profile. Manually called
shutdown after 10 pulses.

03-09-08

SEQ4_18

o]

SEQ_4-18A

5%
32 saconds

70.0

0.00

0.00

321

Ambient temperature Ethanol &
Oxtemp (R) 184

Completed planned portion of|POJE2 = 42 psia
profile. Manually called
shutdown after 10 pulses.

03-09-06

SEQ4_18

E

SEQ_4-18A

5%
.32 saconds

70.0

0.00

0.00

321

Ambient temperature Ethanol &
Ox temp (R) 184

Completed planned portion of|PPOJE2 = 21 psia
profile. Manually called
shutdown after 10 pulses.
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Filoname MML_ g l:mﬂﬂhﬂ—':'”';m Taxt i) | BTakal O Tia | Propellant conditions _| Shutdown Rationale Changes/Comments
5% B1 POJEZ = 0 psia. Test profiles complete. Having a main Ox lead ahead of the igniter ghting may help sweep the ax

| €2 | E3 | (Sec) | E1 1 E? |
SEQ4_ 18 |F [SECL4-1BA 110|700 000 (000|321 |Ambient temperature Ethanol & |Completed planned portion of|
32 seconds O teemp (R) 184 praofie. Manually called manifold befora fire exists in the chamber. However the Bme is short and may not guarantee that there iz not an
shuidown after 10 pulses.  |ignitable mixiure in the ox manifolds if fuel was back driven. The main cx lead in conjunclion with the igniter sarved to
burn off residual propellant prior to main stage fuel arriving for the pulss. No hard d. On higher purge
flow tests, there were instances whare the pre-buming of residual propallant did not ocour, resuling in siightly rougher
starts.
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APPENDIX C: LO,/LCH,COLD FLOW TEST MATRIX AND DATA

An LO, cold flow test on the APSTB LO, tank and feed system was conducted on October 13, 17,
and 19, 2006. Each day, the orificein the LO, TV S was changed per the Test Article Director’s (TAD'S)
request. The same tests were then performed again. On October 13, 2007, the electrical, mechanical,
control, and instrumentation setups were performed per task performance sheet (TPS) 4-LMM-06 0073.
Thetest article was purged. LO, was loaded into the RCE manifold, and pressure was increased to
325 psia. Once the LO, manifold was loaded, the manifold control loop was activated with a maximum
temperature of 204 R and a minimum temperature of 199 R. Stinger box vacuum pump operations were
begun. Data was gathered on the manifold temperature control loop’s performance without the TVS
being active and without the ML1 installed on the RCS LO, manifold. The E2 LO, igniter and main
valves were cycled, and the temperature control loop was alowed to stabilize. The LO, TV S eductor was
activated by opening the electronic control valve (ECV) that controlled the GN, motive gas. Datawas
gathered with the current TV S orifice (the October 13, 2007 test had a Lee 313k device installed), after
which aheat leak liquid lock test was performed. These tests were repeated October 17, 2007, with a
0.07-mm orificeinstalled in the LO, TVS. On October 18, 2007, JSC engineersinstalled the ML on the
LO, RCS manifold, WSTF technicians installed a 0.06-mm orifice, and the tests were repeated.
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Figure C-1: October 13, 2007, LO, cold flow, TVS off, no MLI
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Figure C-2: October 13, 2007, LO, cold flow, TVSon (Lee 313K), ho MLI
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Figure C-3: Octaber 17, 2007, LO, cold flow, TV Son (0.07-mm orifice), no MLI
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Figure C-4: October 19, 2007, LO, cold flow, TV S on (0.06-mm orifice), MLI on
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Figure C-5: October 13, 17, and 19, 2007, LO2 cold flow, liquid lock test
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LOX Vent Valve Command Signal

Vent Valve Commands

LOX COLD FLOWS
TVS was OFF in All Cases
Vacuum approx 100 m-Torr
Temp Controller Using TLORCEM2 @ 199-204R

LOX dump rate approximately: 0.58lbm/sec

24 Openings at ~2
secs each: 28 Ibs of

17 Openings at ~2
sec each: 20 Ibs of
LOX dumped

(80 Ib/hr)

2 4 6 8 10 12 14

Minutes

Figure C-6: LO, dump rate, TV S off, with and without MLI

LOX COLD FLOWS TVS was ON
Vacuum approx 100 m-Torr
Temp Controller Using TLORCEM2 @ 199-204R

For Oct 19: LOX dump rate through ROV-LO-10 approximately: 0.58 lbm/sec, so
28 actuations/30 min @ 2 sec each is: LOX dump rate of 65 Ib/hr

plus TVS rate of 1.1 Ib/hr

Total Rate on Oct 19 data below is : 66 Ib/hr

minutes

Figure C-7: LO, dump rate with TV S on and with MLI
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C.1 LO, Cold Flow TVSand MLI Findings

The effectiveness of the TV S was measured by the time that the ROV -LO-10 was open when the
manifold temperature control loop was activated and allowed to stabilize. The dump rate of LO, through
the valve at test pressure is approximately 0.58 Iby/secs. Thetest duration was 15 min. The vacuum level
in the stinger box was approximately 100 mtorr. The temperature input for the temperature control loop
was measurement TLORCEM2.

The test on October 17, 2006, was used as the control. The TV S was off, and there was no MLI on
the RCS engine manifold. The LO-10 valve opened 24 times for approximately 2 sec eachtime. An
estimated 28 |b of LO, was dumped.

Thetest on October 19, 2006, was the same test performed on October 17, but the MLI had been
installed on the LO, manifold.

C.2 LO, Cold Flow Problems Encountered
APSTB Leaks — Leaks found during cold flow on the test article (October 13).

One leak was found on the 0.25-in. tee connecting PSV-LO-122 (LO, TV S safety relief valve). This
leak was repaired by replacing the bulkhead tee with a swivel tee fitting, adding copper nose seals, and

reapplying the proper torque.

Test Stand 401 | nstrumentation — Test stand instrumentation recorded higher than anticipated flow
rates during TVS LO, cold flow.

The original Hastings gas mass flowmeter was scaled for 1.5 Ib/hr. TPS-LMM-06 0076 removed the
original and replaced it with a 4.0 Ib/hr scaled meter. The methane TV S flowmeter was also changed
from a 0.75 Ib/hr meter to a2.0 Ib/hr meter.

C.3 Methane Cold Flow

A cryogenic shock test was conducted on Test Stand 401’ s new methane supply system and the
APSTB'’s methane tank and feed system on December 11, 2006, by introducing liquid nitrogen (LN,) for
thefirst time. WSTF provided approximately 1,300 gal of LN,. Electrical and mechanical controls and
instrumentation setups were performed per TPS 4-LMM-06 0089. The LN, dewar was brought up online,
and liquid nitrogen was slowly transferred to the methane run tank after sampling operations confirmed
cleanliness levels. Continuing with safe practices, al sectionsisolated were verified to have less than 10
psid across closed valves before opening to allow flow of the cryogen. LN, was loaded into the RCE
manifold and into the modified flow simulator section. Pressure was increased to 125 psia. Mechanical
technicians then used an oxygen meter to monitor the system for leaks of nitrogen by indications of low
levels of oxygen. Once the fuel manifold was loaded with the LN,, the manifold control loop was
activated with a maximum temperature of 185 R and a minimum temperature of 180 R. The temperature
control loop was alowed to stabilize. The fuel TV S eductor was activated by opening the ECV that
controlled the GN, motive gas. The eductor in place was a FOX mini eductor (modified part number
611210-060-SS). With the eductor active, the TV'S pressure dropped to 2.3 psia. TV S activation valve
ROV-HC-123 was then opened to allow flow acrossthe TVS. The pressure in the system stabilized at 2.4
psia. Leak checks continued throughout the TV'S; engineers looked for obvious leaks and used the
oxygen meter. Pressurein the fuel system was systematically increased in 50-psi increments, with leak
checks performed at each pressure. Once the pressure reached 260 psia, the stinger box door was closed,
and the checks continued to 360 psia. The manifold was viewed through the stinger box camera. The
TV S performance recorded at the time showed a pressure of 4.7 to 5 psiaand a flow rate of 0.870 Ib./hr.
The aft feed system, modified flow simulator, manifold, and TV S were then vented and purged.
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The second part of the cold flow operation was the checkout of the methane blow down tank.
TPS 4-LMM-06 0090 installed atemporary pressure indicator on the methane blow down tank so that the
maximum pressure reached during the test could be observed. The APSTB methane run tank was topped
off with LN,, and a simulated emergency fuel dump was conducted. The APSTB methane run tank was
87% full with LN,. The methane run tank pressure control loop was set to 80 psia. A dump path through
the test stand’ s supply isolation and supply bleed valves was opened. The dump began with the opening
of the test article’s HC-09 valve.

The entire LN, contents, approximately 391 gal, were dumped in alittle over 13 minutes. The frost
line on the blow down tank indicated that approximately 200 gal had made its way to the blow down tank.
The remaining LN, boiled off during the transfer. The highest pressure of 60 psig was seen in the blow
down tank during the first half of the dump when boil off was at its highest as the LN, entered the relative
warm dump system. After the entire contents were dumped an oscillation of 1020 psig was observed in
the blow down tank as the remaining LN, boiled off.

A post-cryo shock leak test was conducted on the liquid methane test article skid after the methane
tank and feed system were exposed to LN2 under TPS 4-LMM-06 0091. This TPS used GHe from the
pressure control loop to perform aleak check of the entire fuel system. The pressure was started at
50 psiaand continued to 260 psia. After reaching 260 psia, the stinger box door was closed and secured.
Theleak check then continued to 360 psia. One small leak was found and repaired at a 0.25-in.
connection on DPS-HC-20.

The methane system was |oaded with LCH, just before the first hot-fire operation and engine valves
cycled using WSJ PROP-401-0092 A. No problems were encountered. The test team continued directly
into hot-fire operations.

C.4 Methane Cold Flow Problems Encounter ed

Test Stand 401 Leaks: Leaks Found During LN, Cryo Shock in TS 401(12/11) — Two small leaks
were found on the 1-in. methane supply line between the feed through nozzle and filter F-4LM-LH101.
These leaks were repaired by adding copper nose seals and reapplying the proper torque.

APSTB Leaks: Leaks Found During Cryo Shock on the Test Article (12/11) — One leak was found
on the 0.25-in. tee connecting PSV-HC-122 (methane TV S safety relief valve). Thisleak was repaired by
replacing the bulkhead tee with a swivel teefitting, adding copper nose seals, and reapplying the proper
torque.

Test Stand 401 I nstrumentation: I ncorrect Temperature Reading Compared to Run Tank
Temperatures (12/11) — A resistive temperature device (RTD) probe, TT-4LM-LH106 (TMETEMP), was
installed into the methane supply line incorrectly. The probe was inserted approximately only one-third
of itslength into the wetted area. This exposure to both cryo temperature and to ambient temperature
created an average of the two temperatures, as much as a 120 R offset when the supply line was wetted
with cryo. Discrepancy report DR-4-LMI-06 0022 was opened to remove the old RTD (ECN M899559)
and install anew RTD (ECNM899561). The new RTD wasinstalled by inserting the probe into the line
until it bottomed out, then backing out 0.25 in. The Swagel ok connection was then tightened per the
manufacturer’ s instructions.

Test Stand 401 I nstrumentation: Measurements TFMANVT and TOMANVT Did Not Track
Between the Data Acquisition and Control System (DACS) GUI and the Control GUI (12/11) —
DR-4-LMI-06 0025 was opened and used to make patch corrections and verify correlations between the
measurements TFMANVT and TOMANVT in the DACS GUI and the temperature control GUI.
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APPENDIX D: LO,/LCHsHOT-FIRE TEST MATRIX AND DATA

