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I. SUMMARY

Empirical data were obtained under circumstances simulating the initial
IM RCS engine firings on the Apollo 5 mission. On this mission bubble volumes
of nearly 5 cubic inches were expected to be trapped in the propellant lines
adjacent to the RCS engine valves prior to initial engine operation. Tests
were conducted to determine the operational characteristics and to ascertain
the structural integrity of the engine when fired with such bubble volumes in
the propellant lines. Bubble expulsion from the propellant lines required up
to 0.170.seconds of steady state operation and fifteen, 0.0l35 second pulses.
Structural integrity was maintained under safe operating conditions even when
the engine ingested a bubble volume of greater than 5 cubic inches.

An analytical model was developed which can be used to accurately pre-
dict the steady state run time or number of pulses required to expel a non-
reactive gas bubble of any given volume from a propellant 1ine of the speci-
fied geometry and any given dimensions,
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II. INTRODUCTION

Spacecraft launch procedures for the unmanned first Lunar Module flight
to be flown as part of the Apollo 5 mission specified the Reaction Control System
(RCS) propellant lines be filled with gaseous nitrogen at a pressure of one atmos-
phere during the launch phase. Subsequent to obtaining earth orbit, the RCS pro-
pellant systems were to be primed with propellants by opening the main shutoff
valves. Since this procedure results in nitrogen bubbles trapped in the propel-
lant lines adjacent to the RCS engine valves, the National Aeronautics and Space
Administration (NASA) directed The Marquardt Company (TMC) -- "to initiate effort
to determine the size and quantity 6f bubbles that the Service Module (SM) -
Lunar Module (ILM) RCS engine can successfully ingest during steady state and
pulsing operation and the resultant effects of this ingestion'.

Since bubble effects are strongly dependent on bubble volume engine duty
cycle, and propellant feedline dynamics, the possible permutations of these
variables were limited by mutual agreement between NASA and TMC to obtain empiri-
cal data for the most severe circumstances expected during the Apollo 5 flight.
To determine bubble effects for all other circumstances, a computer program was
to be devised which would predict both steady state and pulse mode bubble expul-
sion time and pressure variations at the engine inlet during pulse mode operation.
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IIT. DISCUSSION

A. Determination of Bubble Volumes

Figure 1 illustrates the IM RCS propellant feed line system where
attitude control redundancy is achieved using two separate propellant systems
each of which normally supplies two engines of each quad. Crossover valves in
the system (not shown) allow all four engines of each quad to be operated from
one propellant system, if necessary. Spacecraft launch procedures for the
Apollo 5 mission specified. that the IM RCS propellant lines be filled with
gaseous nitrogen at a pressure of one atmosphere during the launch phase. Con-
sequently, when the lines are subsequently primed with propellants pressurized
to 181 psia, gas bubbles of various sizes will be formed adjacent to the engine
valves.

Bubble volumes resulting from this priming were calculated assum-
ing isothermal compression of the nitrogen by the incoming propellant. Line
volumes from the propellant tank of system A to each of the engine quad assem-~
blies are shown in PFigure 2. Tt was assumed that the nitrogen while being
compressed was homogenous in pressure. The mass of the nitrogen in each quad
increases until the quad feed line is closed off by the incoming liquid. The
final bubble volume in each quad can now be determined since the mass of the
trapped gas and the final pressure (181 psia) are known. The calculated bub-
ble volumes are shown in the following table:

CAILCULATED BUBBLE VOLUMES DUB TO FRIMING

Engine Tnitial GNo Final Bubble Volume, in.5
System | Quad | Direction |Volume, in.? Fuel Oxidizer
A ool o, 25.2 2.0 2.2
: 2oz, x 21.8 1.8 1.9
g IIIII ?fj g 29.8 2.4 2.6
. Y fi: x 55.6 1.5 4.9

