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The Lunar Module Reaction Control Subsystem (LM RCS) performs the
following functions:

The complete IM RCS consists of two similar sznd independent systems,
identified as system A and system B, Each system consists of a pressurized
helium storage and distribution system, hypergolic propellant storage and
distribution system, and eight rocket engines. The IM RCS test was con-
ducted with both systems A and B.

The primary objectives of this test program were to define the general
operational characteristics of the IM RCS under simulated altitude con-
ditions and to obtain performance data on individual subsystem components.
Specific areas of investigation were:

DOC. NO. REYISION
PAGE 1
MSC—EP—R—68-17 Wew OF 131
INTRODUCTION

Provides smell thrust impulses to stabilize the Lunar Module.

Provides necessary thrust impulses to control the vehicle attitude
and translation movements during -hover, rendezvous, and docking
maneuvers.

Provides necessary thrust impulses to accomplish the Lumar
Module — Command Service Module separation mansuver.

Provides necessary thrust impulses to accomplish accelerations
for ullage and settling for the ascent and descent propellant
storage tanks as required.

Determination of the hydraulic transienmts resulting from various
operational modes and the effects of these transients on engine
performance,

Bvaluation of various RCS priming technigues.

Evaluation of the IM RCS compatibility with the Caution and
Warning Subsystem (CWS).

Determination of propellant consumption as a functicen of pulse
width and/or pulse mode.

Determination of the oxidizer to fuel mixture ratios for the
mission duty cycles.

Evaluation of the capability of the subsystem to suecessfully per-
form simulated mission dubty c¢ycles.

Evaluation of subsystem performance during contingency and failure
modes,

MSC FORM 360B (JAN 67}
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h. Evaluation of the rocket engine cluster heater system and thermal
insulation blanket,

i. Determination of the magnitude and effects of regulator overshoot.

J. Evaluation of the thrust chamber assembly (TCA) failure detection
pressure switches.

k. Bvaluation of the propellant quantity measuring system,
The LM RCS test was conducted by the Propulsion Test Section, Thermo-

chemical Test Branch, Propulsion and Power Division, in response to a re-
guest from the Auxiliary Propulsion and Pyrotechnies Branch (ref. 1).

MSC FORM 360B {JAN 67)
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TEST ARTICLE DESCRIPTION

The test article was a complete IM RCS with all gqualified components
except the combustion chamber pressure switches. Most of the subsystem
components and all propellant lines were previously used in tests on the
HR-3 design verification test (DVT) subsystem at the Marquardt Corporation's
(TMC) Magic Mountain Test Facility. The results of these Marquardt tests
are documented in reference 2,

The HR-3 DVT subsystem was disassembled and shipped to MSC after com-
pletion of testing at Magic Mountain. The shipment included the entire
IM RCS and the test frame (ref. 3) in a disassembled condition. The sys-
tem A tankage module was shipped via Grumman Aircraft Engineering Corp-
oration (GARC) where post-test functional tests were conducted.

After receipt at M3C, the individual components were acceptance tested
to verify conformity with the operational requirements of the applicable
GAEC gpecifications. Acceptance tegts also included proof tests and clean-
liness checks of the propellant tanks. ZEngine repairs were performed as
required. The propellant manifold, propellant injection Dpressure, and
engine chamber pressure transducers were calibrated at MSC. Acceptance
test results are recorded in references 4, 5, and 6.

After accephtance testing, the components and tubing were individuwally
cileaned to the level N reguiremenis specified in reference T and moved to
the class 100 cleanroom at building 36, NASA/MSC, where subsystem assembly
was performed. After assembly, the propellant distribution system was
flushed with freon TF and verified clean to the requirements specified in
reference 8. TFigure 1 is a photograph of the complete test article assem-
bly in the cleanroom.

On September 27, 1967, the assembled subsystem was transported to the
subsystems chamber (SSC) in building 353 of the Thermochemical Test Area.
The IM RCS was installed in the subsystems chamber and verified dry in
accordance with the requirements outlined in reference 9. Support and
servicing equipment were then installed as shown schematically in figure 2.
Figure 3 illustrates the complete IM RCS installation relative to the Lunar
Module structure and includes the engine numbering code which will be used
in this document,

During the process of subsystem asgembly, the HR-3 DVT configuraiion
was modified and updated as required to meet specific test objemctives and
to incorporate the latest changes to flight subsystems. Deviations from
the original HR-3 DVT configuration as tested at Margquardt included the
following:

a. Propellent quantity measuring devices (PQMD} were installed in
each helium tank.

b. The mechanical fittings at the helium inlets to the propellant
tanks® were disconnected and capped to facilitate checkout oper-
ations (fig. U4).

MSC FORM 360B {JAN 67)
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The propellanit tank mounting brackebs were modified and the tanks

were mounted on load cells (fig. 5) for propellant quantity meas—
urements,

Propellant inlet pressure transducers (16) and drain 1lines (16)
were installed in the y-block fittings (fig. 6). The eight
flight-type propellant inlet pressure tramsducers in system A were
replaced with Kistler model 6014 pressure transducers.

Propellant temperature transducers (16) were installed in the
fittings originally occupied by the propellant injection pressure
transducers (fig. 6).

The system A, quad IV, fuel cluster isolation valve LSC 310-L03-204,
S/N 0048, was replaced with a new valve, LSC 310-403-206, S/N 21k.
The fuel interconnect valves LSC 310-403-20L, 8/N 004k; and LSC
310-103-20k, S/N 0055 were replaced with valves LSC 310-103-103,
8/N 0026; and LSC 310-k03-20k%, S/N 0051.

Propellant manifold pressure transducers P-13, P-14, P-15, and
P-16 were replaced with Kistler model 601A pressure transducers.

One flight-type thruster heater, LSC 310-601-11, was installed on
each system A engine, and one flight-type thruster heater,
LSC 310-601-12, was installed on each system B engine (fig. T).

A propellant filter (Marquardt P/N 229Lok) was installed in each
engine injector wvalve. b

The engine injector head assemblies were modified as shown in figure
8 to accomodate both a pressure switch and a pressure transducer.

The L-605 nozzle extensions were removed from all but the down-—
firing engines {fig. T).

The eight system B engine chamber pressure transducers were
replaced with Teber model 185 pressure transducers (fig. T).

A pressure switeh, LSC 310-651-3, was installed in each of 15
engine injector heads. Engine IV D/2 was equipped with a backup
pressure switch manufactured by Electro-Optical Systems.

A partial cluster insulation blanket and shield assembly,

LSK 280-11127-1, was installed on the cluster ITT downfiring
engine (fig. 9).

Flight-type arc suppression circuitry was installed on each engine
(fig. 10).

MSC FORM 3608 (JAN 67)
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lation in the subsystems chamber.

4 complete test article schematic is included in figure 2, and all com-
ponents and instrumentation are identified in appendix C, Equipment List.
Figures 11 and 12 are phobographs of sections of the LM RCS after instal-
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TEST PROGRAM

Phase I — Pretest Operations

The objectives of this phase of the program were to aggemble, check
out, and load the IM RCS. Assembly of the subsystem included acceptance
testing of individual components, cleanroom buildup, and cleanliness
verification. Checkout was then performed fo verify the operational cap-
ability of the subsystem and all auxiliary test equipment immediately prior
to subsystem testing. Propellant and helium loading operations were per-
formed to prepare the subsystem for hot-firing and to evaluate the IML and
IM3 manifold priming techniques.

Phase 1T — Baseline Performance Duty Cycles

Phase II of the test program was designed to bleed-in each engine and
to obgerve nominal performance characteristics for the subsystem components
during subsystem operation at altitude. The bleed-in firings were also
used as a final validation of the data acquisition system operation. The
baseline duty cycles performed are included in appendix A, Engine Firing
Record and Run Chronology.

Phase III — Mission Duty Cycles

The obJjective of this poriion of the program was to run simulated
LML and lunar mission duty cycles ubilizing both Primary Guidance Navigation
and Conbrol System (PGNCS) and. Abort Guidance System (AGS) firing modes.
The propellant distribution system operated in the normal mode during the
mission duty cycles; that is, crossfeed and interconnect valves were closed.
Representaiive portions of the following simulated missions were performed:

a. IMl — Mission phase T — separation

b. IM1l — Mission phase 9 — first Descent Propulsion System (DPS) burn

c. IM] -~ Mission phase 11 — second DPS burn, fire-in-the-hole (FITH),
and first Ascent Propulsion System (APS) burn

d. IM1 — Mission phase 13 — second APS burn
e. Lunar Mission — gbort from hover
1 f. Lunar Mission — coelliptic sequence initiation

g. ILumar Mission — coelliptic delta height

MSC FORM 3608 (JAN 67)
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h. TIumar Mission — trafisfer point initiation

i. ILunar Mission — midecourse corrections
Simulations a through d (above) utilized the PGNCS mode and e through 1
ubilized the AGS mode. Individual engine firing summaries are included in
appendix A,

Phase IV — Special Dubty Cycles

This portion of the program included wvarious special duty cycles
designed to accomplish specific test objectives and evalvuate subsystem
performance when subjected to worst case duly eycles. Areas of special
interest in this phase included:

a. Hydraulic transient effects (normsl and crossfeed modes)

B. Pregsure switch evaluation

¢. Propellant consumption and oxidizer-fuel (0/F) mixture ratio
duty cycles

d. Migsion duty cyele performance in crossfeed mode

e. Failure modes

f. Pulse widths of less then minimum impulse

g. Baseline performance with manual (direct)} coils

h, Manual coil maneuvers

i. High-low voltage effects

j. Effects of short pulses on injector temperature

k. Cluster insulation evalustion
A summary of the duty cycles performed in this phase is included in
appendix A,

Phase V — Post-test Checkout and Decontawination

The objectives of this portion of the program were to determine com-
ponent performance after completion of the test program described above
and to decontaminate the IM RCS for storage. As the result of facility
scheduling problems, only very limited post-test component checks were
performed. A partial subsystem decontamination was performed immediately

after the completion of the test program; however, a complete decontam-
ination was not performed until 4-1/2 months later.

MSC FORM 360B (JAN 67)
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TEST PROCEDURE

Phase I — Pretest Operations

Compounent acceptance tesits.- Since the HR-3 DVT components had been
previously used in the Magic Mountain testing, it was considered necessary
to conduct partial acecepbtance tests on the components before initisting
test article buildup. Acceptance tests were conducted on the tankage mod-
ule components, propellant filters, and propellant laich valves as described
in reference 4. Static calibration checks were performed on the propellant
manifold, propellant injection, and engine chamber pressure transducers to
verify specification compliance. Engine acceptance tests were conducted
as delineated in references 5 and 6.

Cleanrcom buildup and cleanliness verification.- After completion of
the components acceptance tests, all components and tubing were individually
cleaned to the level N requirements specified in reference T. The hardware
was then moved into the class 100 cleanroom, building 36, NASA/MSC, where
buildup and cleanliness wverification were performed. Cleanliness wverifica-
tion of the assembled IM RCS was accomplished by flushing freon TF through
the propellant manifolds and obtalning and analyzing samples for particu-
late matter until two successive samples from each outlet met the require-
ments specified in reference 8. Samples were then taken and analyzed for
nonvolatile residne according to reference 8.

Buildup and cleanliness verification were accomplished in two steps.
Semples were éxtracted from the propellant manifolds at the cluster isola-
tion valve outlets before the filters and cluster tubing were installed.
Samples were then extrscted at the engine inlet fittings (Dynatubes) after
the filters and cluster tubing were installed. In both of the above cases
the flush fluid was admitted through the service couplings with the main
shutoff valves closed. The helium pressurization systems were not verified
clean since they were sealed and kepti intact after testing at TMC.

Prior to transfer of the assenbled IM RCS to the test chamber the
crossover section between the tankage modules was removed and the tube
ends were sealed. ZInstallation of the IM RCS in the subsystem chamber
and dryness verification procedures are delineated in reference 9.

Subsystem checkout.- Subsystem checkout was initiated Wovember 13,
1967, with the IM RCS test article and support equipment configured as
shown in figure 2. Subsystem checkout was accomplished in accordance
with references 10 and 11. Within the limitations of the available support
equipment, the checkout procedures conformed to GAEC Operational Checkout
Procedures OCP-GF~31008, OCP-GF-31.022, and OCP-GF-3103% (refs. 12, 13, and
14). During helium component checkouts, the helium panels were isolated
from the propellant tanks by mechenical fittings as shown in figure L.
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Proof test of the high pressure helium systems (upstream of the
regulators) end leak checks of the entire heliurm pressurization systems
were simultaneously performed on the system A and system B tankage mod-
ules. The helium tanks and all plumbing upstream of the regulators were
pressurized to 3600 psig and maintained ai that pressure for 5 minutes
for proof testing, Pressurization of the helium tanks resulted in pres-
surization of the low pressure helium systems (below the regulators) to
lockup pressure since the helium initiation squib valves had been previ-
ously activated. The low pressure helium systems were not subjected to
proof pressure abt this time since they had been pressurized to 300 psig
during acceptance testing as described in reference 4.

Following proof pressure testing, the helium tank pressures vere
reduced to 1500 psig for leak checking. Leak checks were performed on all
brazed joints, disconneci couplings, mechanical {ititings, et cetera, in
the helium system with Lesk Tec solution.

Regulator checkouts were conducted on the primary and secondary
stages of the system A and system B regulator assemblies, Flowrates were
maintained by a regulated helium source at the helium fill couplings
(D-1 and D-34) and a metering hand valve at the low pressure helium
couplings (D-9 and D-k2). Flowrates were measured with an orifice type
flowmeter (Foxboro) installed in line with the metering hand valve. Regu-
lator stages were deactivated as reguired by pressurizing the reference
ports with 50 psig GHe.

Overall check valve assembly creacking and reseaiing differential
pressures were measured by admitting GHe at the high pressure helium
couplings (D-2 and D-35) and observing flow through a volumetric leak
detector (VILD) attached to the helium vent couplings (D-16, D-17, D-L9,
and D-50), Pressures were measured with a 0-50 psia gage abtached %o
the low pressure helium couplings. Overall check valve assembly reverse
leakages were determined by admitting GHe at the helivm vent couplings
and monitoring for leakage at the low pressure helium couplings with a VLD.

Relief valve checkouts were accomplished in the following manner.
The relief valve inlets were pressurized to 180 psig GHe and burst disc
leakages measured for 30 minutes with a VLD attached at the reliefl valve
couplings (D-1k, D-15, D-48 and D-L47). Relieving and reseating pressures
and relief valve leakages were determined by monitoring a VID attached to
the relief valve vent porits while simultaneously pressurizing the relief
valve inlets and couplings. 3Bleed valve closing and opening pressures
were determined during the above pressurization cycles by monitoring the
VLD attached to the vent ports.

The helium supply lines were connected to the propellant tanks at the
Gemeh fittings before initiating the propellant system component checkouts
(fig. U4).

Propellant tank bladder leakages were determined by attaching a VLD to
the appropriate helium vent coupling and maintaining an internal pressure
of 10 + § psig-GHe through the propellant bleed couplings (D-18, D-19, D-51,
and D-52),
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Reverse leakage checks were performed on the main shutoff valves by
pressurizing the propellant manifold to 180 psig GHe and measuring leak-
age rates with a VLD at the bleed couplings. Proof pressure tests were
performed on the propellant manifolds by pressurizing them to 270 £ 5 psig
GHe with the main shutoff valves closed. The pressure was then decreased
to 180 psig and leak checks performed on all brazzed joints and mechanical
fittings with Leak Tek solution.

Cluster isolation valve leak tests were performed by pressurizing
the propellant manifolds to 200 psig GHe and measuring leakage rates with
a VLD attached to the appropriate y-block drain line. Crossfeed and
ascent interconnect valve leakages were also measured at 200 psig.

The injector wvalves were cycled ubilizing both the antomatic and
direct (manual) coils at nominal operating voltage (23-2L V de) and
25 psig GHe inlet pressures. Valve voltage traces were obtained through
the Data Acquisition System (DAS) in order to verify engine wiring end
valve response times.

Pressure switch checkouts were performed by slowly evacuating and
pressurizing the engine combustion chambers through a throat plug. The
pressures at which the switches opened and closed were measured by simul-
tanecusly monitoring the oscillograph recorder and a test gage installed
in the vacuum line.

Thruster heater checkouts were conducted by applying voltage to the
heaters and monitoring the injector head and cluster temperatures through
the DAS until heater cycling occurred.

Engine gas flow checkout was conducted in accordance with refer-
ence 11. Basically, the engine gas flow test was used to determine the
relative flow capacities of each RCS engine, Regulated GN, was admitted
to the system A fuel service coupling through the orifice flow control
panel as shown in figure 2. The crossfeed valves were opened and & gage
(G-3) was attached to the fuel service coupling in system B to measure
manifold pressure. The engine IV D/2 fuel valve was opened and the pres-
sure regulated until G-3 had stabilized to 40.00 * 0.05 psia and G-1,
G-2, and G-3 were recorded. The engine IV S/4 fuel valve was then opened
and the engine IV D/2 fuel valve closed. Readings were again teken after
stabilization. This process was repeated until values had been recorded
for all system A fuel valves. A similar procedure was utilized for the
remaining fuel and oxidizer valves.

After completion of the engine gas flow checkout, forward leskage
checks were performed on all engine injector valwes with 100 psig GN2.

System loading.- The propellant and helium tanks were loaded in
accordance with reference 15.

Two priming methods were evaluated for propellant manifold loading.
The system A propellant manifolds were primed by the IM3 method and the
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system B manifolds by the ILM1 method. Both technigques involved evacuabting
the propellant lines downstream of the main shutoff valves and performing
the priming operation with the helium system pressurized with 50 psia GHe,
The helium systems were vented upstream of the check valves to simulate &
system with squib valves intact. In the LML method the manifolds were
primed to the engine valves in one step by opening the main shubtoff valves
(MSOV's) with the isclation valves (TPIV's) open, whereas in the IM3 method,
the manifolds were primed in a two step operation by first opening the
ME0V's with the TPIV's closed and then opening the TPIV's to complete the
priming to the engine wvalves,

After propellant manifold loading was accomplished, the helium tanks
were loaded according to the standard flight loading envelope to the
following conditions:

System A, 3130 psia at 80° 7
System B, 3140 psia at BL° F

This step pressurized the low pressure system to regulator lockup since the
squib valves had been previously activated.

NOTE

Phases IT, ITIT, and IV were the hot-firing portion of
the test progrem (ref. 16). The following general pro—
cedures were utilized for all runs during these phases
unless otherwise speeified:

a. All engine firings were controlled by a
programmed Tiring tape

b. Injector valwve voltage was maintained at
23-24 ¥V de

¢. Analog and digital recorders were sequenced
to start 10 seconds prior to run initiation
and stop 5 seconds afier run termination

d. The Electro-Instrument (EI} printer and
Esterline Angus (EA) recorders ran continu-
ously except during prolonged periods of
inactivity

e, Al]l firings were performed at pressure-altitudes
in excess of 97 000 feet and at ambient tempera-
ture

f. Subsystem valve positions {except engine
valves} were manually controlled
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g+ Red-line parameters were monitored by digital
cathode ray tube (CRT) display and strip chart
recorders

h. Real time osciliograph records were produced
during each run for "gquick-look' evaluation
of system performance

i. Pertinent operational parameters were manpually
recorded before and after each run to provide
the test conductor a real time view of subsgys-
tem operation

J+. The normal propellant distribution system con-
figuration was utilized (crossfeed and inter-
connect valves closed)

k. Hydraulic and temperature stabilization was
allowed hetween runs

1. Engine firings were observed on four closed
circuit television monitors (one monitor and
camera per cluster); two of the cameras were
recorded on videc tape

Phase IT — Baseline Performance Duty Cycles

Bleed-in firings.- One bleed-in firing of l-second duration was per-
formed on each of the IM RCS engines in order to verify engine and system
operation and to remove any gas bubbles which may have been trapped in the
propellant lines during the priming procedures. These firings were also
used to evaluate the priming techniques.

Baseline single engines.- Baseline single engine firings were performed
on all 16 thrusters as recorded in appendix A (runs IT-A-2-17 through
11-A-2-192).

Phase IITI — Mission Duty Cycles

Simulated mission duty cycles were performed for the periods of major
activity in the IMl1 mission and the lunar gahort from hover mission. BEx-
cerpts from the IM1 and lunar mission duty cycles performed are shown in
figures 13 through 20. These trilevel traces, which were obtained from
the engine firing program tapes, indicate the electrical on times for each
engine for duty cycles representative of the varicus mission phases.

The IM1l duty cycles and the lunar mission duty cycles were obtained
from mission simulations described in references LT and 18, respectively.
Specific run numbers and run times are recorded in table I. These simu-
lations were based on a nominal IM] mission and a lunar sbort from hover
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case with no engine or component failures. Grumman Aircraft Engineering
Corporation data tapes from the above mentioned simulations were used to
generate the program tapes required to control engine firings. Long
ullage runs were omitted due to facility limitations.

The IM1 simulation utiiized the PGNCS, and the lunar sbort from hover
simulation utilized the AGS. Additional information concerning the simu-
lations may be found in references 17 and 18.

Phase IV — Special Duty Cyeles

Hydraulic transient effects {normel and crossfeed modes).- Special
duty cycles designed to produce dynamic interactions in the LM RCS which
should represent worst case hydraulic copditions were performed as re-—
corded in appendix A (runs IV-B-1-1 through IV-B-10-10 and IV-G-2-1
through IV-C-10-9). These duty cycles were based on maneuvers which might
be performed in the PGNCS mode and ineluded two, four, six, and eight
engine operation. Identical duty cycles were performed in both the normal
and crossfeed configurations for comparison purposes.

Pressure switch evaluation.- Special duty cycles designed to evaluvate
pressure switch performance for minimum impulse firings, short off times,
and similated coxidizer cold flows were performed as shown in appendix A
(runs IV-D-1-1 through IV-D-5-6). Identical duty cycles were performed on
three engines equipped with flight—type pressure switehes and on the engine
equipped with a special backup switch (engine IV D/2). The engine IV D/2
pressure switch was designed to switch at 23 psia instead of the normal
3-10.5 psia. Injector valve voltages of 20-21, 23-2k, and 27-28 V dc were
utilized to evaluate the effects of valve voltage on switch performance
characteristics. Pressure switch performance was also determined from
several other phases of the test program in addition to these special
duty cycles.

Propellant consumption and O/F ratio duty cycles.- Special duty cycles
designed to define the relationship between propellant consumption and
oxidizer 40 fuel mixture ratio and pulse duration were executed on one
engine il each system as shown in appendix A (runs IV-E-1 through IV-E-13).
Injector wvalve voltage was maintained at 23-24 V de and propellant guan-.
tities were determined from the propellant tank load cells,

Mission duty cycle performance in crossfeed mode.-~ The IMI mission
phase 11 (second DPS burn — FITH — first APS burn) simulated duty cycle
was repeated in the crossfeed mode utilizing the system A propellant
supply (run IV-F-1A in appendix A).

Failure modes.- Duty cycles designed to simulate the following failure
modes were performed (appendix A, rums IV-G-2-2 through IV-G-6-6):

a. Cluster isolation valve pair closure as the result of an
engine "on" failure.
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b. TInadvertent fuel eluster isolation valve closure.

Isolation valve actuations were performed manually from the control con-
sole.

Pulse widths of less than minimum impulse.- These duty cycles con-
sisted of two pulses of less than design minimum impulse followed by a
20~-mgsec pulse. OFff times between the pulses were 2.5 seconds in order to
simulate AGS commands, Pulse widths of L4, 6, 7, 8. 9, and 10 msec were
performed on engines IV S/k and IT F/11 as shown in appendix A
(runs IV-H-1-1 through IV-H-2-12).

Bageline performance with manual cojils.- Baseline single engine fir-
ings were performed on engines IV S/4 and I U/13 utilizing the manual coils
as recorded in appendix A (runs IV-I-16 through 20 and 61 through 65}.

Manual coil maneuver.- Manual coil duty cycles designed to simulate
+ roll, + pitch, and + yaw maneuvers in both two- and four-jet logic were
performed as shown in appendix A (runs IV-J-1 through 11).

High-low voltage effects.- The lunar mission transfer point initia-
tion duty cycle was repeated with the injector valve voltage set at 27-28
and 20-21 V de (runs IV-K-1'and IV-K-2 in appendix A).

Effects of short pulses on injector temperature.- Duty cycles as des-
eribed in runs IV-L-1-1 through & and IV-L-2-1 through 6 in appendix A
were performed on the engine with flight-type cluster insulation
(engine ITI D/6, fig. 9) and an uninsulated engine {engine I D/1k). The
pulse duration for the firings was maintained at 17 msec (PGNCS normal
minimum impulse duration) and off times were varied in an attempt to
establish the duty cycle which produced the meximum injector head cooling
rate.

Cluster insulation evaluation.—- A 20-second steady state firing was
performed on an uninsulated downfiring engine (engine I D/1L) to establish
baseline information. The firing was followed by a 1lO0-pulse series of
17 msec on and 183 msec off when the maximum injector head soakback temp-
erature was reached. The same duty cycles were then performed on a down-
firing engine (engine III D/6) on which flight-type cluster insulation had
been installed (fig. 9). Rumn descriptions are included in appendix A
(runs IV-M~1-1 and IV-M-2-2).

Phase V — Post-test Checkout and Decontamination

. At the completion of Phase IV, the IM RCS propellant tanks and propel-
lant menifolds were drained of propellants and purged with ambient tempera-
ture GHe. The propellant manifolds were than vacuum dried by opening §V-106
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and SV-308 (fig. 2) and allowing the SSC steam system to evacuate the
manifolds to 2.5 mm Hg. The IM RCS was then pressurized to the following
pressures with GHe for temporary in-place storage:

System A helium, 25 psia

System B helium, 25 psia

System A and B fuel feed systems, 38 psia

System A and B oxidizer feed systems, 38 psia

The post-test component checkouts were deleted from the program

because of facility scheduling problems; however, the IM RCS remained
in the S5C for IM1 post-flight support.
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RESULTS AWD DISCUSSION

v

Phase I — Pretest Operations

Component acceptance tésts.- Results of the partial tankage module
component acceptance tests are included in reference L., The limited ac-
ceptance tests performed indicated that all the major components in the
tankage modules were operabing within specification and the modules were
considered accepbable for the IM RCS subsystem test. C(leanliness verifi-
cation tests revealed that all propellant tanks except the system B oxi-
dizer tank complied with the required cleanliness specification (ref. 8)
as received, The system B oxidizer tank was only slightly out of spec-
ification and was, therefore, utilized without further cleaning.

Results of the propellant inline filter acceptance tests, which
consigsted of a differential pressure test and a visual inspection, were
all within specification,

The propellant lateh valve acceptance tests revealed that many valves
d¢id not operate within specification on receipt from TMC. Acceptance test
data are recorded in reference 4 and table II. Further discussion of the
latch valve deficiencies is included later in this section.

Inspection of the HR-3 DVT propellant feed system tubing revealed a
reddish-browvn deposit or residue on the brazed joints in the oxidizer
tubing. This residue could not be removed by a detergent solution;
however, a passivation solution consisting of & diluted nitric acid did
remove the residue.

Analysis of a residue buildup similar to this, which occurred on the
PA-1 IM RCS test arbicle at the White Sands Test Facility (WSTF), is
included in the report on TTA Test No. 27999, "Lunar Module Reaction
Control System Plumbing {PA-1)". The report (ref. 19) concluded that the
deposits consisted largely of iron, with a small amount of nickel, which
seems to indicate corrosion in the area of the oxidizer brazed jolnts.

Calibration checks on the propellant manifold, propellant injection,
and engine chamber pressure Lransducers indicated that all the transducers
were linear; however, some of the slopes from a plot of pressure versus
voltage output had shifted slightly out of specification. This shift was
especially prevalent on the engine chamber pressure transducers. The trans-
ducers were considered acceptable for use on this test since they were
linear and repeatable and, therefore, compatible with the DAS.

Thruster acceptance tests revealed that fuel injector valve S/N 140,
from engine assembly S/N 1013, leaked in excess of specification limits;
consequently, & new valve seat assembly was installed. In general, the
engines were dirty, with an overall poor appearance on arrival at MSC.
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After partial disassembly, cleaning, and checkout, they were acceptable for
test operation. All 16 engines were retrofitted with engine inlet filters
and new orifices just prior to installation on the IM RC5. Subsequent to
retrofit, water calibrations were performed on eight of the engines to deter-
mine the effects of the addition of the filters and new orifices. In general,
the addition of engine inlet filters reduced the water flowrates through

both the fuel and oxidizer wvalves; however, all the water flowrates measured
after the filters were installed remained within the allowable limits of fg
percent of the preburn flowrates recorded in the engine log bocks. The over- °
all O/F ratios were probably reduced since the addition of filbters reduced
the oxidizer valve water flowrates more than the fuel valve water flowrates.
The face of injector head S/N 1003 was severely pitted around the main doublets’
as shown in figure 21. The injector head was replaced with injector head

S/W 0007. Complete engine acceptance test results are included in references
5 and 6.

During checkout operations, several leaks were discovered in the stem
area of the propellant ground half couplings. The couplings had been re-
furbished during the HR-3 DVT tésting at TMC. All 16 couplings were returned
to the manufacturer for refurbishment and complete checkout prior to test
initiation.

Cleanroom assembly and cleanliness verification.- The entire propellant
distribution system downstream of the main shutoff valves was wverified clean
to the reguirements gpecified in table ITI of reference 8. During the process
of cleanliness verification, 1t was necessary to maintain a high freon flow-
rate in order to obitain a valid sample. Samples obtained at a lov flowrate .
(less than 1 gpm) appeared much cleaner than samples obtained at a flowrate of
3-5 gpm. Conseguently, all particulate samples were obtained while the effluent
ras flowing into the sample bottle at a rate of 3-5 gpm, In general, achleving
acceptable cleanliness levels was a difficult operation.

System dryness was veriiied to the following levels:

Component Concentration (ppm)
A=50 <100
NEOh <100
freon < 25 "
IPA < 25
H20 < 25

System checkout.- Proof tests of the high pressure helium systems
were successful. No leakage was observed during leak checks of the brazed
joints, disconnect couplings, mechanical fittings, et cetera, in the
helium pressurization systems.
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The results.of the regulator checkouts are included  in table TIITI.
The system A primary regulator exhibited low outlet pressure at the high
flowrate, and the system A secondary regulator exhibited low outlet pres-
sure at both the high and low flowrates. These values were only slightly
out of specification and were within the accuracy of the instrumentaiion.
In addition, the propellant tank ullages were not simulated in the flow
tests. The system B primary regulator outlet pressure oscillated between
178.% and 179.3 psig at a frequency of approximately one Hz when subjected
to the high {lowrate. However, these values were within the specification
limits. The above flow pressure conditions were not considered detrimental
to successful completion of the test program.

The results of the check valve cracking and reseating checks are
shown below. All values were within specification limits except for the
second check of the system A fuel check valve. ALl check valve reverse
leakages were within specification limits.

Measurement Spec. CV 110 Cv 109 CV 210 CV 209
identificabion limits sys. A, sys. A, sys. B, sys. B,
oxid. fuel oxid. fuel

Overall crack-
ing pressure,

peid

Check no. 1 3z1 3.96 2.16 3.89 3.19

Check no. 2 31 3.81 1.61 3.7k 3.1L
Ovrerall reseating

pressure, psid

Check no. 1 None 2.81 0.56 2.09 1.38

Check no. 2 lione 2.81 0.16 2.39 1.59
Reverse leakage 2.5 0 0 0 0

at 0.6 £ 0.1

psid, see/30 min
Reverse leakage 1.25 0 0 0 0

at 180 fo psid,

scc/15 min

Relief valve checkout results sre summarized in table IV. The
system A oxidizer relief valve produced anomalous results in three areas.
The bleed valve did not completely seat until a pressure of 170 psig was
reached. In addition, the second relief pressure check and the first and
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second reseat pressure checks produced slightly out of specification
readings; however, three subsequent checks were made with acceptable

and repeatable values, Also, after reseat was reached on the relief
valve assembly, leakage continued at about T see/min until the pressure
was decreased to approximately 203-206 psig. No explanation is offered
for the anomalous performance other than the previocus testing at Magic
Mountain and the extended storage pericd. The anomalous conditions were
not considered detrimental to successful completicn of the test program.
The burst disec in the system A fuel relief valve was inadvertentily rup-
tured during leak and functional testing.

Results of the propellant bladder leakage checks were as follows:

Tank Specification limits Measured leakage,
sce/15 min®

L

System A oxidizer 143 sce/1l5 min
Check no. 1 . 92
Check no. 2 100
System A fuel 120 sce/15 min
Check no. 1 110
Check no. 2 105
System B oxidizer 1k3 see/l5 min
Check no. 1 80
Check no. 2 82
System B fuel 120 sec/15 min
. Check no. 1 80
Check no. 2 80

®Two consecutive samples must be within 10 scec of .each other to
insure stabilizatiom.

As can be seen from the above results, all bladder leakage rates
were within specification limits; however, the system A fuel bladder
leskage test was repeated six times before two acceptable rates within
+ 10 sece of each other were obtained. Thig seems to indicate that gas
was trapped between the bladder and the tank shell at the beginning of
the test.
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The main shutoff valve leakage rates were all within specification as
shown in table IT. During the propellant manifold leak check, several
small leasks were detected in mechanical fittings. These were repaired by
retorquing or seal replacement. The results of all propellant latch valve
leakage checks are recorded in table IT, Table IT also includes leakage
rates on the valves as they were received from TMC following the HR3«~DVT
test and lateh currents after cycling st 2 V de.

The following observations were made during propellant latch valve
checkouts:

2. Position indicator switch failures cccurred on latch valves
no. 222 and no. 219.

P. The position indicator switch produced an open indication at all
times when voltage was applied to the valve. A closed indication
was produced only when the valve was closed and no voltage was
applied. This characteristic was common to all wvalves.

c. Fifty percent of the valves leaked at rates in excess of the
specification limit. Variations in leakage rates between
consecutive leak checks were as large as several thousand
sce/15 min if ¢yecling had occurred in the interim.

d. The valves were received at MS8C with an average of only 32 days
propellant exposure and an average of 45 actuations; therefore,
the number of valves which did not meet leakage specifications
in acceptance testing seemed high.

e. Two valves (no. 130 and no. 226) which exhibited extremely high
leakage rates during acceptance testing were corrected to ac-
ceptable 1limits by cleaning, but this approach was unsuccessfiul
on the seven other cluster isolation valves with high leakage
rates.,

f. TInitial leak checks of valves no., 120 and no. 122 on the test
stand indicated that they were out of specification. This was
corrected by removing tube loads which were inadvertently induced
during system assembly. This corrective process was also applied
to valve no. 220 with no significant change in leaksge rate. It
is possible that some of the cluster isolation valwves which
leaked at a higher rate after subsystem assembly than before were
influenced by excessive tube loading. The cluster isoclation
valve mounting brackets were modified during valve installation
in an attempt to prevent tube loading.

g. A}l but three of the valves checked had latch currents which were
above the recently esbablished acceptable level of 0.85 amps.
Latch current is defined as the minimum current required to actuate
the valve from the open %o closed position or vice versa,
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h. Valve LSC 310-403-204, S/N 0048 was returned to the manufacturer
for feilure investigation after gold particles were ohserved in
the valve effluent.