Completed Pulse Count ; Total on Time
Date Profile Name Run# | Attempt # .ﬁ omf:al £ E&;’c) Shutdown Rationale Changes/Comments
Yes No E2 E3 E2 E3
1/18/2007 MSEQ_3-1 1 1 X * 0.64 High PCIGNE2 (120) Change limit group Sl11-1-4 groups 2 and 3 high limits
changed to 175.
1/18/2007 MSEQ_3-1 1 2 X * 0 Low PCIGNE2 Non ignition. Reshimmed spark plug to 0.0585". Reattempt.
1/22/2007 MSEQ_3-1 1 3 X 1 05 completed profile No change. Repeat profile 4 more times.
1/22/2007 MSEQ_3-1 1 4 X 1 05 completed profile No change. Repeat profile 3 more times.
1/22/2007 MSEQ _3-1 1 5 X 1 0.5 completed profile No change. Repeat profile 2 more times.
1/22/2007 MSEQ _3-1 1 6 X 1 0.5 completed profile No change. Repeat profile 1 more time.
1/22/2007 MSEQ_3-1 1 7 X 1 0.5 completed profile No change. Moveonto SEQ 3 2.
1/22/2007 MSEQ_3-1 2 1 X 1 05 completed profile TV S turned off to help maintain temps. No change. Ran test
with fuel manifold temp 2 deg warmer than planned.
1/22/2007 MSEQ_3-1 3 1 X 1 0.5 completed profile No change. Done for day.
1/23/2007 MSEQ_3-1 4* 1* *profile not started Methane drained from tank.
1/30/2007 MSEQ_3-1 4 1 X 1 0.5 completed profile Proceed to 3_5.
1/30/2007 MSEQ_3-5 1 X 30 1% 4.8 completed profile Proceed to 3_6.
160 ms
1/30/2007 MSEQ 3 6 6 1 X 24 1% 3.84 Low PCIGNEZ2 (30) in | Datareview shows a 2 volt drop during 24th pulse. No other
160 ms limit group 2 anomalies in temps and pressures. Continue with next
sequence. Received permission from JSC to use a warmer
control range (209-214R).
1/30/2007 MSEQ 3 7 7 1 X 31 1% 4.96 Completed profile Continue with next sequence.
160 ms
1/30/2007 MSEQ 3 8 8 1 X 6 0.96 Low PCIGNE2 (30) in | Quick look data shows alower voltage during 6th pulse.
limit group 2 Continue with next sequence.
1/30/2007 MSEQ 3 5 9 1 X * 0 Low PCIGNEZ2 (30) in | Quick look data shows alower voltage during first pulse.
limit group 2 Continue with next sequence.
1/30/2007 MSEQ 3 5 9 2 X 6 0.96 Low PCIGNE2 (30) in | Quick look data shows alower voltage during 6th pulse.
limit group 2 Continue with next sequence.
1/30/2007 MSEQ 3 5 10 1 X 6 0.96 Low PCIGNE2 (38) in | Quick look data shows alower voltage during 6th pulse.
limit group 2 Done for day. Datareview and spark plug inspection
tomorrow.
2/1/2007 MSEQ_3-5 9 3 X 27 1% 4.16 Low PCIGNE2 (32) in | Quick look data shows that voltage was nominal, but
160 ms limit group 2 shutdown occurred during 27th pulse Continue with 3_10.
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Completed Pulse Count ; 0 Total on Time
Date Profile Name Run# | Attempt # -?{g:ge ol EF(’:V\/IO Shutdown Rationale Changes/Comments
Yes No E2 E3 E2 E3
2/1/2007 MSEQ_3-5 10 2 X 2 1% 0.256 Low PCIGNE2 (38) in | Shutdown occurred during 2nd pulse. TAD and OD agreed
160 ms limit group 2 to adjust the PCIGNE2 low cutoff in limit group 2 from 75
psi down to 25 psi. All other values remain the same. JSC
requested that WSTF call a fire white if 3 consecutive non-
ignitions occur.
2/1/2007 MSEQ_3-5 10 3 X * 1% 0 Manual hold dueto 3 Decided to modify profile MSEQ 3 5rev 1. Timingon
160 ms consecutive non- igniter initiation changed to -10 ms.
ignitions
2/1/2007 MSEQ_3-5rev3 |10 4 X 29 1% 4.598 High PCIGNE2 (178) | Reviewed quick look. PCIGNE2 increased during last few
160 ms in limit group 2 pulses. No change.
TAD considered profile a success.
Continue with next profile.
2/1/2007 MSEQ_3-5yrev3d |11 1 X 30 1% 4.8 Completed profile Continue with next sequence.
160 ms
2/1/2007 MSEQ_3-5rev3 |12 1 X 30 1% 48 Completed profile Done for day
160 ms
2/28/2007 MSEQ_4-1 2 1 X 1 Low POJIGNE3 (200) | Changed low limit parameter in limit group 2 and 3 to 175
in limit group 2 psia
3/1/2007 MSEQ 4-1 2 2 X 1 05 Complete
3/1/2007 MSEQ 4-1 1 1 X 1 05 Complete
3/1/2007 MSEQ_4-1 1 2 X 1 0.5 Complete Good igniter run
3/1/2007 MSEQ_4-1 3 1 X 1 0.5 Complete Good igniter run
3/1/2007 MSEQ 4-1 3 2 X 1 No light
3/1/2007 MSEQ 4-1 3 3 X 1 No light
3/1/2007 MSEQ 4-1 4 1 X 1 05 Complete
3/1/2007 MSEQ 4-1 4 2 X 1 0.5 Complete
3/1/2007 MSEQ 4-1 5 1 X 1 No light No light
3/1/2007 MSEQ 4-1 5 2 X 1 No light No light
3/22/2007 mseq 4 3 4 X 05 Good ss
3/22/2007 mseq 4 5 3 X 30 48 Profile complete
3/23/2007 mseq 4 6 1 X 30 48 Complete 325 psiabot, 224 R fuel, 204 R LO2
3/23/2007 mseq 4 7 1 X No light 325 fuel, 325102 psia, 224 R fuel, 204 r Lox
3/23/2007 mseq 4 7 2 X No light Later in the day
3/23/2007 mseq 4 7 3 X No light Later in the day
3/23/2007 mseq 4 8 1 X 7 112 Complete 7 pulses 325 psia both, 214 fuel, 204 R Lo2, completed 7 pulsesin
960 sec..
3/23/2007 mseq 4 9 1 16 2.56 Complete 16 pulses Completed 16 pulses in 460 seconds.
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Completed Pulse Count ; 0 Total on Time
Date Profile Name Run# | Attempt # -?{g:ge ol EF(’:V\/IO Shutdown Rationale Changes/Comments
Yes No E2 E3 E2 E3
3/23/2007 mseq 4 11 1 16 2.56 Complete 16 pulses Completed 16 pulses in 460 seconds.
3/23/2007 mseq 4 11 2 16 2.56 Complete 16 pulses 375 psia both, 224 R fuel, 204 R LO2
3/23/2007 mseq 4 12 1 16 2.56 Complete 16 pulses 273 psiaboth, 224 R fuel, 204 R LO2
3/28/2007 MSEQ 4-6 6 2 X 1 100% 0.128 High PCIGNE3 (200) | Ox manifold inlet at 375, fuel inlet at 325. Adjusted PCIGN
150 ms inlimit group 2 redline to 225 from 175. Proceeded.
3/28/2007 MSEQ_4-6 6 3 X 38 5% 6.08 Completed profile Ox manifold inlet at 375, fuel inlet at 325. Proceeded to
160 ms sequence 4 8.
3/28/2007 MSEQ_4-8 8 2 X 7 112 Completed profile Ox manifold inlet at 375, fuel inlet at 325. Proceeded to
sequence 4_11.
3/28/2007 MSEQ_4-5 11 2 X 30 4.8 Completed profile Ox manifold inlet at 375, fuel inlet at 325. proceeded to
sequence 4-12.
3/28/2007 MSEQ_4-5 12 2 X 30 30.16 Completed profile Ox manifold inlet at 375, fuel inlet at 325. Non-ignition
noted on 2nd pulse. Proceeded to sequence 4-7.
3/28/2007 MSEQ_4-7 7 4 X 31 25% 4.96 Completed profile* Shutdown on limit group 5, pfjign high on 31st pulse. Ox
160 ms manifold inlet at 375, fuel inlet at 325. non-ignition on 2nd
pulse. Repeat profile.
3/28/2007 MSEQ_4-7 7 5 X 31 25% 4.96 Completed profile* Shutdown on limit group 5, pfjign high on
160 ms 31st pulse. Ox manifold inlet at 375, fuel inlet at 325. Non-
ignition on 2nd pulse.
Repeat profile.
3/30/2007 MSEQ_4-7 7 6 X 5 2.713 High PCIGNES3 (240) Orifice removed from LO, Igniter. LO, manifold pressure
in limit group 2 reset to 375 psi. Adjusted upper limit on PCIGNES adjusted
to 275 psi.
4/2/2007 MSEQ 4-6 6 4 X 38 6.08 Complete
4/2/2007 MSEQ 4-8 8 3 X 7 112 Complete
41212007 MSEQ 4-9 9 2 X 29 4.64 Complete 29 pulses x 160 ms pulses at 1% DC, PLOTNK=325 psia,
PETANK=325, 200R LO,, 214R FU.
41212007 MSEQ 4-11 11 4 X 3 0.38 High PCIGNE3 (250) | Adjusted upper limit on PCIGNES to 275 in limit group 1.
inlimit group 1 Repeat.
4/2/2007 MSEQ 4-11 11 5 X 21 3.36 High PCIGNE3 (250) | 375 psia LO, and methane, 160 ms at 1%
inlimit group 1
4/2/2007 MSEQ 4-12 12 3 X 29 4.64 Low PCIGN3, 70 psia | PLOTNK=275 psia, PETANK=275, 29 x 160 ms pulses at
1% DC
41212007 MSEQ 4-10 10 1 X 2 0.32 High PCIGNE3 (250) | 2 x 160 ms pulses at 1% DC, PLOTNK=325 psia,
inlimit group 1 PETANK=325
4/2/2007 MSEQ_4-10 10 2 X 25 4 Low PCIGN3, 65 psia | 25 x 160 ms pulses at 1% DC, PLOTNK=325 psia,
PETANK=325,167 R Lox, 214 R LCH4
4/4/2007 MSEQ_4-1 2 5 X X 1 0.5 Complete Igniter checkout
4/4/2007 MSEQ 5 1 2 1 X 1 2s 0.226 Low PCAVE3 (12) in | Adjusted lower limit on PCAVE3 to 5in limit group 4.
limit group 4
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Completed Pulse Count ; 0 Total on Time
Date Profile Name Run# | Attempt # .?{2:29 ol EF(’:V\/IO Shutdown Rationale Changes/Comments
Yes No E2 E3 E2 E3
4/4/2007 MSEQ_5-1 2 2 X 1 10s 5 No shutdown, but PCAVE3 remained at 12 psi throughout 5 second burn. No
PCAVE3 indicated no | mainignition. At shutdown, noted that igniter was firing.
primary ignition, only | PCIGNE3 indicated the same. TADs decided to repeat
igniter profile with set pressures at 285 and 345 (LO, and LCH,4
respectively). EFCSto call fire white if engine does not light
within 1 second. Previous lower set point in limit group 4
reset (35) for PCAVES.
4/4/2007 MSEQ 5-1 2 3 X 1 2s 0.226 Low PCAVE3 (12) in | Done for day.
limit group 4
4/5/2007 MSEQ_5-5 9 1 X 1 2s 0.16 Manual firewhitecall | TADs realized that valve timing was not written into the
after 1 pulse for data profile as they intended. Change made to profile mseq 5_5.
review Repeat.
4/5/2007 MSEQ_5-5 9 2 X 1 0.216 pcave3 low in limit Change tank sets to 325 and 345 (LO, /LCH,) and repeat.
group 4 (12)
4/5/2007 MSEQ_5-5 9 3 X 1 0.225 pcave3 low in limit Change tank sets to 325 for both and repeat.
group 4 (13)
4/5/2007 MSEQ_5-5 9 4 X 1 0.226 pcave3 low in limit Lower tank pressures to 250. Maintain same temps.
group 4 (13)
4/5/2007 MSEQ_5-5 9 5 X 1 0.216 pcave3 low in limit Change tank pressures to 325 and 300 (LO, /LCH,). Repeat.
group 4 (10)
4/5/2007 MSEQ_5-5 9 6 X 1 0.215 pcave3 low in limit Change tank pressure back to 300 for both. Lower LO, temp
group 4 (13) to 199-204 and methane temp to 219-224.
4/5/2007 MSEQ_5-5 9 7 X 1 0.216 pcave3 low in limit Lower fuel temp to 209-214. Pressures remain the same, as
group 4 (13) well as the fuel temp. Phantom flame observed on HSV.
4/5/2007 MSEQ_5-5 9 8 X 1 0.225 pcave3 low in limit Lower Lox temp to 168—173 and repeat.
group 4 (12)
4/5/2007 MSEQ_5-5 9 9 X 1 0.226 pcave3 and pcigne3 low | Same temps, change pressures to 325 LO, and 345 LCHy.
inlimit group 4 (11 and | Repeat.
53)
4/5/2007 MSEQ_5-5 9 10 X 1 0.25 Manual fire white call Repeat.
after 1 pulse for data
review
4/5/2007 MSEQ_5-5 9 11 X 1 0.214 pcave3 and pcigne3 low | No change. Repeat.
inlimit group 4 (12 &
63)
4/5/2007 MSEQ_5-5 9 12 X 1 0.214 pcave3 and pcigne3 low | Increase temps on both manifolds by 15 °F [183-188 on LO,
inlimit group 4 (12& | and 224-229 on LCHy,].
63)
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Completed Pulse Count ; 0 Total on Time
Date Profile Name Run# | Attempt # -?{g:ge ol EF(’:V\/IO Shutdown Rationale Changes/Comments
Yes No E2 E3 E2 E3
4/5/2007 MSEQ_5-5 9 13 X 1 0.215 pcave3 and pcigne3 low | Increase temps on both manifolds by 15 °F [198-203 on LO,
inlimit group4 (11& | and 224-229 on LCHy,].
57)
4/5/2007 MSEQ_5-5 9 14 X 1 0.225 pcave3 and pcigne3 low | Done for day.
inlimit group 4 (11 &
57)
4/16/2007 MSEQ 5-5 9 15 X 1 0.25 Manual firewhitecall | Repeat. Countdown clock not functional.
after 1 pulse for data
review
4/16/2007 MSEQ 5-5 9 16 X 1 0.25 Manual firewhitecall | Auroraborealis
after 1 pulse for data
review
4/16/2007 MSEQ_5-5 9 17 X 1 0.25 Manual fire white call Alt reduced to 92,300-ft.
after 1 pulse for data
review
4/16/2007 MSEQ_5-3 14 1 X 1 0.215 pcave3 and pcigne3 low | Weak spark. Repeat same profile.
inlimit group 4
(11 & 55)
4/16/2007 MSEQ_5-3 14 2 X 1 0.5 Completed profile Repeat.
4/16/2007 MSEQ_5-3 14 3 X 1 05 Completed profile Continue to 0.5 second pulse.
4/16/2007 MSEQ_5-2 15 1 X 1 0.226 pcave3 and pcigne3 low | Done for day.
inlimit group 4 (11 &
57)
4/18/2007 MSEQ_5-2 14 4 X 1 0 pcav low LO, tank at 285 and FU @ 315
4/18/2007 MSEQ 5-2 15 2 X 1 2 Completed profile LOX tank at 285 and FU @ 315
4/18/2007 MSEQ_5-2 15 3 X 1 0.5 Bad Pcav transducer
4]18/2007 MSEQ 5-2 15 4 X 1 0.16 Igniit, low Pcav
4/18/2007 MSEQ_5-2 15 5 X 1 3 Completed profile
4/18/2007 MSEQ 5-2 16 1 X 1 0.16 Ign lit, low pcav
4/18/2007 MSEQ _5-2 16 2 X 1 0.16 Ign, lit, low pcav
4/19/2007 MSEQ_5-16 16 3 X 1 100% Completed profile LO, tank at 285 and FU @ 315
35s
4]19/2007 MSEQ 5-1 1 1 X 1 100% Completed profile Using RLG 5-1
5s
4/25/2007 MSEQS5 2 4 X 1 0.16 Ign lit, pcav low Lox 285, FU@315, methane 240 R, LO, 224 R
4/25/2007 mseq 7 2 1 X 1 0.16 No ignition, spark
guench
4/25/2007 mseq 7 1 1 X 1 0.16 No ignition, spark Lox 285, FU@315, methane 240 R, LO, 204 R
guench
4/25/2007 mseq 5 1 2 X 1 0.16 Ign lit, pcav low Lox 285, FU@315, methane 240 R, LO, 204 R
4/25/2007 mseq 5 4 1 X 1 5 Completed profile Lox 285, FU@315, methane 240 R, LO, 170 R
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Completed Pulse Count ; 0 Total on Time
Date Profile Name Run# | Attempt # -?{g:ge ol EF(’:V\/IO Shutdown Rationale Changes/Comments
Yes No E2 E3 E2 E3
4/25/2007 mseq 7 4 1 X 1 0.16 No ignition, spark Lox 285, FU@315, methane 240 R, LO, 170 R
guench
4/25/2007 mseq 5 6 1 X 1 100% 0.16 Ign lit, pcav low Lox 285, FU@315, methane 204 R, LO, 204 R
140 ms
4/25/2007 mseq 5 6 2 X 1 100% 0.16 Ign lit, pcav low Lox 285, FU@315, methane 204 R, LO, 170 R
250 ms
4/25/2007 mseq 5 6 3 X 2 5% 0.16 Redline too tight LO, 285, FU@315, Methane 204 R, LO, 170 R
250 ms
4/25/2007 mseq 5 6 4 X 2 5% 0.32 Redline too tight, PFJ LO, 285, FU@315, methane 204 R, LO, 170 R
250 ms slow
4/25/2007 mseq 5 6 5 X 2 5% 0.32 Redline too tight, PFJ LO, 285, FU@315, methane 204 R, LO, 170 R
250 ms slow
4/25/2007 mseq 5 6 6 X 15 5% 48 Redlinetoo tight, PR | LO, 285, FU@315, methane 204 R, LO, 170 R
250 ms slow
4/25/2007 mseq 5 6 5 X 2 0.32 PFJ slow to bleed LO, 285, FU@315, methane 204 R, LO, 170 R
4/25/2007 trial E23 1 1 X 1 0.6 0 Complete 50 ms igniter and main lead, LO, 285, FU@315, methane 204
R,LO, 170R
4/27/2007 mseq 7 1 2 X 1 0 No ignition, spark LO, 315, FU@315, methane 240 R, LO, 204 R
guench
4/27/2007 trial 3A 1 1 X 1 0 No ignition, spark 50 ms igniter and main lead, LO, 315, FU@315, methane 240
guench R, LO,204R
4/27/2007 mseq 5 1 3 X 1 2 Good, but POJredline | LO, 315, FU@315, methane 240 R, LO, 204 R
4/27/2007 mseq 5 4 2 X 4 Good, but POJredline | LO, 315, FU@315, methane 210 R, LO, 170 R
4/27/2007 mseq 7 4 2 X 1 0 Igniter not lit LO, 315, FU@315, methane 210 R, LO, 170 R
4/27/2007 trial 3a 1 2 X 1 0 Igniter not lit 50 msigniter and main lead, LO, 315, FU@315, methane 210
R,LO, 170R
4/27/2007 mseq 5 6 7 X 12 5% 192 PFJ fail to bleed LO, 315, FU@315, methane 210 R, LO, 204 R
250 ms
4/27/2007 mseq 5 6 8 X 3 5% 0.48 Low pcav? LO, 315, FU@315, methane 210 R, LO, 204 R
250 ms
5/3/2007 MSEQ_7-1a 3 1 X 1 5 Completed profile
5/3/2007 MSEQ_5-1a 1 4 X 1 0.226 Low pcave3in limit Proceed with similar profile, but adjusted LO, main valve
group 3 timing to open with igniter valves (50 ms prior to main fuel).
5/3/2007 MSEQ_5-1b 1 1 X 1 5 Completed profile Proceed with colder tank temps and nominal valve timing.
5/3/2007 MSEQ_5-1a 4 3 X 1 3.805 pcigne3 high in limit Although profile was incomplete, proceeded with same
group 3 profile on engine 2.
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Completed Pulse Count ; 0 Total on Time
Date Profile Name Run# | Attempt # -?{g:ge ol EF(’:V\/IO Shutdown Rationale Changes/Comments
Yes No E2 E3 E2 E3
5/3/2007 MSEQ_7-1a 4 3 X 1 0.065 pcigne2 low in limit Tank temp and pressures remain the same. Proceed with
group 2 same basic profile, but accelerated LO, main valve timing.
5/3/2007 MSEQ_7_1b 1 1 X 1 0.075 pcigne2 low in limit Proceed with next profile on same engine.
group 2
5/3/2007 MSEQ_7-1d 1 1 X 1 0.064 pcigne2 low in limit Proceed with same test again.
group 2
5/3/2007 MS Trial-E23 1 4 X 1 0.226 pcigne2 low in limit Move to engine 3, pulse test.
group 2
5/3/2007 MSEQS5 6 9 X 15 5% 3.672 pcave3 low in limit Done for day.
250 ms group 3 (3.7)
5/4/2007 MSEQ8 5 1 X 1 1 3 3 PCAV low 315, 315 meth, 204 LO,, 240 meth Ign lit, mains lit, but valve
driver failed to keep main valves open.
5/4/2007 Mseq 8 5 2 X 1 1 3 3 Valve driver dropout 350, 350 meth, 204 LO,, 240 meth Ign lit, mains lit, but valve
driver failed to keep main valves open.
5/4/2007 Mseq 8 7 1 X 1 1 E2 pcign failed 350, 350 meth, 204 LO,, 240 meth
5/4/2007 Mseq 8 7 2 X 1 1 E2 pcign failed 350, 350 meth, 204 LO,, 210 meth
5/4/2007 Mseq 8 7 3 X 1 1 E2& E3: Completed 315, 315 meth, 204 LO,, 210 meth
100%
3s
5/4/2007 Mseq 8 7 4 X 1 1 Completed 315, 315 meth, 204 LO;, 210 meth
5/4/2007 Mseq 8 7 5 X 1 1 Completed 315, 315 meth, 204 LO;, 210 meth
5/4/2007 Mseq 8 7 6 X 1 1 Completed 315, 315 meth, 204 LO,, 210 meth
5/4/2007 Mseq 8 7 7 X 1 1 Completed 315, 315 meth, 204 LO,, 210 meth
5/4/2007 Mseq 8 7 8 X 1 1 E2& E3: Completed, pcign high | 315, 315 meth, 170 LO,, 210 meth
100%
3s
E3:2.86s
5/4/2007 mseq 7 6 2 X 3.5 pulse, then non-ign | 315, 315 meth, 170 LO,, 210 meth
5/4/2007 mseq 7 6 3 X 3.5 pulses, then non-ign | 315, 315 meth, 170 LO,, 210 meth
5/4/2007 mseq 7 6 4 X 4 2 pulse, then non-ign 350 LO,, 315 meth, 170 LO,, 210 meth
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APPENDIX E: APSTB INSTRUMENTATION LIST

. ’ Customer ’ System

Seq | MeasID Description an?l]e itcl U ?ogcr;?: i $¥apr?s:j)tjoer Supplied Range gaﬁt Uncertainty Component ID (El)i"’; RIEGILETEY
Transducer (%FS)