The largest bubbles calculated for both the A and B systems will
be expelled during a S5-second steady state firing in the "-X" direction to
separate the IM from the SIVB stage. The largest bubble likely to be in-~
gested by an engine in the pulse mode is the 2.4 in.? fuel bubble and the
2.6 in.? oxidizer bubble. Consequently, bubble volumes of approximately
5.0 in.? and 2.5 in.? were selected for steady state and pulse mode evalu-
ation testing.
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IM SPACECRAFT LINE VOLUMES
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B. Test Facilities and Procedures

The test was conducted in Pad "G" of the Precision Rocket Iaboratory
(PRL) at TMC in Ven Nuys, California, between 5 December and 15 December 1967.
This test was conducted with the engine mounted in the vertical down firing
attitude on a low altitude (~ 115,000 ft) test stand. Propellant line dynamics
are of most concern during pulsing operation, so the propellant system of the
Pad "G" low altitude test stand wes fabricated to simulate the propellant lines
to the engine with the largest bubble to be expelled during pulsing operation,
i.e., System A, Quad III and System B, Quad II. The propellant lines used in
this test are shown in Figures 3 and 4. Figure 5 is a photograph of the Pad
"g" low altitude test setup with engine P/N X228687-517, S/N 0034, installed in
the down firing altitude and connected to the propellant lines shown in Figures
3 and L. The engine, after instsllation in the test stand, was subjected to
the tests specified by Marquardt Test Plan (MTP) 0079 (Appendix A). The firing
matrix was designed to determine how many milliseconds (in the case of steady
state firing) or how many pulses (in the case of pulsing operation) it takes
to expel the sized gas bubbles from the propellant inlets. Two bubble sizes
were evaluated - a bubble of approximately 2.5 in.> and 5.0 in.3 - first in
one propellant line, then the other and then in both lines.

In determining bubble expulsion times for steady operation the
englne was fired for one second or greater which was calculated to be more

ra o= . . - [ SR SR « S
uua..u. cuuu.g,.u u.uu\, (A J.J.\J. u.u\, .x_..'.u.\,u u.L Vi uu.uu_;.\,-

R T

guired for bubble expulsion was accomplished by firing a pulse train of a
given number of pulses followed by a steady state run. IFf the ignition delay
on the steady state run was greater than the pulse width then the pulse train
was rerun and the number of pulses was increased. This process was repeated
- until engine ignition did occur on the steady state run within the time span
of the programmed pulse width. The steady state run at the end of the pulse
train ensured that the propellant residue accumulated during bubble expulsion
would be consumed prior to the next engine firing. At higher altitudes or
in a space environment the residue would evaporate more rapidly.

Four pulsing duty cycles were chosen to represent probable IM-1
short pulse operation. These duty cycles were:

On Time | Off Time
(sec) (sec)

0.013% 1.987
0.020 0.480

0.0350 0.172

0.550 0.172
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PAD "G" OXIDIZER LINE FOR BIG BUBBLE TEST
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PAD "G" .FUEL LINE FOR BIG BUBBLE TEST
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The bubble volumes tested were generated in the propellant manifolds by closing
the shutoff valves (see Figures 3 and L) on the oxidizer and/or fuel lines, as
required; purging the propellants from the lines upstream of this valve (in-
cluding the branch) with GNo and filling the purged volume with GNp at the
pressure necessary to provide the required volume at run pressures. The volume
of the oxidizer manifold between the shutoff valve and the engine valve (in-
cluding the branch) was 5.86 in.J; that of the fuel manifold was 6.76 in.J,
With these volumes and the required bubble sizes the pressures at which the

GNo was to fill the manifolds was calculated using Charles ILaw and the total
pressure at run conditions:

Approximate

Bubble Size Oxidlzer Pressure Fuel Pressure

2.5 in.> 77 psia 67 psia

5.0 in.> 154 psia 134 psia

» Actual bubble sizes tested for the oxidizer system were 2.75 in.5
and 5.5 in.J because at the time the tests were conducted no allowances were
made for the partial pressure of the oxidizer which contributes to the total
run pressure (for NoOn, the partial pressure is approximately 15 psia; for
Rororine-BO0, the partial pressure iz negligible). The ovidizer system teogt
results are, therefore, for a bubble volume even larger than can be expected
on the Apollo program. Testing was conducted at lower engine temperatures
than would be used in actual operating conditions, adding still more confi-

dence that engine operation in the actual mission will be safe.