During the injector valwve checkouts, 1t wag discovered that the
flight-type arc suppression circuitry as shown in figure 10 increased the
indicated valve response times and suppressed the transient asscciated
with voltage removal. Automatic coil signature traces were obtained by
recording the induced wvoltage across the direct coils. Figure 22 contains
sample automatic coil traces from engine IT D/10 comparing voltage traces
with and without the arec suppression network installed. These traces in-
dicgte that the arc suppression network had no appreciable effect on the
valve opening times; however, the network did increase the fuel and oxid-
izer valve closing times by about 1.5 and 2.0 msec, respectively. Con-
sequently, the effective engine on time should be increased accordingly
for a given electrical on time.

The regults of the pressure switch checkouts are shown in table V.
Pressure switch S-156 did not operate, and switch S-15% did not open with-
in specification Jimits. Switching pressures varied slightly as a function
of the pressurization rate. Switch S5-151 was a gpecial backup switch devel-
oped by the Instrumentation and Electronics Systems Division of MSC and was
designed to switch at a higher pressure than the flight—type switches,

During heater checkout, the heaters would not heat the engines above
approximately 90 — 100° T at atmospheric pressure because of convective
cooling; therefore, the checkout was completed at altitude. At altitude
(130 000 feet) all heaters operated according to specification. It should
be noted that the clusters were not insulated with flight-type blanket and
shield assemblies and only one heater per engire was used instzad of the
two normally used in flight. Figure 23 illustrates the warmup periocd for
a sample heater from each cluster. The clusters were insulated from the
cluster mounts by phenolic strips in order to prevent excessive heat con-
duction into the heavy aluminumm ecluster mounts. During the heater check-
out, one phenolic striv was missing from cluster III; therefore, the
heaters on cluster ITI did not warm up as rapidly as the other eclusters.
This is shown by the slower temperature incrzase of engine III F/T in
figure 23. This situation was corrected before the start of hot-firing
by installing the missing insulation. The warmup depicted in figure 23
was performed at altitude after the heaters had been on for 1-1/2 hours
at sea level resulting in an initial tempersture of 90 — 100° F. Direct
eXxtrapolation of the curvesg in figure 23 to ambient temperature indiceates
a total warmup time of approximately 2 hours for the test configuration.

Results of the engine gas flow checkout are shown in table VI and
figures 2k, 25, 26, and 27 which illustrate the relationship between
flow pressures and the pretest water flowrates.

The system B water flowrates were obtained from TC data before engine
filter installation, and the system A water flowrates were obtained from
M8C data generated after engine Tilters were installed. This arrangement
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was necessary since only the system A engines were water czlibrated after
filter installation. The gbove mepntioned figures indicate a distinet
inverse relationship between gas flow pressure and water flowrate. The
engine IV U/l fuel valve seat was replaced at MSC because of excessive
legkage; therefore, MSC water flowrate was used for engine IV U/l on
figure 25. None of the engines appeared to have significant flow obstrue-
tions, but the engine II F/11 oxidizer flow was marginal hased on the ac-
ceptance band used for flight vehicles.

Al]l engine injector valves exhibited zero leakage with 100 psig
GN2 inlet pressure.

System loading.- The following table is a summary of the propellant
quantities loaded and a comparison with nominal mission values:

Fuel A Fuel B Oxid A Oxid B

Propellant quantities 101.7 10k.2  20k.1 20k, 2
loaded, lbs

Nominal mission 103.5 103.5 203.7 203.7

gquantities, 1bs

Comparative propellant menifold pressure histories for the two
priming techniques are shown in figures 28 and 29. These figures clearly
indicate that no pressure levels occurred in either method which would
damage the propellant lines or components. In addition, the first firings
from each system produced chamber pressure and hydraulic characteristics
indicative of normal ignition with the absence of gas bubbles.

Phase II — Baseline Performance Duty Cycles

Bleed=in firings.- The bleed~-in firings produced no evidence of gas
bubbles and indicated nominal performance on all engines with the ex-
ception of engine IIT U/5. The engine IIT U/5 chamber pressure indicated
reduced performance (90 psia steady state). This anomaly was attributed
to a problem in the DAS and not the engine (see Appendix E).

Baseline single engines.- Sample baseline engine performance and
hydraulic conditions are included in appendix B for engines IV D/2,
iv 8/, II F/11, and T U/13 (rupns II-A-2-28 through II-A-2-158). Figures
30, 31, and 32 illustrate the variation in engine inlet hydrauliec con-
ditions for single 50 msec pulses at various engine locations. Fngines
located at comparable positions in system A and system B were plotted
on the same figure to permit direct comparison. As expected, the major
characteristics of the inlet pressure fluctuations for these engines were

similar. The following general observations can be made from figures
30, 31, and 32:

&. The oxidizer natural frequency was approximately 21 Hz.
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b. The fuel natural frequency was approximately 28 Hz.

c. The fuel recovery time (time required after valve opening to
regain initial pressure) for the engines located farthest
from the tankage modules (engines IV D/2, I D/1k, IT U/9,
and IIT S/8) was an average of 19 msec. The fuel recovery
time for the engines located nearest the tankage module {en-
gines I U/13 and IV U/1) was an average of 8 msec.

d. The oxidizer recovery time for the engines located farthest
from the tankage modules was an average of 25 msec. The oxid-
izer recovery time for the engines located nearest the tankage
module was an average of 11 msec.

e¢. 1In several cases, harmonic frequencies appeared to be super-
imposed on the natural freguency.

f. Minimum pressures following valve opening ranged from 97 to 127
psia for fuel and from 95 to 116 psia for oxidizer.

g. Maximum pressures following valve closing ranged from 2Ll to 26k psia
for fuel and from 250 to 276 psia for oxidizer.

Figures 33, 3%, and 35 include sample oscillograms illustrating engine
and feed system characteristics for baseline pulses of 17, 50, and 100 msec
on engine IV D/2.

Pressure waves of varying amplitudes weré transmitted across the cross-
feed valves from the propellant system in which the engine was firing to the
other propellant system.. This phenomenon can be readily observed from the
data recorded for system B manifeld pressure in appendix B. Special tests
(runs SP-2 and SP-3 in appendix A) were performed to determine if this tran-
fer resulted from the crossfeed valve poppet lifiing partially off its seat
and transferring fluid into the other system. On one system, the main shut-
off valves were closed and then an engine was pulsed to reduce the manifold
pressures. On the other system, an engine was then pulsed in an attempt to
transfer propellant to the low pressure system. The oxidizer manifolds were
"soft" (little reaction to valve motion}, and the fuel manifolds were "hard"
(significant reaction to valve motion) during the special tests. No in-
erease in pressure was detectable in the low pressure system for either pro-
pellant. This test was repeated, reversing the systems, with a similar lack
of detectable propellant transfer, The wave transfer mechanism, therefore,
seemed to be through bellows flexures in the crossfeed valves.

Table VII is a summary of system performance characteristics during
the baseline firings. Chamber pressure rise times for the engines nearest
the tankage module (engines II F/11 and T U/13) were significantly shorter
than for the more distant engines (engines IV D/2 and IV 8/4). The
chamber pressure rise times (time to T5 percent of steady state Pc minus
ignition delay) were 10.2, 9.7, 8.6, 8.4 msec for engines IV D/2, IV g/h,
II F/11, and I U/13, respectively. The propellant feed system transients
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were of greater magnitude on the more distant engines. Minimum and maximum
fuel inlet pressures for these single engine firings were 86 and 310 psia.

Minimum and maximum oxidizer inlet pressures were Tl and 32k psia. In gen-
eral, the manifold pressure extremes were about 10 to 60 psia less than the
inlet pressure extremes, and the oxidizer transients were more severe than

the fuel transients.

Figures 36, 37, 38, and 39 illustrate baseline engine performance
(integrated chamber pressure) as a function of pulse width. The normal
linear relationship was observed for all engines. Variations from engine
to engine were small with engine IT F/11 exhibiting the highest performance
for the four sample engines. Baseline data used for analysis purposes
included runs IT-A-2-23 through 37, II-A-2-55 through 59, II-A-2-132
through 136, and II-A-2-154% through 158.

Phase ITI — Mission Duty Cycles

The 1M RC5 successiully completed the simulated LML and lunar abort
from hover mission duty cycles. The mission duty cycles provided an
excellent system test since both the AGS and PGNCS modes were simulated.
The IM]1 mission phase 13 run was aborted alier T minutes 50 seconds
because of overheating of the altitude test chamber,

General observations from the IM1 mission duty cycle indicated that
the prevalent minimum impulse firing duration was 17 msec with a minimum
firing duration of 15 msec. This is assumed to be representative of the
PGNCS operation. PGNCS operation was consistent with the design pulse
fregquency limit of 5 pulses/second (fig. 13).

The abort from hover duty cycles were often extremely active.
Becamse of facility constraints on free air temperature and vacuum
pressure, only limited portions of the various mission phases could be
fired; however, the portions were selected to be representative of the
periods of major activity. The upfiring engines were deactivated in
the midcourse correction simulation because the test cell pressure
exceeded the 10 mm Hg red-line for upfiring operation. The lunar mission
coellipiic sequence initiation duty cycle included periods in which each
of the four down-firing engines was pulsed at a 30 to 45 percent duty cycle
(fig. 17). Figures 19 and 20 include periods of extreme activity on all
16 engines. C(ases were observed in which as many as eight engines were
firing simultaneously (fig. 16).

Many engine commands of less than minimum impulse (13 msec) were
observed during the lunar mission duty cycles. A maximum of 19 con-
secutive engine commands of less than 13 msec duration were observed on
engine II U/9 during the coelliptic delta height simulation (run ITI-B-3-1).
The duration of these 19 pulses ranged from 1 to U msec. In most cases
the short pulses occurred as isolated pulses on a particular engine;
however, in some cases they occurred on a vertical engine immediately
before startup or immediately subsequent to shutdown of the opposing
vertical engine. While the short pulses did not damage the RCS engines,
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they could have caused the IM Caution and Warning System to indicate a
failed thruster since only seven consecutive engine commands of less than
80 msec with no corresponding indication of ignition are required to
signal a failure. Because the AGS design limited the off times between -
short pulses to a minimum of 1 o 2 seconds, engine damage due to fuel
cold flows (which sometimes were the result of short pulses) was prevented.
This off time was probably sufficient to allow the propellants in the
chamber to vaporize between pulses; however, the short firings asgsoclated
with a firing on the opposing thruster as mentioned above were not
subject to a minimam off time. Apparent nominal pulses were sometimes
interrupted by shorit off times on the order of 0 to 10 msec durstion.
Bample engine commands illustrating the above anomalies are included in
figures 16 through 20,

Refer %o appendix A for a summary of the total pulses and total on
time for each engine during the simulated mission duty cycles (runs
III-A-1~-1 through IIT-A-L4-1 and III-B-1-1l through III-B-5-1)}. Table I
is a record of the simulation run numbers and run times performed in
this test program. Sample engine and system performance characteristies
are included in appendix B for engines IV D/2, IV S/k, II F/11, and I U/13.
Figures 36, 37, 38, and 39 are conmparisons of sample mission duty cycle
engine performance with baseline performance. Trom these Tigures, it
can be seen that integrated chamber pressure was generally slightly less
for the mission duty cycle firings than for the baseline firings. This
is probably the result of the more extreme hydraulic transients and lower
feed pressures associated with multiple engine firings. The linear
relationships shown in figures 36, 37, and 39 were derived using the
least-squares technique., The standard deviations for the relationships
shown ranged from 0.105 to 0.395 psia-seconds for the mission duty cyele
firings and from 0.0701 to 0.168 psia-seconds for the baseline firings.
Deletion of the most extreme data point in figure 39 would probably
result in 2 more realistic relationship.

Table VIII is a summary of engine performance during the simulated
mission duty cycle runs. Ignition delays and times required to attain
T5 percent of steady state chamber pressure compare favorably with base-
line data (fable VII).

Table IX is a comparison of the propellant feed system characteristics
for the various mission phases. This table is based on sample pulses from
the four engines chosen for analysis and recorded in sppendix B. Using
manifold pressures as the criterion, the mission duty cyele hydraulic tran-
sients appeared to be slightly more severe than the baseline transients.

It should be noted that the effects of helium saturation have not been
considered in this table. This may account for the somewhat smaller
extremes experienced during the lunar mission duty cycle simulation which
was performed near the end of the test program (appendix A).
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. Phase IV —— Special Duty Cycles

Oydraulic transient effects.~ Table X contains a comparison of per-
tinent engine operating characteristics for the baseline, hydraulic effects
in normal mode, and hydraulic effects in crossfeed mode duty cycles. This
4 table, which was tabulated from sample pulses from engines IV D/2, IV D/L,
and I U/13, indicates slightly lower performance in the crossfeed mode
than in the normal mode. The crossfeed mode average performance was 10.6
perecent less than baseline, and the normal mode average performance was
8.2 percent less than baseline. Engine performance in the crossfeed mode
was as much as %8 percent less than baseline for 17 msec pulses. The
average differences in ignition delay and chamber pressure rise time were
insignificant: however, chamber pressure rige times were significantly
increased in the runs in which four engines in the same system were sim-
vitaneocusly started. The iime required to reach 75 percent of steady state
chamber pressure was a maximum of 34.6 msec on the first pulse on engine
I.U/13 in run IV-B-2-4. PFigure 20 illustrates this characteristic for
engines IV D/2, IV /L, ITT /8 and I U/13 starting simultanecusly in the
normal mode. Engines IV D/2 and IV S/4 required 31 and 32.4 msec, respec-
tively, to attain 75 percent of steady state chamber pressure. This -
characteristic was not repeated when the identical duty cycles were per-
formed in the crossieed mode using the system A tankage module. Apparently,
the additional manifold aided feed pressure recovery for this,particular
duty cyele. It should be noted that the engines chosen for analysis
were all in the system used for propellant supply during the erossfeed mode
runs.

Figures 41, 42, and 43 are comparisons of engine performence (using
integrated chamber pressure as the performance measurement) during the
baseline and hydraulic effects duty cycles. These plots are based on
randomly selected sample pulses from three engines chosen to be represent-
ative of the system. As can be seen from the curves, integrated chamber
pressure was consistently lower during the hydrauiic transient effectis
duty cycles at all pulse widths in both the normal and crossfeed modes.

Crossfeed mode performance was consistently lower than normal mode per-
formance.

Figures 40 and 4k through 47 are sample oscillograms which are in-
dicabive of engine and system performance characteristics during the
normal mode hydraunlic transient effects duty cycles. It should be noted
that the parameters associated with only two engines of the programmed
four or eight engine duty cycles are included in the oscillograms.

Table IX provides a comparison of the propellant feed system char-
acteristics during the hydraulic transients effects duty cycles with
other portions of the test program. This table indicates that the ex-
tremes experienced during these duty cycles were more severe than those
experienced in other portions of the test program; however, the difference
between the crossfeed and normel modes appears to be insignificant. This
is probably true since only pressures in system A, which was utilized as
the propellant supply during the crossfeed mode, were analyzed. More
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variation would probably be observed if the system B hydraulic character-
istiecs were analyzed.

The hydraulic effects duty cycles were performed successfully by
the test article. The hydraulic pressure itransients created in the pro-
pellant system during the programmed "worst case' duty cycles produced
significant effects on engine performance and feed pressure amplitudes;
however, no engine or feed system damage was observed.

Pressure switch evaluation.~ A summary of pressure switch per-
formance during baseline and special pressure switch evaluation duty
cycles is included in table XTI. Pressure switch closing time is defined
as the time from engine electrical on to swiftch closure; pressure switch
opening time is the time from engine electrical off to switch opening;
and pressure at switch opening is the engine chamber pressure at the
time of switch opening.

Anomalies and guestionable performance observed 1n pressure switch
operation included:

a. Four switch failures occurred during the program.

Switech no. Engine no. Failure mode Run no. Total firings
§5-253 IV U/1 Closed IT-A-2-19 16
S-256 IiT D/6 Open IV-L-1-6 625
S5-257 IT U/9 Closed IT-A-2-112 31
8-156 IT D/10 Closed failed in checkout

Switch 8-156 on engine 10 indicated a "failed on" condition during
system checkout but worked intermittently during the test program.

b. Pressure switch opening times ranged from 30 to T4 msec for the
flight—type switches summarized in table XI. Consequently, en-
gine electrical off times of less than the above values did not
permit the switches to open between pulses,

c. The backup switch (S-151) setting was too high to provide s
sufficient signal for proper CWS operation at pulse widths of
less than approximately 12 msec (fig. 48).

d. Switch oscillaiions were often observed during a pulse as the
result of chamber pressure fluctuations during buildup or decay
periods (fig. 19).

e. Oxidizer cold flows of 100 msec produced firing indications
{switch closure) on two out of three pressure switches tested
(figs. 50 and 51). Therefore, a fuel injector valve failed closed
or an oxidizer injector valve falled open could cccur without im-
mediately being detected by the CWS.
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Chamber pressures were in the 7.5 to 8.5 psia range. The closing
pressure switches had switching pressures slightly below these
values, and those not closing, slightly above. A series of 10
oxidizer cold flows at T5 msec on and 125 msec off on two engines
only produced switch actuations on the first pulse. This indicated
that the oxidizer cold flows cooled the combustor and injector
head resulting in lower chamber pressures. It should be noted

> that although oxidizer could react with the engine post shutdown
residue, the chamher pressure does not appear to have been in-
fluenced because the indicated chamber pressure increased very
gradually and remained stable until wvalve closure — no abrupt
reactions were noted.

f. Seven short pulses of 1T msec subsequent to a simulated fuel
cluster isolation valve closure produced ignition indicationss
consequently, a fuel cluster isolation valve could inadvertently
close without being immediately detected (fig. 52).

The pressure switches utilized on this test were not flight qualified
switches; however, the operating limits and characteristics were identical
to flight switches., Flight qualified switches are equipped with a backup
shoulder behind the Belleville washers (disk spring). Three of the four
failed switches have been forwarded to GAEC for failure analyses.

Resulis of the special tests on pulses of less than minhimum impulse
(appendix A, runs IV-H-1-1 through 6 and IV-H-2-T through 12) indicated
that the switches wounld actuate at a minimuw pulse duragtion of T msec.
0f course, this value is a function of the presence of ignition and the
switching levels of the individual pressure switches.

Propellant consumption and O/F ratioc duty cycles.- Results of these
duty cycles showing the relationship betieen propellant consumption and
0/F mixture ratio and pulse duration are inecluded in figures 53 and 5h.
The two engines selected for this study should approximate the system
extremes since engine ITI D/6 is near the system B tankage module and
engine IV D/2 is the most distant engine from the system A tankage module
(fig. 3). In addition, the system B manifold pressure was zbout 3 psi
higher than the system A manifold pressure.

Figure 53 indicates ithat the 1M RCS O0/F mixture ratio was slightly
less than was experienced in engine quelification testing for pulse widths
greater than 20 msec. This can be partially attributed to the injector
valve volbage which was 27 V dc during qualification testing.

At pulse widths of less than 20 msee, the O/F mixture ratio began
to increase with deecreasing pulse width to a value of 1.95 at 14 msec.
This is a significant departure from the previous single engine test
results. The apparent reason for this phenomenon was the presence of an
extremely soft oxidizer system and a hard fuel system during the pro-
pellant consumption duty cycles. Figures 55, 56, and 57 illustrate this
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propellant condition for the bhaseline marmual coil runs performed imme-
diately after the propellant consumption duty cycles. The entire O/F
ratio curves shown in figure 53 were probably affected. It should be
noted that the oxidizer propellant feed system became gradually "softer"
as the test program progressed because of apparent heliwn ingestion.

Figure 5L is a plot of propellant consumed as a fumetion of electrical
on time for engines ITI D/6 and IV D/2. These curves are almost identical
to engine qualification data, Engine IIT D/6, vhich was closer to the pro-
pellant module and fed by a higher propellant pressure, had higher propellant
consumption than engine IV D/2.

Mission duty cycle performance in crossfeed mode.- Table XII is a com~
parison of system performance during a simulated mission duty cycle for
normal and crossfeed operation, Identical pulses were randomly selected
from each mode to provide the data shown in the table; conseguently, all
performance parameters should be directly comparable,

As can be seen from the table, the total impulse for the crossfeed
mode was slightly higher than for the normal mode, This resulit is con-
sistent for the four sample engines chosen for analysis. These four
engines were all located in the system with the active tankage module.

No significant variations between the twe modes were noted for the
ignition delay and the time required to attain T5 percent of steady stake
chamber pressure. In summary, it appears that there were nc significant
variations between the crossfeed and normal mode performance for the sim-
uiated mission duty cyele performed. The IM RCS successfully performed
the simulabed mission duty cycle in the crossfeed mode.

Failure modes.— The simulated engine "on" failures resulting in
eluster isolation valve closure were completed with no problems. TFigure 58
is an oscillogram illustrating the system conditions during a simulated
failure of engine IV D/2, The abrupt decrease in chamber pressure and
propellant inlet pressure correspond to cluster iseclation valve closure.
The manifold pressure fluctuations occurring every 250 msec were caused
by engine IT F/11 which was firing at a duty cycle of 50 msec on and 200
msec off, The apparent fluctuations in propellant iplet pressure which
occur after isolation valve closure wvere the result of transducer shift and
should be disregarded.

Figure 52 is an osclllogram illustrating system conditions during the
simulated inadvertent fuel cluster iscolation valve closure. The decrease
in fuel propellant inlet pressure (P-19) corresponds to fuel cluster iso-
lation valve closure. The duty cycle was designed for fuel cluster isolation
valve closure o occur at the end of the 2 second firing in engine IV S/k4;
however, closure did not occur until after the first pulse of a programmed
series of seven 17 msec pulses, Ignition occurred on the six remaining
pulses accompanied by a pressure switch indication; consequently, this
particular failure mode would not have been detected by the CWS.
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An indication of momentary ccmbustion instability occcurred during
the 2 second firing in engine IV 8/h. Since the previous firing on this
engine was the simulated engine "on" failure described above, a small
gas bubble may have heen trapped in the propellant lines while the engine
valves were open and the cluster isolation valves closed. From previous
history, it is known that gas bubbles can produce combustion instability.

Pulse widths of less than minimum impulse.—- Figure 59 is an oscillo-
gram comparing system performance for pulse widths of 4, 6, and T msec on
engine IV S/%, As can be seen from the figure, the L msec pulse width
produced no reaction in the fuel or oxidizer manifolds; the 6 msec pulse
width produced an indication of fuel valve opening with no ignition, and
the T msec pulse produced an indicaticn of both fuel and oxidizer valve

- opening with ignition. The T msec pulse also produced an indication of
ignition on the engine IV S/4 pressure switch. Unfortunately, the en-
gine IV S/ injector valve wvoltage traces were recorded erroneously on
these runs, precluding an accurate determination of the injector valve
voltage characteristices. Engine IT F/11 produced the same results as en-
gine IV S/k4; that is, ignition first occurred on a T msec pulse.

The engines successfully completed the short pulse width duty cycles
without damage or failure. The duty cycles performed in this block were
supplenented by the short pulses in the lunar mission duby cycles as pre-
viously mentioned. Again it appears that the long minimum off times in
the AGS design alloved sufficlent time for vaporization of the raw fuel
between pulses which caused fuel cold flows, or the fuel accumulation
was insufficient to cause problems.

Baseline performance with manual coils.- Sample results of the base-
line single engine firings utilizing the manual (or direct) coils are in-
cluded in appendix B (runs IV-I-16, 17, 18 and IV-I-61l, 62, 63). Figures 60
and 61 include a comparison of baseline performance using the automatic
and manual coils for engines IV S/4 and I U/13, respectively. These figures
indicate that the decrease in performance in the manual mode is almost
constant for the pulse widths shown. This is the result of a constant
decreagse in effective pulse duration caused by the slower manual coil
opening response; therefore, the performance for all pulse widths would be
decreased by this constant amount.

Figures 55, 56, and 57 are sample oscillograms of 30, 50, and 100 msec
pulses, respectively, in the manual mode on engine IV S/4%, A comparison
of these figures with the automatic coil baseline firings on engine IV D/2
(figs. 33, 34, and 35) clearly illustrate the "softer" hydraulic conditions.
The "gofter" feed system was probably the result of both helium ingestion
in the propellants and large helium ullage in the propellant tanks.

Manual coil maneuvers.— Based on real-time observations, no problems
were encountered in these simulated maneuvers. Data from these runs were
not reduced.
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High-low voltage effects.- Appendix B contains a tabulation of pertinent
system operating characteristics for identical pulses randomly selected from
the high-low voltage duty cycle (runs IV-X-1 and IV-K-2). Comparable data for
the nominal voltage case are included for run III-B-k-1. The following table
illustrates the effects of voltage variation on engine performance for two
sample engines (IV D/2 and IV S/4) during the simulated transfer point initi-
ation duty cycle.

Injector valve Ignition delay, Time to TS5 Integrated
Run no. voltage, V de Deseription msec percent Pe, Pc,
msec psia-~sec
IV-K-1 27-28 Maximum 10.5 21.3
Average 10.1 19.8 5.22 at
aveg.
Minimum 9.5 18.6 pulse
width of
59 msec
TTT-B-4-1 23-2k Maximum 11.7 22.1
Average 11.2 20.6 5.13 at
ave.
Minimum 10.8 19.2 pulse
width of]
50 msec
Tv-K-2 20-21 Maximum 13.2 2.0
Average 11.9 21.9 5.10 at
avg.
Minimum 10.5 19.4 pulse
width of
59 msec

NOTE: The above data were obtained from appendix B.

Thig table indicates about a 1 msec change in ignition delsy and time to
75 percent Pc per each 3 to 4 volt change in injector valve voltage. The
quality of the wvalve iraces did not permit an accurate measurement of wvalve
opening and closing traces; however, it is assumed that the valve opening
times were similarly affected. Average integrated Pc for the average pulse
width of 59 msec decreased slightly as the volbage decreased. A more accurate
determination of the effects at various pulse widths may be obtained by exami-
nation of the data in appendix B. It should be noted that the values in the
gbove table may have been affected by changes in tank ullage and system hy-
draulics.

Effects of short pulses on injector temperature.- The programmed duty
cycles were insufficient for establishing the worst case injector head cooling
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duty cycle. The fifty 1T-msec pulses fired in each run did not provide suf-
Ticient time for the minimum temperature to be reached or for indentification
of the maximum overall cooling rate. The following limited data were recorded:

Duty cycle Initial injector Final injector

(time in sec.) No, pulses tempg;ature, tempg;ature, Cooling rate
0.017 on/0.183 off 50 130 130 0° F/10 sec.
0.017 on/0.283 off 50 130 130 0° F/15 sec.
0.017 on/0.383 off ‘ 50 130 130 0° F/20 sec.
0.017 on/0.k83 off 50 132 127 5¢ F/25 sec.
0.017 on/0.983 off 50 131 121 10° F/50 sec.
0.017 on/2.500 off 50 131 121 10° F/125 sec.

In order to obtaln more conclusive data, the injector head temperature
behavior during the propellant consumption duty cycles (runs IV-E-1 through
IV-8-13) was plotted. Figure 62 illustrates the injector head temperature
as a funetion of time and duty cycle for a typical uninsulated engine. A
minimum of 98° ¥ was obtained with a duty cycle of 0.01k seconds on and 1.000
seconds off. Figure 63 illustrates the injector head temperature as a function
of time and duty cycle for the insulated engine. This figure indicates that
the 0.01k seconds on/0.500 seconds off duty cycle produced the highest initial
cooling rate (curves 1 through 5). In general, a comparison of curves 1
through 5 indicates that the initial cooling rate increases as the off time
decreases for the off times tested; however, a comparison of curves 4 and 5
illustrates that the trend would not have comtinued since 5 appears to be
crossing 4. Curve 6 indicates that the 0.01h seconds on/1.000 seconds off
duty cycle produced the wminimum injector head temperature of 102° F,

Tt should be noted that the above discussion relates only to the test
configuration and may not be representative of flight since only one heater
was installed per engine, the cluster blanket and shield assembly was installed
on only one engine, and the thermal environment of space was not simulated.

Cluster insulation evaluation.- The results of runs IV-M-1-1 and IV-M-2-2.
were surprising. The engine with the thermal shield ran slightly cooler than
the exposed engine; maximum chamber temperatures recorded between the chamber
ribs, 180 degrees apari, were 1100° and 1240° F on the covered engine, and
1200° and 1325° F on the exposed chamber. Pesk flange temperatures during the
firings were 155° and 163° T on the covered and exposed engine, respectively,
and 290° and 312° F at meximum soakback. The heater thermostat temperature
on the shielded engine was 135° F during the firing and 240° F at maximum soak-
back. The heater thermostat temperature on the exposed engine was erratic
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because of improper attachment of the thermocouple. The test was repeated with
similar results. -The instrumentation setup for this test was as shown in
figure D3, appendix D. The above data suggest that the extension of the thermal
blanket and shield assembly over the combustion chamber had little effect on
the engine's thermal characteristics.

Figures 6k and 65 illustrate the effects of engine firings on the partial
blanket and shield assembly. Some charring and degradation were observed in
the vieinity of the combusticon chamber on the H-film, aluminized H-film tape,
and Si0-Al thermal control coating. It is probable that minor charring and
degradation will occur in actual IM missions; however, design changes effective
on IM3 and subsequent vehicles should minimize these effects.

Phase V — Post—test Checkout and Decontamination

During the period following the decontamination as described in the test
procedure section of this report, a columbium chamber eveluation test (ref. 20)
and a IM1l anomalies investigation test (ref. 21) were performed on the system.
A1l system components, with the exception of some Pc transducers, performed
adequately on these tests. Consequently, it may be stated that the system
components functioned properly after a 4 1/2 months exposure to an uncontrolled
and unknown concentration of propellant. It should be noted that a complete
checkout of the components was not performed hefore or after the referenced
tests; therefore, the preceding statement was baged only on the fact that sys-
bem performance was adequate for completion of the tests.

Special Analyses

Propellant consumption.- Table XIII is a summary of the propellant con-
sumption and engine firing distribuiion for the mission duty cycles performed
and for the total test program. This table illustrates that the downfiring
engines experienced the most pulses and total on time in MDC operation. The
0/F ratios were slightly lower than were experienced in engine qualification
testing. This can be partially attributed to the injector valve voltage whieh
was 27 V de during qualification testing and 23-2L4 V dc in this test. The
mission duty cyele O/F ratios shown in table XTIT were slightly lower than the
single engine data shown in figure 53 for engine IV D/2, using average pulse
widths. The total test program O/F ratio falls aboubt midway between the single
engine curves shown in figure 53.

Propellant guantity measurement technigue.- Figures 66, 67, and 68 illus-
trate PQMD operation for the test program. Figure 66 is a comparison of
actual POMD output with theoretical output baged on measured helium tank temp-
eratures and pressures. In general, the system A PQMD output was slightly
higher than theoretical while the system B PQMD ocutput was almost identical to

theoretical, 1In all cases, the POQMD's operated within the four percent ac-
ceptable 1limit.
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Figures 67 and 68 include propellant consumption histories as measured
by both the load cell technique (fig. 5) and the PQMD's. Figure 67 indicates
an almost conshant bias of 5 to T 1bs on the system A POMD with PQMD readings
higher than the corresponding load cell resadings. This bias developed during
the initial firings and was maintained for the remainder of the test program.
The maximun difference between the system A PQMD and the system A load cells
was sbout 12 1bs which was less than four percent of the total available pro-
pellants in system A. Figure 68 indicates close agreement between the system
B POMD and the system B load cell readings. The system B PQMD indicated
higher than the load cells in the early portions of the test program but
crossed over and became lower in the latter portions. The maximum difference
observed was again about 12 1bs but most of the differences were less than
5 1bs. It should be noted that the differences discussed above could have
resulted from inaccuracies in the load cells and/or the PGMD's, Appendix A
maey be used to correlate real time with test duty cyeles.

Compatibility of CWS monitored operating limits with CWS operation.- The
helium tank and regulator output pressures experienced during the test pro-
gram appeared to be compatible with the CWS limits. A caution light illu-
minates in flight when the helium tank pressure falls below 1696 psia. The
steady state regulator outlet pressures recorded during the test program were
all well within the CWS limits of 16Lk.h 4o 204.3 psia.

Since no attempt was made to simulate the thermal environment of an ac-—
tual mission, the cluster temperature limits could not be realistically eval-
uated; however, under the test conditions, the temperature limits of 119° +o
190° F were compatible with CWS operation.

Several possible areas of incompatibility between the RCS and CWS were
observed in the TCA failure detection system. These areas included the
following:

a. Tour pressure switch failures occurred during the program.

b. Short engine off times did not permit the pressure switches to open
between pulses.

¢. Pressure switeh oseillations were often observed during & pulse as
the result of chamber pressure fluctuations during buildup and
decay periods.

d. Oxidizer cold flows (fuel injector valve inhibited) sometimes pro-
) duced pressure switch signals; therefore, a fuel injector valve
failed closed or an oxidizer injector velve failed open could oceur
without immediste detection.

e. Seven short pulses of 17 msec subsequent to a simulated fuel cluster
isolation valve closure produced ignition indications on the pres-
sure switches; conseguently, a fuel cluster isolation valve could
inadvertently close without being immediately detected.
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f. Many engine commsnds of less than minimum impulse (13 msee) occurred
during the simulated lunar mission duty cyeles. This condition
could result in an erroneous TCA failure indication since only seven
consecutive engine commands of less than 80 msec with no correspond-
ing indicatlon of ignition are required to signal a failure. As pre-.
viously noted, pulses of less than T msec will not normally produce
ignition,

Heater system evaluation.- Heater system performance appeared to be
satisfactory with the exception of the short pulse cooling effects mentioned
earlier in the results and discussion section of this report. The cooling
problem could not be properly evaluated with the test setup which utilized
only one heater per engine, incomplete thermal insulation, and no simulation
of space thermal environment.

In general, injector head temperatures were maintained at 126° to 132° F
with the thermostat cycling off for szbout 2 minutes every 6 or so minutes,
depending on ambient conditions. Clushter temperatures were generally 3° to
5° F warmer than the injector heads. Valve temperatures, measured near the
seat, were in the 110° to 120° F range, with the fuel valve normally a few
degrees warmer than the oxidizer wvalve. Combustion chamber temperatures
were about 127° F.

The manual lead on one heater (engine II F/11) was accidentally
grounded to the tegt stand during pretest operations. Consequently, the
thermostat was bypassed, resulting in a continucusly on situation. The
heater remained on for the entire test program and maintained the engine IT
F/11l injector head between 145° and 155° F.

Figure 69 is a representative temperature profile for cluster III during
the lunar mission duty cycle transfer point initiation simulation.
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CONCLUSTONS

Phase 1 — Pretest Operations

A reddish-brown deposit, which was analyzed in earlier testing
(ref. 19) to consist primarily of iron, was discovered in the IM RCS
oxidizer tubing in .the viecinity of the brazed joints during pretest

cleaning. The tubing had been previously exposed to design verifi-
cation testing at TMC.