0 2nd Generation Controls
1 TEST ARTICLE MEASUREMENTS
2 EF126 | Fire Red Command Facility Event 0,1 N/A 1000
2 TEST ARTICLE VALVE COMMANDS
3 TEST ARTICLE FEEDSY STEM VALVE POSITION INDICATORS
4 XHC-01CL Aft Eth Feedline Iso valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-01 1000
4 XHC-010P Aft Eth Feedline Iso valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-01 1000
4 XHC-02CL Eth Feedline Inlet Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-02 1000
4 XHC-020P Eth Feedline Inlet Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-02 1000
4 XHC-03CL Eth 60ft Feedline Inlet Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-03 1000
4 XHC-030P Eth 60ft Feedline Inlet Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-03 1000
4 XHC-04CL Eth 60ft Feedline Outlet VValve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-04 1000
4 XHC-040P Eth 60ft Feedline Outlet Valve Open T/A Feed Sys | Event 01 28VDC N/A ROV-HC-04 1000
4 XHC-05CL Eth 60ft Feedline Bypass Valve Closed T/A Feed Sys | Event 0,1 28vVDC N/A ROV-HC-05 1000
4 XHC-050P Eth 60ft Feedline Bypass Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-05 1000
4 XHC-06CL Eth Feedline Outlet Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-06 1000
4 XHC-060P Eth Feedline Outlet Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-06 1000
4 XHC-07CL Eth Simulator Feedline Iso Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-07 1000
4 XHC-070P Eth Simulator Feedline Iso Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-07 1000
4 XHC-08CL Eth Engine Feedline Iso Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-08 1000
4 XHC-080P Eth Engine Feedline Iso Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-08 1000
4 XHC-09CL Eth Supply Feedline Iso Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-09
4 XHC-090P Eth Supply Feedline Iso Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-HC-09
4 XHC-10CL Eth RCE Stinger Manifold Vent Close T/A Feed Sys | Event 0,1 28vVDC N/A ECV-HC-10 1000
4 XHC-100P Eth RCE Stinger Manifold Vent Open T/A Feed Sys | Event 0,1 28VDC N/A ECV-HC-10 1000
4 XHC-11CL Eth Simulator Manifold Vent Close T/A Feed Sys | Event 0,1 28VDC N/A ECV-HC-11 1000
4 XHC-110P Eth Simulator Manifold Vent Open T/A Feed Sys | Event 01 28VDC N/A ECV-HC-11 1000
4 XHC-13CL Ethanol Hi-Pnt Bleed 1 Close T/A Feed Sys | Event 01 28VDC N/A ECV-HC-13 1000
4 XHC-130P Ethanol Hi-Pnt Bleed 1 Open T/A Feed Sys | Event 0,1 28VDC N/A ECV-HC-13 1000
4 XHC-14CL Ethanol Hi-Pnt Bleed 2 Close T/A Feed Sys | Event 01 28VDC N/A ECV-HC-14 1000
4 XHC-140P Ethanol Hi-Pnt Bleed 2 Open T/A Feed Sys | Event 0,1 28VDC N/A ECV-HC-14 1000
4 XLO-01CL Aft LOX Feedline Iso valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-01 1000
4 XLO-010P Aft LOX Feedline Iso valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-01 1000
4 XLO-02CL LOX Feedline Inlet Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-02 1000
4 XLO-020P LOX Feedline Inlet Valve Open T/A Feed Sys | Event 01 28VDC N/A ROV-LO-02 1000
4 XLO-03CL LOX 60ft Feedline Inlet Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-03 1000
4 XLO-030P LOX 60ft Feedline Inlet Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-03 1000
4 XLO-04CL LOX 60ft Feedline Outlet Valve Closed T/A Feed Sys | Event 0,1 28vDC N/A ROV-LO-04 1000
4 XLO-040P LOX 60ft Feedline Outlet Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-04 1000
4 XLO-05CL LOX 60ft Feedline Bypass Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-05 1000
4 XLO-050P LOX 60ft Feedline Bypass Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-05 1000
4 XLO-06CL LOX Feedline Outlet Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-06 1000
4 XLO-060P LOX Feedline Outlet Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-06 1000
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’ ’ Customer 8 System
Seq | MeasID Description ﬁgrg];: B f'o%:l:: o ng?;i)rjoer 1S_upp| ied Range gﬁ’tﬁl‘t Uncertainty Component ID (Dl_iaéa) RIEGETEY
ransducer (%FS)
4 XLO-07CL LOX Simulator Feedline Iso Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-07 1000
4 XLO-070P LOX Simulator Feedline 1so Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-07 1000
4 XLO-08CL LOX Engine Feedline Iso Valve Closed T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-08 1000
4 XLO-080P LOX Engine Feedline Iso Valve Open T/A Feed Sys | Event 0,1 28VDC N/A ROV-LO-08 1000
4 XLO-09CL LOX Supply Feedline Iso Valve Closed T/A Feed Sys | Event 01 28VDC N/A ROV-LO-09
4 XLO-090P LOX Supply Feedline Iso Valve Open T/A Feed Sys | Event 0,1 28vDC N/A ROV-LO-09
4 XLO-10CL LOX RCE Stinger Manifold Vent Close T/A Feed Sys | Event 01 28VDC N/A ECV-LO-10 1000
4 XLO-100P LOX RCE Stinger Manifold Vent Open T/A Feed Sys | Event 0,1 28VDC N/A ECV-LO-10 1000
4 XLO-11CL LOX Simulator Manifold Vent Close T/A Feed Sys | Event 0,1 28VDC N/A ECV-LO-11 1000
4 XLO-110P LOX Simulator Manifold Vent Open T/A Feed Sys | Event 0,1 28VDC N/A ECV-LO-11 1000
4 XLO-13CL LOX Hi-Pnt Bleed 1 Close T/A Feed Sys | Event 0,1 28VDC N/A ECV-LO-13 1000
4 XLO-130P LOX Hi-Pnt Bleed 1 Open T/A Feed Sys | Event 0,1 28VDC N/A ECV-LO-13 1000
4 XLO-14CL LOX Hi-Pnt Bleed 2 Close T/A Feed Sys | Event 0,1 28VDC N/A ECV-LO-14 1000
4 XLO-140P LOX Hi-Pnt Bleed 2 Open T/A Feed Sys | Event 0,1 28VDC N/A ECV-LO-14 1000
4 XLO-68CL LOX Tank Vent Iso Valve Closed Event 0,1 28vVDC
4 XLO-680P LOX Tank Vent Iso Valve Open Event 0,1 28VDC
4 XHE-19CL LOX Tank He Supply Iso Valve Closed Event 01 28VDC
4 XHE-190P LOX Tank He Supply Iso Valve Open Event 0,1 28VDC
4 XHC-60CL Eth Tank Vent Iso Valve Closed Event 0,1 28VDC
4 XHC-600P Eth Tank Vent Iso Valve Open Event 0,1 28VDC
4 XHE-20CL Eth Tank He Supply Iso Valve Closed Event 01 28VDC
4 | XHE-200P Eth Tank He Supply 10 Valve Open Event 0,1 28VDC
4 XHC-71CL Eth Forward Feedline Purge Valve Closed Event 0,1 28VDC
4 XHC-710P Eth Forward Feedline Purge Valve Open Event 0,1 28VDC
4 XHC-72CL Eth Manifold Purge Valve Closed Event 0,1 28VDC
4 XHC-720P Eth Manifold Purge Valve Open Event 0,1 28vDC
4 XLO-79CL LOX Forward Feedline Purge Valve Closed Event 0,1 28VDC
4 XLO-790P LOX Forward Feedline Purge Valve Open Event 0,1 28VDC
4 XLO-80CL LOX Manifold Purge Valve Closed Event 0,1 28vDC
4 XLO-800P LOX Manifold Purge Valve Open Event 0,1 28VDC
6 TEST ARTICLE SIMULATOR VALVE POSITION INDICATORS
7 XHC-S1CL Eth Simulator Valve 1 Close T/A Siml Event 0,1 28vVDC N/A ROV-HC-S1 1000
7 XHC-S10P Eth Simulator Valve 1 Open T/A Siml Event 01 28VDC N/A ROV-HC-S1 1000
7 XHC-S2CL Eth Simulator Valve 2 Close T/A Sim2 Event 0,1 28vDC N/A ROV-HC-S2 1000
7 XHC-S20P Eth Simulator Valve 2 Open T/IA Sim2 Event 0,1 28VDC N/A ROV-HC-S2 1000
7 XHC-S3CL Eth Simulator Valve 3 Close T/A Sim3 Event 0,1 28vDC N/A ROV-HC-S3 1000
7 XHC-S30P Eth Simulator Valve 3 Open T/A Sim3 Event 0,1 28VDC N/A ROV-HC-S3 1000
7 XLO-S1CL LOX Simulator Valve 1 Close T/A Sim1 Event 0,1 28VDC N/A ROV-LO-S1 1000
7 XLO-S10P LOX Simulator Valve 1 Open T/A Siml Event 0,1 28VDC N/A ROV-LO-S1 1000
7 XLO-S2CL LOX Simulator Valve 2 Close T/IA Sim2 Event 0,1 28VDC N/A ROV-LO-S2 1000
7 XLO-S20P LOX Simulator Valve 2 Open T/A Sim2 Event 0,1 28VDC N/A ROV-LO-S2 1000
7 XLO-S3CL LOX Simulator Valve 3 Close T/A Sim3 Event 0,1 28VDC N/A ROV-LO-S3 1000
7 XLO-S30P LOX Simulator Valve 3 Open T/A Sim3 Event 0,1 28VDC N/A ROV-LO-S3 1000
[8 [TEST ARTICLEFEED-SYSTEM INSTRUMENTATON | | [ |} [~} [ [ ]
9 Test Article Propellant Tank Pressures
10 | PETATANK | Ethanol Tank Pressure T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-HC-15 1000
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10 | PETFEED1 Ethanol Feedline Pressure 1 T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-HC-24
10 | PETFEED2 Ethanol Feedline Pressure 2 T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-HC-25
10 | PLOFEED1 LOX Feedline Pressure 1 T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-LO-24
10 | PLOFEED2 LOX Feedline Pressure 2 T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-LO-25
10 | PLOTATANK LOX Tank Pressure T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-LO-15 100
11 | Test Article Propellant Tank Temperatures
12 | TETTNKB Ethanol Tank Bulk Temp (Bottom) T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-HC-18 10
12 | TETTNKM Ethanol Tank Bulk Temp (Mid) T/A Feed Sys | RTD X 140 -600 R 100o0hm |1 TT-HC-17 10
12 | TETTNKT Ethanol Tank Bulk Temp (Top) T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-HC-16 10
12 | TLOTNKB LOX Tank Bulk Temp (Bottom) T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-LO-18 10
12 | TLOTNKM LOX Tank Bulk Temp (Mid) T/A Feed Sys | RTD X 140 -600 R 100 ohm 1 TT-LO-17 10
12 | TLOTNKT LOX Tank Bulk Temp (Top) T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-LO-16 10
13 | Test Article Propellant Tank Liquid Level Sensors
14 | DPETTNK Ethanol Tank Delta-P Sensor T/A Feed Sys | DeltaP X 0-3LBS 1 DPT-HC-22 1000
14 | DPLOTNK LOX Tank Delta-P Sensor T/A Feed Sys | DeltaP X 0-3LBS 1 DPT-LO-22 1000
14 | XLSETO Ethanol tank level sensor (0%) T/A Feed Sys | Diff P-Switch | X event N/A DPS-HC-55 1000
14 | XLSET100 Ethanol Tank Level Sensor (at Max fill) T/A Feed Sys | Diff P-Switch | X event N/A DPS-HC-19 1000
14 | XLSET5 Ethanol Liquid Level Depletion Sensor (at 5%) T/A Feed Sys | Diff P-Switch | X event N/A DPS-HC-21 1000
14 | XLSET95 Ethanol Tank Level Sensor (at 95% fill) T/A Feed Sys | Diff P-Switch | X event N/A DPS-HC-20 1000
14 | XLSLOO LOX tank level sensor (0%) T/A Feed Sys | Diff P-Switch | X event N/A DPS-LO-43 1000
14 | XLSLO100 LOX Tank Level Sensor (at Max fill) T/A Feed Sys | Diff P-Switch | X event N/A DPS-LO-19 1000
14 | XLSLOS5 LOX Liquid Level Depletion Sensor (at 5%) T/A Feed Sys | Diff P-Switch | X event N/A DPS-LO-21 1000
14 | XLSLO95 LOX Tank Level Sensor (at 95% fill) T/A Feed Sys | Diff P-Switch | X event N/A DPS-LO-20 1000
15 | Accumulator Instrumentation
16 |LETBELLOW Ethanol Bellows Displacement T/A Feed Sys | LVT X 0-100% 0-5v 1 LLS-HC-23
16 |LLOBELLOW LOX Bellows Displacement T/A Feed Sys | LVT X 0-100% 0-5v 1 LLSLO-23
16 | PETACUL Ethanol Accumulator Ullage Pressure T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-HE-04 1000
16 | PLOACUL LOX Accumulator Ullage Pressure T/A Feed Sys | Cryo Taber 0-500 psia BR 1 PT-HE-01 1000
16 | TETACOUT Ethanol Accumulator Outlet Temperature T/A Feed Sys | RTD edd 140 -600 R 100 ohm 1 TT-HC-28 0.10
16 | TETACUL Ethanol Accumulator Ullage Ghe Temp T/A Feed Sys | RTD X 140 -600 R 100 ohm 1 TT-HE-05 0.10
16 | TLOACOUT LOX Accumulator Outlet Temp T/A Feed Sys | RTD ? 140-600 R 100 ohm 1 TT-LO-28 0.10
16 | TLOACSK LOX Accumulator Ullage Skin Temperature T/A Feed Sys | RTD X 140 -600 R 100 ohm 1 TT-LO-26 0.10
16 | TLOACUL LOX Accumulator Ullage Ghe Temp T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-HE-02 0.10
17 | RCE Stinger Manifold Pressures
18 | PETRCEHI Ethanol RCE Manifold Pressure - high freq Stinger ST560 0-2000 psia BR 1 PT-HC-30 5000
18 | PETRCELO Ethanol RCE Manifold Pressure - low freq PFVI, PFVV Stinger Cryo Taber 0-500 psia BR 1 PT-HC-29 1000
18 | PLORCEHI LOX RCE Manifold Pressure - high freq Stinger ST560 0-2000 psia BR 1 PT-LO-30 5000
18 | PLORCELO LOX RCE Manifold Pressure - low freq POVI, POVV Stinger Cryo Taber 0-500 psia BR 1 PT-LO-29 1000
19 | RCE Stinger Box Measurements
20 |LKETSBOX Ethanol sensor (leakage within stinger box) Test Stand TBD TBD ?
20 | LKLOSBOX LOX sensor (leakage within stinger box) Test Stand TBD TBD ?
20 | PSBOXHI Stinger Box Pressure Stinger STJE 0-15 psia 1 PT-VA-01
20 | PSBOXLO Stinger Box Vacuum Stinger Hastings 0- 1E-3torr 1 VT-VA-02
21 | LOX Feedsystem Temperatures
22 | TLOVJL LOX Feedsystem Temperature 1 T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-LO-52 0.10
22 | TLOVI LOX Feedsystem Temperature 2 T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-LO-53 0.10
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22 | TLOV3 LOX Feedsystem Temperature 3 T/A Feed Sys | RTD X 140 -600 R 100o0hm |1 TT-LO-54 0.10
22 | TLOVHA LOX Feedsystem Temperature 4 T/A Feed Sys | RTD X 140-600 R 100 ohm 1 TT-LO-55 0.10
22 | TLOVX LOX Feedsystem Temperature 5 T/A Feed Sys | RTD X 140 -600 R 100o0hm |1 TT-LO-56 0.10
22 | TLOVJ6 LOX Feedsystem Temperature 6 T/A Feed Sys | RTD X 140 -600 R 100o0hm |1 TT-LO-57 0.10
23 | Ethanol Feedsystem Temperatures
24 | TETSIM Ethanol Simulator Manifold Temperature T/A Sim RTD 500 - 600 R 500 ohm 1 TT-HC-26
24 | TETVAL Ethanol Feedsystem Temperature 1 T/A Feed Sys | RTD X 500- 600 R 100 ohm 1 TT-HC-43 0.10
24 | TETVI2 Ethanol Feedsystem Temperature 2 T/A Feed Sys | RTD X 500 - 600 R 100o0hm |1 TT-HC-44 0.10
24 | TETV33 Ethanol Feedsystem Temperature 3 T/A Feed Sys | RTD X 500- 600 R 100 ohm 1 TT-HC-45 0.10
24 | TETVHA Ethanol Feedsystem Temperature 4 T/A Feed Sys | RTD X 500 - 600 R 100 ohm 1 TT-HC-49
24 |TETVIXS Ethanol Feedsystem Temperature 5 T/A Feed Sys | RTD X 500 - 600 R 100 ohm 1 TT-HC-50
24 | TETVJI6 Ethanol Feedsystem Temperature 6 T/A Feed Sys | RTD X 500 - 600 R 100 ohm 1 TT-HC-51
25 | LOX Feedsystem VJ Annulus Pressure
26 |PLOVA LOX Tank VJ Annulus Pressure T/A Feed Sys | Hastings X 0- 1E-3torr 1 0.10
26 |PLOVI2 LOX Feedline VJ Annulus Pressure 2 T/A Feed Sys | Hastings X 0- 1E-3 torr 1 0.10
26 |PLOVI LOX Accumulator VJ Annulus Pressure T/A Feed Sys | Hastings X 0- 1E-3 torr 1 0.10
26 |PLOVM LOX Feedline VJ Annulus Pressure 4 T/A Feed Sys | Hastings X 0- 1E-3torr 1 0.10
27 | ENGINE1
28 | ENGINE INSTRUMENTATION
29 |ACCLE1 Acceleration - E1 Stinger Endevco 0-100G Pclg 8 20K
29 | IETPVEL Primary Ethanol valve current - E1 Bunker Current Sensor 0-5amps 0-5v 1 1000
29 |IETVVEL Igniter Ethanol valve current - E1 Bunker Current Sensor 0-5amps 0-5v 1 1000
29 |ILOPVE1 Primary LOX valve current - E1 Bunker Current Sensor 0-5amps 0-5v 1 1000
29 |ILOVVE1 Igniter LOX valve current - E1 Bunker Current Sensor 0-5amps 0-5v 1 1000
29 | MSPARKE1 Spark monitor - E1 Bunker Exciter X TBD 1 TBD
29 | PCAVEL Primary Chamber Press - E1 (0-300) PCAV T/A - E1 GP50 0-300 psia 1 400
29 | PCAVLOE1l Primary Chamber Press - E1 (0-30) PCAV T/IA-E1 GP50 0-30 psia 1 400
29 | PCIGNE1 Igniter Chamber Pressure - E1 PCIGN Stinger STJE 0-500 psia 1 TBD
29 | PRIE1 LOX primary, injector manifold pressure - E1 PFJ Stinger Cryo Taber 0-500 psia BR 1 TBD
29 | PRIGNE1 LOX Igniter, valve outlet pressure - E1 PFJIGN Stinger Cryo Taber 0-500 psia BR 1
29 | POJE1 LOX primary, injector manifold pressure - E1 POJ Stinger Cryo Taber 0-500 psia BR 1 TBD
29 | POJIGNEL LOX Igniter, valve outlet pressure - E1 POJIGN Stinger Cryo Taber 0-500 psia BR 1
29 | TETPVSE1l Ethanol Primary Valve Seal Vent Temp-E1 Stinger TC 500- 600 R 0-5V DF 1 TT-HC-56
29 | TRE1 Ethanol Primary Valve Outlet Temp-E1 TR Stinger TC 500 - 600 R 0-5V DF 1 1000
29 | TRIGNEL Ethanol Igniter Valve Outlet Temp - E1 TRIGN Stinger TC 500 - 600 R 0-5VDF |1 1000
29 | TFVELl Ethanol RCE Stinger Manifold Temp 1 TRV, TFVV Stinger Diode 500 - 600 R 500 ohm 1 TT-HC-40 10
29 | TINJECTEL Injector Temp - E1 Stinger TC 140-750 R Conomic |1 1000
29 | TLOPOUTE1 LOX Primary Valve Outlet Temp-E1 TOJ Stinger TC 140 - 600 R Conomic |1 1000
29 | TLOPVSE1L LOX Primary Valve Seal Vent Temp-E1 Stinger TC 140- 600 R Conomic |1 TT-LO-38
29 | TLORCEM1 LOX RCE Stinger Manifold Temp 1 Stinger Diode 140 - 600 R 5000hm |1 TT-LO-40 10
29 | TOJGNEL LOX Igniter Valve Outlet Temp - E1 TOJGN Stinger TC 140 - 600 R Conomic 1 1000
29 |TOVE1 LOX Primary Inlet Manifold Temp-E1 TOV Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-44 10
29 | TOVVE1 LOX Igniter Inlet Manifold Temp - E1 TOVV Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-45 10
29 | VEXTREL Spark Exciter Voltage - E1 Stinger Exciter 0-28VDC 1 1000
30 | Engine 1 - Temperatures (Welded Thermocouples)
31 | TCHAMBI1E1L | Chamber temperature #1 - E1 TBD T/A - E1 TC X 0-2300deg F | 0-5V DF 1 10
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31 | TCHAMB2E1 Chamber temperature #2 - E1 TBD T/IA - E1 TC X 0-2300degF | 0-5V DF |1 10
31 | TCHAMB3ElL Chamber temperature #3 - E1 TBD T/A - E1 TC X 0-2300deg F | 0-5V DF 1 10
31 | TCHAMB4EL Chamber temperature #4 - E1 TBD T/IA - E1 TC X 0-2300degF | 0-5V DF |1 10
31 | TCHAMBS5EL Chamber temperature #5 - E1 TBD T/IA - E1 TC X 0-2300degF | 0-5V DF |1 10
31 | TCHAMBG6EL Chamber temperature #6 - E1 TBD T/A - E1 TC X 0-2300deg F | 0-5V DF 1 10
31 | TCHAMB7EL Chamber temperature #7 - E1 TBD T/IA - E1 TC X 0-2300degF | 0-5V DF |1 10
31 | TCHAMBSEL Chamber temperature #8 - E1 TBD T/A - E1 TC X 0-2300deg F | 0-5V DF 1 10
31 | TFVPSOLE1 Ethanol Primary Solenoid valve temp - E1 TFVPSOL Stinger TC 140- 750 R 0-5VDF |1 10
31 | TFVVSOLE1l Ethanol Igniter Solenoid valve temp. - E1 TFVVSOL Stinger TC 140- 750 R 0-5V DF 1 10
31 | TOVPSOLE1 LOX Primary Solenoid valve temp - E1 TOVPSOL Stinger TC 140- 750 R Conomic |1 10
31 |TOVVSOLE1 LOX Igniter Solenoid valve temp - E1 TOVVSOL Stinger TC 140- 750 R Conomic |1 10
32 | ENGINE2 10
33 | ENGINE INSTRUMENTATION 10
34 | ACCLE2 Acceleration - E2 Stinger Endevco 0-100G Pc/g 8 10
34 | IETPVE2 Primary Ethanol valve current - E2 Bunker Current Sensor 0-5amps 0-5v 1 10
34 |IETVVE2 Igniter Ethanol valve current - E2 Bunker Current Sensor 0-5amps 0-5v 1 10
34 | ILOPVE2 Primary LOX valve current - E2 Bunker Current Sensor 0-5amps 0-5v 1 10
34 |ILOVVE2 Igniter LOX valve current - E2 Bunker Current Sensor 0-5amps 0-5v 1 10
34 | MSPARKE2 Spark monitor - E2 Bunker Exciter X TBD 1 10
34 | PCAVE2 Primary Chamber Press - E2 (0-300) PCAV TIA - E2 GP50 0-300 psia 1 10
34 | PCAVLOE2 Primary Chamber Press - E2 (0-30) PCAV TIA - E2 GP50 0-30 psia 1 10
34 | PCIGNE2 Igniter Chamber Pressure - E2 PCIGN Stinger STIJE 0-500 psia 1
34 | PRE2 LOX primary, injector manifold pressure - E2 PFJ Stinger Cryo Taber 0-500 psia BR 1 10
34 | PRIGNE2 LOX Igniter, valve outlet pressure - E2 PFJIGN Stinger Cryo Taber 0-500 psia BR 1 10
34 | POJE2 LOX primary, injector manifold pressure - E2 POJ Stinger Cryo Taber 0-500 psia BR 1 10
34 | POJGNE2 LOX Igniter, valve outlet pressure - E2 POJGN Stinger Cryo Taber 0-500 psia BR 1 10
34 | TETPVSE2 Ethanol Primary Valve Seal Vent Temp-E2 Stinger TC 500 - 600 R 0-5V DF 1 TT-HC-57
34 | TRIE2 Ethanol Primary Valve Outlet Temp-E2 TR Stinger TC 500 - 600 R 0-5VDF |1
34 | TRIGNE2 Ethanol Igniter Valve Outlet Temp - E2 TRIGN Stinger TC 500 - 600 R 0-5V DF 1 1000
34 |TFVE2 Ethanol RCE Stinger Manifold Temp 2 TRV, TFVV Stinger Diode 500 - 600 R 500 ohm 1 TT-HC-41 20K
34 | TINJECTE2 Injector Temp - E2 Stinger TC 140-750 R Conomic |1 1000
34 | TLOPOUTE2 LOX Primary Valve Outlet Temp-E2 TOJ Stinger TC 140 - 600 R Conomic |1 1000
34 | TLOPVSE2 LOX Primary Valve Seal Vent Temp-E2 Stinger TC 140- 600 R Conomic |1 TT-LO-46 TBD
34 | TLORCEM2 LOX RCE Stinger Manifold Temp 2 Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-41 400
34 | TOJGNE2 LOX Igniter Valve Outlet Temp - E2 TOJGN Stinger TC 140 - 600 R Conomic |1 TBD
34 | TOVE2 LOX Primary Inlet Manifold Temp-E2 TOV Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-47 1000
34 |TOVVE2 LOX Igniter Inlet Manifold Temp - E2 TOVV Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-48 400
34 | VEXTRE2 Spark Exciter Voltage - E2 Stinger Exciter 0-28VDC 1 TBD
35 | Engine 2 - Temperatures (Welded Thermocouples)
36 | TCHAMBIE2 Chamber temperature #1 - E2 TBD TIA - E2 TC X 0-2300degF | 0-5V DF |1 TBD
36 | TCHAMB2E2 Chamber temperature #2 - E2 TBD TIA - E2 TC X 0-2300deg F | 0-5V DF 1
36 | TCHAMB3E2 Chamber temperature #3 - E2 TBD TIA - E2 TC X 0-2300degF | 0-5V DF |1 1000
36 | TCHAMBA4E2 Chamber temperature #4 - E2 TBD TIA - E2 TC X 0-2300deg F | 0-5V DF 1
36 | TCHAMBS5E2 Chamber temperature #5 - E2 TBD TIA - E2 TC X 0-2300degF | 0-5V DF |1 1000
36 | TCHAMBG6E2 Chamber temperature #6 - E2 TBD TIA - E2 TC X 0-2300degF | 0-5V DF |1
36 | TCHAMB7E2 Chamber temperature #7 - E2 TBD T/A - E2 TC X 0-2300deg F | 0-5V DF 1 10
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36 | TCHAMBSE2 Chamber temperature #8 - E2 TBD TIA - E2 TC X 0-2300degF | 0-5V DF |1 10
36 | TFVPSOLE2 Ethanol Primary Solenoid valve temp - E2 TFVPSOL Stinger TC 140- 750 R 0-5vV DF 1 10
36 |TFVVSOLE2 Ethanol Igniter Solenoid valve temp. - E2 TFVVSOL Stinger TC 140- 750 R 0-5VDF |1 1000
36 | TOVPSOLE2 LOX Primary Solenoid valve temp - E2 TOVPSOL Stinger TC 140- 750 R Conomic |1 1000
36 | TOVVSOLE2 LOX Igniter Solenoid valve temp - E2 TOVVSOL Stinger TC 140- 750 R Conomic |1 10
37 |ENGINE3 1000
38 | ENGINE INSTRUMENTATION 1000
39 | ACCLE3 Acceleration - E3 Stinger Endevco 0-100G Pc/g 8
39 |IETPVE3 Primary Ethanol valve current - E3 Bunker Current Sensor 0-5amps 0-5v 1
39 |[IETVVE3 Igniter Ethanol valve current - E3 Bunker Current Sensor 0-5amps 0-5v 1 10
39 |ILOPVE3 Primary LOX valve current - E3 Bunker Current Sensor 0-5amps 0-5v 1 10
39 |[ILOVVE3 Igniter LOX valve current - E3 Bunker Current Sensor 0-5amps 0-5v 1 10
39 | MSPARKE3 Spark monitor - E3 Bunker Exciter X TBD 1 10
39 | PCAVE3 Primary Chamber Press - E3 (0-300) PCAV TIA - E3 GP50 0-300 psia 1 10
39 | PCAVLOE3 Primary Chamber Press - E3 (0-30) PCAV TIA - E3 GP50 0-30 psia 1 10
39 | PCIGNE3 Igniter Chamber Pressure - E3 PCIGN Stinger STJE 0-500 psia 1 10
39 |PRE3 LOX primary, injector manifold pressure - E3 PFJ Stinger Cryo Taber 0-500 psia BR 1 10
39 | PRIGNE3 LOX Igniter, valve outlet pressure - E3 PFJIGN Stinger Cryo Taber 0-500 psia BR 1 10
39 | POJE3 LOX primary, injector manifold pressure - E3 POJ Stinger Cryo Taber 0-500 psia BR 1 10
39 | POJIGNE3 LOX Igniter, valve outlet pressure - E3 POJGN Stinger Cryo Taber 0-500 psia BR 1 10
39 | TETPVSE3 Ethanol Primary Valve Seal Vent Temp-E3 Stinger TC 500- 600 R 0-5V DF 1 TT-HC-58 10
39 |TRJE3 Ethanol Primary Valve Outlet Temp-E3 TR Stinger TC 500 - 600 R 0-5VDF |1 10
39 | TRIGNE3 Ethanol Igniter Valve Outlet Temp - E3 TRIGN Stinger TC 500 - 600 R 0-5V DF 1 10
39 |TFVES3 Ethanol RCE Stinger Manifold Temp 3 TRV, TFVV Stinger Diode 500 - 600 R 500 ohm 1 TT-HC-42 10
39 | TINJECTE3 Injector Temp - E3 Stinger TC 140-750 R Conomic |1 10
39 | TLOPOUTE3 LOX Primary Valve Outlet Temp-E3 TOJ Stinger TC 140 - 600 R Conomic |1 10
39 |TLOPVSE3 LOX Primary Valve Seal Vent Temp-E3 Stinger TC 140- 600 R Conomic |1 TT-LO-49 10
39 | TLORCEM3 LOX RCE Stinger Manifold Temp 3 Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-42 10
39 |TOJGNE3 LOX Igniter Valve Outlet Temp - E3 TOJGN Stinger TC 140 - 600 R Conomic |1
39 | TOVE3 LOX Primary Inlet Manifold Temp-E3 TOV Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-50 10
39 | TOVVE3 LOX Igniter Inlet Manifold Temp - E3 TOVV Stinger Diode 140 - 600 R 500 ohm 1 TT-LO-51 10
39 | VEXTRE3 Spark Exciter Voltage - E3 Stinger - 0-28VDC 1 10
40 | Engine 3 - Temperatures (Welded Thermocouples) 10
41 | TCHAMBIE3 Chamber temperature #1 - E3 TBD TIA - E3 TC X 0-2300degF | 0-5V DF |1 10
41 | TCHAMB2E3 Chamber temperature #2 - E3 TBD T/A - E3 TC X 0-2300deg F | 0-5V DF 1 10
41 | TCHAMB3E3 Chamber temperature #3 - E3 TBD T/IA - E3 TC X 0-2300degF | 0-5V DF |1
41 | TCHAMBA4E3 Chamber temperature #4 - E3 TBD T/A - E3 TC X 0-2300deg F | 0-5V DF 1
41 | TCHAMBS5E3 Chamber temperature #5 - E3 TBD TIA - E3 TC X 0-2300degF | 0-5V DF |1 1000
41 | TCHAMBG6E3 Chamber temperature #6 - E3 TBD T/IA - E3 TC X 0-2300degF | 0-5V DF |1 TBD
41 | TCHAMB7E3 Chamber temperature #7 - E3 TBD T/A - E3 TC X 0-2300deg F | 0-5V DF 1 400
41 | TCHAMBSE3 Chamber temperature #8 - E3 TBD TIA - E3 TC X 0-2300degF | 0-5V DF |1 400
41 | TFVPSOLE3 Ethanol Primary Solenoid valve temp - E3 TFVPSOL Stinger TC 140- 750 R 0-5V DF 1 20K
41 | TFVVSOLE3 Ethanol Igniter Solenoid valve temp. - E3 TFVVSOL Stinger TC 140- 750 R 0-5VDF |1 1000
41 | TOVPSOLE3 LOX Primary Solenoid valve temp - E3 TOVPSOL Stinger TC 140- 750 R Conomic |1 1000
41 | TOVVSOLE3 LOX Igniter Solenoid valve temp - E3 TOVVSOL Stinger TC 140- 750 R Conomic |1 1000
42 | SMULATOR 1 TBD
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ransducer (%FS)
43 | PETVINSL Ethanol Simulator Valve Inlet Pressure - S1 T/A Sim1 Cryo Taber 0-500 psia BR 1 PT-HC-52 TBD
43 | PLOVINS1 LOX Simulator Valve Inlet Pressure - S1 T/A Sim1 Cryo Taber 0-500 psia BR 1 PT-LO-64 TBD
43 | TLOVINS1 LOX Simulator Valve Inlet Temp - S1 T/A Siml RTD 140 - 600 R 5000hm |1 TT-LO-58
44 | SMULATOR 2 TBD
45 | PETVINS2 Ethanol Simulator Valve Inlet Pressure - S2 T/A Sim2 Cryo Taber 0-500 psia BR 1 PT-HC-53
45 | PLOVINS2 LOX Simulator Valve Inlet Pressure -S2 T/A Sim2 Cryo Taber 0-500 psia BR 1 PT-LO-65 1000
45 | TLOVINS2 LOX Primary Venturi Inlet Temp-S2 T/A Sim2 RTD 140 - 600 R 500 ohm 1 TT-LO-59
46 | SMULATOR 3 10
47 | PETVINS3 Ethanol Simulator Valve Inlet Pressure - S3 T/A Sim3 Cryo Taber 0-500 psia BR 1 PT-HC-54 1000
47 | PLOVINS3 LOX Simulator Valve Inlet Pressure -S3 T/A Sim3 Cryo Taber 0-500 psia BR 1 PT-LO-66 1000
47 | TLOVINS3 LOX Primary Venturi Inlet Temp-S3 T/A Sim3 RTD 140 - 600 R 5000hm |1 TT-LO-60 10
48 | FACILITY MEASUREMENTS 1000
49 | PECELL10 Test Stand Chamber Pressure Test Stand Baratron 0-10Torr 1
49 | PECELL100 Test Stand Chamber Pressure Test Stand Baratron 0-100 Torr 1 10
49 | PECELL1000 Test Stand Chamber Pressure Test Stand Baratron 0- 1000 Torr 1 10
49 | TCELL Test Stand Chamber Temperature Test Stand TC 0-200 °F 0-5VDF |1 1000
52 | Ethanol Instrumentation Measurements 1000
53 | PETSTORE Ethanol Storage Tank Low Point Pressure Facility STJE 0- 1000 psia 1 PT-4HC-BM070
53 | PETSUPPLY Ethanol Supply Pressure Facility STJE 0- 1000 psia 1 PT-4HC-BM139
53 | PETTANK Ethanol Storage Tank Ullage Pressure Facility STJE 0- 1000 psia 1 PT-4HC-BM086 | 10
53 | QETSUPPLY Ethanol Supply Calculated Flowrate Facility Comp Meas 7 lbm/s 1 Note: thiswill be a| 10
calculated
measurement from
aDPT across a
venturi
53 | TETTANK Ethanol Storage Tank Bulk Propellant Temperature Facility RTD 140 - 600 R 100 ohm 1 TT-4HC-BM127 |10
53 | TETTEMP Ethanol Supply Temperature Facility TC 140 - 600 R m”? 1 TT-4HC-BM140 | 10
54 | LOX Instrumentation Measurements 10
55 |LLOLOWLEV LOX Low Level Alarm Sensor Facility Delta P-Switch 1 10
55 | PLOSTLPT LOX Storage Tank Low Pt Pressure Facility STJE 0 - 1000 psia 1 10
55 |PLOSTVJ LOX Storage Tank Vacuum Jacket Pressure Facility STJE 0-30 psia 1 10
55 | PLOSUPPLY LOX Supply Pressure Facility STJE 0 - 1000 psia 1 PT-4LO-BN112 10
55 | PLOTANK LOX Storage Tank Pressure Facility STJE 0 - 1000 psia 1 PT-4LO-BN0O08 10
55 | PLOTKLEVEL LOX Storage Level Sensor Facility STJE 0-10 psid 1 DPT-4LO-BN014 | 10
55 | PLOTKVACIK LOX Vacuum Jacket Pressure Facility STJE 0-1000 torr 1 PT-4VA-BN0O41 |10
55 | QLOSUPPLY LOX Supply Mass Flowrate Facility Comp Meas 8 Ibm/s 1 Note: thiswill bea| 10
calculated
measurement from
aDPT across a
venturi
55 | TLOTEMP LOX Supply Temperature Facility RTD 140 - 600 R 5000hm |1 TT-4LO-BN113 |10
56 | Ethanol Controls Commands and Talkbacks 10
57 |KETDMP_CL Ethanol Dump Valve close Facility Event N/A 10
57 | KETDMP_OPEN | Ethanol Dump Valve open Facility Event N/A 10
57 |KETRTN Ethanol Return Valve Facility Event N/A 10
57 | KETRUNTANK Ethanol Run Tank Pressuration Command Facility Event N/A 10
57 | KETSUP_ISO Ethanol Supply Isolation Command Facility Event N/A 10
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Seq | MeasID Description ﬁgrg];t B f'g;: o ng?s:i)Lcer 1S_upp| ied Range gl?t?)alljt Uncertainty Component ID (Dl_ia;a) RIEGETEY
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57 |KETTNK Ethanol Storage Tank Pressuration Command Facility Event N/A 10