It had been thought that the bubble expulsion time or number of
pulses reguired to expel the bubble would be within TMC's experience, and that
from these data, safe engine operation with bubbles in the line could be
postulated. The results of the initial test phase did not allow such a con-
clusion to be drawn since overall propellant mismatch time was greater than
TMC's previously documented.test experience, and a second phase of testing
was directed by NASA as documented in Deviation No. 11 to MIP 0079. For this
phase the engine was installed in the high altitude (% 250,000 ft) test cell
in the horizontal attitude to best simulate zero-g conditions. No effort was
made to generate a bubble in the propellant lines, instead the bubble was simu-
lated by opening only one valve during a number of pulses-and subsequently
opening both valves simultaneously. The valve that was opened to allow "ecold
flow" of the propellant simulated the "no bubble" condition; the valve re-
maining closed simulated the condition where only gas would flow through the
valve during bubble expulsion. The number of "cold flow" pulses required to
simulate the bubble was determined from the initial "low altitude" tests.

c. Discussion of Test Results

Table I summarizes the runs conducted during the low altitude
tests, the results of which are presented in Figures 6 and 7. These figures

~10-
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LOW ALTITUDE TEST RESULTS
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show the decrease in ignition delay on the steady state run as the number of
pulses conducted prior to the steady state run is increased. The intersection
of the mean line drawn through the data and the X-axis indicates the number of
pulses required to expel a bubble of that particular size and duty cycle from.
the propellant lines and engine. The intercept points for the four duty cycles
tested with each propellant are shown in Figure 8. The family of curves shown
in Figure 8 for the fuel side bubbles appear well behaved and the number of
pulses needed to expel a gas bubble from other pulse widths and bubble volumes
can be extrapolated using this data. The oxidizer side data is not so well
behaved. The obvious disparity is that a fewer number of 20 ms pulses than 30
ms pulses evacuates a 2.75 in” bubble from the lines.

An investigation of this phenomenon showed the line dynamics are
such that the oscillating manifold pressure at the start of succeeding 20 ms
pulses is greater than on the succeeding 30 ms pulses and consequently, expels
the bubble more rapidly. Had the test been conducted at a different duty cycle
(longer "off" times), this disparity in the data would not have been evident.

The second phase of the test program summarized in Table II consisted
of 31 runs, 24 of which simulated engine operation with bubble volumes of approxi-
mately 2.5 in3. Only the fuel valve was pulsed for a number of pulses to simulate
engine operation with a bubble in the oxidizer valve, or vice versa, followed by
several pulses where both valves were operated to simulate ignition following
bubble expulsSion. ‘Fhe numher ot pulses of ‘gingular valve operaticn tc cimulate
bubble expulsion was determined from the data used to plot Figures 6 and 7 for
the particular bubble volume, bubble location and duty cycle being simulated.
Emphasis was placed upon evaluating safe ignition with the smaller (2.5 in3)
bubbles since this is the largest volume likely to be contained in the Apollo 5
IM RCS manifolds prior to pulsing engine operation. The larger bubbles were
simulated in test to explore the margin of safe operation. Previous test experi-

. ence at off-design conditions has shown that engine operation is more severe
at shorter pulse widths, therefore, the tests shown in Table II concentrate on
evaluating the short pulse width duty cycles.

None of the tests conducted which simulated either 2.5 in3 or 5.0 in3
gas bubbles resulted in any engine anomalies or damage. Chamber pressure measure-
ments indicated that none of the ignitions resulted in significant ignition over-
pressures. From these results it can be concluded that the Apollo LM RCS engine
will operate safely at the pulsing conditions expected during the Apollo 5 mission
since safe ignition was demonstrated with simulated bubbles equal to and greater
than those expected.