In general, the HR-3 DVT subsystem components performed within speci-
fication limits after testing at Marquardt and several months storage
at MSC. Exceptions were as follows:

a. The propellant ground half couplings (GAEC specification
number LSC 310-401) were subject to leakage in the stem
area.

b. The system A oxidizer relief velve produced anomalous results
in three areag during system checkoui; however, the anomalous

conditions were not severe enough to require replacement for
teat operations.

c. Numerous anomalies were cobserved during propellant latch valve
(GAEC specification number LSC 310-403) checkouts. These in-
cluded two position indicator switch failures, excessive leak-

age on 50 percent of the velves, and nonrepeatability of leak-
age rates.

Flight-type arc suppression circuitry delayed the fuel and oxidizer
valve closing times by about 1.5 and 2.0 msec, respectively.

Both the IM1 and IM3 priming techniques were found to be acceptable.

Phase IT — Baseline Performance Duty Cycles

Pressure waves of varying amplitudes were transmitted across closed
crossfeed valves from the propellant system in which an engine was
firing %o the other propellant system. These waves were not accom-
panied by any detectable propellant transfer.

Baseline engine performance was comparable to single engine qualifi-
cation data. )

Phase III — Mission Duty Cycles .
The IM RCS test article successfully completed portions of simulated
IM1 and lunar abort from hover mission duty cycles which had been gen-
erated in the GAEC FCI laboratory.
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2. The simulated mission duty cycles were found to contain numerous englne
commands of less than minimum impulse (13 msec) and short off times on
the order of 0 to 10 msec.

3. Engine performance during the mission duty cycles firings was siightiy
less than baseline performance.

Phase IV — Special Duty Cycles

l. The IM RCS test article successfully completed the programmed Myorst
case" duty cycles. Hydraulic pressure transients created in the pro-
bellant system during these duty cycles produced significant effects
on engine performance and feed pressure amplitudes; however, no engine
or feed system damage was observed. Engine performance was reduced dur-
ing "worst case" hydraulic duty cycles with the crossfeed mode experi-
encing a greater reduction than the normal mode.

2. Four of the 15 pressure switches (LSC 310-651-3) utilized in this test
experienced failure. One switch failed with the contacts open and the
other three failed with the contacts closed. The pressure switches did
not include various design modifications which have been added to the
flight switches.

3. The fuel and oxidizer hydraulic transients became progressively smaller
in amplitude and freguency as the test program progressed. The oxid-
izer was affected to a greater extent than the fuel.

4. The O/F ratio and the propellant consumption for engines operating
in the IM RCS were comparable to single engine qualification data
for pulse widths of greater than 20 msec. The relatively "soft"
(1little reaction to valve motion) condition of the oxidizer manifold
at the time of the 0/F ratio testing apparently caused the O/F ratio
to increase with decreasing pulse width at pulse widths of less than
approximately 20 msec.

5. The LM RCS test article successfully completed a simulated mission
duty cycle in the crossfeed mode with no significant reduction in

engine performance.

6. The IM RCS test article successfully completed the following simulated
failure modes:

a. Cluster isclation valve closure to isolate a failed "on"
engine

b. Inadvertent fuel cluster isolation valive closure

T. IM RCS engines produced ignition at electriczl pulse widths as low as
T msec with 23-24 V de injector valve voltage.
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8. The IM RCS test arbicle successfully completed the manual or direct
coil baseline firings and simulated maneuvers. Menual coil perform-—
ance was less than automatic coil performance by a constant amount
which was independent of the pulse duration.

9. Engine performasnce increased as injector valve voltage was increased.

10. TFor the test article configuration and test enviromment, certain duty
cycles cooled the engine injector heads from 130° to about 100° F.

11, TFor the conditions tested, the extension of the thermal blanket and
ghield assembly over the combustion chamber had little effect on the
engine thermal characteristics.

Phéase V — Post-test Checkout and Decontamination

1. The system performance was adequate for completion of subsequent test-
ing (see refs. 20 and 21) after a 4-1/2 month exposure to an unknown
and uncontrolled concentration of propellants.,

Special Analyses

1. The oxidizer to fuel mixture ratios during mission duty cycle opera-
tion were slightly less than comparable single engine system data;
however, the total test program oxidizer to fuel mixture ratio was
identical to single engine system data. Average pulse widths were
used for the mission duty cycles and total test program in order to
cbtain these comparisons.

2. The system A and system B POMD's operated within a four percent
acceptance band throughout the test program. Load cells were utilized
as the reference for calculating PQMD errors.

3. All the RCS operating limits whiech will be monitored by the CWS in TM
flight appeared to be compatible with RCS operation except in the
thrust chamber assembly failure detection system. Possible incompat-

ibilities are listed in the resulis and discussion section of this
report.

4. Heater system performance appeared to be satisfactory with the excep-
tion of the cooling effects mentioned in conclusion 10 above.
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ABBREVIATIONS

amperes

Abort Guidance System
Ascent Propulsion System
average

channel

cathode ray tube

crossfeed valve

check valve

Caution and Warning Subsystem
Data Acquisition System
diameter

Descent Propulsion System
down engine

design verificatiocn test
Esterline Angus
Flectro-Insiruments

engine

figure

freguency modulation
Flight Controls Integration (GAEC, Bethpage, N.Y.)
fire-in-the-hole

forwvard engine, fahrenheli
galvanometer

Grumman Aircraft Engineering Corporation
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gpm
hr
inj
icv
IPA
TPIV

1bs

max

min

msec
M30V
misc
no.
o/F
oxid
PGHCS
P/N
pph
pput
PQMD
press
psia

psid
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gage

gallons per minute

hours .

injector

ascent Iinterconnect valve
isopropyl alcohol
thruster pin isolation valve
pounds

Lunar Module

maximum

minute, minimum
millimeter

millisecond

main shutoff valve
miscellaneous

number

oxidizer/fuel

oxidizer

Primary Guidance Navigation and Control System

part number

pounds per hour

pounds per minute

propellant quantity measurin

pressure

g device

pounds per square inch absolute

pounds per sguare inch diffe

rential
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psig
ref
RCS
Rv
s/c
sce
s5ec
SEL
8/N
S8.5.

SsC

sym

temp

TCA

TP

TTA

V de
VLD

WSTE
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pounds per square inch gage
reference

Reaction Control Subsystem
relief wvalve

strip chart

standard cubic centimeter
second

System Engineering Laboratory
serial number

gteady state

subsystems chawmber

synbol

side engine

temperature

thrust chamber assembly
The Marquardt Corporation
test procedure
Thermochemical Test Area
up engine

volts direct current
volumetric leak detector

White Sands Test Facility
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Aerozine-50
coefficient of thrust
farenheii

gaseous helium
gaseous nitrogen
mercury

water

Hertz

total impulse
nitrogen tetroxide
chamber pressure
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greater than or egual to

greater than
less than
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[See references 17 and 18 for a description of the mission simulations.]

TABLE I.- MISSION DUTY CYCLES RUN TIMES

Run description

Simulation
start time

Simulation
gtop time

Test run
start time

Test run
stop time

IM1 — Mission phase 7
(separation)
GAEC run no. 266

IM1 ~ Mission phase 9
(first DPS burn)
GAEC run no. 103

IM1 — Mission phase 1l
{second DPS burn-
¥ITH — first APS
burn)

GAEC run no. 103

IM1 — Mission phase 13
(second APS burn)
GABC run no. 115

Lunar Missicon Simulation
(abort from hover)
GAEC run no. 51k A

Iunar Mission Simulation
(coelliptic sequence
initiation)
GAEC run no. 514 B

hrs. min. sec.

20 ko 3.66
L 55 16
8 33 T
6 8 L2
0 10 1
0 ki 50

hrs. min. sec.

20 57 Ok
5 3 6
8 U493 356
6 19 143
o 19 o
0 S0 20

hrs. min. sec.

20 5k 38
L 55 30
8 33 50
6 9 10
0 10 1
0 3 55

hrs. min. sec.

20 56
5 2
8 U9
6 16
0 11
0 48

51

50

59.5

3'5

9.1
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TABLE Y.~ MTSSION DUTY CYCLES RUN TIMES — Concluded

[See reference 17 and 18 for a description of the mission simulations. )

Run deseription

Simulation
start time

Simlation
stop time

Test run
start time

Test run
stop time

Tanay Mission Simulation
{coelliptic delta height)
GAEC run no. 514 C

Tupar Mission Simulation
(transfer point initi-
ation)

GAEC run no. 514 D

Lunar Mission Simulation

(midcourse corrections)
GAEC run no. 514 B

WOTE:

hrs. nmin. sec.

1 36 52
1 52 52
2 16 1L

hrs. min. sec.

1 L 35
2 10 32
2 24 .48

Times based on simmlation time reference.

hrs. min. sec.

1 36

1 56

2 19
Long uvllage

burns removed because of fecility Iimitations.

52

b3

39

hrs. min. sec.

1 39
2 >
2 23

5T.7T

11
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[Leakage specification limits:

TABLE II.-~ PROPELLANT LATCH VALVE CHECKOUT DATA

45 sce/15 min at 200 psidl

Acceptance test Leak rate in Latch
leakage rate, test stand, current,
Valve no. | Valve S/N | Valve location sece/15 min sce/15 min amps

Forward Reverse Forward | Reverse Open { Closed
117 0059 A MSOV-Fuel 0
119 0026 A ICV-Fuel 0
121 0054 X"V-Fuel : 0 1.10]| 1.30
123 21k A-VI TPIV-Tuel | New valve {(not checked) 0
125 0038 A-TTT ICV-Fuel 3 213 5 250 1.25 | 1.22
127 0061 A~IT ICV-Fuel 0 0 k125 B2 | 1.18
129 0028 A~I ICV-Fuel 5 28 615 1.30| 1.30
217 006k B~ICV-Fuel 0
219 0051 B~-ICV-Fuel 60
221 0062 B~IV TPIV-Fuel 2 0k3 90 000 1.00 | 1l.22
223 ookl B~III TPIV-Fuel 10 000 3 270 1.12 | 1.68
225 ook9 B-II TPIV-Fuel 276 7 500 1.10 | 1.he
227 0039 B~I TPIV-Fuel 11 250 30 000 68 1.22
118 0032 A-MSOV-0xig 0 901 1.45
120 0021 A-TCV-0xid 0 22 1.30 | 1.4
122 0057 ¥FV-~-0xid 0 1.30 | 1.25
12k 0030 A-IV TPIV-0Oxid 0 0 0 1.00 ] 1.4
126 0069 A-IIT TPIV-Oxid |Less than 1 0 25 1.41 | 1.20
128 0033 A~IT TPIV-Oxid 26 0 2 130 1.20 | 1.36
130 0062 A~I TPIV-Oxid 5 040 120 1.30 | 1.55
218 0043 B-MSOV-0xid 0
220 0058 B-ICV-0xid 0 10 340 1.10 { 1l.ke
222 0032 B~IV TPIV-Oxid hé 0 15 .90 | 1.h5
224 0065 B~-ITI TPIV-Oxid (a) T 875 1.k2 | 1,62
226 0036 B-IT TPIV-Oxid 3 hés 0 70 | 1.28
228 0063 B-1 TPIV-Oxid 3 k65 130 1.25 | 1.50
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TABLE ITI.- REGULATOR CHECKOUT DATA

Measurement

Specification
limits

No. 108
System A regulator

Fo. 208
System B regulator

Primary lockup pressure
before flow

Primary flow pressuré
at 0.20 1lb/min

Primary flow pressure
at 0.038 1b/min

Primary lockup after
flow

Primary leakage rate

Seceondary flow pressure
at 0.20 lb/min

Secondary flow pressure
at 0.038 1b/min

Secondary lockup after
flow

Secondary leakage rate

178 to 18k psig

178 to 184 psig

<188 psig

<1.5 pgig/1l5 min

182 to 188 psig

182 to 188 psig

2192 psig

<1.35 psig/15 min

180 psig
176.5 psig
178.6 psig
179.5 psig

-0.3 psig/15 minb

181.2 psig
181.3 psig
183 psig

1.4 psig/15 min

Repeated: 0.3 psig/15 min

181 psig

Oscillated between
178.4 — 179.3 psig

179.6 psig
181.5 psig

0.2 nsig/l5 min

182.0 psig
182.3 psig
185 psig

-0.3 psig/lo minb

VIHY 1831 TVOIHIHOOKYIHL

LT-§9—4-aH—I8H

*30d

" ON

aRegulator inlet pressures maintained at 1500 * 50 psig throughout test.

b .
Negative pressure change was probably the result of temperature stabilization.
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TABLE IV.- RELIEF VALVE CHECKOUT DATA

Measuremernt Snecification No. 111 No. 112 No. 21L No. 212
Tdentification P Limit System A fuel Bystem A oxid System B fuel System B oxid
side RV side RV side RV side RV
Burst disc leakage 0 see/30 min 0 0 0 0
at 180 psig inlet,
scc/30 min
Pressure at bleed <150 psig 30 %uo 31 37
valve closure, psig
Pressure at bleed >20 psig 26 26 26 2l
valve opening, psig
RV relieving pressure,
psig
Check No. 1 224-240 psig 228 229 232.5 232
Cheek No. 2 228 220 228 229
Check No. 3 231 229 229
Check No. & 229
Check No. 5 229
RV reseating pressure,
psig
Check No. 1 2212 psig 216 205 219 223
Check Wo. 2 216 210 219 223
Check No. 3 216 219 223
Check No. 4 219
Check No. 5 Poz3

Yayy 1S3l IVIIWIHOORYIHL

"2040

LT-59-¥~dE-D8H
*ON

NO1S|A3Y

HSN

%Leaked at about & sce/min until 170 psig was reached.

Leakage rate at reseat pressure was T sce/min and leakage ceased when pressure decreased to approxi-

mately 203-206 psig.
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TABLE IV.- RELIEF VALVE CHECKOUT DATA — Concluded

Measurement Specification No. 111 o No. 112 ” No. 211 No. 212 '
idenification Limit System A fuel ystgm A oxi Syst?m B fuel Syst§m B oxid
side RV side RV side RV side RV
RV leakage rate 5 scc/l5 min 0 0 0 0

at 200 psid
see/15 min
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MSC-EP-R-68-1T7 New -~ ofF 131
TABLE V.- PRESSURE SWITCH CHECKOUT DATAY

Switch no. | Switch location Opening pressure, Closing pressure,
psia psia
P51 Engine #2 21.15 21.65
8152 - Engine #4 3.85 5.90
5153 Engine #5 .90 T7.45
s15h Engine #8 2.45 6.05
8155 Engine #11 4.05 T7.75

5156 Engine #10 Switch failed closed

8157 Engine #13 4,30 8.05
5158 Engine #15 k.55 7.55
5253 . Engine #1 L.60 9.60
825k Engine #3 L. o0 8.75
S8255 Engine #7 k.25 7.30
8256 Engine #6 - k.55 9.25
8257 Engine #9 b, 75 7.35
5258 Engine #12 4,25 8.25
8259 Engine #1lL 3.27 T.35
8260 Engine #16 3.25 8.25

aSpecification limits: The pressure switch must open before 3.0 psia
is reached vhile decreasing pressure and must close before 10.5 psia is
reached while increasing pressure.

bBackup switch manufactured by Electro-Optical Systems.:
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TABLE VI.- ENGINE GAS TLOW DATA

Propellant system Engine no. G-1, regu_"l_at?d . G-2, system . G-3, manifolc?.
pregsure, psig inlet pressure, psia pregsure, psia
System A Fuel 15 190 43,16 39.99
13 190 b3.57 4o, hs
10 190 43.09 39.88
11 190 43,52 40.39
8 190 L2.95 39.7%
5 190 43,25 Lo.o7
Y 190 b3.02 39.77
2 190 43.65 40,53
System B Fuel 16 191 43,53 ho.23
ik 191 43,32 L40.00
12 191 43,58 Lo.28
9 191 L3.48 Lo.15
6 191 43,63 40,32
7 191 L3, bk 150,10
3 191 13,28 39.95
1 191 L2.75 39.35
System A Oxidizer i5 172 45,98 Lo, 0k
13 172 h6.79 Lo, 96
10 172 6,25 Lo, 32
11 172 LT7.55 L1,.87
8 172 h6.19 1o.2h
‘5 172 L6.07 Lo.09
N 172 45,95 39.95
2 172 hé.7h 40.88
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TABLE VI.- ENGINE GAS FLOW DATA — Concluded

Propellant system Engine no. G-1, regulate?d - G-2, system ) G-3, manifolc_'i
pressure, psig inlet pressure, psia pressure, psia

System B Oxidizer 16 171 Ls.97 0. 00

1h 171 Lg, b2 40,52

12 171 s, 76 30,67

9 171 L6, 03 k0. 05

6 171 46,07 %0.09

7 171 45,61 39.53

3 171 16,29 4o. 35

1 171 46. 42 40,50
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TABLE VII.- BASELINE SYSTEM PERFORMANCEa'

1k msec| 17 msec! 50 msec 20N rsoc]150 msec Overill baseline,
Derfot mance mlse pulse pulse pulre rutee 111 mul. e wrdth.
eriterin width, | wedth, | wadth, | width, | wdth, =
average| average| average| average| averagef IHin, { Avg. | Hax.
Eng. £ 11.5 11.2 11.7 12.2 11.0 10.6111.5 { 130
Igg;:‘;"“ Eng L 10.8 1.2 10.5 10.6 10.5 9.0|10.8 | 12.1
Sl Eng. 11 13.3 11.3 1i.2 11.2 10.7 10.1])11.1 §12.2
Eng. 13 11.8 12.2 12.1 11.6 2.1 10.6 12.0 | 22.8
‘;’“r"; g, Eem- 2 20.7 g2.2 20.6 0.9 Z1.k ook e,y | gk
72“‘:&2}' * Eng. b 19.8 | 210 20.% 21.) | =zo.r | 18.9(20.5 {22k
rossure, ENEr 11 19.1 19.% 9.9 20.k 20.2 18.2|19.7 | 20.8
P ' Eng. i3 20.6 20.3 20.2 19.8 | zo.k | 212
msec
Integrated Eng. 2 0.90 1.10 L.L3 9.46 1k%.24
chazber Eng. b 1.03 1.kha L.T 9.6k 1Lk.77
pressure, Eng. 11 0.94 1.23 L,56 9.59 1%.89
psiafsee  Eng. 13 0.84 1.18 L4y 9.61 1k
Minimam
fuel anlet Eng, 2 96 98 92 110 95 92 98 110
pressure Eng. I 90 93 oL ol 117 86 g5 137
&t velve Eng. 11 110 118 103| 127 155
opeming, Eng. 13 1ko0 122 oh 123 118 g2] 118 143
psia
Manimuan
aoxidizer Eng. 2 92 90 20 114 90 &% ok 119
inlet pres- Eng. k% ay 48 20 T2 76 71 83 93
sure at Eng. 11
valve open~ Eng. 13 130 117 116 111 | 1a22 137
ing, psia
Haxamim
fue) inlet Eng. 2 27 300 265 253 262 251 212 302
pressure Eng: b 273 305 265 255 257 2531 215 30
at valve Eng. 11 252 263 233 233] 24 266
closure, Eng. 13 237 266 27b 267 asgh 230] 260 | 276
pais
Haximuim -
oxidizer Eng. 2 298 306 271 255 286 a5k | 285 32
inlet pres- Eng. b 299 315 262 268 273 260 | 285 324
sure at Eng. 11
valve clo- FPEng. 13 252 271 265 ohg | 261 27k
sure, psfa
i Eng. 2 148 7 148 16 ws | o3| b | 1s0
£01d pres- Eng. & 1kl k2 1h8 1he 14k 139 1kh 149
sure for Eng. 11 135 136 136 139 139 134 [ 137 139
palse, psia B0 13 15% a5k 158 155 155 | 153 155 | 166
Mainimum
oxidizer Eng. 2 121 120 126 12k 124 113 123 133
menifold Eng. % 115 108 127 119 118 102 | 117 131
pressure Eng. 11 1k3 h11-] 1Ls 1k 130 121 150
for pulse, Eng. 13 151 123 152 iee| 143 15h
paia
m““im““‘ Eng. 2 2Lz 2L3 221 209 209 207 | 226 | o2u6
el mani- k ‘ L y "
fold pres— EVE: 23 239 217 210 207 20 22 2b1
sure for Eng. 11 218 225 204 187 187 186 | 207 227
pulae, psla Eng. 13 207 219 203 203 205 2031 209 219
Meaxamiem
oxidizer Eng. 2 2sh 272 218 223 231 216 | 2k 275
manifold Eng. U 2ho 262 kg /0 210 207 | 233 266
presswe  Eng. 11 2l 253 208 195 2m 192 | 223 261
for pulse, Eng. 13 21k 194 193 191 | 201 213
psia

through 135, and II-A=2=15k through 158,

“Date cbtained from appendix B, runa IT-A-2-33 through 37, IT-A-2-55 through 59, I¥-A-2-132
Test conditions shown in appendices A and B.
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TABLE VITI.- ENGINE PERFORMANCE DURING SIMULATED MISSION DUTY CYCLES

Y34y 1S3l TVIIWIHOORYIH]L —

Combination of
Test title Engine IV D/2 Engine IV 8/4 Engine IT F/11 Engine T U/13 engines 2, 4,
13, end 13

by 1% | %% |1 J2 [3 ]2 2 | 3|2 2 f3 1 2 | 3

Maximen 122.8 | 24.6 [18.7| 12.7( 21.1 }11.3{10.7 | 20.0 [|-12.d 10.9 {20.5 |-22.0]11.8 [2k.6 [-22.0
IM1 mission

duty eycle |Average |10.8 | 21.3 } 1.4] 10.7| 19.7 |- 6.9]|10.4 | 18.7 |- 3.8 10.7 |20.2 |= 8.7(12.1 J20.d - ¥.3

Minimum [10.0 | 9.2 | - | 10.3]|18.5)] -~ l10.0 | 27.6 | -~ ]10.6{19.9} - [20.0|17.6| ~
Lunar abopt |JeXizm [11.8 | 23.9 6.8] 11.8| 26.1 }37.9|22.3 | 22.2 |-12.4 32.0 | 20.7 |-13.912.3 | 26.1 |-37.9
:i:giggver Aversge [11.0 | 21.0 | 2.1| 20.0{ 20.2 fab.7|11.5 | 18.8 |~ k.4 11.5 {20.0 {- 0.5 10.7 [20.3 | 3.9

duty evele |yinimam [10.3 195 | - 9.7} 15.6{ - [10.3 { 1k.9 | - [11.2[18.0 | - 9.7 |1k | -

®Chis table is based on data recorded in appendix B for sample

Pulse widths analyzed were lass then 150 msee duration.

Bealumn 1. is ignition delsy (msec).

Soolumn 2 is time to reach T5 percent of steady state chember presswre {msee).

pulses from the mission

dColumn 3 is deviation of MDC integrated Pc from baseline integrated Pc (percentage).

duty cyele runs.
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TABLE IX.- SUMMARY OF LM RCS PROPELLANT FEED SYSTEM HYDRAULIC CHARACTERTSTICS®

VIyy 1S3l TVIINIHIOHEIHL —

"ON *204

LT-§9-Y-ad-DSH

Min. fuel| Min. oxid.| Max. fuel | Max. oxid. |y, = po3 | Min, oxid.| Max. fuel | Mex. oxid.
inlet inlet inlet inlet o .
menifold manzfold manifold manifold
pregaure| pressure pressure | pressure "
Test title at valve| at valve at valve | at valve | P CoSUFE,) Pressure,| pressure, pressure,
cpening opening closing closing system A,| system A,} system 4, system 4,
> 3 £ 4 Y v
psia psia psia psia psia psia psaa psia
Maxtimum 155 137 310 3eh 166 154 246 75
Baseline
auty cycles Average 108 96 265 280 1k6 129 216 228
Minimun 86 ol 230 2he 134 102 186 191
Maximum 1ks 1bo 3Lh 329
LMY mission
simulation | Average 136 120 238 253
Minimum 118 86 205 221
Lunar abort Maximum 151 145 2hé 277
from hover
mission Average 139 117 22l sho
simuiation | irum 122 ol 209 206
Normal mode | Maximum 137 14y L62 418 145 136 335 328
hydraulac
trensient Average TO 86 33 301 113 109 258 269
effects .
duty ¢yecles | Hinimum 2 16 241 227 68 62 216 208
Crossfeed Maximum 123 150 bis 379 142 108 31b 328
mode hydrau- .
lic trans- |Average 50 69 320 289 115 103 246 305
ient effects .
Auty cycles |Mipimum 0 6 230 202 B2 98 205 276
Maximum iegh 158 302 265
Ifanual corl
baseline Average 113 1hs 255 227
duty cycles
Minimum 105 128 230 206

MaN
NOIS [A3Y

Bpata extracted from appendix B
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TABLE X.— ENGINE PERFORMANCE FOR HYDRAULIC TRANSIENT DUTY CYCLES

Y34V 1S3l TVILHIHIOWYIHL ~—

*204

L1-89-8—-dE—-08H
*ON

- Position Engine IV D/2 Engine LV D/b Engins I U/1% Total of engines 2, 4, & 13
Test title of grogs-
feed valves Time to{ Percent Time o} Pereent Time %o} Percent Time to Percent
Tgnition| 75% of | daviation |ignitdon] 75% of | rlovistzow Tp-.tice 755 of [aoviztion |Ignitior| 75% of | deviaticn
delay, | S.S. Pc, from base~| delay, | 8.S5. Pc, frox base-| delay,s 5. P_[Irom base~| deley, [3.5. P ] from base-
maec mase line inte-| mgee - 1lipe inte=| psee ¢N1ine inte-{ msce 27 3ine inte-
grated P, sec grated pc BICE | grataed P, msec grated P,
- s
!
Max.| Closed 16.3 33.6 -36.0 14,0 33.6 -kt1.0 b0 3k.6 ~16. 5 16.3 | 34.6 ~51.0
Hydravlie N
transient’ AV l2.2 22.6 -5.5 11.5 23.0 -1k, % 1.9 21.6 =h.9 11.9 | 22.4 -8.2
effects
Min, 8.7 1L.0 TaT 18.3 8.0 18,8 T.T 28.8
Hydraulicl Max. Open 13.8 26,8 ~35.0 k.2 25.0 -Lg.o 13.0 | 23.5 -18.0 1h.2 26.8 -58.0
transiant
effeacts
Avg. 1z.2 22,4 -8.8 11.9 21.3 -16.8 11.6 [ 20.7 -6.5 11.9 2L.5 -10.6
Min. 10.8 18.9 10.3 19.¢ 9.8 17.9 9.8 | 17.9
Max Tlosed 13.0 2.2 12,1 22.4 12.8] 2.1 13.0 24,2
Baseline
single | pyg, 1.5 § 2L 0.8 | 20.5 12,00 26.h b | 2ne
engines
Min. 10.6 20.L 9.0 18.9 12.6| 1% 8 4.0 18.9

HOTE: These data are baged onm data recorded in appendix B for sample pulses fro- engines &, L, and 13 for runs EV-B-2-1

through IV-B-10-9 and IV-C-2-1 through IV-C-10-9. Pulse vadths were frow 17 to 150 osec and fdeptical pulses and
duty cycles were used for the normel and crossfeed mode hydreulic trarsis- duly as2les.  Bassline single engine
performance data are from figures 36, 37, and 39.
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r— THERMOCHEMICAL TEST AREA

DOC. NO.

MSC-EP-R-68-1T7

REVISIGN

New

TABLE XT.- PRESSURE SWITCH PERFORMANCE™

syiteh with & higher pressure actuation level.

Pressure switch closing tame, | Pressure switch opening time, | Pressura at swteh opening ,
Test title msec msec pBlE
¥ng. 2[Eng. 4 {Eng. 11|Eng.13{Eng. 2 |Eng- & |Eng.11 [Eng.13[Eng. 2 |Eng. 4 |Eng.21 |Eng. 1%

Baseline [Max. | 16.6 11.5 12.0 12.9 | 20.7 .2 £1.9 62.5 | 39.7 5.2 5.T 5.4

Avg. | 14.3 10.5 10.7 11.8 | 172 51.1 k5.7 4.0 | 20.0 L3 k.6 L6

Min. | 0.6 9.0 9.2 0.1 | 11.8 %0.0 29.7 36.0 | 12.5 2.5 0 3.6
LML samu. |Max. | 16.3 12.0 10.9 11.3 | 20.2 67.6 38.0 56.7 | 23.8 T.1 5.7 b7
lated
duty Avg. | 15.7 1.1 10.5 0.9 | 7.3 LT7.9 35.8 49.8 | 17.2 c.2 5.3 4.5
cycle

Mip. | 15.1 | 10.3 | 0.0 10.6 | 13.5 38,2 32.7 Lo.6 | il.g 3.8 L.8 3.8
Lunar Moax. | 15.9 12.3 12.5 12.5 | 20.8 51.2 2,3 54,9 | 26.3 T.0 6.6 6.1
abort
fron Avg. | 15.3 11.b 1.7 11.9 | 18.3 43.2 36.6 k1.2 28.3 5.3 5.8 k.9
hover
simulated |Min. | 1h.k 10.0 10.9 11.1 | 16.h 30.0 3h.2 39.2 |15.4 %4 5.5 3.8
mission
duty
cycle - 4
Hydravlie |Max. | 29.3 | 13.0 13.3 1L4.9 | 20.5 62.5 5l.9 60.0 {33.9 6.2 5.7 6.0
transient
effects |Avg. § 15.6 | 11.% |12.1 | 12,0 | 17.7 | LB.6 51 | k5.3 | 38.7 b9 k.8 4.9
{normal
mode) Min, | 12.2 |- 9.7 9.9 9.2 { 12.5 3L.3 33.h 346 |13.3 3.3 k.0 3.3
Hydraulic |Mex. | 18.9 16.0 18.2 | 20.0 61.3 5T.T |29.1 6.6 6.1
transient
effects [Avg. } 15.T | 11..9 12.0 |A7.5 | b7.4 b9 |[18.7 b7 k.8
{crossfeed
mode) Min. { 1.9 | 10.3 9.2 [ 12.8 | 35.9 32.8 |13.7 3.8 3.3
Baseline |Max. 27.7 26.9 63.8 62.1 4.8 &b
menual
coils Avg. 26.0 26.6 53.6 49.8 % B.Y

Min. 25.3 26.3 k6.1 39.9 2.7 2.9

®bata extracted from appendix B. The engine 2 presgure switch was a special backup v
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TABLE ¥TI.- CROSSFEED EFFECTS ON MDC PERFORMANCE ,
—-‘
+ . . = =
[Data based on sample pulses from LMl mission II simulated duty eycles] g
=
<
Lyl
x
"
=
- r_
Engine no. and loestfen <3
X
Engane IV D/2 Engine IV S/4 Engine II F/11 Engine I U/13 Summazy L
Run 0. Tgnition| Time to Inte- Ignitien | Time to Inte- jIgnition| Tdme to Inte- |Ignition | Time to} Inte- Ignition | Time to Inte~ :
delay, | T5%4 P, | grated P, delay, | 753 P_,|arated P ,} delay, | 758 P,» grated P_,| delay, | 755 P,,jarated P, delay, | 75% P , |erated P_, iy
maac © maec psia-see msec ! maee | msec c €
moaee {ps1a-~sec) - naee maec pois=sea wmsec [psim=sec mgan psia=-see -t
=
Fun TIT-A-3-1 | Hax. | 11.0 24.6 10.3 18.6 10.h4 20.0 10.6 20.5 11.0 24.6 =3
B m
(Formal mode} | 4o | 20.6 2.7 &p,56 10.3 8.6 P1.08 [10.2 | 19.4 ©3.35 10.6 zo.b | 95.99 10.4 20.2 °3.17 =
Min, | 10.0 19.2 10.3 18.5 10.0 18.8 10.6 20.2 10.0 18.5
Run IV-F-1A Max. | 11.0 22.5 11.3 19.2 11.1 20.1 11.2 20.6 1.3 2.7
e
(Cx‘ossi)‘eed avg. | 16.9 21.5 &6 1.1 18.7 120 | 107 F 10.2 43,75 1.0 20.6 | d6ar 10.5 20.0 3.3 = g
mode ca 5]
Min. 0.6 19.7 10.9 18,2 10.3 18.2 10.8 20.5 10.3 18.2 (lj :
= =
=t [=]
®xverage integrated Pc for average pulse duration of 32 msec. | .
bAverage integrated Pc for average pulse duration of 16 msec. ':[U
Cavernge integrated Pc for average pulse duration of 43 msec. %
dAveragc integrated Pc for average pulse duration ef TT msec. ||_|
eAverage integrated Pc for avergge pulse duration of k2 msec. -3
-
\ L
[
= o
o =
’ S
[ N ]
m
[0
m
]
[\
1o
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| System B tankage [
| module

2o
[System A tankage [
| module '

Cluster III

Figure 1.- Complete IM RCS assembly in building 36 cleanroom.
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- NO. REVISION
— THERNOCHENICAL TEST AREA DOC. NO ehE_ 60
’ _EP-R-68-1T New OF 131
TABLE XIII.- PROPELLANT CONSUMPTION AND ENGINE FIRING SUMMARY FOR MISSION DUTY CYCLES AND TOTAL TEST PROGRAM
5 Engine mumber
System Bystem
Measurement Tot.
; 1 2 3 4 5 6 1 I 8 9 10 un 12 13 1 15 16 A B “
1M 1 missicn duty cycle
Total on time, sec 19.%32 | 25,067 1.013 2.39T7 | 15.684% 27.982 0.72h 3.211 | 18.1k9 32,603 2.038 b.629 6.041| 61,343 0.611 3.h409 87.652 136,681 224,333
Total vulses 197 187 34 30 119 289 28 EH 172 175 3 2 3k 213 25 35 638 1 05T 1 695
Avg. pulse width, sec .099 .13 .030 .00 .132 -096 .025 .092 -106 -186 -062 +160 .178 225 .02k 097 137 .129 32
Puel consumption, 1b 9.9 16.9 26.8
Oxid consumntion, 1b 18.6 30.L k9.0
Total propellant, 1h 28.5 4T.3 75.8
Overall O/F 1.88 1.80 1.83
¥uel flowrate, 1b/sec .13 124 .19
Oxid flowrate, 1b/sec 212 .222 218
Total flovrate, lb/sec .325 :3.1-;3- .337
Lunar mission abort from hover missfion duty cyecle Average voltage = 23-24 ¥ dc
Total on tine, sec 3.90L 19.950 5.6L3 5.h22 2.039 54.431 5,765 5.h12 k112 L6.060 5.190 5.514 6.135 28,150 5.240 5.557 95,488 113.081 208.569
Total pulses 55 230 129 127 sh 116 19 119 91 01 m 13 85 235 116 112 1 343 1270 2 613
Avg. pulse width, sec 071 | 08T .0kk .043 .038 131 048 045 .0b5 092 -OLT .0bg -012 120 .05 «050 071 089 080
Fuel consumption, 1b 11.590 14.90 26.80
Oxfd consmmption, 1b 20,90 26.90 L7.80
Total pronellant, 1b 32.80 k1.Bo Th.60
Overall O/F 1.76 1.5 1.78
Fuel flowrate, lb/sec 125 .132 L1928
Oxid flowrate, 1b/sec -219 -238 .229
Total flowrats, 1b/sec <34k -370 .358
e voltage =
Total propellant consumption and firing summary for test program i, [ il
Total on time, sec U7.761 | 273,707 | 1h.756 | B6.T3L | L45.763 | 355.060 | 22.TAT | 33.056 | s1.01c | 208.813 | 22.20k | 30.254 | k.93 | 172,837 | 18.185 | 18.9m1 664867 6453.130% | 1 307,907
Total pulses 518 6065 329 978 370 63k5 L3y 653 593 1030 612 516 629 1202 36T 308 11 343" 3 569% 20 012
Ave. pulse vidth, sec 092 -0k5 0l5 051 .12k .056 .052 .051 .086 .105 -036 -058 -075 .1h3 .0b6 061 059 067 063
Fuel consumption, 1b 85 85 170
Oxid consurption, 1b 15k 164 318
Total nronellant, 1b 239 2kg kB8
Overall O/ 1.6 1.93 1.87
Fuel flowrate, 1b/sec Uit 0.132 130
Oxid flowrate, 1b/sec 0.232 0.255 243
.360 - B
kel flourste; TH/ues “Tnese totals are based on the total an time and total pulses fancl ==
from each tanksge module including crossfeed mode operation;
= i .
;:;:;:;c:c, thge:x‘:tals are not summations of the individual engine Average voltage = 23-24 V de
1 I 1 1 1 | 1

FOLDOUT FRAME |

FOLDOUT FRAME A

MEC 2223-68



— THERHOCHEMICAL TEST AREA

DOC. NO. REVISION
PAGE __ £2
MSC-EP-R-68-1T New oF 131

VENT 1O M. 118

JMH’H’J. L1
-]

(-]
OX B BNE MIASIEIAG PRSEL

g e

i

avar Livd

e

e

Figure 2.- LM RCS test article and support equipment schematic.
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—— THERMOCHEMICAL TEST AREA

HELIUM PRESSURE
REGULATING PACKAGE

SYSTEM"B"

TANKAGE
THRUST CHAMBER

ISOLATION VALVES

BLADDER

TANK
THRUST CHAMBER
ASSEMBLY

®

MAIN SHUTOFF
VALVES

RCS MANIFOLD
CROSSFEED AND
ASCENT ENGINE

PROPELLANT TRANSFER
VALVES

Quad IV

S———— FUEL LINE

g SYSTEM "A"
' SYSTEM "g"

——— OXIDIZER LINE

—y

HELIUM

Figure 3.- LM RCS installation.