57 | KETTNKISO Ethanol Storage Tank Pressuration 1so Command Facility Event N/A 10

57 | KETTNKOUT Ethanol Storage Tank Outlet Command Facility Event N/A

57 |KETTRIM Ethanol Trim Vent Command Facility Event N/A 10

57 | KETVENT Ethanol Storage Tank Vent Command Facility Event N/A 10

57 |KETVENT_ISO Ethanol Vent Isolation Command Facility Event N/A 10

57 | XETRTN_CL Ethanol Return close Facility Event N/A 10

57 | XETRTN_OPEN Ethanol Return open Facility Event N/A 10

57 | XETSUP_CL Ethanol Supply Isolation Closed Facility Event N/A

57 | XETSUP_OPEN Ethanol Supply Isolation Open Facility Event N/A

57 | XETVENT_CL Ethanol Vent Isolation Closed Facility Event N/A

57 | XETVENT_OPEN | Ethanol Vent Isolation Open Facility Event N/A 10

58 | LOX Controls Commands and Talkbacks

59 | KLOOUT LOX Storage Tank Outlet Command Facility Event N/A

59 |KLOSUP_BLED LOX Supply Bleed Command Facility Event N/A

59 |KLOSUP_ISO LOX Supply Isolation Command Facility Event N/A 10

59 | KLOTNK LOX Storage Tank Pressuration Command Facility Event N/A

59 | KLOTNKISO LOX Storage Tank Isolation Command Facility Event N/A

59 | KLOTNKISO LOX Storage Tank Pressuration Iso Command Facility Event N/A

59 |KLOTRIM LOX Trim Vent Command Facility Event N/A 10

59 | KLOVENT LOX Storage Tank Vent Command Facility Event N/A

59 | KLOVENT_ISO LOX Vent Isolation Command Facility Event N/A

59 | XLOSUP_BLED LOX Supply Bleed Open Facility Event N/A

59 |XLOSUP BLED |LOX Supply Bleed Closed Facility Event N/A

59 | XLOSUP_CL LOX Supply Isolation Closed Facility Event N/A

59 | XLOSUP_OPEN LOX Supply Isolation Open Facility Event N/A

59 | XLOVENT_CL LOX Vent Isolation Closed Facility Event N/A

59 | XLOVENT_OPEN | LOX Vent Isolation Open Facility Event N/A
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Pressure (pat)

Pressure (pal)

Pressure (pa)

Temperature (F)

Temperature (F)

Pressure (pat)

APPENDIX F. WSTF LO/ETHANOL TEST PLOTS
01146 0 1 a €l (fixed temp)

Lox Manifold Setpoints: 195 to 204R
we Orifice; Eth= 0.0310" f LOwx= 0.0205"
LOx Tank Setpoint: 314 psia
Ethanol Tank Setpoint: 289 psia

LOx Ign: O ms, Eth lgn: 0 ms
LDx Pri: ms, Eth Pri: ms
{Pulse Width: &5

Outy Cycle: 100%

Run: Seq0_1_A (Aerodet 777)

— LO¥ primary injector manifold pressure (79 —— LOK Igniter valve outlet pressure (B2)
—— Ethanal primary injector manifold pressure (44)  —— Ethanal Igniter valve outlet pressure (74)
I : : :

i
==
o

150

._.
[, Y ]
[

b
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

120

—_
[ ]
[ o

o e ]
nﬂ;moo

01146 0 1 b el (fixed temp)

|— LO}{ RCE Feedline Mamfnld Temp i n L.

..|Lox Manifold Setpoints: 195 to 204R
Z|Orifice; Eth=0.031"/ LOx= 0.0205"
<|LOx Tank Setpoint: 314 psia

“alve Open Comand

—— T
=255
|

‘— LOX Primary %alve Qutlet Temp  —— LOX Igniter %alve Outlet Temp

[T

Ethanal Tank Setpoint: 258 psia

LOx Ign: O ms, Eth lgn: 0 ms
Ldx Pri:  ms, Eth Pri: ms
Fulze YWidth: 4 =
Duty Cycle: 100%
Run: Squl 1_B E2 (Aerodet 2)

—— LOX primary injector manifold pressure (BY)

—— LD Igniter valve outlet pressure (50)

—— Ethanol primary |njectnr manifold pressure (0)

—— Ethanol Igniter valve outlet pressure (43)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

01146 0 1 c €l (fixed temp)

--|Qrifice: Eth=0.031" / LOx= 0.0205"
Z|LCx Tank Setpoint: 314 psia

“alve Open Comand

Lox Manifold Setpoints: 198 to 204R ||

C1 111

Ethanal Tank Setpoint: 258 psia

LOx Ign: O ms, Eth lgn: 0 ms
Ldx Pri:  ms, Eth Pri: ms
Fulze Yidth: 5 =
Duty Cycle: 100%
Run: Seq0_1_B_E3 (Aeradet 2)

|— Ethanol RCE Feedline Manlfnld Pressure (262) LO¥ RCE Feedline Mamfnld Pressure (BEIflj|
30 ==
300 -
280 —-
260 E== ;
‘— LOX Primary %alve Cutlet Temp  —— LOX Igmter‘\falve Outlet Temp
—— LOX primary injector manifold pressure (B8] —— LOX Igniter valve outlet pressure (48)
—— Ethanol primary injectar manifold pressure (0} —— Ethanal Igniter valve outlet pressure (49)

Time (Zec)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

011806 0 2 a eldql (fixed temp)

403 ||—— LOX RCE Feedline Manifold Temp| | |

...................................................................................................

e a..