-13-



THE 7
%f Ua[df VAN NUYS, CALIFORNIA

INITIAL BUBBLE VOLUME, in3

INITIAL BUBBLE VOLUME, in>

CORMIRATION

Report A-1081

NUMBER OF PULSES REQUIRED TO EXPEL A BUBBLE
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D. Comparison of Empirical Results with Analytical Prediction

A computer program was developed to predict the propellant line pres-
sure dynamics and the steady state run time or number of pulses required to ex-
pel a bubble of given size. This program is presented in Appendix B. Liquid
compressibility was ignored in this program. An earlier iteration in the develop-
ment of the program considered compressibility, but the computer did not have
sufficient core space to handle all the storage required. The assumption of an
incompressible liquid becomes incompatible with test results only when the bubble
volume becomes small; this comparison is presented in Figure 9 for one duty cycle
and bubble volume in the fuel line. This program was also used to predict the
steady state bubble expulsion time; this prediction is compared with test results
in Figure 10, It is seen that the test results agree quite well with the pre-
dicted values. This program is completely ‘general except that the valve response
time for the Apollo valves is an integral statement of the program. This state-
ment is clearly marked in Appendix B.

-15-
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COMPARISON OF ANALYTICAL AND EMPIRICAL
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Iv. CONCLUSIONS AND RECOMMENDATTIONS

1. Bubble volumes as large as 5.0 in.3 can safely be ingested by the
SM-IM RCS system in the steady state mode of operation, and as large as 2.5 in.?
in the pulsing mode. These volumes are not safety limitations, as such, but
only establish that expected bubble volumes can be safely ingested. Safe
pulse mode engine operation was demonstrated for a limited number of tests,
with simulated bubble volumes of approximately 5.0 cubic inches.

2. An analytical model has been developed which can be used to
sccurately predict the steady state run time or number of pulses required to
expel & nonreactive gas bubble of any given volume from a propellant line of
the specified geometry (see Appendix B) and any given dimensions.

-17-
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BIG BUBBLE TEST - PacE ] or 21

1.0 OBJECTTVE

‘ The objective of this test is to evaluate the oper'ation' of the Apollo
IM RCS engine following the priming of the LM #1 propellant supply lines.

2,00  SCOPE

" Operation of the Apollo IM RCS engihe will be evaluated by engine firing '
tests with GN2 bubbles trapped in tpe propellant supply lines. The bubble
volumes tested will simulate expected bubble volumes formed by inflight

. priming of the IM #1 propellent lines. Since the IM #1 1lines are pressur-
‘ized with gaseous nitrogen vrior to priminz the test will be done with
entrapped GNQ bubbles. Two bubble volumes will be evaluated. The largest '
one, 5.0 in3, e.pi)ro:xims.tes the maximm.sized bubble that can be f‘orined dur«
ing priming - the firsﬁ firing of an engine adjacent to this bubble will -
be stesdy state. The othér one, 2.5 ind, approximates the maximum bubble
that can be formed during priming adjecent to an englne where the first

firing will be a pulse.

The effects on steady state and pulsing performance while firing with the
large bubbles adjacent to the valves will be determined. The puls;.ng duty
cycles tested will correspond to the IM #1 mission ON and OFF times.

Down firing tests in Pad G will explore firing delay (time from electrical
ON to igni‘bion) caused by the bubbles where both steady state and pulse
firing will be conducted. The propellant feed system will approximate the
~ IM #1 lines from the System A tanks to the Quad III up firing engine. The
dam.fixfing tests will be conducted as specified in Appendix A.