DOC. NO. REVISION L 63
MSC-EP-R-68-17 New OF 131
SYSTEM"A"
TANKAGE

Quad I
+X
-2 =Y
+Y +7
=X
AXES
ORIENTATION
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f Capped h lium 5ﬁp}1y
line (typical - U tanks

o

Figure 4.- Helium isolation configuration utilized during pretest operations.
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Tankage module
{bottom)

tank
Support assembly
(typical - J tanks )

|Load cell
{(typical - 4 tanks)

Figure 5.- Load cell installation.
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—— THERWOCHEMICAL TEST AREA

£

T

PR

DOC. NO. REVISION
1SC-EP-R-68-17

PAGE ﬁﬁ

New OF 131

Blast shield for &4
tankage module A §

(o
(=}
-
=
1
+
[y
[
ct
m
H
m

Figure 6.~ Typical cluster assembly.

; ﬁ 2 DS
Microsystems propellant
inlet pressure transducer
(typical - system B)

Kistler propellant
inlet pressure transducer
| (typical - system A)

3

= : L ©
sPropellant inlet temp-
] :
erature thermocouples

MSC FORM 360B (JAN 67)
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DOC. NO. REVISION PAGE 67
MSC-EP-R-68-17 New e
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Figure 21.- Face of injector S/N 1003 as received at MSC.
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Combined fuel and oxidizer valve opening traces.
Tnlet pressure 181 psig static; 27 V de; 5 msec/cn.

Combined fuel and oxidizer velve closing vraces,
Inlet pressure T2 psig dynamic; 27 V de; 5 msee/cm,

(Trace 1 is induced.voltage on direct coils. Trace 2 is
current through automatic coils, Arc suppression installed, )

Figure 22,.,- Effects of arc suppression network
on automatic coil response.
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Fuel valve opening and closing trace. Inlet
pressure 181 psig static; 27 V de; 5 msec/cm.
No are suppression.

Oxidizer valve cpening and closing trace. Inlet
pressure 181 psig static; 27 V de; 5 msec/cm.
No arc suppression.

Figure 22.- Effects of arc suppression network on
avtomatic coil response - continued.
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Fuel valve closing trace. Inlet pressure
72 psig dynamic; 27 V de; 5 msec/em. No
arc suppression.

Oxidizer valve closing trace. TInlebt pressure

72 psig dynemic; 27 V de; 5 msec/em. ¥o arc
suppression.

Figure 22.- Effects of arc suppression network on
automatic coil response - concluded.
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Figure 41.- Comparsion of engine IV D/2 performance for baseline,

hydraulic transient effects in normal mode, and hydraulic
transient effects in crossfeed mode duty cycles.
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r—— THERMOCHEMICAL TEST AREA DOC. NO. REVISION
‘ PAGE 104
MSC-EP-R-68-17]  New oF 131
s i1, THESE DATA ARE AVERAGES OF DATA
| RECORDED IN APPENDIX B FOR SAMPLE
PULSES FROM ENGINE IV S/4 FOR RUNS
IV-B-2-1 THROUGH IV-B-10-9 AND
IV-C-2-1 THROUGH IV-C-10-9. BASELINE
: DATA ARE FROM TABLE VII.
L—~ .15, ~ 2. TEST CONDITIONS ARE SHOWN IN APPENDIX B
i 3. LEGEND:
tey BASELINE DATA (Y=100.48X-0.337) :
fobie O  HYDRAULIC TRANSIENT DUTY CYCLES, :
N NORMAL MODE i
FHT A HYDRAULIC TRANSIENT DUTY CYCLES, — /& —
lz___g ; _ CROSSFEED MODE :
E
(s o
a .
L
(v e
a
[+ o
[ ]
= Seiiaas
=
L
L 3
i Dt
)
L
q.
m =
il
e i
=
-
i
0, : ;
0.00 0.05 0.10 0.15

MSC FORM 360B (JAN 67)




—— THERMOCHENICAL TEST AREA — e
PAGE 10
MSC-EP-R-68-17 New Of - ]!

sl 1 1

.1, THESE DATA ARE AVERAGES OF DATA _ :

: RECORDED IN APPENDIX B FOR SAMPLE

PULSES FROM ENGINE I U/13 FOR RUNS
52 IV-B-2-1 THROUGH IV-8-10-9 AND 7
G IV-C-2-1 THROUGH IV-C-10-9. BASELINE —
DATA ARE FROM TABLE VII. - i G

.2. TEST CONDITIONS SHOWN IN APPENDIX B

-3, LEGEND:
g BASELINE DATA (Y=100.07X-0.529)
= = HYDRAULIC TRANSIENT DUTY CYCLES,
g ' NORMAL MODE : A
o s A HYDRAULIC, TRANSIENT DUTY CYCLES, ]
ko __CROSSFEED mMODE :
E :ql:' Ay
ERD
-§2§ 10 - i i
‘:._'L.Ji'_ : £
el 3
fioisemyn S
S i
Hoi:
ST i
=0 + - SRS L
D |
=i i !
2 |
EI:WA ] .
=L ==
ZZ0 |
=g’ s =
SR
=S
ete OE2S
IE(_',': ™
sresbal:
Sk et
---2:-'-
0.05 0.10 0.15:
ELECTRICAL ON-TIME —~— SECONDS(X) S e
oL IR R R T .__L_.__;_ ;

Figure 43.- Comparsion of engine I U/13 performance for baseline,
hydraulic transient effects in normal mode, and hydraulic
transient effects in crossfeed mode duty cycles.
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MSC-EP-R-68-1T Wesr OF 1=

TIMING
100 msec

I-4, Eng. 4 valve volt.
-2, Eng. 2 valve volt.
2
2. ‘
- -

I-2
S-152, Eng. 4 press. switch

S-151, Eng. 2 press. switch

P-36, Eng. 4 pc

P-35, Eng. 2 pc

P-51, Fuel tank outlet A
_ IP-50, Oxid tank outlet A

Figure L4k4.- Run IV-B-3-1 (first three pulses) - two engines
pulsing and two steady state.
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TIMING HE
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ST
-4, Eng. 4 valve volt

T2, Eng. 2 valve vol

g-152, Eng. press. switch

§-151, Eng. 2 press.

P-51, Fuel tank outlet A

P-50, Oxid tank outlet A

b Fapy "4
- W7
. .

Tigure 45.- Run IV-B-4-9 (first three pulses) - four engine
operation, pulsing out of phase,.
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o =0 -

I-2, Eng. valve vol
2

Eng. 2 press. switch

S-152, Eng. press. swite

S-151

I- En valve voli]
.

g.

P-35, Eng. U4 pcjis

P-51, Fuel tan
outlet A

P-50, Oxid tank
outlet A

Figure 46.- Run IV-B-8-1 (first three pulses) - eight engines
pulsing simultaneously.
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I-4, Eng. valve vol

5-152, Eng. press. switch

P-51, Fuel tank
outlet A}

AT il
P-50, Oxid tank
l cutlet AFGREEE

R s CEERNN s
Figure 47.- Run IV-B-8-2 (first three pulses) — eight engines
pulsing simultaneously.
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Figure 4B8.- Run IV-D-3-1
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(first pulse) — engine IV D/2 pressure switch

performance at minimum pulse width (12 msec).
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Figure 49.- Examples of pressure switch oscillations.
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Figure 50.,- Oxidizer cold flow - Run IV-D-5-6 (engine II F/11),
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I-8, Eng. 8 valve volt

I-4, Eng. 4 valve volt S
>

S-154, Eng. 8 press. switch

S-152, Eng. 4 press. switc if?::;il‘

'

P-51, Fuel tank outlet
P-50, Oxid tank outlet A
TIME

o

Figure 51.- Oxidizer cold flow — Run IV-D-5-6 (engines IV S/L and
(NOTE: Engine 8 Pc transducer was inoperative).
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PAGE

P g

TIMING
I-4, Eng. 4t valve volt

press. switch

P-20, Engs. 2 and 4 oxid inlet

P-19, Engs. 2 and fuel inlet

Fuel ecluster isolation
valve closed

P-51, Fuel tank outlet A

P-50, Oxid tank outlet A
TIME |

Figure 52.- Simulation of inadvertent fuel cluster isolation wvalve clos-

ure. (NOTE: System A fuel cluster isolation valve closed on cluster IV
2 geconds after start of Run IV-G-6-6).
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Figure 55.- Baseline manual coil 30 msec pulse on engine IV S/h
(Run IV-I-16, first pulse).
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Figure 56.- Baseline manual coil 50 msec pulse on engine IV s/b
(Run IV-I-16, first pulse).
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P50, Oxid tank outlet A

line manual coil 100 msec pulse on e
(Run IV-I-17, first pulse).
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Figure 59.- Short pulse ignition characteristics (engine IV S/k4).
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Figure 6h.- Effects of engine firing on "H-film" inner layers of cluster outboard thermal blanket.
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Figure 66.- Comparison of PQMD output with theoretical output.
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Figure 68.- Comparison of PQMD and load cell propellant consumption
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Figure 6%9.- Temperature profile for cluster III during the lunar mission

duty cycle transfer point initiation simulation (run ITI-B-4-1).
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(L9 N¥YIC) 809€ Wy0d ISH

Lateh valye pesition
Engine ng. Cunu= Cn time Cuma- Valve
Fun no.|  Date Té?’ 10::&0“ ﬁ:.'l.n:: ;3;:‘:: Dnn'c:im, D“uzim‘ l:hi:c:u.n, aiu:i;::, ‘m#t;g“' uhﬂ:i?ru isgg::gn t:i:::z:u f':::g Reaarka
nee Q | (4 [} [ [+ 9 [ o c
Phate II — booe line performence duty eycles
Alock A-1 ~— blced-in firingn
1 |r2-1-67 | 153k IVi/1 1 1 1 000 1,000 1.000 | 23-2t | x £ X x P-17 bad
3 12.1-57 | 1715 IVF/3 1 1 1,000 1.000 1.000 | 23-24 [ x X X X
2 {le-1-67 | 1952 wp/2 1 1 1.000 1 000 1000 | 23-20 [ % X X X
4 {12-1-67 | 2035 V5 L 1 1 1 000 1.000 1000 | 2320 [ X X X X No digital
LA |32-2-67 | 2140 Ivs/L 1 a2 1.000 1,000 2,000 | 23-2% X X X X Fo dirFitol)
ks |i2-z-67 | 0152 vg/h 1 3 1 000 1 00D 3,000 { 23-2h X S X .4
Y 12-2=47 | Q311 pas(FL) 1 1 1,000 1 000 1000 | 23-24 % b % K Gliten o valve trace
34 |12-2-47 | 03y IITW/5 1 2 1 000 1.000 z.000 | 23-2L | X ¥ ¥ X
8 [12-2-67 | ol23 1I18/6 b 1 1,000 1.000 1000 | 23-24 | X X X I Fe bow (=37}
7 |1e-2-67 | 0510 IIIF/7 t 1 1 Go0 1.000 1,000 | 23-2% | % H X X
6 12.2-67 | 0830 IIID/6 1 1 1.000 1.000 1 000 | 23-24 X X X X p-2k ond
Fower failure ceused high locrup pressure for remainder of hlged-in iy ihas
9 [t2-2-67 | 1L11 /g 1 2 1.000 1.000 1000 | 23-24 | . X X ¢
12 [12-p-67 | 1155 118/12 1 1| 1.c00 1.000 1.000 | 23-24 | x x ¥ ¥ Flred nt T-10 sgront s
128 |12-2-67 | 1200 115132 1 o ™Moo 3 oo 2,000 | 03-24 3 X A 5 Yl kst d-b o oons-
138  [12-2-67 | 1225 T18/12 1 H 1 0o 1.q00 3000 | Pk ¥ £ X \
10 12-2-67 | 2337 1ID/10 1 1 1 o 1 G600 1 900 | 23-24 { X X ¥
11 frz-2-67 | 2355 IIF/11 1 1 1 90¢ 1.000 1.000 | 23=Pk | X X X 4
13 lz-2-67 | 13 /13 1 1 “1.000 1.000 1.000 | 23-P0 [ x X ¢ < Hired ut 1-10 necopds
134 Jla-2-67 | 1h26 Iu/a3 1 o %, 000 1,000 2.000 | 23-7k % X X X Flred ut T=10 neconds
138 [12-2-67 | 1528 Tu/r3 1 3 | *1.000 1,000 3000 | 2%=2k % % % X Fired at 7-10 secondn
13c  [12-2-67 | 2608 Iu/13 1 [ 1 510 1.510 L,510 | 23-24 X X H b4
1k 12-2-67 | 162k Ip/1k 1 |1 |"1o00 1.000 1,000 | 23-2h X X % X Fired at T-10 s~condn
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{£9 N¥I) 909¢ WHO3 DOSW

Lateh valye posltlon

Engine no, Cumu~ on tlme | SURU- Yalve .
o mute | e 1ol " et | 20 O e e P vt oot iodusienfcomacts Feods Resasks

ocje Jo|clejc |o]e
1ha  [12.2-67 | 1630 ID/1k 1 2 °1.000 1.009 2.000 | 23-2h X X X X Inadvertent firing
144 |12-2-6T | 1710 ID/1k 1 3 1 Q00 L.000 3.000 { 23-2% X X ¥ X

ID/16 1 1 2 607 2 607 2 6ot | 23-3L X b X X Engine 1§ fired inedvertently
15 12-2-67 | 2640 IF/15 i 1 1.000 1 000 1000 | 23-2L | X X X X
Phose IT — base line performance duty cyclen
Block A=R — baae line aingle engings

116 [12-2-67 | 2202 /1 5 s 0 o1k 0 186 ] 1.e70 | 232k | X b4 X b4
18 12-2-67 | 2215 /L R 1. Q 0L 0.183 a ofs 1155 | 23%2h X * 3 13
19 12-2-G7 | 2230 VL 4 H 0 050 ©.150 0 250 1 ho§ | 23-24 ¥ X X X 8 255 feiled closed
20 12-2-6T | 2243 IVU/1 3 19 0 100 ¢ 160 2.300 1705 | 23-28” | x X X x
2% 12.2-67 | 2256 IVU/L 2 21 0 150 o 050 0.300 2.005 | 23-2% b4 X X X
22 12-2-67 | 2332 IVU/3 H 26 0.014 0,500 C.070 2.075 | 23-2h X X X X
23 12-2-67 | 2351 UL 5 31 ¢ 017 0.500 2.085 2,160 | 23-5L X X X X
2% |12=3-G7 | 0005 v/ 5 36 0,050 0 500 0 250 2.0 | 2aepl | X X X X
25 [12-3-67 | o033 /L 3 37 0.300 0,500 D 300 270 | 2324 | X | . X X q
26 12=3-67 | 0101 i/ 2 L1 0 150 0,500 0 300 3 Q0 | 23-24 X X X ¥
27 12-3-57 | 0122 VU/1 1 k2 1 000 1.000 L.010 | 23-PU X % £
39 [12-3-67 | o2k IVF/3 5 [ o m 0.186 070 1.070 | #=nk | X X X
uo  {12-3-67 | ca3h IVF/3 5 11 .01 0183 0 005 1,185 | M=pl | X X \
41 12-3-67 | 0326 IVFf3 5 16 0050 0,150 Q 250 1 405 |} 23-2l X X ¥ I
4z 12-3-67 | 03u1 IVF/3 3 12 0,100 0 100 a 300 1.705 | 23-2k X * ¥ X
b3 |12-3.67 | 0357 IVF/3 2 3] o 1350 0.050 a 300 2005 [ »3-ph | X % ¥ ¥
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cum Letch vaisws position
Engine no. Cumu= on time ] valve et - - "
Run po.l Date !l.‘;::n, 10351@:: ::_;,:: ;'::‘sl:: Onﬂ::me. UffS::F-ﬂ, tbi:e:un, c::Eii:.:, va‘."l_.::s-e, s'x.::f‘.‘x tf:;::f..:: c.::;::cc .:::3; Remarka
e e o fje|Jofc o] e
Ly 112-3-6T | chog vF/3 5 26 0,01k 9,508 0,070 2.075 | 2o-2% X % X b
L5 |12-3-67 | oxes IVF/3 3 n 0.017 0.500 0 085 2,160 | g3-2L | ¥ £ X X
13 12-3-67 | ch3? vF/3 5 26 0 050 0.500 0,250 2 ko | 23-2% b A 4 X
L7 12=3-67 | 048 IVF/3 3 » 0.100 0 500 0 300 2,710 | 23-2k ¢ £ L4 X
L8 12-3-67 | oso2 IVF/3 2 Ly 02.150 0 500 ©.300 3.0L0 | 23-2L b4 X ¥ X
kg [12-3-6T | osis VF/3 1 L2 1 0ot 1.000 4,010 | 23-2k | % £ x X
28 12-3-67 { 0551 wp/2 5 [ 0,01% 0,186 o 670 1,070 | 23-2k b4 1 £ *
29 |12-3-67 | o71€ vn/z 5 1 0 017 0.133 0.085 3.255 | 23-2b | x X X X Firing program not patched correctly
30  |12«3-67 | 0728 /2 5 16 0.050 0.150 0,250 1 hos | 2324 | s 4 X X
N 132-3-67 | o133 Ivofe 3 19 0.100 0,300 0 300 1.705 | 23-et | x % X x
¥ [12-3-67 | 0750 wo/2 2 21 0.150 0,050 0 300 2,005 | 23-2b ‘ £ X X
33 |12-3-67 | oBoa wp/2 ° 9 26 0 024 0.500 0.070 2,075 | 23~2k | 7 4 X X
3k 12-3-6T | o852 1vD/2 3 31 0.017 0,500 0 085 2 160 | 22-2b 4 Y £ b4
35 ]12-3-67 | o003 wn/2 5 36 Q.050 0,500 0 250 2,k | 23-2L £ 4 X %
36 j12-3-67 | 0915 vD/2 3 k] 0 100 0.500 ¢.300 2,750 | 2324 | / X X
ar 12-3-6T | 0925 IVD/2 2 xL 0.150 0.500 ©,300 3 010 | 23-2% ¥ r ¥ b4
38 |12-3-67 | 0935 1chf2 1 b2 1,000 1 oot hoow | o23-2k ['x ¥ X b4
50 12-3-67 | 110k vs/h 5 8 0 ok 0.186 0.070 3,070 | 23-2 3 4 X X
gp-1 [22-3-67 | 11L8 IVF/3 1 L3 0,032 0 02 koozz | 22-2b A =z X X Speciel run to check prop transfer, pre-
zature firing
51 12267 | 1158 IVs/h 3 13 0.017 0.183 0.085 3155 | 23-oh 1 z . ¥ X
SIA 112-3-67 | 1e03 I¥5/ 3 18 0.017 0.283 0,085 3.240 | 23-2% [ & @ = . ' X
s2  ]12-3-67 | x2h0 sk 5 23 9,050 0 150 ©.250 3480 | 23-5L ’ . ¥ ¥
53 12-3-67 | 1255 Ve/L 3 26 0.100 0,100 0,300 3,790 | 23.2L ¥ * ¥ X
s4  [12-3«67 | 1308 Ive/l 2 28 [ 0.l50 0.050 @.300 boogo | e3-gk | v < S X
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(£9 NV¥IC} 809¢ WYOd OSW

Lateh valyse paciticn
- Engine no. = on tize | S5 | volve -
jRus po.f Date Té?. 10:1::5@ g:ia:; ::;::: mu:im' uf!a:im' u":;:"' O:EE::' Wa‘t;ge' :m:l:t?rn :f:“:::"::n ;::: Remarka

oje joa|e o |¢r c

55 |12-3-67 | 1320 Ivs/y ) 33 0,014 0 500 0 070 Lago | 23-2k | x < ¥ '

56 {12-3-67 | 1335 TV5/4 5 38 0.017 0.500 0.085 Lats | 2324 ¥ ! ’ ’ R
ST ]12-3-67 | 13L9 Vs /4 5 i3 0.050 0.500 0.250 LLgs | 232k | & ! 14 4
58  |12-3-67 | 1h2T IV5/4 3 W6 0,100 0.500 0.300 Lorgs |ad-eh | «£ H ! /
i 12-3-67 [ 1hkko Ivafk 2 48 0.150 0 %00 0,300 5,005 | 23-2k X £ 4 ¥
60 12-3-67 | 1hs55 Ivs/h 1 Lo 1.000 1.000 6.095 | 23-2k X 4 X ¥
61 [12-3-67 | 1535 IIIU/5 5 7 0,01k 0.186 0 070 2070 | 23-2k | X ¥ ! ¥
b2 12-3-67 | 15k7 I1IU/5 5 12 0 027 ©.183 0.085 2 155 | 23-2k £ r £ ¥
63 |i2-3-67 | 135% IXTU/S 5 17 0.027 0.163 0 o5 2.2ho | 23-2k % ¥ / 4 Firing progrem not updated
634 |12-3-67 | 1622 T/ 5 22 0 039 0.150 o 250 2h90 | 232k | 2 f ¥ ¥
47 12-3-67 | 1625 /s 3 25 0 100 6.100 0 300 2 T90 | 23-2L X X ! ¥
65 12-3-67 | 1639 EIIU/S 2 a7 0 150 0,050 0.300 3099 | 23-2k X ¥ / f
[ 12-3-6T7 | 102 1110/5 9 32 0.0%4 0.500 ¢ 070 3160 | 23-24 ¥ ¥ 7 4
6T |1z-3-67 | 1116 ITIV/S 5 37 0 037 ©.500 0.085 3265 [ 23k | Y ¥ 4 '
66 12=3-67 { 1730 IIIU/S $ he 0.050 0 500 0.250 3 k95 | 23-2h4 r X ’ ¥
69 |12-3-67 { 1743 T/ 3 Ls 0,100 0 500 ¢ 300 3.795 | 23-2k ¢ i ; ‘
70 |12-3-67 ] 1852 IITU/5 2 L7 0,150 0.500 ©.300 4 095 | 23-2 I X Y /
T |12-3-67 | 1904 IITU/S 1 18 1 ooo 1.000 5 095 [ 23-2% z ¥ ‘ ¢
3 12-3-67 | 2045 I115/8 5 [ .01k 0.286 G 070 1 070 | a3-2h ¢ % . 4
95 12-3-67 | 2108 II1S/8 5 11 0 017 0,183 ¢.085 1155 | 23.2% ! 7 ¢ n
56 |12-3-67 | 2119 1115/8 H 16 0.050 0 250 0.250 1 ka5 | 23-2L 4 X, 4 4
T 12-3-67 | ;130 ITIs/8 3 19 ¢.100 0 200 0,300 1.705 | 23=-24 . 1 . ¢
98 12-3-67 | 21k T115/8 2 21 0.150 0.050 0 300 2,005 | 23-2h ] / 4 .
99 12-3-67 | 220k 1IIs/8 5 26 o.0b 0.500 0 870 2,075 | 23-24 ¥ <

100 f12-3-67 | 2215 T1I15/8 H 31 0.017 0,500 0 085 2 160 | 23-24 { 4 . /
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¢ Lateh valve pesition
Enghne no, Cumu- on time | <080 ) yalve _
Panno.| Pate | TE% o gzi,g: :::;:: On time, °",§§“" thio run, ui:Ei;g, voLkeae, amgetts i:i::::gn comerea ::g:: Renarko
o fc |0 [c |o|e <
101 [12-3-67 | 2226 II18/8 5 36 0 050 0.500 0.250 2 kyo | 23-2% | X b3 2 X
102 [12-3-67 | 2230 1115/8 k] ki 0160 0 500 0,300 2,70 | e3-ah | X X x X
103 |22=3-67 | 2307 1115/8 z k1 0,150 0.500 0 300 3 010 | 23-2k X X X X
100 [12-3-67 | 2M8 1173/8 1 W2 1.000 1.000 % 010 | 23~2h X X % X
75 f12sh-67 | 0126 Irn/e 5 [ LEOL] 0.186 0 Q10 1,070 | 23-2% x X X X
73 [i12-h-g7 | O1lb ITID/6 5 11 0.017 0.183 0.085 1,153 | 232k X x b1 X
% |12-h=67 } Oksh 111ID/6 S 16 0.030 D 150 0.250 1 %0s | as-gh | X X X X
75 |le«k-6T | 0206 IIID/G 3 19 0,100 0 100 0,300 1,705 | 23-2h | % X z X
76 |12-4-67 | 022k 1110/6 2 21 0 150 0.050 0 300 2,005 | 23-2% X X X X *
77 {12-L-67 | 0236 i110/6 5 26 0.01L 0 500 €.070 2 075 | 23-2h S X X 4
78 |12-k-67 | 0246 IIID/G H 3k 0.017 0 500 0.085 2.160 | 23«2k X X X X
19 |12-4-67 | 0303 11ID/6 5 36 0.050 0.500 0.250 2.h10 | 23-2k | X X X X
80 [1e-h-67 | 0328 1IID/6 3 39 0.100 0.500 0.300 2 10 | 23-2) X X X X
81 |12-k-67 | 0236 II3D/6 2 51 0.150 0,500 0.300 3.010 | 23~2Y b4 b4 X X
82 [12-4-67 | 03L4 IIID/6 1 Lz 1,000 1.000 ¥ 010 | 23-2k X X X X
63 [12-b-67 | obag IIIF/T 3 & 0.0Lh 0 186 0.070 1.0710 | 23-24 | X X x X
84 |12-hegy | ohkso IIIFST 5 1L o T « 183 0.03% 1.155 | 23-24 ‘x * x X
85 |az-k-51 | olbsb ITIF/T 5 16 0.050 0.150 0,250 1,05 | 23-2b § X X x %
85 [12-h-67 | D508 III8/7 3 19 ¢ 100 0.100 0,300 2705 | 23-2k | X X X X Anslog tepe B did net start
86A [12-4-87 | 0517 IIIF/T 3 22 0.100 0,100 9.300 2.005 | 23-2b % X x X
BT |12-k-6T7 | €530 IIIF/T 2 2 0.150 © 050 0.300 2.305 | 23-24 | X X X b8
88 |12-k-g7 | 0538 IIIM/T 5 29 0,01 0,500 0010 2.375 | 23-2b X X X X
89 |12-u-67 | 0547 IIIF/T 5 34 0.017 0,500 0.085 2.460 | 23-2b X X X X
00 |l2=u-67 | OT15 ILIP/T 5 ag 0.050 0.500 0.250 2.70 | 23-24 | X x X X
o1 |12-h-87 [ o723 IXIF/T 3 k2 0.100 0.500 0,300 3.010 | 23=RW [ X X X X
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cumm Tatch vnlve position
Engine no. Cumu - On time = | Yolve B
Run no.| Date T:Irm’ 102221“, g:in:: ;:{:‘:: Unnzf:m’ fonz:ne, mi: e::m' oé: Ez;g, vo%t:ge, nhwe?ru hlci:;:n ci::x:ztn (f::zad-: Remarkn
¢ ¢ Jo Jc |oje Jo]cC
g2 |12-Lk-67 | 0T33 IITF/T 2 by ©.150 0 500 0 300 3.310 | 232} X X X X
93 | 12-k-6T | OTLL TIEF/T 1 s 1.000 1 000 hoag | 23-2% | x % X b4
105 [12-k-87 | 0837 110/9 s [ 0,014 0.185 0.070 1.070 | 23-2% X X X x
1056 | 12-k=6T | 0902 IIV/9 - 13 0 o1y 0,183 0.085 1.155 | 23-2k X X X X
10T [ 22-k-67 | 0920 W9 5 % 0 050 ©.150 0 250 1.hos [ 23-2k | X X X X
108 | 12-b-67 | 0920 II/9 3 19 0.100 0 100 0,300 2705 | 232k | x X X ¥
109 |12-L-47 | 0938 /9 2 21 0,150 @.050 0.300 2.005 | 232k | X X X X -
11¢ | 12-k-67 oghd I1u/9 H 26 0,014 0,500 0.070 2,075 | 23-2k x b4 X X
111, |12-k-67 | 0958 Iy 5 3 0.017 Q.500 0.085 2,160 | 23-2b | x X X b8
112 | 32-L-67 | 1020 IIU/9 5 36 0 050 0,500 0.250 2,10 | 2324 | x X b4 X 8-257 falled cloped
113 §rz-d-g7 | 1112 IT¥/9 3 35 0.100 0 500 0 300 2,710 | 23-24 X X X 11
134 | 12-ha67 | 1120 11U/9 2 L 0150 0 500 0 300 3,010 | 23-2% X X X X
135 [lz-h-gt | 1136 1I0/9 1 42 1 000 1 000 k010 | 23-24 % X X X
138 | l2-L-67 | 1238 I15/12 5 a 0.01h 0.186 0,070 3.070 | 23-24 X X X X
139 |12-L-67 | 130k 115/12 5 13 0.017 ©.183 0,085 2,155 { 2324 | X X X X
ko | 12-b=67 [ 1326 11512 5 18 0.050 250 9 250 3,05 | 2324 | x X X X
W1 | 12-%-67 | 1339 18/12 3 2L 0.106 0,100 0.300 3.T05 | @32k | X X b4 X
1hE  [12-%-67 | 1351 115/12 2 23 0 150 0,050 0.300 W.G0% | 23-2h | % b % b3
b3 faz-L-g7 | ko2 118/12 5 28 0.004 0.560 0.0%0 L.ofs | 23-24 | X X X X
b | p2-hag7 { 1420 115/12 5 k| 0.017 ©.500 0,085 1,160 | 23-2k X X X z
145 f12-k-57 | 1433 118/12 5 36 0,030 . 500 0.25¢ L.41p | 23-2k X X X X
146 |12-k-67 | 1kk6 I15/12 3 Wt 0.160* 0.500 0.300 4.7T10 | 23-24 X X X X
17 | 1a-h-67 | 1bsT Ii8/12 2 b3 0,150 0.500 0.300 5.010 | B3-2h [ X X b4 b4
w8 112-hogy | 1508 118/12 1 i 1,000 1,000 G010} 232k | X 4 % X
16 fi2.k-67 | 1556 | (1110 5 [ 0.01k 0 186 0 070 2,070 | 23-2% | X X X X P-I3 erratic
147 [12-k-67 | 1626 IID/10 H 1 0.017 0.183 0.085 1,155 | 23-2% X X X X

yady 1831 T¥3IIWIHICKEIHL —

.D
=5 8
g
w o
P(jo
H
s
1
(W)Y
P
]_
-
[
m
-
z'u'\
2 2
o
m x>
(1]
m
o7
—3
D




{L9 N¥I'} 809€ W04 DSW

cum latch valve' position
Engine no. Cumi- On time ” Valve R
Fan noe| Data T:;:."' lo:::im :35,::::‘1—::: 0“,::”’ orrszgm, ﬂﬂ:e:“"» uﬁ:ﬁ;ﬁ '°¢‘;§“' nn':z:;ru 1::§::§:n cﬁﬂﬁiim 5:213 Reusks
o |ejo [c {o]c (o] €
118 |12-L-&7 | 1628 1ID/16 [ 16 0.050 0.150 0 250 1,.ho5 | 23-7L X X X £
119 | 12-h-67 | 1643 IID/10 3 19 0.10¢0 0,100 0,300 1,705 | 23«2k X X X X
120 |l2-k-61 | 1655 IIR/10 2 21 9150 0.050 0.300 2,005 | #3-24 X X * X
121 |12-L-67 | 1709 1ID/16 5 26 0,014 0 560 0.070 2.075 | 23-2b | X X X X
122 |le-k-57 | 2722 1ID/10 5 k! 0.017 0.500 0.08BS 2.160 | 23-2h | X X X £
123 [12-L=67 | 173+ Iip/10 H 26 0 050 &.500 0.250 2.h10 | 23-7k X X X X
12k [22-b-67 | 1TWT ITR/10 3 39 0.100 a 500 0,200 ? 710 | 23-24 X X X X
125 112-4-67 | 1900 1In/10 2 W) 0.150 D.50D 0,300 3010 | 23=2h * A kS 1
126 |12-b-8T7 | 1974 1Ip/10 1 b2 1 G600 1 000 k.10 | 23-2k X X X X
12U |12-h-6T7 | 2032 TID/10 3 us5 © 100 0.500 0.300 k.20 | 23-2L X X x X Rc%ae;;nd :o check P-h3, Found error in
- cal.
157 | 12-b-67 | 2110 TIF/1L 5 é 0.01Y4 a.186 0.0%70 1.070 | 23-24 A X X X
178 (12-b-67 | 2333 IIF/1 S 1} ©.017 0,283 0,033 1155 | 23-2h % b A 1
129 [12-k=67 | 23Uk 1IF/11 5 16 0.050 Q156 0,250 1.hos5 [ 23-34% | X X % X
130 |22.b-67 | 2356 IIF/11 3 19 0 100 @.100 0.300 1.705 | 23-P4 | X X X x
131 | 12-5-67 | oo2L 1Ir/11 o 21 9.150 0.050 0.250 2.005 | 23-2L b X X X
132 |12-5-67 | 0038 IIF/1l H 26 0 03k 0.500 0 070 2,075 | 23-20 ['X X X X
133 |12-5-67 | oobg IIF/1) s 3 0 017 .500 0.085 2.360 | 23-2b | X X 3 X
134 |12-5-67 | 0113 1IF/11 H 36 0.050 a 500 0.250 2.b10 | 23-24 X X X X
135 {12-5-67 | o123 TIF/11 3 3% 0,100 0.500 0. 300 2,710 | 23-2 [ X % A X .
136 |i2-5-67 | ox3b TIF/11 » bl 0,150 0 500 0,300 3.010 | 23-2k X X X X
137 |t2-5-67 | o213 IIF/11 1 k2 1,000 1.000 3.960 | 23-au | ¥ % X X
ibg  [12-5-67 | 0313 15/13 F) 9 0.014 ¢.186 o o7e 4,580 | 237k X % X X
150 12567 | 0333 13 5 1 0.017 0,103 0,085 boggs [ a3-Ph | X % X X
151 {12-5-67 | o3ka /13 5 19 0.050 0.150 0.250 4,915 | 23-24 | X X X X
152 |12-5-67 | 0352 /13 3 22 0,200 0.100 0.300 5215 | 23-a | X X X X
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Latch valve position
Engine no. Cumu- on time | Tum= f Valve t Intar- Groos
Bun me.]  Date T;?' J::z:iuu 1:,?&:: iﬂg:: O!ln:tm, O(rut’;m’ r.hi:c:un, ot:f::ji;z, m%t:sc, nhﬁ!o.l;fa icui‘;.:t:zn cmnc:ta foedn Temextn
otc oo o] cjolC