]

~|Pulse Width:

Lox Manifold Setpoints: 198 to 204R ]
-------------- ? sraa o ----|Orifice; Eth=0.0310" / LOwx= 0.0205"|;
"""""""""""""" —re| LO% Tank Setpoint: 314 psia ]
Ethanol Tank Setpoint: 258 psia
LOx Ign: O ms, Eth lgn: 0 ms
w|LOx Pri; 50 ms, Eth Pri; 50 ms

Duty Cycle: 100%
Rurn: Seg0 2 A E1 (Aerodet 777

140 ms

‘— LOX Primary %alve Qutlet Temp  —— LOX Igniter %alve Outlet Temp
—— LD primary injector manifold pressure (48]  —— LOX Igniter valve outlet pressure (18]
—— Ethanol primary injectar manifold pressure (427 —— Ethanol Igniter valve outlet pressure (29)
A0 =t oo T
200 =i
100 F— G
[ e e T
|— lgnitar F'ressure| :
1§E —- ;
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Pressure (psi)

Pressure (psi)

Pressure (psi)

011806 0 2 b elql (fixed temp)

2| Lox Manifold Setpoints: 198 to 204R
#Orifice: Eth= 0.0310" / LOx= 0.0205" |
J|LOx Tank Setpoint: 315 psia i

| — LOX RCE Feediine Manifold Temp|:

E : : Ethanol Tank Setpoint: 258 psia
R e e e LCx Ign: O ms, Eth lgn: O ms
] R — : : LOx Pri: 50 ms, Eth Pri: 50 ms
300 LSO — R T Pulse Width: 1.84 s
— _ : — ; Duty Cycle: 100%
[ ‘— LOX Primary %alve Qutlet Temp  —— LOX Igniter %alve Outlet Temp : Run: Seq0 2 B (Aerolet &)
-:IE: ]
z
&,
E : : :
= —— LD primary injector manifold pressure (53] —— LOX Igniter valve outlet pressure (32)
—— Ethanol primary injectar manifold pressure (537  —— Ethanol Igniter valve outlet pressure (47)

Pressure (pal)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

011806 0 2 c eldl (fixed temp)

|__— LOX RCEF

eedline Manifald Temp|

....... [ L b,

! | Lox Manifold Setpoints: 198 to 204R

-|Qrifice; Eth=0.0310" / LO»= 0.0205"
LOx Tank Setpoint: 314 psia

Ethanol Tank Setpoint: 258 psia

dline Manifold Pressure (262)

LOx Ign: O ms=, Eth lgn: 0 ms
L= Pri: 50 ms, Eth Pri: 50 ms

Fulse Width: 4.95 ms

Duty Cycle: 100%

Rum: Seq0 2 C E1 (Aerodet 7)

—— LOX primary injector manifold pressure (57)
—— Ethanol primary injectar manifold pressure (439)

—— LOX Igniter valve outlet pressure (57)
—— Ethanol Igniter valve outlet pressure (54)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

011806 0 2 c e2ql (fixed temp)

|— LO¥ RCE Feedline Mamfnld Temp| -

..|Lox Manifold Setpoints: 195 to 204R
| Orifice: Eth= 0.031" / LOx= 0.0205"
=|LOx Tank Setpaint: 314 psia

Pulse Width: 495 5

Ethanal Tank Setpoint: 258 psia
“alve Open Comand
LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: 50 ms, Eth Pri: 50 ms

Duty Cycle: 100%
Run Seq0_2 C E2 (Aerodet ?j

—— LD primary injector manifold pressure (33)

—— LOX Igniter valve outlet pressure (53)
—— Ethanol Igniter valve outlet pressure (43)

—— Ethanol primary injectar manifold pressure (44)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

011806 0 2 c e3ql (fixed temp)

228 |— LO¥ RCE Feedline Manifold Temp|:

_.|Lox Manifold Setpoints: 195 to 204R
| Orifice: Eth=0.031" f LOx= 0.0205"

AR

#|Ethanol Tank Setpoint: 258 psia

“alve Open Comand

ZPulse Width: 495 s

WL |

LOx Tank Setpoint: 314 psia

LOx Ign: O ms, Eth lgn: 0 ms

L= Pri: 50 ms, Eth Pri: 50 ms

Duty Cycle: 100%
Run: Seq0_2 C E3 (Aeradet 7)

—— LOX Igniter valve outlet pressure (51)
—— Ethanol Igniter valve nutlet pressure [49)

—— LD primary injector manifold pressure (33)
—— Ethanol primary |nJE|:t|:|r manifold pressure (50
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Pressure (pal)

Temperature ()

Pressure (pa)

Pressure (pat)

012606 0 3 a eldql (fixed temp)

) . .
52560 |— L RCE Feedline hanifold TEWIF'|::::::::::::::::::-::::::!:-:::-::::::- ---------------------------- l ----------------------------------- Lox Manifold Setpoints: 193 to 204R
"&255.0 S | PRI 1 W v P B 1Y O T W 0 TP dy Ldlitadl i 1 wHInY dutbo iy Orifice: Eth= 0.0310" # LOx= 0.0205"
‘%254-0 Al b b el s b b g 4. G ikl b e ~|LOu Tank Setpoint: 314 psia

& . [~ Ethanal RCE Feediine Manifold Pressure (262) Ethanal Tank Setpoint. 258 psia

Pressure (pai)

LDy lgn: O ms, Eth lgn: 0 ms
L Pri: 50 ms, Eth Pri: 50 ms
Fulze Width: 130 ms

Duty Cycle: 100%

—— LOX primary injector manifold pressure (371 —— LOX Igniter valve outlet pressure (12)
—— Ethanol primary injectar manifold pressure (307 —— Ethanol Igniter valve outlet pressure (213

Run: Seq0_3_A E1 (Aerodet )
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Pressure (pal)

Temperature ()

Pressure (pa)

Pressure (pat)

Temperature ()

Pressure (pai)

012606 0 3 b elql (fixed temp)

Lox Manifold Setpaints: 198 to 204R

Orifice: Eth=0.0310" F LOx= 0.0205"
LOyx Tank Setpoint: 314 psia

Ethanol Tank Setpoint: 258 psia

LDy lgn: O ms, Eth lgn: 0 ms
L Pri: 50 ms, Eth Pri: 50 ms

Fulse Width: 131 ms

Duty Cycle: 100%

Run: Seq0_3 B _E1 (Aerodet )

—— LOX primary injector manifold pressure (381 —— LOX Igniter valve outlet pressure (11)

—— Ethanol primary injectar manifold pressure (307 —— Ethanol Igniter valve outlet pressure (213
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Pressure (pa) Pressure (pal)
Temperature () Temperature ()

Pressure (pai)

Pressure (pat)

012606 0 3 c eldl (fixed temp)

Lox Manifold Setpaints: 198 to 204R
Orifice: Eth=0.0310" F LOx= 0.0205"
LOyx Tank Setpoint: 315 psia
Ethanol Tank Setpoint: 258 psia
LDy lgn: O ms, Eth lgn: 0 ms

fLDx Pri: 50 ms, Eth Pri; 50 ms
{Pulse Width: 751 ms
Duty Cycle: 100%

Run: Seq0_3_C_E1 (Aerodet )

111

—— LOX primary injector manifold pressure (44)
—— Ethanol primary injectar manifold pressure (34)

—— L lgniter valve outlet pressure (18]

—— Ethanol Igniter valve outlet pressure (27
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

012706 0 3 d elqgll (fixed temp)

! Lox Manifold Setpoints: 198 to 204R |
{|Orifice; Eth=0.0310" / LOx= 0.02058"(}
wy| LD Tank Setpaoint: 314 psia ]
i|Ethanal Tank Setpoint: 258 psia
JLO% lgn: O ms, Eth Ign: 0 ms
F|ILOx% Pri: &0 ms, Eth Pri: &80 ms
¢[Pulse Width: 30 s

i|Duty Cycle: 100%

{|Run: Seq0 3 0 E1 (Aerodet 11)

—— LOX primary injector manifold pressure (208) —— LOX Igniter valve outlet pressure (176)
— Ethannl primary injector manifold pressure (153)  —— Ethanol Igniter valve outlet pressure (178)

Time (Zec)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

012706 0 3 d e2gl1 (fixed temp)

|— LO¥ RCE Feedline Manifald Temp|:

_.|Lox Manifold Setpoints: 195 to 204R
| Orifice: Eth=0.031" f LOx= 0.0205"

*|Ethanol Tank Setpoint: 258 psia
“alve Open Comand

~IPulse Width: 11 s

-|Run: Seq0_3 D_E2 (Aerodet 11)

LOx Tank Setpoint: 314 psia

LOx Ign: O ms, Eth lgn: 0 ms

L% Pri; a0 ms

a0 g, Eth Pri:

Duty Cycle: 100%

—— LOX Igniter valve outlet pressure (147
—— Ethanol Igniter valve outlet pressure [126)

—— LOX primary injector manifold pressure (151)

— Ethannl primary injector manifold pressure [115)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

012706 _0 3 e e3dl1 (fixed temp)

I

|— LOX RCE Feedline Manifold Temp|

|— Ethanal RCE Feedline Manifold Pressure QBH

LO¥ RCE Feedline Manifold Pressure (314j|

‘— LO Primary ‘v’alve Cutlet Temp — LO}( lgniter %ahe Outlet Temp

______ L

..|Lox Manifold Setpoints: 195 to 204R
=|Orifice; Eth=0.031"/ LOx= 0.0205"
ZILOx Tank Setpaint: 313 psia

Ethanal Tank Setpoint: 258 psia
“alve Open Comand
LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: 50 ms, Eth Pri: 50 ms
Fulze YWidth:30 s
Duty Cycle: 100%
Run: Squl 3_E_E3 (Aerodet 12)

—— LOX primary injector manifold pressure (247)  —— LOX Igniter valve outlet pressure (238)

—— Ethanol primary injector manifold pressure (215)  —— Ethanal Igniter valve outlet pressure (226)

Time (Zec)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

012906 0 5 a elgll (fixed temp)

Lox Manifold Setpoints: 198 to Z204R
Crifice: Eth=0.0310" / LOx= 0.0205"

LOx Tank Setpoint: 314 psia

Ethanol Tank Setpoint: 258 psia

LOx lgn: O ms, Eth lgn: 0 ms

Duty Cycle: 25%

“ILDx Pri: 80 ms, Eth Pri: 50 ms
TIPulse Width: 5 sec on first then 951 ms

3)

—— L% primary injector manifold pressure (1827 —— LOX Igniter valve outlet pressure (107)
—— Ethanol primary injectar manifold pressure (1271 —— Ethanol Igniter valve outlet pressure (127)

Run: Seq0. 5 A E1 (Aeradet 1

e S
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

T%%

%

a0

5

300 B

200

SR

012906 0 5 b elqll (fixed temp)

Lox Manifold Setpoints: 198 to 204R
Orifice: Eth=0.0310" f LOx= 0.0205"
LCI}{ Tank Setpoint: 314 psia

|— Ethanal RCE Feedlme anifold F'ressure QBE)

' | Tank Setpoint: 258
LOX RCE Feedine Manield Pressure &16) |3Tg°n he EEF:E'TQH 20 psia

F{LOx Pric B0 ms, Eth Pri 50 ms
Fulse Width: 5 on first and 951 ms pulse after
Dty Cycle: 26%

‘— LO% Primary “alve Cutlet Temp — L Igniter %alve Outlet Temp|

Run: Seq0 5 B E1 (Aerodet 14)

— LOX primary mJen:tnr manifold pressure [1BIII)
—— Ethanol primary injector manifold pressure (126)

— LOX Igmter valve outlet pressure (1 05)
—— Ethanol Igniter valve outlet pressure [125)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

012906 0 6 a el-qgl (fixed temp)

| — LOX RCE Feedline Manifold Temp] ! |

s

.......................................

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

.......................................................................................................................................

Lo Manlfnld Setpoints: 198 tn:u 204R

|— Ethanal RCE Feedlme Manlfnld F'ressure QEB)

LD}{ RCE Feedline Manifold F'ressure (314j|

%ﬁﬁmh LA Ll ﬁﬁfﬂhihﬁ‘!ﬂ iﬁrﬂfhm‘! i Hm*ﬂ i

‘— LOX Primary %alve Cutlet Temp  —— LOX Igniter %alve Outlet Temp|

“l“‘ “IFHHH'.‘...“ !'Illlﬂfﬂ:. il JI-"I‘lfllfrlﬂ N[ r”l"l"?’l’l..l..ﬂ Iﬂl Iy I || Ii|:lI:”Illll-'.llll'lllrll;'”Jul'Ilnrll.l”i'i|;'lpi|;lIl.“lllll “:..".I.--I-I.'-I-I...,“ hilif || |||HI| s IIIFIII
it fr[rrrr frlrrm r[rr”m lrrrr e frr rn i ||'.r||'[ |rr,,|rrf i [ e |r[ ||'r fll’[l[r b |rr|r

Orifice: Eth=0.0310" f LOx= 0.0205"
LOx Tank Setpoint: 314 psia

Ethanol Tank Setpoint: 258 psia

LOx Ign: O ms=, Eth lgn: 0 ms

L= Pri: 50 ms, Eth Pri: 50 ms
Fulze Width: 5 s then 111 ms pulses
Duty Cycle: 5%

Fun: Seq 0 6_A E1 (Aerodet 15)

—— LOX primary injector manifald pressure [1 8% —— LO¥ Ignitervalve outlet pressure (59)
—— Ethanol primary injectar manifold pressure (145)  —— Ethanol Igniter valve outlet pressure (38)

.............................................................................................. —
g L bR L R L L e e e I N T R e e e e e e e,

|— fain Chamber F'ressure

i

e i i"Iiil'll """

L

120
20
40

]

i

100 200 300 400
Time (Zec)
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Pressure (psi) Pressure (psi)
Temperature (F) Temperature (F)

Pressure (pal)

Pressure (psi)

012906 1 1 al el-ql (fixed temp)

%518 |_ LOx RCE Feedline Manifold TE”‘F'|::::::::::::%::::::::::::::::::::::::::::E:::::::::::::::::::::::E::::::::: Lox Manifold éETPDiﬂTSZ 158 to 204R
i |— 5 1 ; 5 Orifice: Eth= 0.0310" £ LOx= 0.0205"
%EB L O Tank: Setpoint: 315 psia

|— Ethanol RCE Feedine Manifold Pressure (263 LOX RCE Feedine Manifold Pressure (:31?:|| Ethanol Tank Setpoint: 259 psia
71 e e B P SRR SRS SO o PEr S A tg}{ ngn: gDmS. Eg;hlg;:_ DEBnS |
ittt
B B T T e e ™ |

Duty Cycle: 5%

‘— L F'rlmarg,r “alve Outlet Temp — LOX Igmter‘\falve Outlet Temp| Run Seq 11 A E1 (Aerl:u._let 16)

— LD primary |njectnr manifold pressure (1 59] — LOX Ignitervalve outlet pressure (54)
—— Ethanol primary |nJec:tc|r manifold pressure (1IIIE] —— Ethanol Igmtervalve outlet pressure [51]

B00 f—=-p-}---q--
400 f—-t-
200 -

0 5

[ [ - T R B F---
0 I N A I ZZZZZZE I e N A A 0 o e

----h------l:-

|— fain Chamber F'ressure|

120 P
20 [

40 f=

0
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013006 _1 2 a el-qgl (fixed temp)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

021506 _4 2 a e2-q

‘— LOX Primary “alve Dutlet Temp —— LOX Igmter‘\falve Outlet Temp

“alve Open Comand

: Fulse Width: & 5 then 127 ms pulses

--|Run: Seq4 2 A (Aerodet 21)

Lox Manifold Setpoints: 195 to 204R
Orifice; Eth= 0.0310" f LOwx= 0.0205"
LOx Tank Setpoint: 314 psia
Ethanol Tank Setpoint: 258 psia

LOx Ign: O ms, Eth lgn: 0 ms
LOx Pri: 50 s, Eth Pri: 50 ms

Duty Cycle: 5%

—— LOX primary injector manifold pressure (1684)  —— LOX Igniter valve outlet pressure (57)
—— Ethanol primary injector manifold pressure (38)  —— Ethanol Igniter valve outlet pressure [1)

300
200
100

hMain Chamber F'ressunle| 5 Faossible Mon-ignition

120 |_—
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Pressure (pai)

Pressure (pai)

Pressure (pai)

Temperature (F)

Temperature (F)

Pressue (pat)

021606_4 2 b_e2-q

220 .{Lox Manifold Setpoints: 198 to 204R
%%g 7| Qrifice; Eth= 0.031" f LOx= 0.0205"
202 =|LOx Tank Setpoint: 314 psia

Ethanol Tank Setpoint: 258 psia
“alve Open Comand
LOx Ign: O ms, Eth lgn: 0 ms
.| LOx Pri: 50 ms, Eth Pri: 50 ms
Fulse Width: & 5 then 121 ms pulse
Outy Cycle: 5%
Run: Seqd 1 B E2 (Aerodet 22)

T

— LOX primary injector manifold pressure (1207 —— LOX Igniter walve outlet pressure (54)
—— Ethanal primary injector manifold pressure (39)  —— Ethanal Igniter valve outlet pressure (.456)
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Pressure (pai) Pressure (pai)
Temperature (B Temperature (F)

Pressure (pai)

Pressure (pa)

021706 _4 2 ¢ _e2-q
]

..|Lox Manifold Setpoints: 198 to 204R
I|Orifice: Eth=0.031" 7 LOx= 0.0205"
vl LOx Tank Setpoint: 313 psia

: ' Ethanal Tank Setpoint: 253 psia
|— Ethanol RCE Feedline Manifold Pressure (263) LDk RCE Feedline Manifald Pressure (31Ej| “alve Open Comand
— : : i ! LOx Ign: 0 ms, Eth lgn: 0 ms

qHILIL] |

= LOx Pri: 50 s, Eth Pri; 50 ms
Fulse Width: & =

Dty Cycle: 5%

Run: Segd4 2 C E2 (Aerodet 777)

300 ' T S T A o R ¥ ST o T BT T T T s F -

200 5 -

100 |=-- b e i i bt i i 4 -
0 : |
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

021706_4 2_d_e2-q

S —

‘— LOX Primary “alve Cutlet Temp  —— LOX Igniter va

= a

—— LOX primary injector manifold pressure (1684)  —— LOX Igniter valve outlet pressure (57)
—— Ethanol primary injector manifold pressure (383)  —— Ethanol Igniter valve outlet pressure (1)

Lox Manifold Setpoints: 195 to 204R
-|Orifice; Eth=0.0310" / LO»= 0.0205"
LD Tank Setpoint: 314 psia
U|Ethanol Tank Setpaint: 258 psia
! IWalve Open Comand
i LOx lgn: O ms, Eth lgn: 0ms

& LOx Pri; 20 ms, Eth Pri: 50 ms
“HPulze Width: 5 ¢ then 301 ms pulses
V|Duty Cycle: 5%

' |Run: Seqd 2 0 B2 (Aerodet 23)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

021706_4 2_d_e2-q

S —

‘— LOX Primary “alve Cutlet Temp  —— LOX Igniter va

= a

—— LOX primary injector manifold pressure (1684)  —— LOX Igniter valve outlet pressure (57)
—— Ethanol primary injector manifold pressure (383)  —— Ethanol Igniter valve outlet pressure (1)

Lox Manifold Setpoints: 195 to 204R
-|Orifice; Eth=0.0310" / LO»= 0.0205"
LD Tank Setpoint: 314 psia
U|Ethanol Tank Setpaint: 258 psia
! IWalve Open Comand
i LOx lgn: O ms, Eth lgn: 0ms

& LOx Pri; 20 ms, Eth Pri: 50 ms
“HPulze Width: 5 ¢ then 301 ms pulses
V|Duty Cycle: 5%

' |Run: Seqd 2 0 B2 (Aerodet 23)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

021706 _4 2 e e2-q

— LOX RCE Feedline Manifald Temp

FRTWTAFT o W T : !
__________________________________________________________________________________ .

...................................................................................................................................................