153 [la2-5-67 | ohoo /13 a 2 © 150 0.050 0.300 5515 | @324 | % ® b4 X
15k f12-5-67 | OLo9 1U/13 5 29 0 01k 0,500 0.070 5565 | 32k [X X X X
155 [r2-5-67 | olad /13 5 3k 0 017 0.500 0,085 5 670 | 23-2k | X X X X No digistal date racorded
156 [12-5-67 | olko /123 5 39 0.05¢ 0.500 0 250 5920 | 232k [ x X X X
1554 |12-5-67 | obsa /13 5 L1 0 017 0,500 0.085 5008 | 2324 | X X X X
157 |12=5-67 | 0501 /13 3 b7 0.100 O 500 0.300 6,305 | 23-3% X X X X
158 l2-5-67 | 051k w3 2 Lg 0.150 O 500 0,300 6 605 | 23-24% | % % % *
159 [L2-5-67 | 0524 T 13 1 50 1.000 1060 t.605 | 232 [ X X X X
L7l |l2-5-67 | 0702 Ir/18 5 [ .01k 0.186 0.070 1.070 { 23-2L X X X X
172 {12-5-671 | oTih IF/15 5 11 ¢ 07 0,183 0. 085 1.155 | 23-24 X X X X P-Ui5 cueationuble
173 |12-5-67 | 0722 IF/15 5 16 0.050 0.150 0 250 1.kos | 23-2b X b4 X X
17k fa2-5-67 | o129 IF/15 3 19 0.100 0.100 0 300 1,705 | 23-2% [ x X X X
175 [12-5-47 | o738 s 2 2t 0.150 0.050 0.300 2,005 | 23-2L X X X X
176 {12-5-61 | oThB IF/15 5 26 c.01k 0.500 o 070 2.075 | 23-24 { X X x X
177 r2-5-67 | 0156 1r/15 2 28 0.017 0.500 0.03h 2.109 | 23-2h X % X X
1TTA h2-3-67 | o8o2 IFf15 5 33 0.017 0.500 0.085 2 3ol | oezab *lx X X %
178 [12-5-67 | 0818 IF/15 H 38 0.050 0.500 0.250 2,bhY | 23-2h X X X X
179 [12-5-67 | 0826 /15 3 k1 0.100 0.500 0,300 2.0 | 23-20 X X X X
180 12-5-67 | 0434 1F/15 2 L3 0 150 0.500 0 300 3.0kl | 23-21 X X X b3
181 [12-5-67 | ohe Ir/15 1 L 1 000 1,000 Y04k | 2324 [ X x X X
160 [12-5-67 | 0923 I/ 5 8 0.014 0 186 0.070 3.07¢ | 23-24 X x X X P-31 bad
161 [r2-5-61 | ogls ID/3Y 5 13 0.017 0.183 0.085 3.155 | 23-24 [ X X X X
162 |12-5-67 | 101k ID/1k 5 18 0.050 0.150 0.250 3.h05 { 23-2k X X X X
163 |12-5-67 | 202k mhak | 3 21 0.200 0.100 0.300 3705 | 232k | % x X X
164 12-5-67 | lokk ID/1k . 2 22 0.150 0.050 Q.300 4,005 | 23-24 X X X X
165 [a2-5-67 | losh 10/ 5 4 0.01k 0,500 a.070 L.oT5 | 23-2h X X x X
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{29 NVYI) 209% WYOJ DSH

Latch valye pooftion
Cumu=
O I B ety et el e L ) e P el o —
location pulses aee anc ¥ de
o fclofjcto|ejo|c¢c ’
166 |12-5-6T | 110k /3 3 R 0.017 0.500 0.085 4 260 | 23-2b X X X X ’
167 |12-5-67 | 1115 /14 5 37 0.050 0.500 0.250 L.h1p [ 23-2L X X X X
168 |12-5-67 | 1143 /1L 3 Ly 0.100 0.500 0,300 o710 | 23.2k | X X X X
169 [12-5-67 | 1153 In/1k 2 b3 0 150 0.500 0. 300 5010 { 2320 X X X X
170 |12-5-67 | 1203 ID/14 1 2 1 000 1 000 6.010 | 2324 [ X X X X
182 |12-5-67 | 1315 15/16 5 [ 0 Okb 0.186 0.0T0 2.677 | 23-2b X X X X
183 [12.5-67 | 1326 1516 5 11 0.017 0.183 0.085 2,762 | 23-2b [ X X X X
184 {12-5-67 | 1337 I5/16 5 16 0.05¢ 0,150 0 250 3,012 | 23-3% X X X X
185 |12-5-67 { 1347 15/16 3 19 0.100 0.160 0,300 3.32 | 232k [ X 4 X X
186 f[12-5-67 | 1357 18/16 2 21 0.150 Q050 0.300 3.612 [ 232 | X X x X
187 {12-5-67 | 1ko@ Is/16 5 26 0.01k 0.500 0.070 3.602 | 23-2% X X H X
188 |12-5-6T7 | Lo 15/16 5 3 ¢ o7 0.500 0,085 3,767 | 23-24 X X X b3
189 |12-3-67 | 1bag 15/16 L k! 0 050 0.500 9.250 Lk.o17 | 23.2b X X b4 X
190 [12-5-67 | ikko 5/16 3 k-] ¢ 100 0.500 0.300 y.317 [ 23-2% X X ¥ X
191 [12-5-67 | a5RS 18/16 2 b1 0 150 ©.500 0.300 b 617 | 23-2h X X X x
192 [12-5-67 | 1530 16/16 1 kg 1.000 1.000 5 617 | 23-24 X b X X
25h 22-5-67 | 1600 wo/2 5 U7 o 017 0.233 0.085 yogs | as-2h | x X x X Piring progran mlopstehed
!i‘hnne 1x '— Hiuuicin D\xt;y Cytileu
BloeY A=l —= IM-1 Minojon Phose 7T {Separation}
1 |12-5-67 | 2nka uiifiy o 8 3779 3719 7.789 | 23-2h X X X X
mDf2 n 58 2 00 2,008 6,103
vF/3 2 L5 0033 0.033 L.os5
e/ é 55 1787 1957 | T.8%2
IIIW/5 15 63 1,132 1,132 5,227
I1ID/6 & 66 2.18% 2.125 £.135
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Lateh valye position
Engine no. Cupma~ on tizme | SV | ypye _
Ran no.l  Deta T‘i:e, 10:1::1 o ::in:: ;:ti‘:: Onn:tm. orrn::m' thi:e:"n‘ u:::éi;:. mt”:ﬁ“ shi::::;ru 13:1:;:2;; ci:;z;tu (1:‘::?1: Resorks
olclofle|loflc |o|e
IIIF/T 2 uT 0.032 0,032 k.3k2
II1s/8 F ¥4 1.7k 1.743 n 753
I/ 21 63 2.14h 2.1 6.15Y
T10/10 q sz | 1663 1.063 5 373
IIF/11 2 uk 0,030 0.0340 3 990
11812 [ 50 | LTS 1759 1.7169
10/13 [} 50 | 0.000 0.000 1,605
ID/ak 26 70 1.k22 1.ha2 1.b32
IF/13 2z | uw | o.036 0,036 | b.0Bo
18/16 5 by 1.802 1.802 T.419
Phase II] = Migaion duty cycles
Dlock A-2 ~— IM-) minafon phase 9 {first DP5 burn)
1 |12-5-6T | R1eT vUfL &y | o7 3,969 1.9%9 9 758 X X X X
1vD/2 n 3] 1.082 1092 7.195
WF/3 2 144 0,032 4.032 4.087
WS/l 2 57 0032 0.032 T 88k
IITy/s 10 73 3.h91 3.451 9.718
1Ip/6 gz | 228 5,262 5.262 | 11397
IITLF/T 2 ug 0.033 0.033 4 ar5
IITs/8 2 49 0 033 0.033 5 786
1109 37 100 1478 1.L78 T 632
IIG/30 0 52 C.C00 0,000 5.373
IIF/11 2 it3 0.032 0.032 022
I15/12 2 52 0.033 0.033 T.802 '
/13 ? 9 2.291, 2,291 9.896
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Lateh valve poclticon
Tim, |EVEINC 30|y, oo SUS” | On tiwg, [OFf time, t:;;““ g:ltmil;e v:;::;e Maln Cluster | Inter- Cross ———

Fun po.p  Date hx h::gim pulaea ;:ﬁ:s sec see “:un, on:tmn, ¥ ae | Ehuterfn foolationfconmects Tecds

[ [ "] [ 0 [ o] ]
1D/14 8 i) 2.8hl 2 64y {16,276
IF/15 a La 0.036 0.036 U116
1S/16 2 Ly © 035 0,435 T.u5%

1 [12-5-67 | 2152 WU/ 33 1o 2.106 2,106 11,860 | 23-24 X X X X
/e 8 7 1 4oL 1.koa B 686
1Pl 3 1) 0 7 D 0T %304
IVE/h o 5T i) 0.000 T 8%
II0/5 7 8z 2.263 2.263 | 11.381
TEID/G W | 272 2 53h 2,53 | aagm
IITF/Y 0 Lo 0.000 0 000 b.3rs
IT15/8 1 50 o o5 0.085 5.811
I/ 1y |19 1.668 1 668 9.300
Iin/x0 2 1 0 263 6.263 5,636
IIF/11 i [y 0.016 0 016 L.038
Irshz 0 s G 000 0 000 7.802
/13 -4 61 0.1%3 0.1%3 | 10,039
pef4t] 9 a7 1 Bobs 1 8ok 1z.170
Ir/15 0 ug o 000 0.000 L.116
p:7413 1 50 o o8t 0 087 7,541

Phnpe IIT l_ Misgion duty cyslen
Bleck Aw3 — LM-) :nilan!on phase II (nelcondl DPS: blurn-}‘im-ﬂru: APS burn),

1 pe-5-67 | 2236 Ivu/x 67 J207 |10 Tu6 10,745 |22.610 |&3-24 x X X X
vp/2 55 [132 7.168 T.168  |25.854
I3 It 65 0.627 0 627 b,732
Iv¥6/L 1% 71 0.423 0.L23 8.307
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- o Latick valve positian
Engine no. Cumu- On time e VYolve Inter- Cross
fun no, Date T::?' Jo:::ioﬂ ::15:: i:;é:: onn:tm’ Offnzime. thl:c:un, oi:gi::, vu#h:&u, nhﬁt’;m i:i:::::n connecta feeds Renarks
o|c o Jo [o |¢ <
TIIW/s 63 | 150 T 6l 7 6h9 | 10,630
II1Ib}6 1% 257 15 7Y 15 Tih 29 L5
11IF/7 15 64 0.351 0,391 L 786
TII5/8 17 6T 1.138 1.138 T 009
IIH/G T8 | 19T | 12 246 12 alé | 21 sk6
11D/10 8 62 1,760 1.768 7 4ok
ITF/11 17 ] 0.62§ 0626 b 86k
I158/12 1l 66 0 h2o 0.429 § 231
/13 21 ik 3.719 3.219 13 058
ID/ik 6. | 148 | 10019 10,119 | 2o 89
IF/25 15 63 0 bp3 0 k23 L 539
18/16 17 67 1146 1166 8.7107
Phase IIT == Mission dutv cyclen
Block Aul = Li~1 missicn phose 13 (second APS burn)
1 [12-6-6T | 0013 IvU/x ki 239 0.832 0 832 23.h%2 | 23.5h X X

Ivn/2 1oz 234 13,300 13,308 29 162 L
IVF/3 1z T 0 304 0. 300 5 035
s/ ] T9 0.185 0.185 8 hg2
1IIU/5 g 267 1.1kg 149 | 20,979
IIID/6 Ly |3 2,367 2,347 | 3 992
IIIFFY ] 3 0.268 9,268 5 034
TL15¢8 19 Kkt a.212 9.212 T.22%
1I0/9 17 21h 0-633 0,613 | 22 159

' /20 | 158 | 220 | 29.509 29.509 | 36 513
IIF/11 11 15 0.27L 0.271 b4 533
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{Lg NVIM) 909€ WH0Jd JSKW

inteh velve position
Eagine no. i on time | o= | yalve i}
Fun no.| Date le;:'t. h:::,.m ﬁziﬂ:: ;:;’::: Onnzémc. Off‘:iml wi:e:m' ;:Ez:‘:' vu:t;gc, nhﬂw}n igi:‘::fgn ::::::tn g:g:: Renarks
. o |cfjo |c o |e |a]e@
118/12 T T3 0.187 0.187 8.8
IU/13 2 8l 0 308 0,386 13.6b6
ID/1Y 169 317 | 45 o8h 45,06l 61.353
s & 69 o 16 6,116 b.645
/1% 10 ki 232 0.232 8 939
Fhape IV — opecial duty cyclen
Bleck B-1 — Twe engine operation-simultanecus pulaing
1 12.6-67 | G346 1vs/h 10 89 o 017 0,183 0,170 8.662 | 23-2k X X X
118/12 1o 83 &.017 0.183 0170 8§ 588
2 12-6-6T7 | olky vs/h 16 4% . 050 0.150 0,500 9.162 | a3-2k | % X X X
I18/12 10 93 0,050 0,150 0.500 9.088
3 {12-6-67 | G509 1vs/h 1w 109 0 150 0.050 1.500 10 662 | 23-24 x x X b4
115{33 10 10 <450 .05 1.500 10,588
] 12-6-67 | 0522 ws/h 1 11¢ 0.200 0,200 10.862 | 2324 X X X X
118/22 1 | a0k 0.200 0200 | 10.188 .
] 12-6-67 { ofz0 I118/0 1% 87 o 017 01493 0.170 T+391 { 23-2L X X 1 X
18116 10 87 0.017 0.183 o 170 9 09
[ 12-6-67 | o8hkk ITI5/8 10 9T O 050 0.150 0.500 T.891 | 23-24 x X X X
18116 10 97 0.050 0.150 | o0.500 9.609
7 12-6-67 | 085k III5/8 1w 07 0.150 0.05¢ L 500 94391, | 23-24 x X X ¥
18/16 10 {207 0.150 0.050 1.500 | 11 09
i} 12-6-67 | o%07 111848 1 108 0.200 0.200 9.591 | 23-2k x X X ¥
IB/16 1 | 108 0.200 0,200 | 11.309
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(L9 NVIT) 8098 WYOJ DS

loteh valve positison
Cumu-
on vl mote | T | Tl off L) on ehneforr e 1N | et | ] comeenan | oo —
locetion pulaen sec ace ¥de
! ole foje e jec Jo|c@
Fhane IV = ppecini dulby evelen
Block B-2 = four enklne operation-simultancous pulsing
1 12.6-67 | 1005 Ivs/h 10 120 ¢,017 0 183 ©.170 11.032 | 23-7h X X X X
rrs/8 | 1o f 118 | o0.0x7 | 6283 | D10 | 976
o2 19 | kb 0,017 0.103 D.1T0 | 29.332
U713 10 9l 0.017 0 283 0.1T70 13,816
2 12-6-6T7 | 1023 s/ 10 130 ¢.050 0 150 0.500 11,532 | 23-24 X X X X
ITIS/8 12 128 0,050 € 150 0,500 16,261
IvD/2 10 | 254 0.050 0 150 0.500 | 29.832
w/13 1o | 10k 0.050 | 03150 0.500 [ 24.316
3 12.6-6T | 1032 ws/h 5 135 0 150 0.050 0.750 12 282 | 23-24 X X X X
1Iis/8 5 113 3,150 9,950 0,750 11,013
Iv/2 5 | 259 0.150 0.050 0.150 | 30,582
/13 5 | 109 0,150 0.050 0.75¢ | 25.066
L |12«6-6T | 10k} s/ 1] 136 4,200 0,200 | 12 kB2 [ 23-24 | X X X x
1113}8 1 134 0,200 o200 | w211 .
/2 1 260 0,200 0 200 30.782
TU/13 1 | 10 0,000 0.200 | 15.266
Phana 1V = specinl duty cveleo
Block D=3 — four englne operation-two enginer pulping, tvo steady stote
1 |az-6-67 | x107 vs/h 1| 137 .81 0.8:7 | 13,299 | 23-24 X x E x
TI15/8 1| 135 e.817 o.6rt [ 12 028
IvDf2 5 | aés 0.017 o 183 0085 | 30.867
Iu/13 5 113 0.017 0.183 0.085. | 15.351
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Lateh valve positien
Cumu-
Engine no, Curu- On time Volve
Time Ho. of| (n tize,|OfT tipe lative Heln Cluster { Inter— Crann
fun noq Dake ' wd } lative ! ] *jthin yun vourage, | Rewarks
hr 1ocetion prloen puleos aec pec see * on:;m, v de ’ fa |isolmtion|conneets fecda
0 [+ 1} c o ¢ 0 4
T
Phoge IV ~— apecial duty cyeles
Block D-1 — pregsure swiich evaluation, otart on=tizmes
L ]12-8-67 | =223 1vpiz 50 | 215 0.014 o 266 @ 700 { 3L 56T | 23-24 | X x X X
IIrs/8 50 [ 185 .01k 9,186 0.700 | 12.728
IV5/h 50 | 187 G.00% 0.186 0100 | 18,959
1IF/2 50 | aes 0.01L 0 186 Q 700 5.635
2 |12-6-87 | 2236 vn/2 58 [ 385 G.01) 0.186 0,700 | 32.267 | 20-B1 | X X X X
1115/8 0 235 0,014 0.188 @.700 13.428 .
e/l 50 {237 .01k 0 186 o700 | 1k.699
LIF/1L 50 175 G.0L% 0,186 0,700 6,335
Phose IV — apecial duty cycles
Block D-2 — pressure aviteh evaluation, off-limits
2 12-6-87 | 2250 vp/a S0 L1s o oth 0,036 Q.00 32,967 | 20-21 x X b3 2
rIrs/8 50 [ 295 0.0LY 0.636 0.700 | 1h.128
vs/b 50 | 287 .01k 0,036 0.700 | 15.399
EIF/11 50 | 225 0 0L 036 0.700 7.035
. Phane 1Y = speeinl dubty cveles
Block D-3 ~—— pregsure switch evaluation, stort on-times
1 [12-6-87 | 2302 Iv/z2 20 | k3s o 012 2,500 o.zho | 33.207 | 2021 QX X X %
1315/8 20 | 305 0.012 2,500 0.2k | 2b.368
ve/h z0 3ot 0.012 2,500 o.240 15.639
LIF/1L 90 245 £.012 2 9500 D hh 7213
Hlogk D-2 — cébntinued
1 |a2-6-67 | 2323 | xvp/2 50 fues | e.oxd | 003 | o.oo | 33.907 [
Irrs/8 1 5o 355 0,00 0, 036, 0700 15.06RY
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cum Latch valye position
Engine no. Curma- On time o N
S I S e el Rl Sl B R e | —
0 c o [+
tvs/h 50 357 0,01k ©.036 0,100 16,339
v/ S0 | 295 0,014 0,036 0,700 T.975
Block D-3 — conti
2 [12-5-67 | 2346 /2 20 | 505 0.012 2.560 0.240 3,147 X X
I118/8 20 375 0.012 2.500 0.2ho 15.308
Ivs/4 20 | 3T 0.012 2,500 0.240 | 16 579
IIF/11 20 | 215 0.012 2.500 0.240 8.21%
Phaoe 1¥ — apeeinl duty cyclea
Block D.5 == prespure gwitch eveluation, cxidizer celd flowa
€& {12-T-67 | o101 vo/z 1 | 506 0.100 0,100 | 3k.2k7 X X
. 1318/8 1 36 3.100 9 100 15,408
116k 1| 318 ©.100 0,100 | 16.6T%
IIF/11 1 ne6 0.100 0 109 8 315
2 12.T=6% | o3 I1518/8 16 386 0.075 0.125 Q 750 16 158 X X
3 | 12-T-67 { 0301 1z8/4 n | 388 0.075 0.105 o075 | 17 ke X X
Phape 1Y — ppecdal duty sysles
Block H-1 = pulae width of less than minlmum impulse, engine 11T §/8
1 12767 | 0537 Ivesu H 389 0,004 2.500 0.00k 17,432 X b1
"1 | 300 0,00l 2,500 o.00k | 1T k37 .
1 391 6.020 0.020 | 17.L57
2 12-1-67 | 0553 1vs/h 13 39z 0.006 2.500 0.006 { AT 463 X X
1 [ 33 0,008 2,500 v.005 | 27.k69
1 | agh 0.020 0.020 | 27.48%
3 12-T-67 | 071t 1vath 1 195 3.007 2.50% 0.007 17.1og X X
) bt}n diresd coil only.
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Cumye

Lateh valve position

Engine no. Cumu- On time Valve .
T Tl Il N A s b bl L Syl S 5 e v e R Reansis
o ale jotelolclolc
1 396 0.007 2 500 0.007 17.503
1 | 39t 0 020 0.020 | 17.523
3 12-7-67 | 0733 wsfk 1 398 ©.008 2.500 D408 | 17.531 | 23-2h x % b4 X
1 399 0.008 2.500 0006 17.53%
1 | koo 0.020 0.020 | 17.559
5 12-7-67 | athy ek 1 | hoy 0,009 2,500 G008} AT.566 | 232k X % x b1
2 Loz 0.009 2 500 0.009 17.577
1 ko3 0 020 O 020 17,597
& |12-7-67 | 0806 Iv8/y 1 | wou Q.04 2.500 a.000 fur 6o b e32k | X % % %
P 1 Las 0,010 2,500 0.010 17 617
1 1 0,020 9.020 17.637
Phaoe IV — opecicl duty cyclen -
Block H-2 — pulne width of lecs then minimm jmpulse, engine 1I FA11
T |12-7-67 | obls EIF/11 ot 0,00k 2,500 o 00k 8,39 [ 23-2h | X X X X
. . 1| nd 0,004 2,500 .00k 8,323
. 1| one 0.020 ©.020 8,343
8  |12-7-67 [ ogho IIF/11 | 320 0.006 2.500 0.006 8,34 | 2324 | X X X X
1 321 0.006 2,500 0.006 B.35%
1| 322 0.020 0.020 8.375 '
9 [12-7-67 | 0558 1IFf11 1 | 323 D 007 2,500 0,007 8.382 | 23-24 | X x X X
| o32h 0.007 2.500 0.007 8,309
2 | 325 0 020 0,020 8.h09
10 12.7-67 | 1013 1 1 326 0.008 2.500 0.008 8.u17 | 23-24 X X X X
1 32T 6.008 2.500 0,008 8,hzs
1 e D020 o020 8 ukg
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Listeh yalve po Ling

Eagine no. ffupi- On timg | SUMU= Valve -
Run no,| Date T;:E. and Ngi Of] )ty | ON tire,| OFF tdme,l ol S o lnt:ve volage, [ Huln | Cluatur | Intes~ | oroce P
focation |PULOCE pulaca sea sue see onu:em, vae | wtolts |iaclation]eontcel, e i
L] [ [¢] ¢ [ ¢ Q 14
U [12-T-67 | 1023 IIF/11 1| 3w ¢ ang 2500 0.005 A.Lsh § e3an | X 18 ) X
1 | 3 Q 09 500 o 069 8.163
1 |3 0 020 0.020 8.183
12 12-7-67 F 1033 LIF/12 1 | xok Q.01¢ 2,500 @00 | 10798 | 23.0h % % ¥ %
1 185 0,010 2 500 6,010 16,808
1 106 0.020 ©¢.020 10 828
Phaee IV ~— apecial duty cycles
Blegk -1 =— short pulne vldth sooling efregts, insulated engine|.
1 NR-T-61 b oasez 1110/6 S0 | 3% 0.007 0,183 2.850 3z.0%2 | 2324 ] x ¥ X X
2 |12-7-67 | 1656 TIID/6 5¢ | b3 6027 0.283 0,050 | 33692 | es.2h | X X 13 X
3 12-7-67 | 1723 IIID/6 50 481 Q.0LT 0.3683 0,850 .ske | 23.eb X X S X
L J13-7-67 | 17e7 IIID/6 50 | 53 0,017 0.483 0.05¢ | 335.392 | 23-2h [ X X X X
5 12-7-67 | 1fb2 IIT0/6 50 | 501 &.017 0,983 ¢.850 36,242 | 23-2 [ X X X X
6 |12-7-67 | 1853 TII0/6 50 | 631 .07 2 500 0.85 { 3t.c92l 23.24 | % % % X =256 failed
Phape IV === gpeeinl duty gycles
Block M-1 — elunter Insulation evealuation, insulated enginc
1 12-7-67 | 1911 INn/é 1 632 20.000 20,000 57.092 | 23-2h X X X X
1w | suz 0.017 0.183 0,170 | 57 262
Fhase IV = gpecial duty cycles
Dlock L-2 — short pulse width cooling effests, uninsulnted eazine
1 112-7-67 { 1948 1D/1% so | 26T 0.0%T 0.183 0,850 | 68,2031 2324 | X X x X
2 12-T-8T7 [ 2013 ID/1h 50 17 0.0LT 0.283 ¢, 850 69,053 | 23-2k X X X b4
3 12-T-6T | 2025 In/1b 50 46T 4.017 0 383 0,850 £9.903 | 23-2k X X X 4
b la2-7-67| 2037 Ip/1k 50 ) 517 0 027 0.k83 0.850 | T0.753 | 23-2k | X X X X
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Latch volve positicn

Cusai~
Engine no. Cumi- On time Valve
Time Ho, of) On time,|Off time, dative Modn Cluster | Inter- Croan + Remarks
Fun no.| [Dnte e lo::€!on pulaen ::;::: acc see thl:ezun, vnﬂ:émc. vo&t:ge, shutoffs | isolation|connoeto feads
eleflolecfjoleijo]e
- 12-T-6%1 | 2112 In/1k 50 567 0 017 0.983 o 850 TL.603 | a3-2k X X X b '
& J1a-1-6% | 218k 0/1k 50 | 61T 6.017 2,500 0.850 § Te.hs3 ) 232h % % X .
Phane Y = ppecinl duty cycleo
Blosk M=2 — cluster jnoulation evaluatlon, uninsulated engine
2 [1e-T-&7 | 2200 In/14 1 | 618 | 20 0o0 20,000 | 92.k53 | 23-2h | X X X X
1w | 628 0.017 0.183 0179 | 92.623
Fhoge IV — opeclial duty cyclen
DBlack B-3 == tuo sngines pulsing, tvo engines stendy otate
2 12-8-67 § 0151 pALTY 1 W7 0 850 0.850 ] IB.NBY | 23.2L X x X X
II15/8 1 387 0.850 o 850 | 17 com
wo/2 5 | 511 | 0.050 0.150 | o0.250 | 3kt
A3 5 120 0.050 0,150 ¢.250 15 516
3 12-8-67 | o2ls ¥5/% 1 408 0.550 0.550 15 037 | 23-2k ¥ X X X
1113/6 1 388 0.450 ¢ 550 | 17 558
wo/2 3 [ s |Touso | 0.050 | o.so | Bh.evT
/13 3 | 123 0 150 0.050 0.h50 { 15.966
Fhase IV ~— npecinl duty eyelen
Block B-U — four cngine operstien, pulaing cut of phase
1 |1e-8-67 | oko | IvD/fZ 0 |52 § oorr | o83 | o.uto | 35.aa7q 23-a% | X % % i Englnes b and 12 1ead engines 2 and 13
/13 0 | 123 6,017 0.183 ¢.170 | 16 136 by 50 maes {1 through 5}
vs/k w0 | hag 0.054 0 146 050 | 19.517
115832 e 26 0 05k 0.1%6 0.5%0 | A1 368
2 |12.8-67 | olbka wvD/2 10 | 53b 0.0%7 0,183 0,170 | 35 287 [ 23-2k | x X X X
15413 10 | 1k3 0.017 0,183 ¢.170 | 16.306 .
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cun Latch valve position
Fagine no. Cumi~ On time = | Valve
S Bl g I e el el ot e R e T B e I e
oo ofejole|lofcecio| e
vs/h 1g | bog 0,050 0 150 0.500 | 20.0717
115/12 0 |16 | oos0 [ 6150 | 0.500 | 11.868
3 12-8-67 | ak5é vp/a 10 ehk 0 017 0183 0.170 35 bsT | 23-24 X x x X
/13 16 153 .07 0183 9170 16.476
IVS/Y 10 Y3h o.0uB 0,152 0480 | 20,557
118/12 10 136 0.0l 0,152 0.k80 } 12,348
L {12-B=6T | 0506 IVD/2 10} 55% 0.017 0.133 0.170 | 35 €27 | 23-2h | X 2 X X Progratt nidpateh
/13 10 | 163 2,017 0133 0.170 | 18.6L6
Tvg/h 10 | ua %.0L5 a 15h a6 1 .o
1s/12 0 | ab6 @ olé 0 154 o.kéo | 22 808
H 12-8-~67 | 0521 Ivo/2 10 564 0.017 0133 0,170 35 797 | 23-2h X X X X Trogram mispateh
/13 10 173 0.017 0.133 0.170 16,816
e/l 0 { ksg .04y 6.156 0.44p | 21.L87
115/12 i0 156 0 Obh 0,136 0.534%0 | 23.2u8
6 |12-8-67 | o538 Tin/2 5 | 56y 0.050 0150 0.250 | 36 oy | 20-24 | x X b4 X Enginea b eng 12 deod engines 2 nnd 13
by 100 miee {6 throush 10}
/13 5 | 278 0.05¢ G 150 0.250 | 17 066
We/% b3 RT:X] 0 10y b 055 0.520 } 21 9717 )
T18/12 5 [ 16 0.104 6 096 0.520 | 13 T68
T | 12-8-67 | o550 Wh/e 5 T4 0 050 0 150 0250 | 36 297 | 2324 X X i ¥
1U/13 3 183 G 050 0,150 0.250 | 17.316
EVESY 5 4 ues LR 0,100 o508 | 22 W11
I15/12 5 | 168 0 100 0,100 0500 | 1b 260
3 |12-8-87} o090 IVD/2 5 579 0,050 0 150 0.240 | 36.5L7 | 23-2L X b ¥ X
TU/13 5 | 188 0 050 0.150 02350 | 17.%66
Ive/h 5 L73 0.058 0,102 c.hoo | 22.967 .
L15/12 5 | in 0 098 0.102 o hoo | 1h,758
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Tateh valye pasitfon
Engine no, Cuwmu on time | Y | vy, N
R no. Dete T‘::c’ lnzzn’:im gz-"l-n‘:: i‘:::':: Onu:m. Oﬂ":im, thi:e:un, ;:EZ;:. vo%tzge, nh}::‘ér;rn 1::;1;:::; cf:::g!‘:ltn gz:g: Razarka

0 ¢ ] C 4] C [¢] C

¢ |12-8-67 | otz0 vD/2 5 58L 0.050 0.150 0,250 36,797 | 23-2 X X X X
/13 5 | 93 o 650 o 150 0.250 | 17.816
WS/ P |V 0.056 0.104 o.hBa | 23.u%7
118112 5 176 0.056 c.lob 0. k8o 15,238

0 12-0-67 { 0129 vafz 5 Fie] a G50 0 150 0.250 37.047 [ 23-a, X X X X
LAY 5 ) 158 .65 9.150 ©.250 ) 38,066
sy 5 [1:k3 6.0k 0.106 o.bto 23,917
1I8/32 7 181 0 09l 0 106 0.4T0 15.708

Phooe IV = special duty cycles
Block D=5 — six engine operation, simultensous pulaing

T |12-8-67 | O9u3 ITEfAL 7 10 [ 0,017 ¢, 183 0.170 8.653 | 23-al | x X X X
IIIR/ ¢ 10 83 G.017 0.183 0,170 5.20%
11/10 10 230 0.017 0,183 0,170 37.083
IU/x3 10 208 0.017 ©.183 0.17¢ 18.236
™ Y 2uy 0017 0.183 0,170 23.612
IIIb/6 W0 | 652 0.027 0.183 0.170 | 57.h32

2 12-8-67 | 2002 ITF/11 5 3hg 0.050 0.150 0.a50 8.903 [ 23-24 X X X X
II“‘:‘? El ] 030 0,250 0.250 5.u5L
IID/10 s |23 0.050 0,150 0.250 | 37.333
/13 5 213 0.050 0.150 0.250 18.%86
IfL 5 25% 0.050 2.15¢ £0.250 | 23.862
' I1IIn/6 5 | &7 0.050 0.150 0.250 | 57.682

3 {12-8-67 | 102% IIF/21 3 |3 0,150 0.050 0.450 9.353 §23-24 | X X X X
IR/ 3 A 0,150 0050 e.k5a 5,904
I1ID/10 3 238 0.150 0,050 0.450 37.783
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Cup~

Lotch walve pooftion

Engine no. Curu= on time Yalve -
Run mo.f Date Té:-n' 1::2:1,,, ;3.';5:: ‘Lllaii:: on"::m. orrﬂ:t“, th!.:u:\m. ain:i:, vo%t:ge, nhf::f!?ru i:t?::;:n ctx:::zztn g’;:;: Remurkn

e o]l clo|cfolec|ofc
10713 3 | a6 0.150 0.050 0.450 | 18.936
v/l 3 257 0,150 0,050 0,450 2h, 312
IIID/§ 3 | s60 0,150 0,050 0. 450 58,132

L Jra2-8-47 ] 1035 1IF/11 1| 350 0.200 0.200 % 553 [ 23-z4 [ X X X X
IIIF/7 1 92 0.200 0,200 6,10l
1ID/10 A 0,209 9,200 37,583
/3 1 | a7 0.200 0.200 | 19.136
VUL 1 | es8 0 200 0200 | 2b.512
TETL/6 1 661 0,280 ©.200 58,332

Pheoe IV = ppecial duty cycles
Block, B=f — aix toadnt operatitn - four engines pwlsing, two stoady mtate

A [12aB-6T | 1056 TIF/1 L | 0.570 0.570 | 10,123 | 23.2h | X X X X
TIIF/T 1 93 0.570 0.570 6.6Tk
11D/10 3 | 2b2 0.017 0.183 o051 | 38.03k
/13 3 220 ©.017 0,183 €.051 19,187
IVU/L 3 | 261 ©.017 0 183 0.051 | 24,563
IIID/6 3 | 6% 0 017 0.183 0,051 | 58.383