**Hfrh*f it rrmrrrrmmmfrmrfrrfrrfrrh*mm h*fh*fh*f h*f it FH

| |Lox Manifold Setpoints: 155 to 204R
- Orifice: Eth=0.031" / LOx= 0.0205"
LOx Tank Setpoint: 315 psia

i-|Ethanol Tank Setpoint; 259 psia
¢ |%alve Open Comand

LOx Ign: O ms, Eth lgn: 0 ms
Ldx Pri: 0 ms, Eth Pri: 50 ms

Fulse Width: & s then 321 ms pulse

[ ]
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‘— LCx Primary Wahe Outlet Temp —— LK Igniter “alve Outlet Temp| Duty Cycle: 5%
- AAdAAAnAasn sl _.-'; .Run Seqd 2 E E2 AernJet 2|
—— LOX primary injector manifnldlpressure M3 —— LOX Igniter \I\falve outlet pressure (18] |
—— Ethanol primary injector manifold pressure (81 —— Ethanol Igniter valve outlet pressure (527
o0 (il b e e e s e e s e e ]
200 Mz | 1 —|
0 I
|— lgnitor F'ressure|
o o S S SR S
mgi::IIIIIHIIFIIIIiIIHIIFIII%IiIf:iI IIIIIIHIIIHIIIIIIIHIIFII21121Hﬂ£12IIIIFIIEII;IIIEIiIfIII221112211222:::
|— hMain Charmber F'ressure| | | '
100 I IHIHHHHHIHIHIHHHITI HANN AR ANANTANNARN AN !IHHIHIHIHIHIHHIHIHIHIHHHITHH T HHHIHH':
1 . S S e
SA00 e | --------------------------------------------------- r --------------------------------------------------- r --------------------------------------------------- r —
1] 200 400 ] 200
Time (Zec)



Pressure (pa) Pressure (pal)
Temperature (F) Temperature (F)

Pressure (pa)

Pressure (pat)

022306_4 18 _a e3-q

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

| LOw Pri: O ms, Eth Pri; 50 ms

|— L F'rlmerj,r Walve Cutlet Temp — LOX Ignlter “Walve Clutlet Temp|

Z["I'L']"T'I‘TT]"TTTTTT'T'I'TTTTTTTTT”TT'r'!'TTTTTTT'TTTT'!TTTTTTI'TT'

Lox Manifold Setpoints: 195 to 204R
Orifice; Eth=0.031" / LOx= 0.02058"
LOx Tank Setpoint: 314 psia
Ethanal Tank Setpoint: 259 psia
“alve Open Comand

LOx Ign: O ms, Eth lgn: 0 ms

[T [N

Fulse Width: 5 s then 330 ms pulse
Dut},r Cycle: 5%
Run: Seqgd 18 A E3J (Aerodet 777)

—— L primary injector msmfeln:l pressure (1401  —— LO}{ lgniter valve outlet pressure (18]

— Ethsnel pr|msr3,f mJeeter msnlfsld pressure (9 ?j — Ethanel Igmtervslve outlet pressure [14]

rrrrrrrrrrrrrrrrrrﬁ

0

ZZZE

frfu u LEELLLLLLLL

-iaff155155I55H51?5155]55i55t;r§¥515515- i,_rz

R
|— Main Chamber F'ressure|

i i§IIl|§1||lliilllliill[liilllliillllii

Time (Fec)
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Pressure (psi)

Temperature (F)

Pressure (psi)

Pressure (psi)

Temperature (F)

Pressure (p sl

022306_1 1 b_el-ql

LLLL|.|:;L;LLL;L[L[LLLLLLLLLLLLLLL

[[!II]T[E[IITIT[[[[HHI[E[!]‘IH[ ilil} [L
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= |

—— LD primary injector

rranifa

—— Ethanol primary |nJE|:t|:|r ma

Id pressure (1547 —— LOX Igniter valve ou

nifold pressure (567 —— Ethanol Igniter valve autlet pres

tlet pressure

B L R

L H e HIHH i

HOT T T

lgnitar F'ressure|

]

Lox Manifold Setpoints: 198 to 204R

Orifice: Eth=0.0310" § LOx= 0.0205"

LOx Tank Setpoint: 315 psia
Ethanol Tank Setpoint: 259 psia

L |LOx lgn: O ms, Eth lgn: 0 ms

LOx Pri: O ms, BEth Pri; 50 ms

[[[|Fulse Width: 5 = then 330 ms pulse |]
Duty Cycle: 5%
Rurn: Seg 1 1 B E1 (Aerodet 777

)

=
=
=
iHHAH

—— Main Chamber Press

LII'E|

e

|

—
DE

400 a00

Time (Zec)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

022306_0_1_d_e2-q

Lox Manifold Setpoints: 195 to 204R
Orifice; Eth=0.031" / LOx= 0.0205"
=|LOx Tank Setpaint: 315 psia

Ethanal Tank Setpoint: 289 psia
“alve Open Comand

LOx Ign: O ms, Eth lgn: 0 ms
LOx Pri:  ms, Eth Prii ms
Pulse YWidth: 5 =

Duty Cycle: 100%

Run: Seq0_1_D E2 (Aerodet 777)

320
300 _ -
230 [
—— LOX primary injector manifold pressure (1297 —— LOX Igniter valve outlet pressure (52)
—— Ethanol primary injectar manifold pressure (537  —— Ethanol Igniter valve autlet pressure (51)

[INENNE]

|— fain Chamber F'ressure|

....... Ik,
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

022306_1 2 b_el-q

—— L% primary injector manifold pressure (163)
—— Ethanol primary injectar manifold pressure (85)

—— LOX Igniter valve outlet pressure (35)

—— Ethanol Igniter valve outlet pressure (92)

in Chamber

g

O

Lox Manifold Setpaints: 198 to 204R
Orifice: Eth=0.0310" f LOx= 0.0205"
LOx Tank Setpoint: 315 psia

Ethanol Tank Setpoint: 259 psia

LOx Ign: O ms=, Eth lgn: 0 ms

L% Pri: O s, Eth Pri; 50 ms

Fulze Width: & s then 340 ms pulses
Duty Cycle: 15%

Funm: Seq 1 2 B E1 (Aerodet 797

| /| |.I A - -- iy R ! Il..' .I|..I
T T
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

022706_3 10 a el

Lox Manifold Setpoints: 198 to 204R ]

TP NIV X Y7 Orifice; Eth= 0.0310" / LOx= 0.0205"|

------------------------- e b | LD Tank Setpoint: 314 psia b
LOX RCE Feedllne Manifold Pressure (:319:|| EéhxaTQDA_T%”fnSSETEF;ﬁ'TQHzggmpss'a

: S O Pric O ms, Eth Pric 50 ms

“Pulse Width: 162 ms LOx 112 Eth

Duty Cycle: 1%

Run: Seg 3 10_A E1 (Aerodet ??'?')

|— LO¥ RCE Feedline Manifald Templ|-

0

—— LOX Igniter valve outlet pressure (35)
Ethanol Ignlter\falve outlet pressure (50)

—— L% primary injector manifald pressure (119)
—— Ethanol prlmary injector manifold pressure (91)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

fﬁE

-5

022706_3 10_a €3

—— LD primary injector manifold pressure (33)
—— Ethanol primary injectar manifold pressure (50)

—— LOX Igniter valve outlet pressure (51)
—— Ethanol Igniter valve outlet pressure (49)

E)

-|Run: Seq 3_10_A_E3 (Aerodet 777)

Lox Manifold Setpoints: 1958 to 204R

---|Orifice: Eth=0.031"/ LOx= 0.0205"
--|LOx Tank Setpoint: 314 psia

Ethanal Tank Setpoint: 253 psia
“alve Open Comand
LOx Ign: O ms, Ethlgn: O ms
LOx Pri: 0 ms, Eth Pri; 80 ms

Z{Pulze Width: 122 ms for LO% and 72 ms for Eth

Dty Cycle: 1%

heoen
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

022806_1 10 _a 1-e2

_ ; e Tore e | r - Lox Manifold Setpoints: 198 to 204R ]
2 | LOXRCE Feedine Manifold Temp|- - I Orifice; Eth=0.031" / LOx= 0.0205" [
227 ok ity bt b A e AR A oAb a4l LOx Tank Setpoint. ]
: : : Ethanaol Tank Setpoint:
|— Ethanol RCE Feedline Manifold Pressure (263) LO¥ RCE Feedline Manifald Pressure (318j| “alve Open Comand
oo : : ' LOx lgn: 20 ms, Eth lgn: 0 ms i
— | LOx Pri: |, Eth Pri: N
sl il sy P e E A S b | Pulse Wyidth: .
Duty Cycle:
Run: Seq1_10_A1_E2 (Aerodet 777,

Eses

—— LOX primary injector manifold pressure (981 —— LOX Igniter valve outlet pressure (27)
—— Ethanol primary injectar manifold pressure (82) —— Ethanol Igniter valve outlet pressure (B3]

——f b
L )
o e

|— lgnitor F'ressure|

120

oB8

i Cn i A OY

Time (Fec)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

022806_1 10 _a 2-€2

& :
Eﬁﬁ&? Lox Manifold Setpoints: 1958 to 204R |4
E5900 - ) ] it UL YT NPT Y PO T Y TP | IR T Y 4| Cirifice; Eth=0.031" / LOx=0.0205" (]
3215'-5 B R bt B e e e e R R s AR B e | Ay Tank Setpoint: L
o |— Ethanol RCE Feedline Manifold Pressure (263) LO¥ RCE Feedline Manifold Pressure (31a:|| Ethanol Tank Setpoint:
I— . . e “|%'alve Open Comand
I : -] LOw lgn: O ms, Eth lgn: 20 ms
Y DO RSPt oo L0 Pric | Eth Pri
) ; |— LO Primary “alve Outlet Temp —— LOX Igniter %alve Outlet Temp I Eﬁlnse gveflclqjtr:ﬂ] A2 E2 {Aerolet 777)
*E i‘gE I
= B~
E : : :
= —— LOX primary injector manifold pressure (981 —— LOX Igniter valve outlet pressure (27)

—— Ethanol primary injectar manifold pressure (84)  —— Ethanol Igniter valve outlet pressure (70)

HE e e e -

|— lgnitor F'ressure|

Pressure (pa)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

204 {10

o]
=
]

196 -

022806 1 4 a el

— LO¥ RCE Feedline Manifold Temﬂ

____________________ | E—

LO¥ RCE Feedline Manifold Pressure (31?’j||

g| LOX Manifold Setpoints: 198 to 204R
J|Crifice; Eth=0.0310" § LOx= 0.0205"
-|LOx Tank Setpoint: 314 psia

Ethanol Tank Setpoint: 259 psia
LOx Ign: O ms, Eth lgn: 0 ms

JLOx Pri: 0 ms, Eth Pri: 50 ms
~|Pulse Width: 53 then 2680 ms pulses

Duty Cycle: 5%

—— LD primary injector manifold pressure (38)
—— Ethanol primary injectar mamfnld pressure [22)

—— LOX Igniter valve outlet pressure (21)
— Ethanul Igniter valve outlet pressure (21)

Run: Seg1_ 4 A E1 (Aerodet 33)

S T——
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Pressure (pal)

Temperature ()

Pressure (pa)

Pressure (pat)

Temperature ()

Pressure (pai)

?9

30

bt b

[= )

[
T

==y =)

030606 0_1 e 1 el

é | — LOX RCE Feediine Manifold Temp}

Lox Manifold Setpoints: 198 to 204K
% Orifice: Eth=0.04" f LOx= 0.025"
S|LOx Tank Setpoint: 315 psia

[N

Ethanol Tank Setpoint: 259 psia

0E

-|LOx% lgn: O ms=, Eth lgn: 0 ms
JILOw Pr: s, Eth Pri: ms
—[Pulse Width: 5 ms

Dty Cycle: 100%
Run: SquI 1_E1 (Aerodet 39)

—— LOX primary injector manifold pressure (126)

—— LOX Igniter valve outlet pressure (114)
—— Ethanol Igniter valve outlet pressure [111)

—— Ethanol primary injector manifold pressure (41)

|— Mlain Chamher F'ressure|

i
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030606 _1 11 a pulsel el

Pressure (pal)

Temperature ()

Pressure (pa)

Pressure (pat)

Pressure (pai)

&) .
52060 i--|Lox Manifold Setpoints: 198 to 204K
F4000 [[Orifice: Eth= 0.04" f LOx= 0.025" %
ean3n P 2|LOx Tank Setpaoint:  psia
E i |Ethanal Tank Setpoint:  psia

—|LOx Ign: 20 ms, Eth Ign: 0 ms

JILOw Pr: s, Eth Pri: ms

[ S N T
ST

1

“|Duty Cycle: %

Pulse Width:  ms é

|— LO Primary “alve Outlet Temp —— LOX Igniter %alve Outlet Temp
—— LOX primary injector manifold pressure (1187 —— LOX Igniter valve outlet pressure (57)
—— Ethanol primary injectar manifold pressure (58]  —— Ethanol Igniter valve outlet pressure (813

Run: Seg 1_11_A E1 (Aerodet 777

__________________

=t
[ ]
[ ]
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Pressure (pai)

Temperature (B

Pressure (pat)

Prezsure (pai)

Temperature (F)

030606 _1 11 a pulse? el

]

|— Ethano

“|Lox Manifold Zetpaoints: 198 to 204R

Orifice: Eth=0.04"/ LO»=0.025"
LOx Tank Setpoint: psia
Ethanol Tank Setpoint: psia

; -|LO% Ign: O ms, Ethlgn: 20 ms
LD Pri: tns, Eth Pri:  ms
IFPulse Width: ms

Duty Cycle: %

=

—— L% primary injector manifold pressure (1191 —— LOX Igniter valve outlet pressure (57
—— Ethanol primary injectar manifold pressure (5681  —— Ethanol Igniter valve outlet pressure (51)

Rum: Seq1_11_A_E1 (Aerodet 777
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030606 1 2 ¢ el

|— Ethanol RCE Feedline Manifold F'ressure (259

|| Pri:

Lox Manifold Setpaints: 134 to 200R
Orifice: Eth= 0.040" / LOx= 0.025"
LOx Tank Setpoint: 315 psia
Ethanol Tank Setpoint: 259 psia
LOx lgn: O ms, Eth lgn: 0 ms

0 g, Eth Pri; 80 ms
Fulse Width: 321 ms

Duty Cycle: 15.05%

Fun: Seq1 2_C_FE1 (Aerodet NL&J

—— LOX primary injector manifald pressure (165)
—— Ethanol primary injectar manifold pressure (85)

—— L% Igniter valve outlet pressure (101)
—— Ethanol Igniter valve outlet pressure (103)

1111
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030606 1 4 b partl el

Lox Manifold Setpoints: 198 to 204K
Crifice: Eth=0.04"/ LOx= 0.025"
LOx Tank Setpoint: 314 psia
Ethanol Tank Setpoint: 259 psia
LOx lgn: O ms, Eth lgn: 0 ms

LOx Pri: O s, Eth Pr: 50 ms
Fulze Width: 5s then 256 ms pulses
Duty Cycle: 5%

Run: Seq1 4 B E1 (Aerodet 777

—— LOX primary injector manifold pressure (35)  —— LOX Igniter valve outlet pressure (21)

—— Ethanol Igniter valve outlet pressure (20)

—— Ethanol primary injectar manifold pressure (13)

e

|— lgnitor F'ressure|
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030606 1 4 b part2 el

Lox Manifold Setpaints: 198 to 204R
Orifice: Eth=0.04"/ L0x=0.025"
LOyx Tank Setpoint: 314 psia
Ethanol Tank Setpoint: 259 psia
LOx lgn: O ms, Eth lgn: 0 ms

- L% Pri: O ms, BEth Pri: 50 ms
Pulse Width: 256 ms

Duty Cycle: 5%

‘— LOX Primary %alve Cutlet Temp  —— LOX Igniter %alve Outlet Temp|

—— LD primary injector manifold pressure (521 —— LOX Igniter valve outlet pressure (19)
—— Ethanol primary |nJE|:t|:|r manifold pressure (16)  —— Ethanol Igniter valve autlet pressure (17)

Run: Seq1_4 B E1 (Aerodet 777)

:
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

030706_0 1 f 1 el

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

|— LO¥ RCE Feedline Manifold Temp| ...................

P Orifice: Eth=0.04"/ LOx= 0.025"
LOx Tank Setpoint: 314 psia

Lox Manifold Setpoints: 1598 to 204R j

Ethanol Tank Setpoint: 259 psia

LOx lgn: O ms, Ethlgn: 0 ms
=|LO% Prie s, BEth Pri: ms
C|Pulse Width: 5 s

AT

torTETitoTE

— LOX Ignlter “alve Cutlet Temp

Duty Cycle: 100%
Run: Seg0_1_F_ET1 (Aerodet 44)

|— LOG Primary “alve Cutlet Temp

—— LOX primary injector manifald pressure (120

—— Ethanol primary injectar manifold pressure (41)

—— LOX Igniter valve outlet pressure (114)
—— Ethanol Igniter valve outlet pressure [158)

Ly
o N Y A T |
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030706_0_1 f 2 e2

Lox Manifold Setpaints: 198 to 204R]
-|Qrifice; Eth=0.04" / LOx= 0.025"
LOx Tank Setpoint: 314 psia

— ' : - e Ethanol Tank Setpoint: 259 psia
|— Ethanol RCE Feedline Manifald Pressure (263) LD RCE Feedline Manifold Pressure (314j| ‘Yalve Open Comand

LOx Ign: O ms, Eth lgn: 0 ms

LA 111

= Ldx Pri:  ms, Eth Pri: ms
= Pulze Width: 5=

Duty Cycle: 100%

Run: Seq0_1_F_EZ2 (Aerodet 44)

—— LOX primary injector manifold pressure (1081 —— LOX Igniter valve outlet pressure (868)
—— Ethanol primary injectar manifold pressure (2,47 —— Ethanol Igniter valve autlet pressure 78]

120

=583

St
f o o
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature ()

Temperature ()

Pressure (pai)

030706 _1 11 b pulsel el

|| — LO% RCE Feedline Manifald Temp|

ruﬂ

YT TSR WA TR R RS TINT T :-: ------------- NI R

‘— Ethanol RCE Feedllne hanifold Pressure (253)

LO¥ RCE Feedline Manlfnld Pressure (319)|

Lox Manifold Setpoints: 198 to 204K

| Crifice: Eth= 004"/ LOx= 0.025"
LOx Tank Setpoint: psia

Ethanal Tank Setpoint: psia

; -[LOx% Ign: 20 ms, Eth lgn: 0 ms
SILO% Pr: s, Eth Pri: ms

Fulse WWidth: S

“Duty Cycle: %

—— LOX primary injector manifold pressure (114)

—— LOX Igniter valve outlet pressure (58]
—— Ethanol Igniter valve outlet pressure [159)

—— Ethanol primary injector manifold pressure (58)

- |Run: Seq1_11_B_E1 (Aerodet 'P'?'?)

1114441111::

.................................. }...............................
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Pressure (pal)

Temperature ()

Pressure (pa)

Pressure (pat)

Temperature ()

Pressure (pai)

030706 _1 11 b pulse2 el

{— LOX RCE Feedline Manifald Ternp| - T b el

LO¥ RCE Feedline Manifold Pressure (314j|_

Lox Manifold Setpoints: 198 to 204K
Crifice: Eth=0.04"/ LOx= 0.025"

i|LOx Tank Setpoint: psia

Ethanal Tank Setpoint: psia

- |LOx lgn: O ms, Eth lgn: 20 ms

L Pri: ms, Eth Pri: s
Fulse WWidth: S

“Duty Cycle: %

:

|— LO Primary “alve Outlet Temp —— LOX Igniter %alve Outlet Temp

—— LOX primary injector manifold pressure (114)  —— LOX Igniter valve outlet pressure (56)
—— Ethanol primary injector manifold pressure (5887 —— Ethanol Igniter valve outlet pressure [156)

Run: Seg1_11_B ET1 (Aerodet 777

Page 99




Pressure (pai)

Pressure (pai)

Pressure (pal)

Temperature (F)

Temperature (B

Pressure (pai)

030706_1 2 d el

Lox Manifold Setpoints: 1938 to 204F
Orifice: Eth=0.04"/ LO»=0.025"
LOx Tank Setpoint: psia
Ethanol Tank Setpoint: psia
LOx lgn: O ms, Eth lgn: 0 ms

&|LOx Pri; O ms, Eth Pri: 50 ms

Pulse Width: 5s then 321 ms pulses|]
Duty Cycle: 15%

—— LOX primary injector manifold pressure (1701 —— LOX Igniter valve outlet pressure (103)
—— Ethanol primary injector manifold pressure (847 —— Ethanol Igniter valve outlet pressure [135)

Rum: Seq1_ 2 D E1 (Aerodet 777)
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Pressure (pai)

Temperature (B

Pressure (pat)

Prezsure (pai)

Temperature (F)

030806 0 1 g 1 el

Lox Manifold Setpaints: 198 to 204R
Orifice: Eth=0.04"/ LO»=0.025"
LOx Tank Setpoint: 314 psia
Ethanol Tank Setpoint: 259 psia

~|LO% Ign: O ms, Ethlgn: O ms
LD Pri;
JPulse Width: 5 s

tng, Eth Pri:  ms

Duty Cycle: 100%

ﬁ

—— LOX primary injector manifold pressure (126)
—— Ethanol primary injector manifold pressure (43)

—— LOX Igniter valve outlet pressure (114)
?  Ethanol lgniter valve outlet pressure (NOME)

Rum: Seq0_1_G_E1 (Aerodet 777)
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Pressure (pai)

Pressure (pai)

Pressure (pal)

Temperature (B

Pressure (pai)

030806 0 1 g 2 €2

|— L RCE Feedline Manifold Temp|;;;

__________ T D

_|Lox Manifald Setpaints: 195 to 204R

| Qrifice: Eth=0.04" 7 LOx= 0.025"

“alve Open Comand

PILOx Tank Setpoint: 314 psia

Ethanal Tank Setpaoint: 253 psia

LOx Ign: O ms, Ethlgn: 0 ms
LOx Pri: s, Eth Pri:  ms

=|Pulse Width: 5 s

Duty Cycle: 100%
Run: Seq0_1_G_EZ (Aeradet 777)

Lilwal |
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Pressure (pa) Pressure (pal)
Temperature (F) Temperature (F)

Pressure (pa)

Pressure (pat)

030806_1 10 b_2-€2

|_ Lo RCE Feedline Manifold TEmp| ! ! ! Lox Manifold SEtpDintS: 195 to 204R

wh| Orifice: Eth= 0.04" / LOx= 0.025"
LOx Tank Setpoint: psia

' - |Ethanol Tank Setpoint:  psia
|— Ethanol RCE Feedllne Manifold Pressure (253) LO¥ RCE Feedline Mamfnld Pressure (318j| i |Walve Open Comand

L1 1=

i

=20 LOx Ign: Oms, Ethign: 20ms |3
I Lo Pri: ms, Eth Pri. ~ ms |3
; - S =|Pulse Width: s =

|— L Primary Wake Cutlet Temp —— LOX Ignlter “ale Cutlet Temp| | . |Duty Cycle: %

’__ Run: Seg1_10 B E2 (Aern:uJet ???‘j

—— LOX primary injector manifold pressure (105)

—— LOX Igniter valve outlet pressure (28)
—— Ethanol primary injector manifold pressure (77) ¢

Ethanol Igniter valve outlet pressure (MONE)

——o gl
L,
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030806_3 12 d-el

02

204 L% RCE Feedline hanifold Temp| ..................

........................... 1

—— LOX primary injector manifold pressure (40)

—— L lgniter valve outlet pressure (14)
—— Ethanol Igniter valve outlet pressure (157)

—— Ethanol primary injectar manlfnld pressure (18]

Lox Manifold Setpaints: ¥¥x to ¥xAR

.-|Orifice: Eth=0.04" 7 LOx= 0.025"

LOx Tank Setpoint: 314 psia

. |Ethanal Tank Setpoint: 259 psia
! I"alve Open Comand

LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms

2|Pulse Wyidth: 161 ms
C|Duty Cycle: 0.58%
LIRun Seq3 12 D (Aerodet 52)

IE T
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

!