2 |1e-8-67 | 2116 IIF/1 1| e o is50 0450 [ 100573 | 23-2% (X x X X
. 11IF/T 1 94 0.450 0.ks0 T.12k
1ID/10 3 | ek 0.0%0 0,150 0.150 | 3d.28b
w3 3 223 0 050 9,150 0150 19.337
IVU/1 3 | 26k 0,050 0.150 0.150 | 24,713
IIID/6 | 3 | 66% 0.050 0,140 Q 150 88,533

y3uy 1S31 TVIIWIHIONHIHL ——

=4
m o
O
TR
=
;o%
T
o
o
’_I
—2
=D
m
-
zm
m ©
ﬂz
o v
m
o
m
s
R
i
V3




(L9 N¥r} 809€ W4O4 ISW

Latch valve pesitien
Cumu-
o] pote | T |00 P e ot Bk | o wafoct tan 0T ) Juie okt s setestonosmvece | i resnre
location pulesec nae ooc ' VYde
aJe]ole]ole]o] e
Phase IY — ppecinl du;.y cyeles
Blogk B~ === eight engine cperaticn, pulming out of phase
L {12-8-67 { 1k22 T10/10 5 | 250 0.05h 0,146 0.270 | 38.454 | 23.2h | X X X X HOTE. Engines 10, 13, 1, and 6 lesd
engines 11, 36, 3, and 8 by 50 muce
in yuns 1 %o 5 and by 100 mpec in
runs & te L0
A3 5 | 228 0.054 9 146 2,210 | 19.607
/), 5 | 269 0.054 0.146 0.270 | 2u.983
IIID/6 5 | 672 0,054 0.146 0.270 | 58 603
IXF/1L 5 357 0.017 0.183 0.085 10 658
15116 E 82 © 01T 9,183 0.085 g.024
IvF/3 5 b2 0.017 0.183 0,005 $.120
1X15/8 H 383 0,017 0,183 o 085 17.543
2 | 12-8-67 | 1sel 1Ib/i0 5 | 255 0.050 0,150 0.250 | 38 Tok | 23-zh [ X X X X
/13 5 | 233 0.050 0.150 0250 | 19 857
vu/), 5 | 3Tk 0.050 0150 0.25¢ | 25 233
IIIL/6 5 | e 0.050 0.150 0.250 | %9 053
ITFf1L 5 362 0.017 0133 0.085 1o 743 Program migpateh
15/16 % 81 0.017 0 133 0 085 9.109
IVF/3 5 a7 0 07 0,133 n 085 5 205
1118/8 5 90 0.037 £0.133 0,085 17.728
3 12-8-67 | 1541 110/10 S 260 0.048 0.152 0,240 38,0k | 23-2L X X f £
/13 5 | 238 0,008 0.152 0.2ko | 20 097
/1 5 120 0,040 0152 t2k0 | pe.h3
111/6 5 68p O kg ni15z 0.2ko 59.293
IIF/1a H 367 0.01T 0.183 0,085 10.828
18/16 ] a2 ¢.017 7,183 0.085 9,194
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Lkt valve po Hlion

Engine zo Cumu~- on time | DU | vave e Inler- Croas Wemarra
Fun no,| Date Té:c‘ 1:::210“ 2‘25“2: ;:;::: O"Ez:m, Orra:im' thi:nzun, oi:i;:, voétgsn. nhﬂé;m if::::I:n co:uectn faeds
plclolclolc |o]e
IVP/3 5 FR] 0,017 0,183 0,005 5:990
I1I8/8 5 Lo3 ©.017 9.182 o o5 17,613
W {12-B-67 | 2555 1Ip/19 5 | 265 0,0h6 0,154 0.230 | 39174 | 23-2k | x ¥ ¥ X
/23 5 2L3 0.046 0.15k 0.230 26.327
L s | 20u 0048 0,254 0.230 | 25.703
IIID/6 s 687 0.046 0.15k 0.230 59.523
IIF/11 5 | 372 0.017 0.183 o.085 | 10.913
18/16 § or 0 0LY 0,183 0.085 ¢ 279
/3 5 o7 ©.017 0 183 0.085 5.375
1118/6 5 Lod 0,017 0.183 o085 |17-898
s |12-8-67 | 1606 IID/1G s | 270 0,0kl 0.156 6.220 | 39 3% | 23-2% | % X X X
. /13 5 | 2u8 0,0Lk ¢.156 0220 | 20.547
™1 s | 289 0.0kL 0.156 6220 |25 9253
I1in/6 5 692 0.0k 0,156 0.220 59.T43
TIF/11 5 137 0.017 0.183 0,085 {10,998
16/16 5 [z |o0a7 | 0183 | 0085 | 9.364
IVF/3 5 | 102 0.017 0,153 0.085 4.460
IIT8/8 5 | L3 0,017 0.163 0.085 | 1T.983
6 [t2-B-6T ] 1618 IID/10 3 273 0.10k 0.096 0.312 139,706 | 23-8h X X X X
w3 3 251 0 10h ¢.0%6 0.312 20.85%
/1 3 [og2 0.1o0h 0 09§ 0,312 | 26.235
IIID/E 3 | 695 0,20k 0.096 0,332 | 60.055
IiF/11 3 380 0.950 0,150 0,156 | 11.2h8
16/16 3 185 0.050 0,150 G150 9.51Y
IVF/3 3 {105 0,050 9.150 .150 5.610
tt1e/8 3 |6 0.0%0 0.150 0450 | 18.133
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patch valye poaltion
Esgine no,; Cumy- On time | Tums- VYalve _
il Il IO et (T e iy LN on'tice| 8% antiorss | tsoltian| cancects | fens Remasks

o < M T10 C o ¢

r2-5-67f 1630 IIb/16 3 | 216 0,100 G 100 0,300 | ko.206 | 23-2b | x X X X
1U/13 3 | 254 0.100 0,100 6,300 | 21.159
pilisSY 3 255 0,100 0,100 0 300 26 535
11ID/6 3 | 68 1] 0.100 0.300 | 60,355
1IF/1) 3 | 363 0,050 0.150 0.150 | 11 208
1s/16 3 108 9,050 0,150 0.150 9 66U
IvF/a 3 1e8 0.050 0.150 0.150 5 760
1I15/8 3 | uo 0.050 6,150 0.150 | 18 283

12+B-57| 1640 IDFL0 3| 279 0.098 102 0,294 | Lo 300 | 23«2k | x X ¥ X
Iu/13 3 | a5t 0.098 0,102 0.294 | 21.u53
1¥U/2 3 [ 298 0.058 0102 0.204 | 26.829
I11B/6 3 700 ©.098 0.102 0.294 | 60.6k9
1IF/11 3 306 0.050 o 150 0,150 | 21,48
18/16 1 11 0.050 o 150 0.150 .81k
1VF3 3 j1m ©,050 0.150 0.150 5,910
II1s/8 3 kg2 0.050 @,150 0.150 18,5433

12-8-6T| 1649 IID/10 3 | 282 0.096 0,104 0,285 | Lo.588 | 23-24 | x X X X
1U/13 3 | et 0,096 0,104 0,288 | 21 W2
v/ 3 | 0.096 0.104 0.208 | 27.137
1IID/6 3 | tou ©.096 0.10% 0.288 60,937
337008 3 By 0.U50 0,150 0,150 11.598
18/16 3 |1k 0.050 ©,150 0,150 9.964
vr/3 3 |1 0.050 0,150 0.150 6.050
T315/8 3 ) ues ©.050 0,150 0,150 | 18 583

12-8-67 11D/10 3 pass 0,09k 0.106 0,282 | o Bro | 23-2h | x x x X
/13 3 | 263 0.08% 0,106 0,282 | 22.023
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cum Latch valve position
Engine no Cumu- On tinc o | Valve .
e e | | e 7, el U el ety | SR vt | S Resac
o|lc |ofcecjo]ec c
vu/L 3 304 0,09k 0.106 0,202 27.359
1IID/6 3 70T 0.054 0 105 0.282 61,219
ITIF/11 3 ag2 0.050 0 150 0,150 { 11,7uB
158/16 3 117 0 050 0.15¢ 0,150 10.11Y
IVF/3 3 117 0,050 0.150 0,150 6.210
IIT5/8 3 L28 0,050 C 150 0,150 | 1B.733
Phaose 1V — Block B8 — Night engine opevntion, nimultanrous yulaing
1 12-8-57 | 1952 Ivs/h 1 %93 0,017 0.183 0.170 24 087 | 23-24 X X b X
IF/LS 10 19 0,017 0,143 0.170 L 825
118/12 190 191 0,047 0.183 0.170 15.818
JIFM | Lo 1ch o OLT © 183 D,ATO 7,294
wp/2 16 599 0.017 0.183 0.17¢ | 37.217
IID/1¢ | 10 295 0,017 0.183 0.170 | 41.04D
I11p/6 { 10 ny .07 ¢ A03 0,170 | 61 380
{1k 1¢ 630 0,017 083 2.470 | 22,793
2 12-8-57 | 2005 Iva/h H 498 o 050 0.150 0 250 2h.337 | 23-2h % X X A
IF/15 5 8 0 050 0 156 0.250 5 075
Ti8/12 5 (0 O O LRV a4 250 16,148
LIIF/T 5 104 0,0%¢ 0,150 0 2450 Fa bkl
vD/2 5 6ol 0,050 0.150 0.250 | 37 h67
Ip/10 5 300 0 a%0 0 150 0.250 h1.290
IIID/6 5 T4 0,050 e 1.0 0.250 | 61.639 .
b1k 5 ha 0 990 0 1u ¢.250 | 93.043
3 |12-8-6T7 | 2111 e/l X Log 0,200 6.200 2h.537 | a3-2h X X X X
Ir/15 1 45 0,200 0.200 §.275
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Lateh velve ponition
Engine no Cuzu~ On time Cuem- Valve . Eromn
Fun no.| Date T;:‘- logigicu ;:i::t ;33::: Oﬂﬂ::==- °ffH::'=» thL:H:uﬂ- ,ﬁ:fi;ﬁ, '°¢t§§" nngfi;rs 1§t?3¥§5n ciﬁﬁiian r::ga Rearko
o|lc |ofjcjo]c |oic
118/12 1 197 0.200 0,200 16,320
IIIF/T 1 110 0.200 0.200 7.7hh
vp/2 1 605 0.200 0,200 | 37.667
D/1O L o 0,200 0,200 41,490 '
IIID/6 1 123 0.200 0.200 61.839
ID/1% 1 &hl ©.200 0.200 93.2k3
Phaoe IV — Block B=9 = Eight engine operavien = four cpglpe pulsing, four steady stata
1 |az-8-67 | 2121 Iv5 /k 3 502 0,017 0.183 0,051 | 2h,408 | 232k | X x % X
IFf15 3 il 0.017 0 183 €051 5.326 '
118/12 1 200 ©,017 0.183 0.05% 16.379
YITF/T 3 113 0,027 0183 0.051 7.795
VD2 i €06 0407 0. %11 | 30 oBu
1ID/10 1 302 0.h17 0.k27 41,507
1IID/6 1 ‘Tak o, L1y 0,17 62,256
D1k L i1 a lay 0,417 93,660
2 {12-8-67 | 2129 TVE/Y 3 505 0.050 0.150 0.150 | zb,738 [ 23-2h | x x X X
IF/15 3 o1 § 0,050 0.1%0 0.150 5.476
I1s/12 k| 203 0,050 0.150 0.350 16.529
I1IF/7 3 116 0.050 0,150 0,150 7.945
ivn/z 1 607 a,450 0.450 3B.53%
110/10 L 30 o.bs0 o, k5o | h2.387
I1IP/6 L {25 0.450 0,450 62,706
ID/1k 1 1 0.k50 0,450 | 9l 1x0
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Lateh valve pogition

Engine no. Sursu— tn tine | SU ) vatve er | Inter- troas
Run zo.|  Date 11‘1‘ J.u:::lm s 2:.1'.5:: ::ﬁ‘:: On::m. Oftnzém, *’M:c:m' ofl:ﬁ::. \m%t:ge, ﬂh::::‘tu 13‘1‘3:19'1 conneckn feeda Rrenarks
oleclofc]o]e c
Phane IV - Block Ba10 ~— Eight engine operutien‘, pulaing aut of phene
1 {12-8-67 | 221h VD2 5 612 0,054 0 Lu6 0270 | 38,80k | 23-2% | X X X X NOTE  Enginca 2, 13, G, and 9, lesd
wis | s | e | oos | ous | o.ero | caems gretnen’l 35, Ty gt 12 b7 20 ance
111D/6 5 730 0.05% 0 1k§ 0.270 | 62,576 runs 6 to 10
TIu/9 5 219 0,054 0.1k6 0.770 | 22,l29
v/l s 519 0.017 0,183 0.085 2h,823
IF/15 3 96 0.00T 0,183 0.085 5.561
1IIF/7 5 121 9.017 0,183 0.085 a.030
115/12 5 208 0,087 0,143 0.085 16,614
2 jie-B-67 | 22l 2 5 617 ¢.050 0,150 G 250 39.054 | 23-24 x X x X
/13 5 213 0.05¢ 0.150 0 250 | 22 5h3
IEID/6 5 135 0 050 0.150 0.250 | 63,226
/9 S 22h 0.050 0.250 0.250 22,679
ivs/h 5 515 0.017 0.183 0,085 | 2b 508
Ir15 g 101 0,017 0,183 0.085 5.646
IIIF/T H 126 Q.017 0.183 0.085 2.115
1E5/12 5 213 0,017 0.183 0.085 | 16.699
3 12-B=67 | 2227 Ivn/z g 622 0,048 C 152 2.2h0 39.204 | 23-2k X X X ¥
/13 ] 278 0.048 0.152 0.2ho 22,783
11I8/6 5 Tho o.0k8 0.152 0.24%0 63. 466
109 3 229 0,048 0,152 0,240 22,919
1vs/h s 520 0,017 ¢.163 0.005 2k,993
IF/15 s 106 0.017 0.:83 0.085 5.731
ITIFST 5 131 0.017 0.183 0.085 9,200
118/12 5 218 ¢ 017 0.183 0.085 | 16.76k !
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- cun Latch walve posithion
Engine no, Cupie On time u- Valye - Crooo n
S I R I R e e g BN e (o R v el o i
oljcJojc (ojc]o]|cC
b 12867 | 22471 | 1VD/2 5 g2y 004 | 0,154 0.230 | 3954 ] 23-2% | X X X X
IV k3 5 283 .06 | 0,154 0.230 | 23 0L3
III3/6 5 g 0.04 | o.1s4 0.230 | 63 696
1T0/9 5 23k 0.046 | 0.134 0.230 | 23.1hk9
g/l 5 525 0.017 | 0.383 0085 | 25.078
IF/15 5 111 o.011 | 0183 0.085 5 B16 .
13iF/7 5 136 o.011 | 0.183 0.085 8.285
118/12 5 223 0,017 6,183 ¢.005 16.86¢
5 j12.8-67 | 2252 | 1vpsz 5 632 0.0k | 0,156 0,220 | 39.T4h § 2324 | x X X X
) /a3 5 288 0.0Lk 0,156 0.220 23 233
I11D/6 5 50 0.04k | 0.158 0.220 | 63914
’ 1Iu/9 5 |2 | o.om | 0,156 0.220 | 23.369
e/l 5 530 0.017 | 0183 0.085 | 25.163
IF/25% E 116 0.017 0.183 ¢,085 5.901
IIIF/T 5 1k 0,017 0,183 . 085 B.370 X
11812 5 228 o017 [ 0283 0.085 | 16.95h
6 [12-B-67 | 2302 | 1IVD/2 3 635 o.ak | 0,096 0.312 40,056 | 2324 | X X X X
/L3 3 291 0.104 | 0,096 0.312 |23 5%
11ID}6 3 753 0.08 | 0.096 6,312 | 6u.228
ms 4 3 2u2 0.104 | 0.096 0.312 | 23.601
e/ 3 533 ¢.050 | 0.150 0.150 }25 N3
IF/AS 3 115 0.050 0.150 0.150 6 051
IIIF/T 3 13k 0050 | 0.150 0 150 8.520
115/12 3 a3 0.050 | 0,150 0.150 |17 10k
T |12-8-61 | 2307 vp/z 3 638 ¢.100 | 0,100 0.300 | Lo 356 | 2324 | X % X x
/13 3 294 ¢.100 0.100 0.300 23.845
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Cum Lateh valve positicn
-
e TRl Bl N s g il e B B I T A e e
oo ofec o feclole |oje
IIIDYG 3 156 0.100 | 0,100 2,300 | 6h 528
1te 3 2hs b0 | 6.100 0,300 | 23.981
Ive/h 3 536 0.05¢ | 0.150 0.150 | 25.h83
IF/15 3 122 0.050 | 0.150 0,150 6 201
IIIVST 3 bt 0 050 | du1s0 0.150 B.67
I8 12 3 254 6,050 [ 0,150 0.350 | 17 25k
B |12-8-67 | 2314 1VD/S2 3 641 6,058 | G.102 0,294 4o 650 [ 23-an | x X X X
w/13 3 57 0.008 0,102 0,291 24,139
1IID/§ 3 159 6,098 { 0.100 0.294 | 6L 822
IS 3 28 0.098 [0 102 0.29% | 24,275
v/ h 3 530 0.050 |0 150 ©.150 | 25 613
P15 3 1058 0,05¢ 10 150 0.150 6 351 i
IIIF/Y 3 150 0.050 |0 150 0.150 8 B2
118/12 3 hETd 0.050 |0 150 0.150 | 17 hoh
9 [12-8-67 [ 23220 | 1VD/2 3 221 0,096 {0.10k 0.288 | 40.928 |23-2h | X X ¥ %
013 3 300 0,096 [0 10k 0.288 | gh.bet
11ID/6 3 762 0,086 | 0,104 0.288 |65 110
I/ 3 251 0.096 | 0,104 0.208 | aL.563
IV5/% 3 Su2 030 {0,150 0.150 | 25 763
IF/15 3 128 o.050 |o.i50 0 150 6 S0l
IIIR/Y 3 153 0.059 0,150 0,150 aa
1E5/12 3 240 0.050 | o0.150 0,150 | 17,554
o 12-8-67 | 2328 [ 1vp/2 3 67 0.094 | 0,106 0.282 |h1z20 |23-2k X X X X
/a3 3 303 0.09% | 0.106 0.282 | 2u.709
IIID/6 3 765 ©.094 0,106 0.282 65.392
bt 3 254 o.09k | 0,106 0.282 | a5
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Latch valve poasltion
Cumu-
Engine no, Cumu= 0n time Valve
Tine Ho. of 00 tipe JOEF time lative Hain Cluster | Inter- Croso R xS
Fun go-f  Date hr logﬂgiun puloea ;3;;‘:: vec | ace ' th"ﬁg:‘m‘ un“:tmo, vo%tduge, shutoffs |isolation|connocte feedn enar
' otecle jejojcjote
ws/h 3 545 0.05¢ 0.150 0.150 | 25 m13
1r/15 3 131 0050 { c.150 0.150¢ £.651
IIIF/7 3 | 156 0.050 | 0.150 0,150 9.12
116/12 3 | oha 0,050 | 0150 2.150 | 17,704
Phape I¥ - Block C-2 — Four eagipne operation, slmultaneous pulzing
¥ 12-5-67 | o151 | 1vssh 16 | 555 0.007 | 0.183 earo | 26,083 {23-2% A B {x L lx Wydraudic tranoieny effects
1118/8 1 |6 | e.o7 | 0.ae 0470 | 28,90 vith crose feeds open and
1 163 7 903 wyotem R rodn shutdff valven
/2 w0 | 857 0.007 | 0.183 0,170 { h1.390 ' clooed.
eI FL Y ©.007 | 0183 0370 | 2,879
2 12-9~67 | 0209 I¥s/U 10 565 0,050 0.150 0,500 26,581 [23-24 A | B [X x X
IT15/8 10 | bu8 0.050 { 0.150 o.5¢0 | 19.hoa
/e 10 | 667 0.050 | ¢.150 0 500 | hx f8go
/s 10 | 323 0.050 { 0,150 0.500 | 25.379
3 12-9-67 | 0217 Vs 5 570 0,150 0.050 0,150 27.333 [ 23-24 A|lB |X X X
II15/8 5 hs3 0.150 0,050 0.750 | 20,153
wole 5 672 Q.15 9050 00150 | h2.gko
IU/13 5 328 ¢.15¢ | 0.050 0,750 | 26,129
L] 12-9-67 | 0222 IVs/ 1 571 G.200 0.200 | 27,533 [23-2k [a | B [x ¥l x
1115/8 1 sy 0.200 €.200 | 20,353
IvD/2 1 673 C.200 0.200 | Lz2,8Lo
w3 b »9 0,200 €200 | 26.329
, Phnag IV - Block C-3 — Four engine ¢peration — twe engines pulsing, two oteady state '
1 12-5-67 | 0232 | IVS/% 1 572 0.8:7 0.817 | 20.350 |23-2% | A [ B [X X |x
1158 .| 2 uss 0.817 0017 { #1270
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oo batch valwve pooition
Engine no. Cumu- On time - Yalve
Manno.| pute | %) wa N S et e 0T O et run) (RS vodeage, ol e, |soolaten|conmecin | focds _ Reaaske
oo o|lc |Joqdec [o|c]o]c /
IVD/2 5 678 ©.01T 0,183 0,083 k2,925
- IUj13 5 | 33k 0017 | 0.183 0,085 | 26.41h

3 12-9-67 | Q239 | Tvs/4 1 | 513 0.550 0.550 ] 2B.500 | 23-2% | A | B { X X | X
I115/8 1 56 0.550 0. 550 21.720
IVD/2 3 681 0.150 0.050 0,450 43,375
/13 3 337 0,150 | o.050 0450 | 26,864

. Phage IV » Bloek C-U — Four engine operaticn, pukaing cut of phage]

1 12-9-67 | €342 | EVD/2 1c | 651 o017 | 0182 0.170 | 43.5k5{ 23-2% 1A |3 | X x| X HOTY, Engines L and 12 lend coglnss
s ) a0 |30 | e | o | oam | evom 2 and 2oy 20 mpec 1o ramy 0’5
tva/l 10 553 0.054 0,154 0, §ke 29,4 Engina 12 woe not patesed in run
5/12 o [aa | o 0 0 17.70h W-e-h-1

1A 12-9-67 | 032 IVD/2 10 701 2,017 0.183 0.170 L3715 | 23-2h A B X X X
/13 10 357 0,007 0 103 0.170 27.20L
IV5/h 10 | 593 0,054 [ O 16 0.5k0 | 29,080

R I18/12 10 53 C 0bh 0.146 o, sho 18,55 .

3 12-9-67 { Olok Iv/2 1w | 711 ¢.017 0.183 0.370 [ 43,885 Q232 LA |8 [ X IR
U3 10 267 0,017 0.183 0,170 27.37h
Ivs/h 10 { 603 o.0k8 | 0,152 0.480 30.Léo
Ils/12 10 263 0.048 0.152 0. 480 18,724

[ 12-9.67 | ok | IVD/2 5 | M6 0.050 | ©.350 0,250 Lanazs {az-eh (A | B | X x| %

/13 s [ar2 | ewse |odso | o.eso [ 2v.cew '
I¥8/k 5 {608 '| o.108 [0.006 0.520 | 30.980
T18/12 5 268 0.10k | 0.096 0.520 | 19.24k
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Latch walve position
Engine no. Cumu- . on time | S vaive e
SRR T Rl I el e b v B gl L ey v ey * Remnet
\ ojc |o Jc ]Jojec o e
T 12-9-67 | o1y /e 5 721 0.950 0 150 ¢.250 W38 [ 23-Ph | A | DB X X X
wHa s 1 Q.050 6,159 $.900 20074
ws/k | 5 |63 0.100 0,04 0500 | 3180
315/12 5 | em3 0,100 0,100 0,500 | 19,74d
9 [12-9-67 [ Ok2h | 1vD/? y | ich 0 a5 o150 0,250 | WGas eaeh a1 M R 1%
TU/13 u e PRI 0,150 0.0 | PR sk
va/h s | 638 0,096 0104 o,kgo | 31 960
1I18/12 5 218 ¢ Qg Q,104 G.U8o 20.27%
Phase TY = slock €-3 == Gix engine operatfon, simultancoua puiaing
1 12-9-67 | 0537 IIF/11 10 hop 0.0 r 0,183 0,170 11 938 | 23-P8 [ A | B X \ X
IIIF/T w0 [ 168 0.017 0 183 0,170 929
IID/10 10 | N3 0.017 0,183 0.1T0 | L2.527
JUNE 10 | 392 0.017 0,183 o170 | PO.P0H
/1 10 L 0,017 0,183 0.270 ol 569
T1ID/6 w0 | 775 0,017 0.183 0170 | 65,562
3 [12-9-67 | 05T | IIF/AL 3 | hos 0,150 0.050 obso | 12.368 232k [A | B | X x [x
1IIF/T 3 | 169 0,150 0.050 0.450 g.7h0 .
1ID/10 3 | mé 0,150 0,050 o450 | k2,977
10/13 3 | 395 0.150 0.050 0.hs0 | 28,744
VUil 3 ar 0,150 0,050 0,450 28,019
1110/6 3 | 718 0,150 0.050 e.lso | 66.082
b |ae-9-67 | 0551 | IIF/1L 1 ] bos 0,200 o.200 | 22,568 | 232k JA | D | X % Ix
IIIF/ 1 | 170 0,200 0.200 $.5k0
I1IB/10 1 ny 0,200 ¢,200 43,277
/L3 1 396 0.200 0,200 28,94k
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Lubeh valve po Tlinn
Engine no. Qunn— on tie [ SHRU- Vulve . . e X
fun no.| Date T‘i‘. 10:::1% ::i’:: ;3:;:: Onmv;im, Oi‘fﬂztl:me. !.h!:q:\m, oi:g;;:, voibsﬁc. shr:?é?'m l::;’:‘n:t:n Nl"'::"fh lr'::':j:_ senirne
+] 1 ) [ L] 1 AL !‘__ = o —— ——
a1 1 18 [N [ RO Y R U - I
111076 1 [ 0.000 0,200 | 66.212
M IV - iork €=h == LEX rngine operation, pulsing onv orf phaoc
1 12=9=57 | 0T0% 11721 liqy [VA] 10,568 | Pa-ph A B X A X Fur,lnrg & and 10 rhred
1IIE/T 50 | o500 9.9%0 Tecondn. B vime 1a
11Ip/10 L ond 0.500 0.500 [ 43.67T onky mn estimnte
Iv/13 396 28,5k
IYU/1 378 28.219
1IID/6 1y 180 0.500 0.500 86,112 *
1h [12-9-67 | ©T13 rirf1a 1| ot 0.570 2.570 13,138 | 23-2k | A B | X X[x
TIIF/T 1 LM Q.570 0,570 10,510
IIDf1G k] 321 0,007 0.183 0 051 43,728
1U/13 31 | et | o083 | o.osi | 28.993 ’
v/l 3 3 0.017 0,183 0.051 28.270
IIID/6 3 83 0.7 0,183 0.051 66,763
2 |12-9-67 | QT2 I1F/12 1 L) 0.450 o.hs50 | 13,588 ) 232k | A | B | X X | x
IR 1 112 0.450 0. k5o 10.960
IID/19 3] 3Rk ©.050 0.150 0,150 | 43.878
Iv/12 3 koz @ 050 ©.150 0.150 | 25,145
F T 3 | 32k 0.050 0.150 0.150 | 28.h20 '
IIID/§ 3| 786 0,050 0,150 0,50 | 66.913 ’
* Phase IV - Bleck C-8 — Eight engine ¢peration, sipultancous pulsing
1 [1z-g-67| odso |" mvesu 10 628 .07 0,183 0.170 3za30| 23-2k | A B | X X | x
1r/s 0! 1 0.01T 0.183 9.170 6.822
1I5/12 10 { 288 { o.o17 c.283 | 0.0 | 20.3%h .
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¢ Latch valve position
Englee no.|, ~ _ loum- on time | S vave -~
e TRl -l IR 0 T e e LB e o o B ioatasion|comecen | foods Rezsria
ofeldo|ec|o]ecjo ]c
IIIF/T 19 1682 @.017 0,103 0.170 | 11.130 .
Ivn/2 pu] T36 0.017 0.183 0.170 | Lk.80s
b IID/30 G 236 G027 183 6.27¢ [ kb.oUs
11ID/6 10 196 0.017 0 163 0.170 | 67.003
Infih to BLE 0,027 0.183 0,170 | 9k.280
© 3 | 12-9-6T| oBs8 | Xvs/u 1 629 0.200 0.200 | 32.330 | 23-2k Al B X x| x .
IF/15 2 1z 0.:200 0.200 [ T.021
115/18 x 285 a 260 0.290 | 20 59
IIIF/7 1 183 0.200 ¢.200 | 11.330 .
IVD/2 1 37 ¢ 200 0.200 | b5-005
11p/10 1 335 0.200 0.200 { hL aka
1II0/6 3 157 . 200 o.200 | 61.203
0/1k 1 457 o 200 0.200 | H4.460 -
1A | 12-9-6T7] o906 s/ 10 [ 0,017 0.183 9.170 | 32 500 | 23-aY Al B X F
Ir/15 it 152 0.017 D.183 olrel 7101
I15/12 10 299 0.017 0.183 | 0,270 | 20.T6k ,
TITF/T 10 193 0.0iT 0183 0.270 | 11.500
D2 e oy | a. 9.083 | .o [ k578
IID/10 ¢ kLH 0.017 0,183 0270 | bh.L18
11106 16 807 0.027 0.183 0.270 ) 67,453 '
I0/1k 1a 867 4.0\ .83 9.170 | h.650
rnose IV - Block ¢-0 — Efght enging operatien — four engines puising, fowr ctendy otate
2 | 22-9-67{ ogas | IvS/H 3 4% 0.050 ¢ 150 0.150 | 32,650 | 21-2k al it x i x
1r/15 3 155 D.D50 0.150 0,350 { T.3M
I15/12 3 302 49.050 G 150 6.150 | 20,91k
ITIF/T > 196 0 050 0.150 0.150 | 11.650
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Latch valve pesiticn

. Engloe 0. Cuziie o tioe | O | yave N
med o mase | T [ " [l Ofoavel 20|07, vt run | AP [vatage, et | eotaviesommects | feods Remars
pee o]c olc o[coc
R wo/2 T | T [T 0.450 | Lg.625
1ID/10 1 36 0.450 0.450 | Lu,868
IIID/E 1 ) Gos 0.450 0.ks50 | 67,903
I0/1h 1 | 668 0 50 0450 | 95.100
. Fhame IV - Block C-3Q = Elght ongine speration, palsing oub of phuse
1 1z-5-67| 142h | Lwos2 FRE - G.o3b | o 2B6 G270 | ¥s.895 [ 2324 ja4 [P [ X 4 HOTE. Enginea 2, 13, 4, and 9
w/13 s |uor | o.osh | 0.2b6 a.270 | 71.611 :;‘go‘:ﬂ'c“;nli:ﬂ;f-:f; ;n:h ’;
1IIn/é 5 | 841 0.05% | 0.1k6 0.270 | 68.173 by 10C mact in runs 6 te L0
ba il 5 1239 o.05% | 9,106 ©.278 | 25.115
ve/h 5 | 6b7 0.017 | 0.283 o oBs | 32,735
IF/15 5 | aso 0 BT | 0.183 0 085 7.696
N TXIF/1 [ ) 0.017 | 0.283 o085 | 11 7135
IIG/A2 H 307 0.017 [ ¢.283 0,085 | 20.99%
3 12-9-6T7) 1035 Ivp/2 5 758 0 oL§ 0,152 0,240 46.135 [ 23-24 A B X X X
w2 5 | k2 0.048 | p.152 0,240 | 29,385
TII0/8 5 818 Q.048 0 152 0.240 68,113
EIU/S 5 | 264 o.0u8 | ¢ 152 0.2h0 | 25,355
sk 5 | 642 ©0.017 | 0,183 0.085 | 32.020
IF/15 5 {163 G 67 | 0.183 q,085 7781
IITF/7 5 | 206 00y | 0,183 0.085 | 11.820
11s/12 5 | 32 0.017T | 0183 0.085 | 21,084
5 12-9-671 1chy | 12 5 |63 .04 ) 0.256 0.220 ! L6355 {23-2% {x [p | X X
I0/13 5 uT 0.0hk 0,156 0.220 | 29.605
1I10/6 5 |823 | c.ous | 0,156 0.220 | 68,633
Iu/9 5 |26 0.044 | 0256 0.220 | 25,575
IV 5 657 0.0L7 ¢ 183 0,085 32995
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Latell +alve genttion

v3yy LS3IL TVIIWIHIOREIHL ——

LT=g9—4~dH-Dul

"J0d

' ON

Fnglne no. X on time | U gare § N "
Fug na.( Date T;:a, J.c::;’ion ::.in:: pllses Onr:.:ém ’ Of‘r'::me, "-M:e:“": qzl;zéi:;:, vou?c-,c. uiu'::cl::“m x‘c:fﬁ;hf:.. c{an:r:::l.u El:.:-‘d: erap .
o Jc JoJc lofefo e
IF/15 s | 170 ¢.m7 0,163 a9 085 7.066
ITE/T 5 | <N v oty 0,143 0.085 | 11,005
1I8/12 5 ny 0.017 0 183 o.005 | 21.16%
3 12-9-67 | 1okd | I¥D/2 3] 786 0 100 0 100 0.300 | L6655 | 23.04 A |B X x | x
U/13 3 [E)] 0 100 0 100 0.30¢ [ 29 905
IIID/E 3 | De2g LR b,100 0.300 ) 48 033
IIU/Y 3 | atz 0.200 0,100 0.300 | 25.875
IVE/h 31 | e6o 0.050 6,150 0.150 | 33.08%
IF15 3 173 3.05G 4 150 G.150 8.018
ITIF/T 3 | 214 0.050 ©,150 0,150 | 12.055
1512 3 | 20 0,050 0 150 0.150 | 21719
9 12-9.67 | 1053 v/ 3 169 0,096 0,10k 0.283 46,943 | 23.24 A B | x x | x
1U/13 3 | bes 0.096 0,10k 0.208 | 20.393
ITID/ 6 3 B2 0 996 0,10% ¢. 268 69.221
1IK/9 3 | 215 0,096 0,104 0.288 | 26,163
IVS/h 3 | 663 0.050 0 150 e.130 | 33.205
IF/as 3 176 0.050 0,150 9.250 8 186
I1IF/T 3 | ar 0,050 4.150 0.15¢ | 12,205
1I8/12 3 | 323 0.050 0,150 0150 { 22 ¥69
Phase IIT — Miwelon duty cycles
Block B-l ~=— Lunar mincion (AGS) simulation, hbort from hover
1 [1z-g-67 | 1507 | xris/s L foast | 2650 | aso | zbate | esau | x x x x
1A {22-9-67 | 2527 | VUL £5 | 349 2.472 a. k72 | 30,092 | 23-ak | X X X X
1vn/e 6 | 113 | 0.5k o520 | U7 k5T ’
. WE/3 s taze | o ~o,115 | 6,305
<
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Lateh valve positien
Engine na, Cumi~ on time | SuD¥- Yalve "
Runno.| Date | TaTs s ™ o, ot ative on tine, OFF tine, tato T, °:“:£::' voltage, ndn | St | atere | Srone Renarks
e . s e folelofelole
Ive/k 13 | 676 0,17l 0.17% | 23,379
IIIU/S 2 | a6e 0.030 0030 | zo 809
1I10/4 6§ 993 | 29,64 25 6o | g8 361
TIIFS 13 | 2 0,180 0.160 | 12,365 -
1118/8 a Lés 0.103 0.102 2k, 473
s k £79 .55 0550 26.7°2
IIv/10 163 | 300 | 243k 2k, 314 | 69,182
IIF/11 7 | las 0.099 0059 | 13 687
Iwafiz | m | 33 p.152 0.152 | 21.621
/13 Pl Lkt 3157 3,157 33 350
ID/Ih 3 671 o o) 0,01 95 1kl
IF/A5 10 | 286 0.168 D 168 8.33%
IS/16 5 | 122 0,030 0030 | 1,204
‘Phusc TII = Block B-2 — Liner mleslon (ASS) sipulsticn, coeliiptic poguente inivlatien

1 12-9-5T | 26ho YU/ 8 357 0.273 0,273 31165 | 23-2l X X X X
wp/z s | Bao 5.350 5.350 | 52 807
IVF/3 5 | 13t | 0.99 0,199 6 524
ek s | 681 o 215 ©.215 | 33,594
IIIU/5 10 119 0,520 0,520 21,329
I110/6 51 |1o4h 6,859 6 059 [105 780

’ IR v |23k | o.z0h o.20h | 12,569
1I15/8 b | k69 | 0195 ¢.395 { 2L.608
U/ 10 | z89 [ RT] 0.k29 | 27 15%
118/10 s | 568 | u.esL ko3 | 78,113
I/ k1 dap ko.zas 0,386 1 13,873
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. Latch valve peoition .
Eagine mo. g Ou time o | Valve 1 - o
o | nuse | B et | Mo e e o ik, e it [tecinion|conace | feoie | Remarka
N e te]Jole Jo Je Jo )&
1I5/32 L | 338 0.178, 0.178 | 21.759
1l o o4 £.506 o.585 | 23.936
In/ik 53 T24 T.373 T.373 [ 102.51%
IF/15 5 191 0,205 0.205 8,539 .
18/16 s [ 127 0 207 o207 | 10.h11
Phote I3 - Dloex B3 — Luser miceton {AGE} elmulazion, coelldptie delta helght .
1 | 1l2-9-67) 1m13 [ Ivi/1 6§ | 283 0,270 o270 | ad.has
vn/2 57 | 888 5,734 £.734 | c8.5hy
. IVF/3 g | ko 0,293 0,293 £.817 )
e/l ik 695 0.3L8 0,34 | 33.0k2
IIIu/s 12 191 a.545 0 shs 21,074
1106 g2 [1106 | 7.515 7.515 | 113.235 :
IS b | 248 0.380 0.8 | 12.94%8
II15/8 0 | b1 0.327 0.327 | eh.gss
11u/e e 306 0,692 0,692 | 21.843
IID/10 [N 63z 5,439 s.hsg [ 79.552
LIF/1L [ k28 0.340 9.3 | 2.3
. 118/12 15 (353, 0,368 ©.368 { 22,167
/13 1 | hee 0.526 0.526 | 34462
Ip/1k »b 780 8,039 8.03% | 110,553
1F/25 T ) 0.352 0.35¢2 8,092
18/16 a [ 135 0.369 ¢.369 | 10.780 J
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N Latch volve position
Fun Da Time, ms[“: oo, Ko, of] f“"m“' On tine,|0ff time, thon time f::r;u Yajve Main Cluster | Inter= Croso Resarke
no, te hr 10::&““ pulne:ip:;';':: L1 g ::czu'"’ un.tim, vo%t:gﬂ, shutolts [isolntion|conneetn feeds
® ofJefofecfofefo]e
thnn‘III = Block Bk =— Lunar miscion (AGS) simulation, trancfer point inltlation
1 {12967 | ato3 | I 16 [ 319 | o.88 0.889 [ 32.32u | 23-2k
vD/2 k| 930 4,555 b,555 | 63,096
IVF/3 k1 113 1.138 138 . 765
Vs /L 35 | 130 1.056 1.056 [ 3% 998
' rtiu/s 0 [ 222 0.9kL p.ouk | 22,818
ITh/4 §3 1116g 5.39% 5,399 310 53%
INTF/T 28 | 276 1.068 2,068 [ b7
III5/8 30 | sos 1.058 1.068 | 26.063
116/9 58 | 66 2,432 232 | 30.275
1ID/10 8z | x4 5,48k 5.h84 | 85,036
IIF/11 3 | use 1 060D 1.000 | 15.213
I1sh12 28 | 3 1,06 1,046 | 23213
I3/13 Lo | 508 1.866 1.866 | 36.320
/14 6 [ 8ts 6,735 6.735 [117.208
Ir/15 o | 236 1.053 1.053 9,9uk
I§/16 31 166 1.0k 1,042 11.822 "
Thase III ~ Blotk B-% — Lunar micoion (AGS) afmiletion, midcourde eprrections
1 12-p-67 | 2220 v/l 0 319 0.000 0,000 32,324 | 2324 X X X X
IVD/2 & 999 3.837 3.831 66,923 '
IVF/3 73 | 2% 3,898 3,898 | 11.853
v/ éa 1 y90 3.62% 3.62¢ | 38.6287 Upfiring enginea imhiblted duc to
IIL/s | o | 22 0,000 t.000 | e2.818 wacuum redline . .
* | s % (125 | 5.023 5,023 123,657
IIIF/T £0 336 3.953 3,953 17,570 -
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- Latch yaive ponition
Englne Lo. Tunu~ On time * | YaLye - or
Fun po,|  Date Ttl‘:c. lc::’:lm gai::: ;3:::: mu:im' Ofrn::me, ﬂ\l:c:un, O::EZ:, vu#t;ge, nhﬁiegtn IES;E::::: ci[::::tu fe:udz Rezarka
o Jec o] clolclo]e
II5/8 67 516 3.719 LT | 29,782
/s [} 366 '] © 000 o.000 | 30.27%
IEp/10 133 aut 5 g92 5.802 | 90.928
Itr/n 6 | sty | 3.565 2,565 | 18.778 .
II8/12 45 36 3.77¢ 3,770 26.903
w3 ¢ | 508 [ o.000 0.000 | 36,328
ID/1h 5h 503 5.962 5,962 [123,250
/s 56 | 292 | 3.k62 3467 | 13.406
18716 61" 229 | 3.8% 3.849 [ 15.671L
Phose IV —- ppecial duty cyclen
Block ¥ — erooafeed pperatien, IM-1 mlaaion phase I
1 |a2-9-67 T 2350 Ivu/1 10 | 309 0 663 0,663 | 32,987 [ 23-2h [ A B | X X

- IvD/2 2 01 | o0.83 0.83k | 67.767
Ivr/3 0 |24 0,000 0.000 § 11,853
IVs/4 [ 190 0,000 0,000 | 38.627
ITIU/5 1 | 222 |11 908 11,908 | Au.y26
nw/e § [r=253 1,794 1.794 (225,458
IIIF/T o | 336 0,000 0.000¢ | 17.970
111g/8 0 576 0.000 a, 000 29.782
19 3 ] 36y 1,%35 1,435 | 31.710
110/20 o | B4 0.000 6.000 | 90,928
1IF/AL o | 519 ¢.000 0,000 | 18,178
113/12 0 L3s 0,000 0,000 26,963
10/13 b} sz 6.552 9,552 | 47.200
1n/14 6 | 909 Q.5L0 0,550 [123.790
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On time

Cum-

Yalve

Latch valye positlen

Enging no. Cumu— -
R I = Nt e g Bt e L M ot e —
o|¢Ccl9 ¢ e ]c lJojcC
IF/15 o | 292 0,000 0,000 | 13.kog
12/16 ¢ | 299 €. 000 0,000 | 15.672
1A {12-10-67 0102 IVU/L 67 456 io.786 10,746 43 733 § 23-2k A | B b X X
IVD/2 55 | 1056 1.168 T.168 | Th.935
IVF/3 17 263 a.621 0.627 | 12.480 s
Iva/k 1 L] 0. k23 0,423 39,050
IS 63 | 200 7.649 7.649 L2.375
I1ID/6 115 {1368 | 1s.71h 15,764 |1k1.165
IIIFfT 15 k2 0,331 0,351 18.361 N
I115/8 7 ] 593 2.138 1.138 [ 30.920
/9 78 | Wh7 | 12,746 12.246 | W3.956
I1p/10 8 | Bss 1. 768 1.768 | 92 695
IIF/20 7} 536 ¢.626 ¢.626 | 19.kok
11812 1 k50 o lizy o k29 27412
10/13 2y | 533 3,229 3,219 | Lo.kgg
D41k 61 | %o { 10319 10,1y {133 908
IF/15 15 30T 0,423 o.bz3 13.829
1s/16 17 2hb 1,166 1,166 16.837
: Phaog I¥-Block K — high-low voltage effecte (lunar migafen {AGS) = tranarer point initlation)
1 |12-10-67) 0224 | Ivwya 16 | Ur2 0.889 0,889 | bl.Gea| 27-28 | x x x |, §x
vp/e i |00 L, 555 L5855 | 79.4s0
IvF/3 33 | =6 | 2138 ' 1138 | 13.68
s/ 35 | 8% | 1036 1,056 | uo.106
111%/5 30 | 30 | ooeky 2.9%% | k3,38 '
IIID/6 63 | Wn 5,399 5.399 11L6.56%
poss Jud 28 | a9 1.068 1.068 19.he
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(L9 NYC) B09€ WMOQd DSW

. totch valve poaltien
Engtne no.|po. Cumun On time 1 Yalve N
b Mol INCERREC £ Rt M A B e il ot g (i Feaseo
o—l e lo Jele e |ofe
1118/8 30 623 1.068 1,968 31,588 —[
NG 5B | 505 2.h32 2,132 | 46,308
IID/19 an 937 5 heL 5.46% 90,179
315513 30 | 566 1.000 1ogo | 7o
118/12 20 478 1,08 |. 1.046 28,458
1U/13 ko | 513 | 1.866 1.866 | 12,365
1n/th & | 1e39 6,735 5,135 [1b,6hY
IF{15 3o kXrs 1,004 2.053 1k, 082
16016 n 21T 1.0La 1.0b2 | 17.879
2 jl2-10-67] o0 | Iv/: PURR IR -] 0,489 o889 | ¥5.5:1 ) 2o-2) | x X X X
e Mo Jaakk 4.y55 ho555 | Bk.0LS
IvF/3 33 | W 1,0 1230 | 1k.756
Ivs/h 35 | 8% | 1 us6 1036 | U162
III6/5 kid 350 a o4l 0.9k U, 263
111D/6 62 (1hgh 5. 499 5 395 | 150,963
I1MIF/T 284 | hoy 1,068 1068 | eohoy
I115/0 [ s 1068 1068 | 33,056
Ije 58 ] 543 2,432 2,432 | Ls.820
IID/10 B2 | 10in 5 W 5.u0k | 103,683
XI¥/11 3 | e 1,004 1.000 | »1.kok
118/12 26 | 506 [ 1ok 1066 | 29,504 '
/13 | g3 1 868 1865 | hhem
IO/ §9 (1108 6,735 b.ys fA.318
IF/25 e | 367 1.053 1,053 | 15,935
18/26 34| 308 [ 1,062 l_:..osz 18,922
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vY3yy 1831 1VIINIHIORYIHL —

Latch volve pogition
Cuti=
U IR ol T o0 ot e e YR ol ers e e M vl it R temaets
lotnticn pulaes Lo gec , ¥ ae
Q [ [ rr cfa|¢ {o]c
fFhase IV ~ Block E == propellant consumption and O/F ratio duty cycles
1 )i2-10.67) 0533 | 1vp/2 2000 | 3344 ¢.014 1000 | 28.000 J22.0h8 | 2324 ) x X X X
2 |1z-10-67( od10 | Ivo/z 1500 | 46kt 0 025 1,000 | 37,500 [H9.545 | 232k | X X X X
3 |12-lo-67[ o909 | IvD/2 750 | 539k 0,050 1,000 37 500 |1B7.0h5 | 23-2 X X X ¥
5 J1e-10-87] 100L | 1vD/2 k00 | 5794 0,100 1000 | ho.000 |22T.0k5 | 2a-2l | x X X X
6 |1a-l0-67| M1y | mvD/2 200 [ 5994 ¢.200 1.200 | 40,000 |267.045 | 232k | X X x X
8a {1e-l0-67| 1216 | ITIID/G 100 | 1564 0,014 2.500 Lhoo [133.363 | 23-24 | X X X X
88 }12-10-67) 22LB | 1TID/E 16L | 169k 0,01 2,000 1 %00 |150.763 | 23-a% | X x X X
BC [12-10-67( 1309 | IIID/G 100 | i79k ¢.01k 1.500 1.hoo [156.163 [ 23-ak [ X X X X
ap |12-10-67] 331 11ID/S 100 | 1854 0,014 1000 1.k00 | 157.563 § 23-2b x X X X
8E 112-10-67( 1352 1IID/E 200 | 205U o olh 9,500 2,600 {160.363 | e3-2h % X % %
Br [12.30-67] AT | IIID/E 500 [ asgy .01 2,606 FOD f167.363f 23-2h | X X X X
500 | 3094 0,01k 1.500 7.00  |174.363]
400 | 3ok 0,01k 1 goo 5.698 | 180.001
o |12-10-67) 1555 IIID/6 1500 | bysh 0 025 1,000 | 37.50 217 561 ) 23.fh | X X X X
10 [12-10.67] 1651 | ztip/6 T | 5Tk 0,050 1,000 | 37.50 [255.060 ] 2324 | X x X X
12 |:2-l0-67f 1738 | IIID/G koo | Galk 0,100 1000 | oo lags.cél b a3-2h | X X X 3
13 |12-20-67| 2919 IIIn/E 200 | 63ub 0,200 2 w00 | 40,00 335.061 | 23-24 x x X X
'Phase I¥ ~ Block =2 ~— failure mode, cluater IT "A" inolation vaives elosed 2 neconds after »idrs of yun
2 Fiz-aoe67] 20k | 1imM0 1 | 2020 4,000 h.000 |%07.663 | 23-2% | X % X X ‘
1¥D/2 18 {6010 0050 9.200 0.000 {267.8U5
£ Phaae Iy - Block Goli «— fajiure mods, eluater I¥ "A" isolstion valyes closed 2 seconds nftep gtart of ruh
W |12-00-5TF 2139 | IV¥R/2 1 féoma 4,000 4,000 |&71.8Y5 [ 23-24 | % X X X
IIFfaL 16 612 @ 050 2.200 o.800 | 22 20k ’ J
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Lateh valve position
Eaglns bg. funue o thoe | 9 | viage ]
e Tl [ I e il o L o et B e 0 et el v Bemocks
* 0 [ c o l c [o 1 ¢c o e
Phnoe IV = Rlock Gn§ — fallure ua’de. eluater IV ayotem "A" fuel fsslation valve closed 2 fecondd ofter stapt of run
£ |12-10-67{ 2e50 | TIF/N 1 BTS | 2.000 0.200 2,000 | L3.162 | 23.2h | X X X X
T} a2 0T I oa83 1 o us 1 ouge
: *Phase IV - Blook M-1 ~~ Inpulaticn svalustien repeat
1 |12-11-67| o200 | IIIDf6 1 | 63u5 | 20 000 | | 20,000 | 355.061 | 23-2b | X X x b
{Phase IV ~ Block M-2 ~~ Ipsulation evaluation repeat
2a {1e-11-67| ozst [ 1D/an 1 | 1209 | 20.000 20.000 |2167.31% | o300 | x x x X
4 Phose IV - Block -2 = manusl cofl operation
16 122-11-67) 0330 | 1vE/4 $ 887 | 0.030 0,500 0,150 ] u3 h3x | 232k | % H x X
17 12-11-67F 0339 IVE/L ) 892 0.050 @.500 0,250 43,601 | &3-24 X X X X
18 12-11-67( 0347 Iv5/4 3 8¢5 | 0.100 0.500 0,300 43,981 | 23-2k X X X X
19 12-11-6T} 0352 Vsl 2 897 0,500 0.500 1.000 LL, 981 | 23.2l X X X X
20 12-11-47( 0356 Iva/k 1 898 1.000 1.000 h5.981 | 23.2L X X X X
61 {21167 oWl | IUfE3 5 618 | 0,030 0.500 0,150 [ nui,aen | 2324 | x X b3 X
62 |1e-11-57) otzo | 1v/13 5 623 | 0.050 0.500 0.250 Lk, 830 | 23.24 | % X X X
£ 12-11-67| ohgs U3 3 ~£26 0,100 B, 500 0,300 Ly, 531 | 23-24 X X X X
B 12-11-67] Ou3D A 2 628 | 0.50D 0500 1.060 45,93% | 23.24 % X X %
85 [12-11-67[ 0436 | Iuj13 L 629 { 1.600 1.000 46,931 | 232k | % X x %
¢+ Fhase I¥ - Block J —— manuol zoil matcuvers
b |i2-13-67) 0533 | IDAAL 10 | 1119 | 0.100 0.200 1.000 148 379 | 23-2k X X X X
/e 10 573 | 0.100 0,200 1.000 Lo, 820
After 3 zecond
ID/1tk 10 | 2g | o.05¢ | ¢100 | 0,50 |168,879
11U/ 10 583 | o.o50 ©.100 0.500 50,320
3 12-11=67| 0543 /14 16 | 1139 | paoo 0. 200 1.000 1169879 | 23.2h | 2 x X x
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(L9 N¥r) 808t w404 JSW

.- Latch volve pesition
. Enginc 7o, Dum= On tdae e | ¥RIVE -
T il -l BN B T bl e BT g T o e g e oo [ rease
o)l ¢t joj¢ Jojec]o|ec
IV w e | e.300 ©.200 2,090 | U6 511
After 1 sccond
I0/1% 10 14e [ o 050 0.200 o500 (110979
* U/ 1w | soa | 0.650 | 0,100 | o.500 | W.om1
5 12-1¥-6F( O55T IF{1S 10 T 010 Q9,200 1,000 16.935 | 2324 4 X X x
IITF/T 19 it | o100 0,200 3.000 | 21,Lg7
After L pecond
) IF/15 1 38t | ©.050 ¢.100 D.500 T.435
1ITF/T 10 Ler | 0.050 9,100 0,500 [ 21.997
7 2--61] 0t09 | TDA2L 5 | 118k | o.100 0.200 0,500 [170.8719 | 23-24 | x X X X
TIW9 5 588 | o.o0 o 200 0.500 | 50.820
wvo/e 5 | 608 | o.aco 0 200 o500 |Z12.30s
12I/5 Y 355 | 0100 | 0.200 | 0,500 | W.763
After 1 necand !
0/1k 5 1159 | 0,050 0,100 250 |17l.129
piifl] b 9% | 6,050 Q100 6,250 51.070
/2 5 6021 | 0.050 ¢,100 0,250 |[272.595
11175 5 360.| 0,050 0,100 o.250 | U5.013
9 |Jiz-11-67] or1e | 11v/10 5 [ 1925 | ¢,200 | 0.200 | 0,500 [108.263( 2320 | X X X x
IITU/S 5 385.( 0,100 0.200 0,590 | 45,513
/14 5 (16 | o100 | o200 | cosn0 |AT2 G29
IvU/1 5 513 o0 100 0,200 0.500 | ¥T.511
After 1 seeend
XID/10 5 1030 | 0.050 0 100 0,250 ]108.413
TINWys 5 o 0.050 0,200 0,250 45,163
D/1k 5 fue | oo | caoe | neso fmier
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Lotch valye pecition
Tasm, | EENE 00 o orSum= fon o Jore i, | 00 tEe Tt | Yo T T e | mer | Orous
Run to,| Date hf‘" and puiuen lative MEM' see |thin Tun,f oo tire, voltage,| o vonms |1seintion|connecta focds Reoarks
Qogation pulses aec ren ¥V de
] c Q c [+] f [+ 0 I— c
VL 5 518 | 0.050 0,100 2,250 L7 761
1y 3z-11-61] 0734 IF/15 5 ez Q100 Q.200 .50 17 935 | 23-2k X X X X
IIIF/7 b1 L3z | o.100 0.200 0.500 | 22 k97
IvG/h § 903 9,100 0.200 0.560 L6 ug1
rs/12 5 S11 0.%00 0 200 0,500 30,004
After 1 pecond
IF/15 ¥ 97 0.050 0.100 o.250 | 18,185
ITIFT § 437 0,059 9,100 0,250 az.Thy
IVB/Y 9 908 | © o850 0,100 0.250 | U6.731 .
I15/12 5' 516 | 0 Gso 0,100 a.250 1 30.23Y
Phane Iy = Bloth = SP«2 -— ppecinl crosofecd Lesy
12-11-67] 0931 10/1k 3 1172 a QL6 Q.08 [1T1 927 |23-2b A B X X X
1vD/2 v 6051 0 0T ©.183 0,510 [273.103
, Fhazn IV = Block — SP=3 — speciel crosdafeed teat
12-22-67( 2023 | IvD/2 L | 6052 | c.onb 0.016 |273.021 | 23-24 | A By X 2 X
A ivp/z X 6053 6,016 0,016 1213237
B Wiz 1 6054 | 0.020 0,020 |2T3.4%7
C Iv/2 1 | 6oss [ 0.030 0.030 |{273.187
D 1v/2 o ] 606k | 0,030 | o 270 |273.b57
vn/2 1 | 6065 | D.2%0 0.250 |[2T3.707
E Ip/1bh Y] e ) 2182 ) o.017 0,183 0 179 | 172.087
F In/1k 10 1192 0.017 4,183 0,170 {172.2067
] D/ 10 1202 0.017 0 183 0170 |172.437 '
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Pulse width

Valve opening
respousc

Valve closing
response

Ignition delay

Pressure switch
closing time

Pressure switch
opening time

Pressure at
switch opening

Steady state or
maximum chamber
pressure

Time to 75 percent
of maximum or
steady state
chamber pressure

Integrated
chamber pressure

DOC. NO. REVISION
PAGE _ R..2
MSC-EP-R-68-1T7 New oF B-1k

DATA SUMMARY TERMINOLOGY

Time from injector valve voltage application to volt-
age removal.

Time from injector valve voltage application to valve
"full open” indication on signature traces.

Time from injector valve voltage removal to valve "fulil
closed" indication on signature traces.

Time from injector valwve voltage application to first
indication of chamber pressure.

Time from injector valve voltage application to switch
continuity indication.

Time from injector valve voltage removal to switch no
continuity indication.

Engine chamber pressure corresponding to the switch
opening.

Steady state chamber pressure was recorded for pulses
of 50 milliseconds or greater duration if steady

state pressure had been attained; this was obtained
by averaging the chamber pressure over the last

25 percent of the electrical on time. Maximum chamber
pressures were recorded for pulses of less than

50 milliseconds duration.

Time from voltage application to the engine to a cham-
ber pressure equivalent to 75 percent of the maximum
or steady state chamber pressure.

Integral of Pecdt over the time periocd at which Pe
existed.

MSC FORM 360B (JAN 67)
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16
100
101
102
103

10k
108
109
110
111

112
115
116
LT
118

Description

IV, up

IV, down
IV, forward
IV, side
ITI, up

IIT, down
IIT, forward
11T, side
1I, up

IT, down

I7, forward
IT, side

I, up

I, down

I, forward

T, side

RCS tankage module assembly "A"

Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Ingine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Engine — cluster
Ingine — cluster
Helium tank

Helium initiation wvalve
Helium initiation wvalwve

Helium
Helium

Check valve {fuel)
Check valve {oxid)

filter
regulator

Relief wvalve {fuel)

Relief valve (oxid)

Fuel tank
Oxid tank
Main shutoff valve — fuel

Main shutoff valve — oxid

Manufacturer

Marguardt
Marquardt
Marquardt
Marquardt
Marquardt

Marquardt
Marguardt
Marquardt
Marquardt
Marquardt

Marguardt
Marquardt
Marquardt
Marquardt
Marquardt

Marquardt
GAEC
Airite
Pelmec
Pelmec

Vacco
Fairchild

Accessory Producis
Accessory Products

Calmec

Calimec
Bell
Bell
Parker
Parker

Specification no.

Lsc31i0-2
LBC310-2
LSC310-2
LSC310-2
LSC310-2

LsC310-2
1sC310-2
LsC310-2
Li3¢310~2
L3C310-2

15C310-2
15C310-2
L8C310-2
L8C310-2
L5C310-2

L8C310-2
LpT-25003-1
15C310-301-1
L5C310-302-1
15C310-302-1

LSC310-303-3
1LSC310-305-3
LSC310-306-k
L.8C310~306-3
LSC310-307-k

L5C310~-307-3
LSC310~405-12
LSC310-405-11
LSC310-403-20k
LSC310-403-303

aInjector head vas replaced with injector head from T'C P/N228687, S/N0007.

Serial no.

1013(P/N227895)
10k5(P/N227895)
1036(P/N227895}
1004 (P/N227895)
21003 (P/N228795)

1038(P/N227895 )}
1035(P/N227895)
1009(P/N227895)
10h2(P/N22T7895)
1037(P/W227895)

1004 (P/N228795)
1043 (P/N227895)
0324 (P/N228685)
104k (P/N227895)
1039(P/N227895)

10L46(P/N227895)
0001

0036

NA

NA

NA
03825B640216
100200001025
100200001009
021220266352

021220266308
9

8o -
0059

0032
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Item Description Manufacturer Specification no. Serial no.
119 Ascent Interconnect valve Parker LSC310-403-103 0026
120 Ascent Interconnect valve Parker 1.8C310-~403~303 0021
121 Fuel crossfeed valve Parker LSC310~-403~204 0054
122 0xid crossfeed valve Parker L8C310-403-303 0052
123 Cluster isolation valve Parker LSC310-h03-206 o1k
124  Cluster isolation valve Parker L5C310-403-103 0030
125 (Cluster isolation valve Parker LSC310-403-40ok 0038
126 Cluster isolation valve Parker LSC310-403-303 0069
127 Cluster isolation valve Parker L8C310-403~20L 0061
128 (Cluster isolation valve Parker L.80310-403-103 0033
129 Cluster isolation valve Parker L8C310-L03-40k 0028
130 Cluster isolation valve Parker LSC310-L03-303 0062
131 Propellant filter Wintec L3C310-125~2-C 146
132 Propellant filter Wintec L3C310-125~1-C 11k
133 Propellant filter Wintec L5C310-125.2~C 1ht
134 Propellant filter Wintec LSC310~125~1-C 147
135 Propellant filter Wintec L8C310-125-2-C 153
136 Propellant filter Wintec I3C310~-125-1-C 146
137 Propellant filter Wintec LSC310~125=2~C 152
138 Propellant filter Wintee L5C210-125~1-C 111
139 Thruster heater Cox 1.5C310-601-11 o3
140 Thruster hesater Cox L8C310-601-11 Lol
141 Thruster heater - - Cox LSC310-601-11 o6
142 Thruster heater Cox L3C310~601~11 313
147 Thruster heater Cox LSC210-601-11 Los
148 Thruster hesater Cox LSC310-601-11 ho2
149 Phruster heater Cox LS80310-601-11 Lol
150 Thruster heater Cox LSC310-601-11 309
151 Press. switch ROS FEOS Model No. 3

101.038-0003
152 Press. switch Fairchild LS8C310-651-3 1h1
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Ttem

153
154
155
156
157

158
200
201
202
203

20k
208
209
210
211

212
215
216
217
218

219
220
221
222
223

e2h
225
226
227
228

Press.
Press.
Press.
Press.
Press.

Presgs.

switch
switch
switch
switch
switch

switch

Desecription

RCS tankage module assembly

Helium
Helium
Helium

Helium
Helium

tank

initiation valve
initiation valve

filter
regulator

Check valve (fuel)
Check valve {oxid)
Relief valve (fuel)

Relief valve (oxid)

Fuel tank
Oxid tank
Main shytoff valve — fuel
Main shutoff valve — oxid

Ascent interconnect valve
Ascent interconnect wvalve
isoclation valve
isolation valve
igsolation wvalve

Cluster
Cluster
Cluster

Cluster
Cluster
Cluster
Cluster
Cluster

isolation valve
isolation valve
igolation wvalve
isolation valve
igolation wvalve

Manufacturer

Fairchild
Fairchild
Fairchild
Feirchild
Fairchild

Pairchild
GAEC
Airite
Pelmec
Pelmec

Vacco
Fairchild

Accessory Products
Accessory Products

Calmec

Calmec
Bell
Bell
Parker
Parker

Parker
Parker
Parker
Parker
Parker

Parker
Parker
Parker
Parker
Parker

Specification no.

1L8C310-651-3
L8C310-651-3
180310-651-3
1.30310-651-3
L80310-651-3

LSC310-651-3
LPT310-25003-1
LSC310-301-1
15C310-302-1
1SC310-302-1

L8C310-303-3
LSC310-305-3
L8C310-306-4
180310-306-3
LSC310-307~L

LSC310-307-3
LSC310-405-12
LSC310-405-11
LSC310-403-204
13C310-403-303

1.80310-403-204
LSC31.0-403-303
1.8C31.0-403-204
L80310-403-1.03
LSC310--403-40k

LSC310-403~303
LSC310-403-204
18C310-403-103
LSC310~-403-k0k
LSC310-403-303

Serial no.

156
0158
0164
173
167

155
0002
0035
NA
NA

NA
038253640400
100200001021
100200001023
021220266342

021220266318
10

11

005L

ooL3

0051
0058
0062
0032
ooL1

0065
00k9
0036
0039
0063
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Ttem

229
230
231
232
233

23k
235
236
237
238

243
okl
2hs5
246
251

252
253
254
255
256

257
258
259
260

Pl

P2
PT
P8

P13

P14

Propellant
Propellant
Propellant
Propellant
Propellant

Propellant
Propellant
Propellant

filter
filter
filter
filter
filter

filter
filter
filter

Thruster heater
Thruster heater

Thruster heater
Thruster heater
Thruster heater
Thruster heater
Thruster heater

Thruster heater
Press. switch
Press. switch
Press. switeh
Presg. switeh

Press. switch
Press. switch
Press. switech
Press. switch

Description

Helium tank "A" press.

Helium tank "B" press.

Helium regulator outlet press.
Helium regulator cutlet press.
Propellant tank cutlet press.
Propellant tank outlet press.

HAH —_ f‘llel
II'AH —_ O.Xid

Manufacturer

Wintec
Wintec
Wintec
Wintec
Wintec

Wintec
Wintec
Wintee
Cox
Cox

Cox
Cox
Cox
Cox
Cox

Cox

Fairchild
Fairchild
Fairchild
Fairehild

Fairchild
Fairchild
Fairchild
Pairchild

Whittaker Wiancko

Microsystems
Microsystems

Whittaker Wiancko

Kistler
Kistler

Specification no.

LSC310-125-2-C
LSC310-125-1-C
LS0310-125-2-C
18C310-125-1~C
LSC310-125-2-C

L5C310-125~1~C
LSC310-125~2~C
18C310-125-1-C
LSC310~601-12
1.8C310-601-12

13C310-601-12
L3C310-601~12
LSC310-601-12
L8C310-601-12
1.8C310-601-12

L8C310-601-12
LSC310-651-3
L8C310-651-3
L8C310-651-3
L8C310-651-3

- L3C310-651-3

L8C310-651-3
180310-651-3
LSC310-651-3
LSC360-~-601-103-1

LSC360-62L-103
LSC360~624-105-1
1L8C360-601-105
6014

6014

Serial no.

113
101
109
152
10k

110
108
148

396
389

390
o
k12
h08

koo

b11
0181
161
01k9
0168

171
0165
i76
178
50003

60729
61708
50018
22932
25322
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Item Description Manufacturer Specification no. Serial no.
P15 Propellant tank outlet press. "B" — fuel Kistler 601A 25320
Pl6 Propellant tank outlet press. "B" — oxid Kistler 6014 17958
P17 Engine 1-3 inlet press. — fuel Microsystems ISC310-121-k 50350 L
P18 Engine 1-3 inlet press. — oxid Microsystems LSC310-121-3 59695 L
P19 Engine 2-4 inlet press. -— fuel Kistler 6014 55638
P20 Bngine 2-L inlet press. — oxid Kistler 601A 179h8
P21 Engine 5-8 inlet press., — fuel Kistler 601A T950
P22 Engine 5-8 inlet press. — oxid Kistler 6014 25321
P23 Engine 6-7 inlet press. — fuel Microsystems LSC310~121-k 59356 L
P2l Engine 6-7 inlet press. — oxid Microsystems L5C310-121-3 59674 I
P25 Engine 9-12 inlet press. =—— fuel Microsystems 1.8C0310-121-h 59331 L
P26 Engine 9-12 inlet press. — oxid Microsystems L5C310-121-3 59697 L
P2T ZEngine 10-11 inlet press. — fuel Kistler 6014 17954
P28 Engine 10-11 inlet press. — oxid Kistler 6014 25319
P29 Engine 13-15 inlet press. — fuel Kistler 6014 25323
P30 Engine 13-15 inlet press. -— oxid Kistler 601A 25324
P31 Engine 14-16 inlet press. — fuel Microsystems 18C310-121-4 59342 L
P32 Engine 14-16 inlet press. — oxid Microsystems L8C310-121-3 59677 L
P33 Engine 3 chamber press. Taber Model 185-5A 671259
P34 Engine 1 chamber press. Taber Model 185-5A 661059
P35 Fngine 4 chamber press. Microsystems Marquardt 228658 59210 L
P36 Engine 2 chamber press. Microsystems Marquardt 228658 59254 T,
P37 FEngine 8 chamber press. Microsystems Marquardt 228658 59237
P38 Engine 5 chamber press. Microsystems Marquardt 228658 59209 L
P39 Engine 6 chamber press. Taber Model 185-5A 671263
P40 Engine T chamber press. Taber Model 185-54 67126k
P4l Engine 12 chamber press. Taber Model 185-54 671269
P42 Engine 9 chamber press. Taber Model 185-5A 671267
P43 Engine 10 chamber press. Microsystems Marguardt 228658 59255 L
P4l Engine 11 chamber press. Microsystems Marquardt 228658 59263 L
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Item
P45
pLé
PLT
Ph8
P50
P51
P52
P53

QL
Qe
Dl
D2
D9
D10

D2

D11
D13
Dih
D15

D16

Engine 15 chamber
Bngine 13 chambeyr
Engine 16 chamber
Engine 1% chamber

Description

press.
press,
press.
press.,

Propellant tank ocutlet press.

Propellant tank ocutlet press.
Propellant tank outlet press.
Propellant tank outlet press.
A system PQMD (EOS P/N 880817-1)
B system PQMD (EOS P/N 880817-1)

At — oxia
“A" I flle.l
"B" —_ O:?Cid
HBII' —_— fu.el

Helium fill coupling — "A" — flight half

ground half

High press. coupling — "A" — flight half

Low press.