—
[ ]
[ R s e

120 =

=583

030806_3 12 d-e2

— LOX RCE Feedline Manifald Temp -

SrTTTTmmmmm r

d Pressure (259)

_______

|Lox Manifold Setpoints: XXX to 2R
i|Orifice: Eth= 0.04" f LOwx= 0.025"

| L Tank Setpoint: 314 psia

¢ |Ethanal Tank Setpoint: 289 psia
fva
LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms

Pu

{|Duty Cycle: 1.65%
_Ru

IE NN

lve Open Comand

[ze YWidth: 401 ms

n: Seq3_12_D (Aerodet 52)

—— LOX primary injector manifold pressure (42)

—— LOX Igniter valve outlet pressure (5)
—— Ethanol Igniter valve outlet pressure (1)

—— Ethanol primary injectar manifold pressure (3)

hitor F'ressure|
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030806_3 12 d-e3

— LO¥ RCE Feedline Manifold Tem;ﬂ
224 = e -

|— Ethanol RCE Feedline Manifold Pressure (259)

SrTTTTmmmmm r

_______

Lox Manifold Setpaints: < to X0R|
| Orifice: Eth=0.04" f LOx= 0.025"
;- L0y Tank Setpoint: 314 psia
"|Ethanal Tank Setpoint: 289 psia
! I"alve Open Comand

LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms

2|Pulse Wyidth: 161 ms
¢ |Duty Cycle: 0.53%
|Run: Seq3_12_D (Aerodet 52)

—— LOX primary injector manifold pressure (35)

—— LOX Igniter valve outlet pressure (1)
—— Ethanol Igniter valve outlet pressure (5)

—— Ethanol primary injectar manifold pressure (1)

LI
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

216

22 =
208 F
204

|— Ethanal RCE Feedline Manlfnld Pressure (261)

400 =
300
200

a0
400
300
200

030806_1 5 ae2

| — LOX RCE Feedline Manifold Temp]s

. g S

E

—— LOX primary injector manifold pressure (59)

—— LOX Igniter valve outlet pressure (59)

—— Ethanol primary injector manifold pressure (70)

?  Ethanol lgniter valve outlet pressure (NOME)

..|Lox Manifold Setpoints: 195 to 204R
Z|Orifice; Eth=0.04" / LOx= 0.025"
--|LOx Tank Setpaint: 314 psia

Ethanal Tank Setpoint: 258 psia
“alve Open Comand
LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms
Fulze YWidth: 6 =
Duty Cycle: 100%

Run: Seq 1 _5_A_E2 jAerodet 777) |5

FANEN NN

i
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

030806_1 5 a-€3

— |

228 | — LOX RCE Feedline Manifold Temp s
0 =
216 =

|— Ethanal RCE Feedline Manifold Pressure (261) LO¥ RCE Feedline Manifold Pressure (316j|

00 = e g e e e e R N [ R R s T

300 =

&
=

300
200

—— LOX primary injector manifold pressure (1627 —— LOX Igniter valve outlet pressure (104)
—— Ethanol primary injectar manifold pressure (73] —— Ethanol Igniter valve outlet pressure (95)

200 = - e ’f.!.'iWﬂ'ﬁi‘*

Lox Manifold Setpoints: 195 to 204R
--|Orifice: Eth=0.04" / LOx= 0.025"

2 [LOx Tank Setpoint: 314 psia
Ethanal Tank Setpoint: 258 psia

“alve Open Comand
LOx Ign: 0 ms, Eth

Ldx Pri: 0 ms, Eth Pri: 50 ms

Fulze Yidth: 6 =
Dty Cycle: 100%
Run: Seg1 5 A E3

lgn: 0 ms

Aerodet 777

Time (Fec)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

%

300
200 |

030906_3 17a a e2

Lox Manifold Setpoints: 195 to 204R
Orifice: Eth=0.04" f LOx= 0.025"

~|LOx Tank Setpaint: 314 psia
--|Ethanal Tank Setpoint: 289 psia
“alve Open Comand

LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms

I|Pulse Width: 401 ms

Duty Cycle: %
Run: Seq3_17_A EZ2 (Aerodet 54)

—— Ethanol primary |njec:t|:|r manifold pressure (3.5)

—— LOX primary injector manifald pressure (421 —— LOX Igniter vakve outlet pressure (5)

?

Ethanaol Igniter valve nutlet pressure [(NONE)

LIELIT |
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

%?%

300
200 |

%

et

=
&00

40
200

120

=B 8

120

=538

030906 _3 17a a €3

Lox Manifold Setpoints: 195 to 204R

#\Orifice; Eth=0.04" / LOx= 0.025"

TILOx Tank Setpaint: 314 psia

Ethanal Tank Setpoint: 289 psia
“alve Open Comand

--| LOx Ign: O ms, Eth lgn: 0 ms

L= Pri: O ms, Eth Pri; 50 ms
Z|Pulse Width: 162 ms
Duty Cycle: %

Run: Seq3_17_A E3 (Aerodet 54)

INNE T

—— L% primary injector manifold pressure (358)
—— Ethanol primary injectar manifold pressure [L3)

—— LOX¥ Igniter valve outlet pressure (1.3)

—— Ethanol Igniter valve outlet pressure (4.2)

|— fain Chamber F'ressure|

=

i
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030906_3 17a b €2

Lox Manifold Setpaints: 198 to 204R]

Orifice: Eth=0.04" f LOx= 0.025"

LOx Tank Setpoint: 314 psia
= Ethanal Tank Setpoint: 253 psia

|— Ethanol RCE Feedline Manlfnld Pressure (263) Lk RCE Feedline Manifold Pressure (31Bj| ‘Yalve Open Comand

Il LOx Ign: O ms, Ethlgn: O ms

= Ldx Pri: O ms, Eth Pri; 50 ms
Z|Pulze Width: 401 ms

Duty Cycle: %

_|Run: Seq3 1? EI EZ (Aerodet 55) |

e

—— LOX primary injector manifald pressure (271 —— LOK Igniter valve outlet pressure (5.2)
—— Ethanol primary injectar manifold pressure (3.5) ?  Ethanol Ignltervalve outlet pressure (NDNE)

120

=B 3

=
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030906_3 17a b €3

LO¥ RCE Feedline Manifold Pressure (31Bj|

—— L% primary injector manifold pressure (22)

—— Ethanol primary injectar manifold pressure [L3)

—— LOX¥ Igniter valve outlet pressure (1.2)

—— Ethanol Igniter valve outlet pressure (4.2)

[ ——— e e .

Orifice: Eth=0.04" f LOx= 0.025"

I LOx Tank Setpaint: 314 psia

Ethanal Tank Setpoint: 289 psia
“alve Open Comand

Il LOx Ign: O ms, Ethlgn: O ms

= Ldx Pri: O ms, Eth Pri; 50 ms

I|{Pulze YWyidth: 161 ms

Duty Cycle: %

Run: Seq3_17_B_E3 (Aerodet 55)

Lox Manifold Setpaints: 198 to 204R |

i
LIS

[N

] e e e e e e
20—
40 =i
0
|— fain Chamber F'ressure|
LT I A A iir
20 —
e i R ey A ] D Bl B i e S T S B
0
0 100 200 300 400
Time (Zec)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

2170
=160

x50

Tem

030906 _3 17a c_e2

[— LOXRCE Feedine Manifold Ternp|--+ b T T Lo
‘ : =-|LOx Tank Setpaint: 315 psia

~|Ethanol Tank Setpoint: 289 psia

LO¥ RCE Feedline Manifold F'ressure (31Bj|

Lox Manifold Setpoints: 195 to 204R
Orifice: Eth=0.04" f LOx= 0.025"

“alve Open Comand
LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms
Fulze YWidth: 173 ms
Duty Cycle: %
Run Seq3 17 _C _E2 (AerDJet a6 |-

LI LEELLILT |

Temperature (F)

—— Ethanol primary injectar manifold pressure (2.3)

—— LOX primary injector manifold pressure (2581 —— LOK Igniter valve outlet pressure (4.4)
Ethanal Igniter valve autlet pressure NOME)

?

Pressure (pal)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

£3370
EEErﬂ.U
837510
E2240

Tem

Temperature (F)

Pressure (pal)

iE

030906 _3 17a c_e3

[ 7 LOXRCE Feedine Man|fDIdTemp| | !

_|Lox Manifold Setpoints: 195 to 204R
~|Orifice; Eth=0.04" / LOx= 0.025"
=-|LOx Tank Setpaint: 315 psia

Ethanal Tank Setpoint: 289 psia
“alve Open Comand
LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms
Fulze YWidth: 161 ms
Duty Cycle: %

|Run: Seq3_17_C_E3 (AeroJet 56) |

[E=-SNNEE

—— LOX Igniter valve outlet pressure (4)
—— Ethanol Igniter valve outlet pressure (5)

—— LOX primary injector manifold pressure (48]
—— Ethanol primary injectar manifold pressure (1)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030906 _4 18 b_e3

[ [ [

| — LOX RCE Feedline Manifold Temp|:

—— LOX primary injector manifold pressure (817 —— LOX Igniter valve outlet pressure (15)
—— Ethanol primary injector manifold pressure (8.4)  —— Ethanol Igniter valve outlet pressure (16)

Lox Manifold Setpoints: 195 to 204R

Orifice: Eth=0.04" f LOx= 0.025"

LOx Tank Setpoint: 314 psia

“|Ethanal Tank Setpoint: 289 psia
“alve Open Comand

--| LOx% Ign: O ms, Eth lgn: O ms

| LOx Pri: O ms, Eth Prii 50 ms
Z|{Pulze YWidth: 321 ms

Duty Cycle: 5%

|Run: Seqd_158_B_E3 (Ae

LLirnild
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Pressure (psi) Pressure (psi)
Temperature (F) Temperature (F)

Pressure (pal)

Pressure (psi)

030906 _4 18 c €3

] __|Lox tanifold Setpoints: 198 to 204R|]
= | Orifice: Eth=0.04" / LOx=0.025" |3
770 ~|LOx Tank Setpoint: 314 psia -

Ethanal Tank Setpoint: 289 psia =
_|Walie Open Comand B
400 -+l LOx% Ign: 0 ms, Eth lgn: 0 ms .
300 e . LOx Pri: O ms, Eth Pri. 50ms |3
200 il : - . “|Pulse Width: 322 ms =
i |Duty Cycle: 5%
%H = - : P |Run Segd 18_C_E3 (Aerodet 7] |
—— LOX primary injector manifold pressure (B8] —— LOX Igniter valve outlet pressure (13)
—— Ethanol primary injector manifold pressure (7.4)  —— Ethanol Igniter valve outlet pressure (14)

Time (Zec)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030906 _4 18 d_e3

|— LOX RCE Feedline Manifold Temp|- [
T

..|Lox Manifold Setpoints: 195 to 204R
| Orifice: Eth= 0.04" f LOwx= 0.025"
|LOx Tank Setpaint: 314 psia

_|Walve Open Comand

CPulse Width: 321 ms

Ethanal Tank Setpoint: 289 psia

LOx Ign: O ms, Eth lgn: 0 ms
L= Pri: O ms, Eth Pri; 50 ms

Duty Cycle: 5%
Run Seqd 158 D E3 (Aeradet 59)

—— LOX primary injector manifold pressure (551 —— LOX Igniter valve outlet pressure (14)
—— Ethanol primary injector manifold pressure (7.2)  —— Ethanol Igniter valve outlet pressure (13)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

%%

%

300 £

200

400
300
200

030906 _4 18 e €3

| — LOX RCE Feedline Manifold Temp|. L

Z|Crifice: Eth=0.04" / LOx= 0.025"
<|LCx Tank Setpoint: 314 psia

— LOX Igmter‘\falve Outlet Temp

‘— LO Primary ‘v’alve Cutlet Temp

_[Wale Open Comand

IPulse Width: 321 ms

Lox Manifold Setpoints: 198 to 204R ||

Ethanal Tank Setpoint: 289 psia

LOx Ign: O ms, Eth lgn: 0 ms

L= Pri: O ms, Eth Pri; 50 ms

Duty Cycle: 5%
Run: Seq4d_ 18 E E3 (AerDJet B0

—— LD primary injector manifold pressure (37)

—— LOX Igniter valve outlet pressure (14)

—— Ethanol primary injectar manifold pressure (14

—— Ethanol Igniter valve outlet pressure (13)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

030906 _4 18 f €3

— ; : _.|Lox Manifold Setpoints: 1958 to 204R| |
| — LOX RCE Feedline Manifold Temp|__‘:h_ onfice. Ethe 004 LOxe 0005 [
Frnmesansnessne s [LOx Tank Setpoint: 314 psia m
e o ———— Ethanol Tank Setpoint: 259 psia
CE Feedline Manifold Pressure (263) _|'¥alve Open Comand B
A0 e b {i--e : . .- =l LOx Ign: O ms, Eth lgn: 0 ms -
300 . i e . LOx Pri: O ms, Bth Pri 80 ms |3
200 “|Pulse Width: 321 ms m
Duty Cycle: 5%
Run: Seq3_17_F_E3 (Aeradet B1) |
400 T o —
300 = e R e L
200 ; ; : :
—— LOX primary injector manifold pressure (200 —— LOX Igniter valve outlet pressure (14)
S Ethanol primary injectar manifold pressure (7.21  —— Ethanal Igniter valve outlet pressure [(12)

___________________
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Pressure (pa) Pressure (pai)
Temperature (F) Temperature (F)

Pressure (pai)

Pressure (pai)

Appendix G: WSTF LO,/LCH, Test Plots

Seg3-5run5
. R T
| | — LOX RCE Feedline Manifold Temp| S SR T T __|Lox Manifold Setpoint: 197 R
N T T T v e T |LOx Tank Setpoint: 324 psia %
""""""""""""""""""""""" Prossmssineni e b e lathane Tank Setpoint: 324 paia
240 |— Methane RCE Feedline Manifold Pressure (311) LO¥ RCE Feedline Manifold Pressure (315)|___ Yalve Open Comand B
o0 R R e R e s R R e e e Rk LOx |QU3 0 ms, Meth |Q”3 0 ms 5
300 [ [ - [ N o : i [ [ i P LOx Pri: ms, Meth Pri.. ms |3
280 P - I Pulge width: 180 ms 3
- 0,
|— LOX Primary “alve Outlet Temp  —— LOX Igniter Valve Outlet Temp| gﬂtny CSYeCc;EE ;J{:un:'i

—— LOX primary injector manifold pressure (2.4 —— LOX Igniter valve autlet pressure (B.E)
— Methane primary injector manifold pressure {41 —— Methane Igniter valve outlet pressure (5.4)

ESSUFE|

|— Ignitor Pr
120 -
20
40 f=-
EI H
|— Main Chamber F'ressure|
1.0 RS Y Bh T R T I 125 ik ] T - Lk
DD i " ::I [ N m Ll 1 . 14 k1 ]
SL0 e e T AL R bR R A R A T Ak o, e R 1 AR A1
1] 100 200 300 400
Titme (Fec)
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Pressure (pal)

Temperature ()

Pressure (pa)

Pressure (pat)

Seg3-5run 9

LD Tank Setpoint: 324 psia I

Methane Tank Setpoint: 324 psiaf

“alve Open Comand
LOx lgn: O ms, Meth lgn: Oms]|
LOx Pri:  ms, Meth Pri: ms

Fulse Width: 160 ms

Duty Cycle: 1%

Runm: Seq3_5_rund

Lox Manifold Setpaoint: 224R -
|

Temperature ()

—— LOX primary injector manifold pressure (271 —— LOX Igniter valve outlet pressure (5]
Methane primary injector manifald pressure (41 —— Methane Igniter valve outlet pressure (5.5)

Pressure (pai)

1] 100 200 300 400

Titme (Sec)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

Seq3-5run 10b

163 | — LOX RCE Feedline Manifold Temp|- ‘|Lox Manifold Setpoint: 163R
Yl e AR T s T T PR P ¢ LOx Tank Setpoint: 324 psia
162 PR AP e ey :|Methane Tank Setpoint: 324 psial

| — Methane RCE Feedline Manifold Pressure (317) LOX RCE Feedline Manifold Pressure (-8.5]] Valve Open Comand
1000 T AT R P T Y A R Y TR TR LOs lgn: O ms, Meth Ign: O ms | —
5I:|D L Pri:  ms, Meth Pri:  ms
_5|:||j L 2 |Pulze Width: 160 ms

Duty Cycle: 1%
‘— LOX Primary “alve Dutlet Temp —— LOX Igmter‘\falve Outlet Temp Run: Seq 3 5 runll B
—— LOX primary injector manifold pressure (281 —— LOX Igniter valve outlet pressure (7.4)

—— Mlethane primary injector manifold pressure (4]

—— Methane Igniter valve outlet pressure (5.9)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

Seg3-5 run 10c

—— Mlethane primary injector manifold pressure (4]

—— Mlethane lgniter valve outlet pressure ([B)

|— LOX RCE Feedline Manfold Temp| Lo Manifold Setpaint: 163R
"""" i|LOx Tank Setpoint: 324 psia
- *|Methane Tank Setpoint: 324 psia

|— Methane RCE Feedline Manifold F'ressure (320) LO¥ RCE Feedlme Manifold Pressure (1 4j| Walve Open Comand
1000 R TR e T TR AP AT IR AT RN P T LOx lgn: O ms, Meth lgn: 0 ms o
5':“3 LOx Pri:  ms, Meth Prii  ms
_5.;"3 T T T Ty P T T R T Ao T emererewme - ulse Width: 160 ms L

_ ’ _ ; Duty Cycle: 1%

‘— LOX Primary “alve Qutlet Temp  —— LOX Igniter %alve Outlet Temp|: Run: Seq3 5 run10_C
A40 [ | ——— e e e .
A o T T
420 S

—— L% primary injector manifold pressure (2.6)  —— LOX Igniter valve outlet pressure (7.5)
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Pressure (pal)

Temperature ()

Pressure (pa)

Pressure (pat)

Temperature ()

Pressure (pai)

Seq3-5 run 10d

Lox Manifold Zetpaint: 166R

LOx Tank Setpoint: 324 psia
Methane Tank Setpoint: 324 psia
“alve Open Comand

LOx lgn: O ms, Meth lgn: O ms |

LOx Pri:  ms, Meth Pri: ms
Fulse Width: 160 ms

:

200 T SRR T e B L e LR e At b b
' Duty Cycle: 1%
Rum: Seq3_5_runi0_d
—— LOX primary injector manifold pressure (27 —— LOX Igniter valve outlet pressure (7.7)

—— Methane primary injector manifold pressure (4]

300 f—- -

200 =
100

150

—_
[ ]
o0

100
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature ()

Temperature ()

Pressure (pai)

Seg3-5run 11

1LOx Tank Setpoint: 374 psia

Lox Manifold Zetpaint: 197R '%
—|Methane Tank Setpoint: 374 psia;

LOX RCE Feediine Manifold Pressure (458 Valve Upen Comand

900 i: LQx Ign: O ms, Meth Ign: O ms :3

; .............................................. ; ............................................. : ........................ LOx Pri:  ms, Meth Pri: ms

|— L% Primary “alve Clutlet Temp

— LOX Igniter ‘v‘alve Cutlet Temp

Fulse Width: 160 s
Duty Cycle: 1%
Runm: Seq3_5_runi

—— LOX primary injector manifold pressure (2.7)
—— Methane primary injector manifold pressure (5]

—— LOX Igniter valve outlet pressure (7.9)

—— Methane Igniter valve outlet pressure i5.9)

1] 100

200

Titme (Sec)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature ()

Temperature ()

Pressure (pai)

204 | — LO¥ RCE Feedline Mamfnld TEFﬂFJ| i ! PR “{Lox Manifold Setpaint: 201R
%EE : R 4 e & 25 {LOx Tank Setpaint: 275 psia %
1o B N B M hdethane Tank Setpoint: 274 psial
|— Methane RCE Feedline Manlfnld Pressure (274) LD}{ RCE Feedline Manifold F'ressure (EEI?'j| Valve Upen Comand
---------- LOx lgn: O ms, Meth lgn: 0 ms [—
LOx Pri:  ms, Meth Pri: ms
TPt |Pulse Width: 160 ms
_ ’ Duty Cycle: 1%
|— L% Primary “alve Clutlet Temp — LOX Igniter “alve Outlet Temp Run: Seq3 5 _run12
Hl - ==
) S r T e e e e e e e e e e P P —
60—
A0 T e e e e e T T e e
7 uf AN SRS AN S S e s peoclte M B B B i
—— LOX primary injector manifold pressure (271 —— LOX Igniter valve outlet pressure (5.9)

Seg3-5run 12

—— Methane primary injector manifold pressure (4]

—— Methane Igniter valve outlet pressure (4.9)

|— Mlain ChamherF’ressure|
III'IlI i i (YRTT TN TP <l et e gyl || N R
l.lli. mrry ey . b i Tk 1, " I« ol el T o e (ol Sl Dl g L o o bl oty b
1111 [ [
0 100 200 300 400
Titme (Sec)
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Pressure (pal)

Presqure (pal)

Pressure (pat)

Pressure (pat)

320
300
220

300
200
100

120

Seq3-6 run 6

|— Methane RCE Feedline Manifald Pressure (329)

LO¥ RCE Feedline Manifold Pressure (313)|

— LO¥ prirmary injectar manifold pressore (240 —— LOX Igniter valve outlet pressure (27)
— Methane primary injector manifold pressure (4)

—— Methane lgniter valve outlet pressure (26)

S VO VO VO WA N VN AN W N S VN £ A N SR N Y S
Il — o S S ST AR, AS— S S S S | U RSN A S S  — SR

Lox Manifold Setpoints: ?77H
LOx Tank Setpoint: 324 psia

2 |Methane Tank Setpoint: 324 psialf
i |Walve Cpen Comand
i LOsx lgn: O ms, Meth Ign: 0 ms

LOx Pri:  ms, Meth Pri:
FPulse Width: 160 ms
Duty Cycle: 1%

Runm: Seq3_6_runb

ms
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature ()

Temperature ()

Pressure (pai)

Seg3-7run’7

| — LOX RCE Feedline Manifold Temp]

iy A

|Lox Manifold Setpoint: 198R
LD Tank Setpaint: 323 psia ;
“HMethane Tank Setpoint: 324 psiaf-

“alve Open Comand
LOx lgn: O ms, Meth lgn: Oms |
LOx Pri: ms, Meth Pri: ms [

A Pulse Width: 160 s

Duty Cycle: 1%

(=)
[

Loe
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Pressure (psi)

Temperature (F)

Pressure (psi)

Pressure (psi)

Tembggratme ()

Pressure (pal)

Seg4 6 run6_2

Lox Manifold Setpoint: 210R

~|LOx% Tank Setpoint: 374 psia

At Methane Tank Setpoint: 324 psia

“alve Open Comand
LOx lgn: O ms, Meth lgn: 0 ms
L Pri:  ms, Meth Pri:  ms

‘|Pulse Width: 150 ms

Duty Cycle: 100%
Run: Seqd4 6 runb_2

WHE=]

—— LOX primary injector manifald pressure (2]

—— LOX Igniter valve outlet pressure (12)

— Methane primary |nject|:|r manifold pressure [1 11 —— Methane Igmter\.falve outlet pressure [11]

— lgnitaor F'ressure|
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

216
212 =

208 F

Seg4 6 run6_3

|— LOX RCE Feedline hManifald Temp

|Methane Tank Setpoint: 324 psialk

“alve Open Comand

LOx lgn: O ms, Meth Ign: 0 ms
L Pri: ms, Meth Pri ms

Lox Manifold Setpoints: 210R -

J|LOx Tank Setpoint: 374 psia p

| LOxPn =
Pulse Width: 160 ms “3

Duty Cycle: 5%

|— L Primary ‘v’alve Outlet Temp — LOK Igniter %/ale Outlet Temp Run: Seqd B_runG_3

—— LOX primary injector manifold pressure (21 —— LOX Igniter valve outlet pressure (23)

—— Methane lgniter valve outlet pressure 23]

— Methane primary injector manifold pressure (1.1)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

Segd 7 run7_4

|LOx Tank Setpoint:

T\ Methane Tank Setpoint:

‘— LO Primary ‘v’alve Cutlet Temp

— LO}( lgniter %ahe Outlet Temp

Lox Manifold Setpoint: 210R

374 psia
324 psia
“alve Open Comand

LOx lgn: O ms, Meth lgn: 0 ms
L Pri:  ms, Meth Pri:  ms

|Pulse Width: 160 ms
Duty Cycle: 25%

—— LOX primary injector manifold pressure ((2)
—— Methane primary injen:mr manifold pressure (1 1)

—— LOX Igniter valve outlet pressure (30)

= LR

— Methane Ignltervalve nutlet pressure [159)

Run: Seqd 7 _run?_4

|— lgnitar F'ressure| :
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

[ )

i
o

s

EEEES Cooia

Segd 7 run7 5

Lox Manifold Setpoint: 215R

LOx Tank Setpoint: 373 psia
Methane Tank Setpoint: 324 psia

[~ Methane RCE Feedline Manifold Pressure (326) LOX RCE Feedline Manifold Pressure (367 VE'O‘“; Eﬂ?”ﬂcri;”ar:‘dim an: O s

L Pri: ms, Meth Pri ms
- |Pulse Width: 160 ms Fe
Duty Cycle: 25%

Run: Segd 7 run? 5

—— L% primary injector manifold pressure (2] —— LOX Igniter valve autlet pressure (30)
—— Methane primary injector manifold pressure (1,11 —— kethane Igniter valve outlet pressure (156)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

T 1
-|Lox Manifold Setpoints: 167 R
--|LOx Tank Setpoint: 284 psia
“Methane Tank Setpaint: 314 psia
“alve Open Comand

LOx lgn: O ms, Meth Ign: 0 ms
o LOx Pri: 80 ms, Meth Pri: B0 ms
CC|Pulze Width: & =
Duty Cycle: 100%
Fun: Seq5 1 runi

— LOX Igniter ‘v‘alve Cutlet Temp

|— L F'rlmarj,r ‘v’alve Qutlet Temp

—ad T e—

—— L% primary injector manifold pressure (1611 —— LOX Igniter valve outlet pressure (207)

— Mlethane prlmary injector manifold pressure 1771 —— Methane Igniter valve outlet pressure (221)

— lgnitaor F'ressure|

Time (Fec)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

i

400
300
200

00

200

Segb 16 runl6 3

| — LOX RCE Feedline Manifold Temp|

---|Lox Manifald Setpoints: 174R
=-|LOx Tank Setpoint: 283 psia

------- Methane Tank Setpoint: 314 psia

Yalve Open Comand

LOx lgn: O ms, Meth lgn: 0 ms
L Pri: 80 ms, Meth Pr: 80 ms

=|Pulse Width: 3.5 5
Dty Cycle: 100%
Rurn: Seg 5 16_runlb_3

Fommmmmm e

—— L% primary injector manifold pressure (160)
— Mlethane primary mJen:tnr manifold pressure [177)

—— LOX Igniter valve outlet pressure (205)

— lgnitaor F'ressure|

—— Mlethane Igniter valve outlet pressure (220)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

i
:

400
350
300
250

300
200
100

——t
[, L )
[

Segb run6_1

— Methane RCE Feedline Manifold Pressure (313)

Lox Manifold Setpoint: 205R —
LOx Tank Setpoint: 284 psia —
: ; Methane Tank Setpoint: 314 psia [
LOX RCE Feedine Manifold Pressure 279 [Yl"® Eﬂ?”ﬂﬁi;ﬂﬁmm an: O ms
| LOx Pri: 50 ms, Meth Pri: 50 ms[5
T Pulse Width: 140 ms —
Dty Cycle: 100% B
Rurn: SegS_runk_1

..........................................................

—— LD primary injector manifold pressure (241 —— LOX Igniter valve outlet pressure [25)

— Mlethane primary injector manifold pressure (30)

— lgnitaor F'ressure|

|— fain Chamber F'ressure|

—— Methane Igniter valve out

let pressure (26)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

Segb run6_2

w|LOx Tank Setpoint: 283 psia
~Methane Tank Setpoint: 314 psia

|— L F'rlmarj,r ‘v’alve Qutlet Temp

— LOK Ignlter “Walve Clutlet Temp

~|Pulse Width: 250 ms

Lox Manifold Setpoints: 167R

[IESNN

Yalve Open Comand
LOx lgn: O ms, Meth lgn: 0 ms
L Pri: 50 ms, Meth Pr: 50 ms

Dty Cycle: 100%

Rurn: Sego_runb_2

—— LD primary injector manifold pressure (30)
—— Mlethane primary injector manifold pressure (41)

—— LOX Igniter valve outlet pressure (42)
—— Methane Igniter valve outlet pressure (41)

— lgnitaor F'ressure|

Time (Fec)
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Pressure (pal)

Temperature (F)

Pressure (pa)

Pressure (pat)

Temperature (F)

300
200
100

Pressure (pa)
——td
oy
[

Segb run6_3

Lox Manifold Setpoints: 167R
% L Tank Setpoint: 384 psia

—-|Methane Tank Setpoint: 314

Yalve Open Comand

psia

LOx lgn: O ms, Meth lgn: 0 ms

L Pri; 50 s, Meth Ph:

=|Pulse Width: 250 ms

Dty Cycle: 5%

a0 ms

Rurn: Seg5_runb_3

—— LD primary injector manifold pressure (181 —— LOX Igniter valve outlet pressure (24)
—— Methane Ignlter valve outlet pressure (24)

— Methane prlmary |nJec:tc|r manifold pressure 132
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

A

o e
S

300
200

Segb run6 4

Lox Manifold Setpoints: 173R
LOx Tank Setpoint: 283 psia
Methane Tank Setpoint: 314 psia
Yalve Open Comand
LOx lgn: O ms, Meth lgn: 0 ms
L Pri: 50 ms, Meth Pr: 50 ms

~|Pulse Width: 250 ms

Dty Cycle: 5%
Run: Seg 5o _runb_4

—— LD primary injector manifold pressure (26)

—— LOX Igniter valve outlet pressure (31)

— Methane p re (35

1 —— Methane Igniter valve outlet pressure (31)

A 111
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Pressure (pal)

Pressure (pa)

Pressure (pat)

rature ()

Temji

Temperature (F)

Pressure (pa)

Segb run6 5

X Lox Manifold Setpaint: 168R
| LOx Tank Setpaoint: 283 psia
~|Methane Tank Setpoint: 314 psia

“alve Open Comand

LOx lgn: O ms, Meth lgn: O ms
L Pri: 50 ms, Meth Py 50 ms

JPulze Width: 250 ms then last 145 ms

Duty Cycle: 5%
Run: Seq5_runb_5

—— LD primary injector manifold pressure (24)

—— LOX Igniter valve outlet pressure (28]

—— Methane Ignlter valve outlet pressure (23]

—— Mlethane primary injector manifold pressure (41)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

i

500
400
300

Temperature (F)

200
|— L% Primary “alve Outlet Temp — LOX Igniter %alve Outlet Temp| Run Seq 5 _runB B

Temperature (F)
S
T

Pressure (pa)

Segb run6_6

Lox Manifold Setpoints: 168R
LOx Tank Setpoint: 283 psia
Methane Tank Setpoint: 313 psia

Yalve Open Comand

LOx lgn: O ms, Meth lgn: 0 ms
L Pri: 50 ms, Meth Pr: 50 ms

~|pulse Width: 250 ms

I T

Dty Cycle: 5%

—— LOX¥ primary injector manifold pressure (231 —— LOX Igniter valve outlet pressure [25)

— Mlethane primary injector manifold pressure (B0)

—— Methane Igniter valve outlet pressure (28]
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

Segb run6_7

&

— Methane RCE Feedlme hdanifold F'ressure (318)

=8
=9

oo F [

200

— LOK Primary ‘v’alve Outlet Temp — LOK Igniter %/ale Outlet Temp

e
o e’

—— LOX¥ primary injector manifold pressure (231 —— LOX Igniter valve outlet pressure (26)

—— Mlethane primary injector manifold pressure (52)
00 - = = :

200 F
100 F

—— Methane Igniter valve outlet pressure [25)

Lox Manifold Setpoints: 202R
LOx Tank Setpoint: 314 psia

(Methane Tank Setpoint: 258 psia

Yalve Open Comand
LOx lgn: O ms, Meth lgn: 0 ms
L Pri: 50 ms, Meth Pr: 50 ms
Pulse Width: 250 ms
Dty Cycle: 5%

Run: Sego_runb_7
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

120

o8B

Segb run6_8

[ ] [

| — LOX RCE Feedline Manifold Temp|

Loy Manifold Setpoint: 204R

=z Methane Tank Setpoint: 314 psia

—— LOX¥ primary injector manifold pressure (241 —— LOX Igniter valve outlet pressure (27)
—— Methane primary injector manifold pressure (38)  —— Methane Igniter valve outlet pressure [26)

~|Pulse Width: 250 ms

LOx Tank Setpoint: 314 psia

FTHEHH|

Yalve Open Comand
LOx lgn: O ms, Meth lgn: 0 ms
L Pri: 50 ms, Meth Pr: 50 ms

Dty Cycle: 5%

Run: SegS_runb B

|— [gnitar F'ressure|§

|— fain Chamber F'ressure|

:

=
b2
I
[=2%
=)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

200
190 —

120 F
170

400
300
200

Segb run6_9

|— LOx RCE Feedllne tanifold Temp|::

2|LOx Tank Setpoint:
=|Methane Tank Setpoint: 314 psia

|— L F'rlmarj,r ‘v’alve Qutlet Temp

Lox Manifold Setpoints: 203R
314 psia

Yalve Open Comand
LOx lgn: O ms, Meth lgn: 0 ms
L Pri: 50 ms, Meth Pr: 50 ms

CPulse Width: 250 ms

Dty Cycle: 5%
Run: Squ rung_9

— LOX Ignlter ‘v‘alve Ciutlet Temp

—— LOX Igniter valve outlet pressure (26)
—— Methane Igniter valve outlet pressure [26]

—— LD primary injector manifold pressure (24)
—— Mlethane primary injector manifold pressure (58)

T HE
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

Seq7_runl 3

| — LOX RCE Feedling Manifold Temp|--- oo e —— Lox Manifold Setpoint: 202R

LI LOx Tank Setpoint: 314 psia
------------------------- Methane Tank Setpoint: 314 psia

)| “alve Open Comand

LOx lgn: O ms, Meth lgn: 0 ms
- LOx Pri: 50 ms, Meth Pri: 50 ms
|Pulse Width: &5

Duty Cycle: 100%

ELTLIIL

[T

Run: Seq?_runl 3

L

—— LOX primary injector manifold pressure (152)  —— LOX Igniter valve outlet pressure (203)

300
200
100

0

G

150
100

—— Methane primary injector manifold pressure (188)  —— Methane Igniter valve outlet pressure (199)

— lgnitaor F'ressure|

------------------------- T ERnt e LT L L e e R e P e TP PP SEE PR e O e TR L e P e e e PP PP L e e PP R EEEERE Ot PR

|— fain Chamber F'ressure|

Page 144



Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

Seg8 run7_3 E2

]% | — LOX RCE Feedline Manifold Termp|-..——---- I

---{Lox Manifold Setpoints: 186R
LD Tank Setpaint: 314 psia
|Methane Tank Setpaint: 315 psia
“alve Open Comand

LOx lgn: O ms, Meth lgn: 0 ms
LOx Pri: O rns, Meth Pri; 50 ms

|
Fulse Width: 3 =

Duty Cycle: 100%
Rum: Seq8_run/_3_E2

—— LOX primary injector manifold pressure (124)  —— LOX Igniter valve outlet pressure (159)
—— Methane primary injector manifold pressure (1307 —— Methane Igniter valve outlet pressure (155)
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Pressure (pal)

Pressure (pa)

Pressure (pat)

Temperature (F)

Temperature (F)

Pressure (pa)

.
e B B
w

§§E

Seg8 run7_3 E3

|— LOX RCE Feedline Manifold Temp|

“alve Open Comand

LOx Ign: 0 ms, Meth lgn: 0 ms
LOx Pri: O s, Meth P
Pulse Width: 3 =

Duty Cycle: 100%

{Lox Manifold Setpoints: 187R
{LOx% Tank Setpoint: 314 psia
I Methane Tank Setpoint: 315 psia

50 ms

Run: Seq8_run/_3 E3

—— Mlethane primary injector manifold pressure [121)

—— L% primary injector manifold pressure (1281 —— LOX Igniter valve outlet pressure (159)

—— Mlethane Igniter valve outlet pressure [155)
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

Seg8 run7_8 E2

|Lox Manifold Setpaints: 170R
~o|LDx Tank Setpaoint: 314 psia
“AMethane Tank Setpoint: 314 psia
“alve Open Comand

LOx lgn: O ms, Meth lgn: 0 ms

Bl

2 LOx Pri: O m=, Meth Pri; 50 ms —
1Pulse Width: 3 s .
“1Duty Cycle: 100%
Run: Seq8_ run?r B E2
—— LOX primary injector manifold pressure (103)  —— LOX Igniter valve outlet pressure (137
— Methane prlmary injector manifold pressure (114)  —— Methane Igniter valve outlet pressure (134)
L e L ey e ——— L L L L L L L L L L L L L L L L L L L L L L LLLEE
200
. e S BB S S
T L R g s
|— lgnitor F'ressure|

150

—_
LhD
Lo }

[}
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Pressure (psi)

Pressure (psi)

Pressure (psi)

Temperature (F)

Temperature (F)

Pressure (pal)

Seq8_7 8 E3

-..|Lox Manifold Setpoints: 170R
“LOx Tank Setpoint: 314 psia
Methane Tank Setpoint: 314 psia

“alve Open Comand

LOx lgn: O ms, Meth lgn: 0 ms
LOx Pri: O rns, Meth Pri; 50 ms

{Pulse Width: 2.86 =

“1Duty Cycle: 100%

Run: Seq8 7 8 B3

—— LOX primary injector manifold pressure (98]

—— L% Igniter valve outlet pressure (129)

300
200
100

300 —

— Methane primary mJen:tnr rmanifold pressure 103

—— Methane Igniter valve outlet pressure (128)
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