Oxid check valve port cou-
pling — "A" ~— flight half

0xid check valve port cou-
pling — "A" — flight half

Fuel check valve port cou-
pling — "A" — flight half

Puel check valvé port cou-
pling — "A" — flight half

Oxid relief wvalve

port cou-

pling — "A" — flight half

Fuel relief valve

port cou-

pling — "A" — flight half
Helium vent coupling -— oxid —
"A" —— flight half
ground half

ground half

coupling — "A" — flight half

ground half

Manufacturer

Microsystems
Mierosystems
Taber

Taber

Whittaker Wiancko
Microsystens
Microsystems
Mierosystems

ECS

EOS

On Mark

On Mark

On Mark

On Mark

On Mark

On Mark
On Mark
On Mark
On Mark

J. C. Carter

Specification no.

Marquardt 228658
Marquardt 228658
Model 185-5A
Model 185-5A
L8C360-601-105-1

LSC360-624-105-1
LSC360-624-105
LSC360-624-105-1
IS0360-628-1-1
1,8C360-628-1-1

L8C310-308~3
LsC310-308-2E
LSC310-308-3
LSC310-308-2E
LSC310-308-3
LSC310-308-2E
L3C310~308-3

LSC310-308-3

L8C310~308-3
1.5C310-308~-3
LSC310-308-3
L5C310-308-3

LS8C310-401-703
LSC310-401-751

Serial no.

59203 L
58730 L
671272
671271
50013

61711
60737
61709
1001
1002
114
12k

123

8098123
8605118

LT-g9~¥~ad-0s
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Item

D17

D18
D19
D20

D21

D22
D23
D3k
D35
Dh2

D43
DL5
Db
Dh6

DUT

Description
Helium vent coupling — fuel —
MAY —— Plight half
ground half
Oxid bleed coupling — "A" — flight half
ground half
Fuel bleed coupling — "A" — flight half
ground half
Oxid fill coupling — "A" -— flight half
ground half
Fuel £ill coupling — "A" — flight half
ground half
Oxid service coupling — "A" — flight half
ground half
Fuel service coupling — "A" — flight half
ground haif
Helium f£ill coupling — "B" — flight half
ground half
High press. coupling — "B" — flight half
ground half
Low press, coupling — "B" — flight half

ground half

Fuel check wvalve port cou-

pling — "B" —: flight half
Fuel check valve port cou-
pling ~— "B" — flight half
0xid check valve port cou-
pling — "B" — flight half
Oxid check walve port cou-
pling — "B" — flight half
Fuel relief valve port cou-
pling — "B" — flight half

J

On

On

On

On

On

On

On

On

Manufacturer

. C.

. C.

. Carter

. Carter

. Carter

. Carter

. Carter

Carter

Carter

Marlk

Mark

Mark

Mark

Mark

Mark

Mark

Mark

Specification no.

L8C310-401-804
LSC310-k01-852
LSC310-401-303
1SC310-401-351
LSC310-401-L0ok
1.50310-Lk01-L52
1.80310-401-103
L3C310-401-151
LSC310-401-204
LSC310-L01-252

1.80310-401-503
LSC310-401-551
LSC310-401-60k
1SC310-401-652
LSC310-308-3
LSC31.0-308-2E
LSC310-308-3

ME273-0010-0004B

1L5C310-308-3
LSC310-308~2E
1.8C310-308-3
LSC310-308-3
LSC310-308-3
LSC310-308~3

LSC310-308-3

Berial no.

7057112
5925108
7509121
5920105
8k33135
41892101
8092127
5918104
7508122
6960111

8434133
8sh2117
7055116
8516118

121
06481.0000013

117

LT-g9-9-dg-08

]
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Item
Dh8
Dho

D50

D51

D32

D33
D5k
D55
DSé
T13

T1h
L5
T16
TLT
T18

T1%
T20
T21
T22
123

Description

Oxid relief valve port cou-
pling — "B" — flight half

Helium vent coupling — fuel —

"B — £1ight half
ground half
Helium vent coupling — oxid —-
"B" — flight half
. ground half
Fuel bleed coupling ~— "B" — flight half
ground half
Gxid bleed coupling ~— '"B” — flight half
ground half
Fuel £ill coupling — "B" —— flight half
ground half
Oxid £ill coupling — "B — flight half
ground half
Fuel service coupling — "B" — flight half
ground half
Oxid service coupling — "B" — flight half

Engine 1-3 fuel feed temp.

Engine 1-3 oxid feed temp.
Engine 2-4 fuel feed temp.
Engine 2-h oxid feed temp.
Engine 5-8 fuel feed temp.
Engine 5-8 oxid feed temp.
Engine 6~7 fuel feed temp.
Engine 6-7 oxid feed temp.
Engine 9-12 fuel feed temp.

Engine 9-12 oxid feed temp.
Engine 10-11 fuel feed temp.

ground half

Manufacturer

On Merk

J. C. Carter

J« C. Carter
J. €. Carter

Jd. C, Carter

Jd. C, Carter
J. C. Carter
Jd. C. Carter
J. C, Carter
Winsco

Winsco
Winsco
Winsco
Winsco
Winsco

Winsco
Winsco
Winsco
Winsco
Winsco

Specification no.

LSC310-308-3

1.5C310~-401-80k
L5C310-401-852

LSC310-401-203
1SC310-401-751
LSC310-h01-404
LSC310-b01-hsa
LSC310-401-303
LSC310-401-351

L8C31.0-401~204
18C310~-k01-252
1:86310-401~1.03
150310-k01.~151
1.SC310-401-60k
LSC310-401-652
180310-%01-503
LSC310-401-551
18C310-122-2

L5C310-122-1
L3C310-122-2
I5C310-122-1
LsC310-122-2
LSC310-122-1

LBC310-122-2
L3C310-122-1
L8C310~-122-2
L8C310-122-1
15C310-122-2

Serial no.

TO5T110
5925111

809812k
854h117
843313k
5398103
8015125
8397111

7508120
6960120
8430131
5918107
8097126
840011k
8552143
8hokaa2
009

013
025
031
026
033

oLz
036
oL8
038
027

YUY 1SIL 1O INIHOOKNINL —

LT”Q9“§‘&E“OSN

‘0N 204

HON

NOISIAAY
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Item

Tol
T25
T26
T27
728

Degcription

Engine 10-11 oxid feed temp.
Engine 13-15 fuel feed temp.
Fngine 13-15 oxid feed temp.
Engine 14-16 fuel feed temp.
Bngine 14-16 oxid feed temp.
Blanket and shield assy. - RCS

. aft cluster-partial (eng. III D/6)

Manufacturer

Winsco
Winsco
Winsco
Winsco
Winseco

GAEC

Specification no.

LSC310-122-1
LsC310-122-2
I8C310-122-1
IL8C310-122-2
LsC310-122-1

LSK280-11127 -1,

039
037
okl
028
oh3

Serial no.

YIEY 1S3l TVIIWIHIOKEIHL
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DOC. NO.

MSC-EP-R-68-17

REVISION

New

PAGE
OF

D=1
D-1

APPENDIX D

INSTRUMENTATION SETUP

MSC FORM 360B {(JAN 67}




portions of the test program.

= THERMOCHEMICAL TEST AREA

DOC. NO.

MSC-EP-R-68-17

REV1SION

New

PAGE
OF

D-2
D-16

NOTE

DEVIATIONS FROM LM RCS INSTRUMENTATICN SETUP

The following table defines the strip chart locations for the various
Setup A was used as the normal setup; Setup B
was used for Blocks IV-L and IV-M; Setup C was used for Blocks III-B, IV-F,
IV-K, and IV-E; and Setup D was used for Blocks IV-M(A), IV-I, and IV-J.
Block descriptions are included in appendix A.

Deviations from the normal strip chart recorder instrumentation setup as
shown on the subsequent instrumentation planning sheets were made at several
points during the test program.

Strip chart no.

PARAMETER SYMBOL

Setup A Setup B Setup C Setup D
1 TET T39 T67 T6T
2 768 740 T68 765
3 TQ5 56 T70 70
L 73 755 ™73 T66
5 TTh T65 TTh T69
6 7T T69 TG0 T90
7 ™78 778 T78 T78
8 T81 TOL T81 T89
9 T82 789 782 T91
10 785 T67 785 T92
11 T86 T86 T86 786
12 P100 P100 P10O P100

MSC FORM 360B {JAN 67)
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TEST NUMBER DATF T AT INGINEFR CEV L S
INSTRUMENTAT ION PLANNING SHEET
2740k October L, 1967 Blavins 1l
PARAMETER SYM RANGE TRANSDUCER c::r.' gﬁﬁ:" c:::; nf;:m [;EA,: SE::E :;1:?1 REMARKS
Eng. 1 valve voltagewwp I1 {? a T -
Eng. 2 valve voltage 12 ¥ 2
Eng. 3 valve voltage I3 \‘f-‘ g
Eng. b valve voltage 4 v 4
Eng. 5 veive voluage Is 3 ﬂ
Eng, 6 valve voltage 16 § ‘%
Eng. T valve voltage 17 %% 2
Eng. B valve volitage I8 ?r !-?
Eng. 9 valve voltage 19 § 3
Eng. 10 valve voltage 110 ‘:} 3
| Eng. 11 valve voltage 11 ¢ 2
Eng. 12 valve voltage 2 ¢ ?
Eng. 13 valve volbage 113 % ﬁ
Eng. 1b valve voltage Tk & g
Fng. 15 valve voltage 115 @ 3
Eng. 16 valve voltage 16 A Y4
| Eng. 2 heater voltege H139 2 (n~-off signals
| Enez. U heater voltage H140 k On-off signals
Eng,: 5 hester voltage HL4L 5 On-off signals
Eng. 8 heater voltage H1k2 B On-off signals

Remarks®

MSC FORM 375 (Rev ful 88)
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vidy 1S3L IVIIWIHIOHUIH] ———ed

*20d

" ON

] T-Q9—¥~dA—0SH

TEST NUMBER DATY. TEST FNGIMEER CELL NUMRIK
rlok October 4, 1967 INSTRUMENTATION PLANMING SHEET Bleving 126
PARANETER SYH RANGE FRANSOUGER c;:ﬂ E:::u c;i; cﬁ,lm c;:: sﬁ,‘.’iﬁ ’é,ﬁﬁ REMARKS

Eng. 11 heater HLUT 11 |On-off, sxgnals
Eng. 10 heater HL48 10 {on-off signals
Eng. 13 heater HLh9 13 [On-off signals
BEng. 15 heater H150 15 |On-off signals
Eng. 1 heater H23T 1 |0n-off signals
Eng. 3 heater 1238 3 |On-off signels
Eng. T heater H243 T |On-off signals
Eng. 6 heater HRhL 6 [On-off signals
Eng. 9 heater H2h5 % |On-off signals
Eng. 12 heater H2h6 12 {On-off signals
Eng. 1h heater H251 1%  |on-off signals
Eng. 16 heater HR52 16 |on-off signals
Eng. 2 pressure switch S1l51 EOS g E Switeh elnsure
Eng. I pressure switeh s1s52 Fairchild }é‘ 5 Switch closure
Eng. 5 pressure switch 5153 Fairchild |2 3 Switch closure
Eng. B pressure switch SL5h Fairchild sB ?, Switch closure
Eng. 11 pressure switch 5155 Fairchild |4 % Switch closure
Eng. 10 pressure swatch $156 Fairchild ’% ;? Switch closure
Eng. 13 pressure swiich 8157 Paarchile ‘% g Switch closure
Eng. 15 pressure switch 5158 Fairchild g (3’ Switeh closure
Remarks:

NO1SIA3Y

A3
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TEST NUMBLR

DATE

INSTRUMENTATION PLANNING SHEET

TEST ENGINEER

CELL NUMBLR

yayy 1S3l T¥IITW3IHIOKYIHL ——

LT 89" Had-001

“200

“ON

noy

NOLS IAIY

2740k October 4, 1967 Blevins 116
FM GALYO SEL £l §/C | SCOPE MiSC
PARAMETER SYM RANGE TRANSHUCER cian | oman L onan | cnan | enan | chaw | cwan REHARKS
Eng. 1 pressure switceh 5253 Fairchild 5 % Swrtch closure
Eng. 3 pressure switch §254 Fairehild g g Switch closure
Eng. 7 pressure switch 5255 Fairchild g g Switch closure
Eng. b6 pressure switch 8256 Fairchild g E Switeh closure
Eng. 9 pressure switch 8257 Feirchald g % Switch closure
Eng. 10 pressure switch 5258 Fairchild g g Switeh closure
Eng. 14 pressure switeh 5359 Fairchzld g E Switch closure
Eng. 16 pressure switch S260 Fazrchild ‘é g Switch closure
Whittaker
He tank pressure A pl 0 to 35004 WA anoko 28 75 SN 50003
He tank pressure B P2 0 to 3500A] Microsyste 30 Té SN 60729
He reg. pressure A PT 0 to 350A [ Macrosysten 9 T SN 61708
Whittaker
He reg. pressure B 8 0 to 3%50A Mt 10 78 SN 50018
Fuel tank outlet A pl3 |0 to 350D [ SASTAET A1l SN 22932
Fuel tank outlet A P51 [0 to 350 |Microsystem y 3 I SN 61711
Ox1d tank outlet A p1d |0 to 350p | Eistler —fa 2 SN 25322
Ox1d tank outlet A p50 [0 to 350a {}hattaker [B 12 | 8o SN 50013
Fuel tank outlet B pl5 |0 to 350D | B2%Erer A 1) SN 25320
Fuel tank outlet B P53 {0 to 350 |Microsysted & 3 13 | & 5N 61709
Remarks:
NSC FORM 376 (Rev Jui 68)
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TEST NUMBER BATE TEST ENGINEER CELL NUMBER

— october b, 1967 {NSTRUMENTATION PLANNING SHEET Blevins 16

FM GALYD SEL El 5/¢ SCOPE Ni3E
PRRAKETER SYE RAMGE TRANSDUCER CHAM | CHAN [ CHAN [ GHAM | CHAN f CHAR | CHAN RENARKS

Gxad tenk outlet B pl6 |0 to 350D ggft}er B 2 SN 17958
Oxzid tenk outlet B pS2 |0 to 350A | Microsyste @ 11* 1| 82 SN 60737
Regulator reference press. p1176 |0 to 154 | Taber 12 SN 67ih96
Engines 1 tc¢ 3 fuel inlet o1y 0 to 500A | Microsysten ]Sj_g SN 59350L
Engines 1 o 3 oxid inlet p18 0 to 5004 | Microsyste g g SN 59605L
Enganes 2 to b fuel inlet P19 [0 to 500D [ gg3AteT B 10 Bl 55638
Engines 2 to § oxid inlet 220 |0 to 500D %;ﬂ,ler B 11 SN 17048
Engines 5 to 8 fuel imlet pal [0 to 500p | Bistler B 12 SN 7950
Engines 5 to B ox1d inlet pa2 0 to 500D }é;_ﬁler B 13 SN 25321
Engines 6 to 7 fuel inlet 023 0 to so00a | Microsystes| g_g SN 59356L
Engines 6 to T oxid anlet p2h 0 to 5004 | Microsysten g g SN 596ThL
Engines 9 o 12 fuel inlet p2% 0 to 5004 | Microsysted é ; 8H 59331L
Engines 9 to 12 oxid inlet p26 0 to 500A | Microsyste g g SN 59697L
Engines 10 to 11 fuel inlet | pa7 |0 to 500D | gisvrer A 10 8N 1795H
Engrnes 10 to 11 oxid inlet | p28 |0 to 00D | Kistler . | A 11 SN 25319
Tngines 13 to 15 fuel inlet | p29 |0 to 5000 | p35piST [ A 12 SN 25323
Engines 13 to 15 ox1d inlet | p30 |0 to 500D | Eistler A 13 SN 2532k
Engines 14 to 16 fuel intet | p31 |0 to 500 | Microsysted 4 2 SN 59342L
Engines 1% to 16 oxid inlet | p32 |0 to 5004 | Microsysten g 3 SN S96TTL
Rematks:
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TEST NUMBER

DATE

INSTRUMENTATION PLANNING SHEET

TEST ENGINEER

CELL MNUMBER

_

2ThOb October 4, 1967 Blevins 116
PARARETER st RAHGE TRANSOUGER c::“ :;i:o ciiﬁ eﬁiﬂ c:;: 52&{5 :é:: REMARKS

Fngine 3 PC p33 |0 to 3004 | Taber 385 |§ 3 SN -671259
Engine 1 PC p3k |0 to 3004 [Teber 185 | & 3 SN 661059
Engine 4 PC p35 |0 to 1253 | Microsysten & 7 ] SN 55210L
Engine 2 BC 036 |D to 1254 |Microsyster B & SF 592541,
Engine 8 FC P37 |0 to 1254 {Microsysten & O SN 59237
Engine 5 PC p38 |0 to 1254 |Microsysten B ¢ SH 59209L
Engine 6 PG p39 {0 to 3004 |Teber 185 [B 4 SN 671263
Bngine T PC pho |0 to 300A | Teber 185 | ¥ 3 SN 67126b
Engane 9 PC i1 [0 to 300a [ Tebver 185 (&4 3 SN 671267
Engine 12 PC ph2 |0 to 300A | Taver 185 |2 3 SN 671269
Engine 10 PC ph3 -+ |0 to 1254 | Microsysted & 7 SN 59255L
Engine 11 PC phl [0 to 225 | Macrosysten & © SN 59263L
Engane 15 EC phs |0 to 1254 | Microsysted & § SN 59203L
Engine 13 PC phb 0 to 1254 Microsysted é ? sy 5B8730L
Engine 16 PC pht |0 o 3004 | raver 185 |4 ¥ SN 671272
Engine 14 PC ph8 o to 3008 | Taber 185 |4 4 SN 671271
Fuel tank A temp. m ' {a) /A TC 1

Oxid tenk A temp. T2 {a} C/A TC 2

Tuel tank B temp. T3 {a) c/A TC 3

Oxid tank B temp. Th {a} C/a TC k

Remarks:

890 4o 250° F.

Vigy 1S3l TVILWIHIONYIHL —H

T-39-U-dd-DSK
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TEST HLMBER o INSTRUMENTATION PLANNING SHEET T e i o
27hol . October 4, 1067 Blevins 116
u GaLyyg SEL Ei §/¢ | SGOPE HisG

PARAME TER SYH RANGE TRANSOUEER cnan | coaee 1 cemnr | oman | cuaw | eHan | ewan REMARKS
Eng. 1 to 3 fuel feed temp, | T13 (v} cu/c TC 13 Winsco 3il_ D09
Eng. 1 to 3 oxid feed temp, | Tk {b) cu/c TC 1k Winsco SH _OL3
Eng. 2 to 4 fuel fegd temp. |TL3 (b) cy/c TC 15 Winsco SN 025
Eng. 2 to b oxid feed temp, |T16 {b) CU/C TC 16 Winsco SN 031
Eng. 5 to 8 fuel feed temp. |T17 (b) CU/C TC 17 Wingco Sil_026
Eng. 5 to 8 oxid feed wemp, |T18 (v) Ccu/Cc TC 18 Winsco S3_033
Eng., 6 to 7 fuel feed temp., |T19 (b} CcU/C T 19 Winseo SN Q2
Eng. 6 to 7 oxid feed temp. 720 {b) cu/¢c TC 20 Wainsco SN_936
Eng. 9 to 12 fuel feed temp. | T21 (v) Cu/C TC 21 Winsco SN QW8
Eng. 9 to 12 oxid feed temp. | T22 ) |euse e o2 Winsco Si_038
Eng. 10 to 11 fuel feed temp.| T23 (b) cu/c TC 23 Wansco SN 027
Eng. 10 to 11 oxad feed temp.| T2k {b} Ccy/c TC 2k Winsco St 039
Eng. 13 to 15 fuel feed btemp,| T25 tv)  {cusc TC 25 Winsco SH_037
Eng. 13 to 15 ox1d feed temp.| 726 (b) Gu/C TC 26 Wipsco SH_0b1
Eng. 14 to 16 fuel feed temp.|T2T (b) cu/c TC 27 \inses 50028
Eng. 14 to 16 oxid feed temp.| T28 (b) cu/c 1C 28 Vanses Si 0%
Eng. 1 fuel valve seat temp, |T29 (e) C/A TC 29
Eng. 1 oxad valve seat temp. | T30 {c) C/A ¢ 30
Eng. 2 fuet valve sest temp. | T3L {e) &/ TC 3

Remzrks,

oo to 200° F.
1

€_100° to +300° F.

T-89-Y~dd—DSl

F
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CELL NUMBER

Remarke”

€_100° to +300° F.

TEST NUMBER . DATE TEST ENGINEER
INSTRUMENTATION PLANNING SHEET
2T oY October 4, 1967 Blevins 116
' e {eaeve | seu | e $/¢ |score | MiIse
PARAWETER s RANGE TRANSOUCER | cronw | onan | cam | cran | cuAw | CHAN | chaW REHARKS

[Eng. 2 oxid valve seat temy. | T32 (c) C/A TC 32
Bug, 3 fuel velve seat temp. | T33 (c) __le/a e 33 . | On valve body
Eng. 3 oxid valve seat temp, | T34 (e} c/a TC 34
Eng, 4 fuel valve seat temp. | T35 L) c/a TC 35
|Eng, U oxid valve seat temp. ) T36 _{e) c/a me 36
|Eng, 5 fuel valve seabt temp. [ T3T ) c/fa TC 37
Eng. 5 oxid valve seat temp. | T38 {c}) ¢/a TC 38
| Eng, 6 fuel valve seat temp. | T39 D) c/A TC 32
|Eng. 6 oxid valve seat temp. | THO {e) c/a TC Lo
Eng. T fuel valve seat temp. | Th1 {c) C/A TC L1
Eng. T oxid valve seat temp, | Th2 _fe) c/a TC y2
Eng. B fuel) valve seat temp. | T43 {c} c/4 TC _L k3 On _vaive body
Eng. 8 oxid valve seet temp, | Thl e c/a TC Ll
Eng. @ fuel valve seat temp. | ThS el ¢/A TC Ls
Eng. 9 oxid valve seat temp, | TUé (e} c/a TC 6 On valve body
Eng. 10 fuel valve seat temp. Th7 (e} c/a TC Ly On valve body |
Eng. 10 oxid walve seat temp.) T48 e} e/ TC L8
Eng. 11 fuel valve sea o Tho e C/A TG g,
Eng. 11 oxid valve seat temp.| 750 o) loia TC — 30 On valve body |

pd T51 ey le/aTg 51

NSC FORW 375 (Rev Jul B4)
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I T-00-d—da-0CR

%0° to 500° T.

to 2000° F.

TEST NUMBER DATE . TEST FNGINFER CELL NUMBE#H
INSTRUMENTATION PLANNING SHEET
oml ol Oetober 4, 1967 Blevins 116
FH GALYD SEL El S/c | score NISC
PARAMETER $YM RANEE TRANSDUCER chan | cuan | o | cean | cuan | enan | cwan REMARKS

Eng. 12 oxid valve seat temp. T52 {e) C/A TC 52

Eng. 13 Tuel valve seat temp. 753 {c) ¢/ TC 53 On valve body
Eng. 13 oxid valve seat temp. TSl {e} c/a T Sk

Eng. 1h fuel valve seat temp,| TSS (e) C/A TC 55

Eng. il oxid valve seat temp] T56 (c) C/A TC 56

Eng. 15 fuel valve seat temp] T5T {c) C/A TC 57 On valve body
Eng. 15 oxid valve seat temp. TS8 (c) C/A TC 58

Eng, 16 fuel valve seat pempl TSY {e) C/n TC 59
| Eng. 16 oxid valve seat temp) T60 (c) c/a TC 60

Quad I cluster temp. T61 (a) C/A TC 21 61

Quad IT ecluster temp. 762 (a) c/a T 22 62

Quad IIT cluster temp. T63 (a) c/A TC 23 63

Quad IV cluster temp. 6k (@) |oc/a m¢ 2y | eh

Eng. 6 flange temp. no. 1 T45 (e} C/A TC 25 65

Eng. 6 flange temp. no. 2 T66 {e) C/A TC 26 66 Heater temp.
Eng. 6 combustor temp. na. 1| 749 (1} C/A TC 217 69

Eng. 6 combustor temp. no. 2| TTO {1) C/A ¢ 70

Eng. 14 combustor temp. no. J 789 (f) C/A TC 29 89

Eng. 14 combustor temp. no. g T90 (g) C/a TC 90

Remarks*

°-100° to +300° F. 00 %o 1500° F.
%0° to 300° F. 500

NO|S1AZY
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TEST NUMBER DATC T4 5T baGINERS CELL NUMRFR
pThoh october i, 1067 ‘ INSTRUMENTATION PLANNING SHEET Blevins 116
PARAMETER SYM RANGE TRANSDUCER c;:n g:::n c:::; cﬁlu c;:ﬁ SERPE 1 Bise REMARKS
Eng. 14 flange temp. no. 1 | T91 (e) C/A TC 30 91
Eng. 14 flange temp. no. 2 T92 (&) C/A TC 31 g2 Heater temp.
Wire bundle no. 1 temp. TTL (e) C/a 16 71
Ware bundle no. 2 temp. 72 (e} joC/aTC .72
Free air temp. no, L TOT (e) C/A TC o1 | 1 On erosslced sec.
Free apir temp. nc. & 708 (e) c/a TC 68 | 7 n "B™ modnle
Isolation valve no. 125 templ TU5 (a) c/a TC
He tank A temp. T {h) C/a TC 42 o7 Skan
He tank B temp. T98 (h) |C/A TC 33 98 Bkin
Eng. 1 %o 2 fire voltage V1 (1) 1 Opposing bu-hd
Eng. 5 to & fire voltage v2 (i) 2 t Opposing 3u-3d
Eng. 9 to 10 fire voltage V3 (1) 3 Opposang 2u-24
Eng. 13 to 1h fire voltage vl (1) b Opposing 1lu-1d
Fng. 4 to 16 fare voltage V5 (1) 5 Opposing ls-1s
Eng. 8 to 12 fire voltage V6 (1) [ Opposing 3s-2s
Eng. 3 to T fire voltage V7 (i) T Opposang 4£-3f
Eng, 11 to 15 fire voltage V8 (1) 8 QOpposing 20-11
A system PQMD Ql (N EOS 15 13
B system POMP T fee {3) | ®os 16 | 7b
Remarks: H
%0° to 500° F. o to 200 percent

k

‘hulOO to +200° F. Atove round weld bead on downstream side.

1o to 28 v de

40
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€0° to 500° F.
1

J0, to 10 mm Hg

™S baratron

TEST MUMBER DATE TEST ENGINEER CELL NUMBER
arkol October U, 1967 * INSTRUMENTATION PLANNING SHEET Blevins 116
FN | BALVO | sEL €l s/c |score | misc
PARAMETER SYN .RANCE TRANSDUCER chan | cuan | cean | cran | ocraw | cwaw | cram REMARKS
Load cell — a oxid tank LCl 0 to 300 [ Alinco 17 b3
Load cell — A fuel tank Ic2 0 to 200 | Alinco 18 6
Load cell — B oxid tank LC3 Q ta 300 Alinco 19 T
tLoad cell — B fuel tank Lch Q o 200 | Alinco 20 4
A 14
| Timing B 1L
S8C pressure 100 (1) {m) 12
Eng. 1 anj., head temp. 773 (e) C/A TC 3k
Eng. 2 inJ.. head temp. TTh (e) c/h e 35 5
Eng. 3 xn). head temp. T75 (e} c/a TC 36
Eng. 4 inj. hesd temp. T76 (e) C/A TC 37
Eng. 5 inj. head temp. TTT (e) c/A TC 38
Eng., 6 inj. head temp, 78 (e) C/A TC 39 T
Eng. T inJ. head temp. 79 (e) /A TC ho
Eng. 8 inj). head temp. T80 {e) C/A TC 4a .
Eng. 9 in). head temp. 81 (e} C/A TC 42 8
Eng. 10 inj. head temp. T62 (e} c/fA TC L3
Eng. 11 inj. head temp, TH3 (e) C/A TC !
Remarths:

HaN

NO{SIA3H
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TesT NUNGER ORTE TEHT ENAINELR COLL BUMAE it
27hol October b, 1967 INSTRUMENTAT |ON PLANNING SHEET Blevins 116
P [eavo | oseL | e /¢ |scoPE | MISt
PARAMETER SYN RANGE TRANSBUGER cian | cuay | onan | cuan | ewan | cuan | chan REMARKS
Eng. 12 inj. head temp. T84 (e) c/A TC s
Eng. 13 inj. head tenp. 785 (e} C/A TC 46 10
Eng. 14 in), head temp, 786 {e) ¢/a T 4t 11
Eng. 15 inj. head temp. BT (e} C/a TC 48
Eng. 16 inj. head temp. 788 {a) c/a TC *1 ko
Eng. 2 fuel valve temp, Y {n} C/A TC 85
Eng. 2 oxid valve temp. ™8 (n) ¢c/n TC B&
Eng. 10 fuel valve temp. 79 (n) C/A TC 87
Eng. 10 oxid valve temp. T10 (n) /A TC 88
Totals i3 50 93 12 14
Romarks’ '

®0% £o 500° F.
199 o 300° F.

NOI1S1A3Y

e
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[——— THERMOCHEMICAL TEST "AREA

DOC. NO. REVISJON once D1l
MSC-EP-R-68~17 Hew oF  D-16 i

Oxid valve seat
thermocouple

Injector head

Fuel valve seat
thermocouple thermocouple
Chanber pressure-—u//// . . Chamber pressure

strain gage S : - . switch
transducer

T

Figure DlL.- Instrumentation setup typical for enginesz
1, 3, 4,5, 7,8, 9, 11, 12, 13, 15, and 16,

MSC FORM 360B [JAN 67)



Oxid wvalve body
thermocouple

Oxid valve seat
thermocouple

[—— THERMOCHENICAL TEST AREA

Chamber pressure
strain gage
transducer

Injector hea%J/////fi
thermocouple )

DoC. NO, REVISION PAGE  D-l
MSC-EP-R-~-68-17 New OF D-16
N
N
U \

el valve body
thermocouple

Fuel valve geat
thermocouple

Chamber pressure

switch

Figure D2.- Instrumentation setup typical for engines 2 and 10.

MSC FORM 360B (JAN 67)




[ THERMOCHENJICAL TEST AREA

DOC. NO. REVISION

raGE D-~16
ofF D-16"

MSC-EP~R-68-17] New

."'_'—_l .

Conmbustor themo;:ouple
no. L

AN
Oxid valve sest i
thermocouple . e
N “h
S
Injector headw S"Tr? Fuel valve seat
themocoupleﬂycli BT TLA N thermocouple
I N —
E i int LT T Y
Chamber pressure /12’ EA s —— Chamls)s:ri'tlgiessure
strain gage /T I —
transducer A RO Flange thermocouple
- no. 2 (on heater
th 1 A ==
Flange n(e,rm;)_coup © o Sy S ~——  control package)

Combustor thermocouple
no. 2

}_m
f

7

/

L
L
/

[

Figure D3.- Instrumentation setup typical for engines 6 and 1lL.

MSC FORM 360B {JAN 67}
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DOC. NO.
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REVISION

New

PAGE
OF

E-1

E-3

APPENDIX E

ENGINE IIT U/5 ANOMALY REPCRT
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r—— THERMOCHEMICAL TEST AREA DoC. NO. REVISION

PAGE E-2
MSC-EP-R—-68-17f{ New OF E-3

Anomaly Description

The engine IIT U/5 chamber pressure data indicated that the engine
operated at reduced performance during this test. The following chamber
yressure values were recorded at various stages of the program (see appen-
daix A for run descriptions).

Pulse duration, Steady state Pe,
Run no. sec psia
II-A-1-5 1.000 90
II-4-1-5A 1.000 89
II-A-2-63 0.050 T8
II-A-2-6L 0.100 9
TI-A-2-65 . 0.150 18
IT-A-1-73 1.000 T5
IV-K-1 i 75

Note: Nominal steady state Pc = 97 psia

Run II-~-A-1-5 was the first firing on engine IIT U/5, and run IV-K-1
occurred near the end of the test program.

Engine History

Engine III U/S as received from The Marquardt Corporation aftexr the
design verification testing was considered unsuitable for test operation.
The injector face was severely eroded as shown in figure 21. Therefore,
the injector head assembly (TMC P/N 228795, 8/N 1003) was replaced with the
injector head assembly Irom TMC P/N228687, S/NO0OT. The engine was then
acceptance tested before installation in the test subsystem. After instal-
lation, the engine was gas flow tested. The pretest water calibration
results were 439 and 686 pounds/hour for the fuel and oxidizer valves,
respectively. These values are well within acceptable 1imits. The engine
injector orifice flow test resulits and the engine gas flow test results
(see figures 2b and 26) were also acceptable.

Investigation Description and Discussion

An extensive investigation was conducted in an attempt to ascertain
the cause of the apparent low engine performance. The hot-firing portion
of the test was completed on December 11, 1967. On Jaruary 30, 1968, a

MSC FORM 3608 (JAN 67}



——— THERMOCHEMICAL TEST AREA 5oc. NO- REVISION

MSC-EP-R-68-17 New or  _E-3

PAGE F—3

static calibration check of the engine IIT U/5 chamber pressure transducer
was performed through the data acquisition system which had been recon-
structed to the hot-firing configuration. This test indicated that the
chamber pressure transducer was functioning properly. A posi-test gas flow
test was then performed on system A with results almost identical to tThe
pretest data. The engine was then removed from the IM RCS test article

and subjected to a series of post-test checkouts. An inspection of the
engine inlet filters revealed no evidence of contamination or damage. In-
jector orifice flow test, water ecalibration, and leakage check results

were acceptable.

The engine and the original chamber pressure transducer were again
installed on the IM RCS test article. During the hot-firing tests des-
cribed in reference 21, the engine was fired with a resultant steady state
chamber pressure of 85 psia. >

Cluster TII was removed from the IM RCS and mounted on another pro-
pellant feed system to accompligh the testing described in reference 22.
At this time the positions of the IIT U/5 and IIT 5/8 engines were reversed,
making the questionable engine a side firing engine. In addition, the
original engine ITII U/5 chamber pressure transducer was installed in
engine IIT S/8, and a new transducer was installed in engine III U/5.
Steady state chamber pressure readings from both engines were nominal in
this test. -

In view of the above results, it appears that both engine IIT U/S and
the engine IIT U/S5 chamber pressure transducer were capable of nominal
overation. The acceptable resulis of the pretest and post-test water
calibrations, injector orifice flow tests, and engine gas flow tests in-
dicate that the engine propellant Tlow rates should have been nominal during
the subsystem testing. The propellant inline filter/cluster isclation
valve assemblies are the only other possible flow restrictor in the sub-
gsystem. A flow restriction in these assemblies of the magnitude required
to reduce the engine performance by 25 percent would have caused a drastic
reduction in the propellant inlet pressures, but inlet pressures for engine
IIT U/5 appeared to be nominal. In addition, the chamber pressure transient
characteristics appeared nominal.

Conclusion

From the above discussion, it appears that the anomalous performance
indication on eneine IIT U/5 was the result of either an unknown data

acouisition svstem problem or shifts in the chamber pressure transducer
outnut,

MSC FORM 360B {JAN 67)