THC Atesd
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3.1.1.2

-+ BelaL3

b

-+ [RECRIPTION OF TEST TTEMS

s Engine Description

The IM RCS engine (P/N 228687-51T) is a pulse modulated, pressure fed,
bipropellant, 100-pourd thrust engine tha:‘c. can be used for position stab-
11ization and ettitude control. . ’

" Engine Component Description

. Propellant Velves
. Oxidizer valve with propellant sediment strainer (p/x 22868&-501)‘
* Fuel valve with propellant sediment strainer (p/x 228683-501)
‘Injector Head Asseubly (B/HN 228685)
Thrust Chamber and Bell Assembly ,
Molybdenum Combustor (P/N 228128-501)

Adaptor {rFad G r:.zxeu) Beil {7/% T3785) H

REFERENCES

_'I'he follcwing documents form & part of this test plan and are applicable

. " only as specified by the requiranents of this test pLa.n.

bol

Government Documents

MIL-P-2T7402 Propellsnt, Hydrazine, uns-Dimathylhydmzine
25 August 1961 (50% N1, /505 UDM)

MIL-P-26539 per Propellant, Inhibited Nitrogen Tetroxide
MSC=PPD-2A ' .

1 June 1966

MIL-P-27L01B Propellant, Pressurizing Nitrogen
MIL-P-27ThOT Propellant, Pressurizing Helium -

- Amendment 1
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b Industry Documents -~
T ASTM-D-1193-56 * Standard Specification for Reagent Water
',"03: 4 7"’,The. Marg_t_x__g(rdt Company Documents
R TDP 7005 Apollo RCS Hardware Handling, General Requirements
- TDP ‘TO12 General Operation and Maintenance Procedures for =
: Controlled Ares No. 2, Building No. 32
_ TDP 7013 . " General Operation and Maintemance Procedures for
ST s ' Controlled Area No. 1, Building Ho. 32
 MPS 210 - Cleanliness Requirements for Reaction Control Syst.em
B Engines
: MPS 60T Hendling end Storage Protection of Reaction Control.
"z " o i- o . Engiﬂ.e Parts d&!'__!lg ITn=Plant nmm-i--! iona - » :
. TDP TI62° SMRCE Qualification Engine Test S‘band Buildup
S o Procedure -_
. TDP T163 SMRCE Qualifica.tion Engine Test Stand Teardcrwn
PR Procedure .
"TDP T110 Big Bubble Test - Performnce
5.0 GENERAL TEST REQUIREMENTS
" . . Corrective action for test discrepancies shall be implemented a.ccording to
- the procedures of paragra.ph 6.2,
5.1 .~ Genersl Considerations
5.1.1 Clea.nliness
' A1l test hardware and facility connections shall be carefully handled per
the cleanliness requirements of the appliceble TDP to prevent the introduc-
tion of contaminants. The cleanliness of engine components shall cmp]y
. with the levels specified in MPS 210.
5¢1.2 Test Designation

The Severe Off Limlits Test Program engines shall be releassed to the Test

" Department by an Engineering Order (E.0.). This E.O. shall designate the

tests to be conducted per MIP 0079.

A-4



MTP 0079

rAGR h‘

W orggani

5.2 4 Facility Considerations'

" 5.2.1° Equipment
© . © A1l facility plumbing, 1.e., seals, fittings, valves, etc. shall be
of materials that are compatible with the propellants and shall be so
constructed to assure 'that the contamination into the propellant system

is minimize,de

n .5.2..é : The'propellant supply lines shall duplicate, within facility limitations,
*"'. the IM System A propellant lines to the Qued IIT up firing engine.

5.2.3 Leakage Check
5% " Each time the engine essembly is instelled into the test cell, that
portion of the propellant system which 1s vented to ellow install&tion '

cmdP dote o mcs e oo  aolam T 'kn S adeabalhd 'H-Q”A!‘ +h Q:n ﬁﬁ‘!ﬂ 10 with {'!H' and teated .

S e e — e i &

‘. * - ey

- for leaks using "Snoop" or equivalent. Ko leange is allowed as detect-
able with “"Snoop" or equivailent. ‘ :

- 5.2.k Operation of Injector Valves
" - 5e2ek01 The injector valves shall always be operated through an electrical
. pulse generator referenced in TDP T110 unless otherwise specified.
- Propellant valves shall be operated with zero electirical delay and
C - on sutomatic coils, except as specified in the appendicea. .
4. i 5.'2.1&.2‘ The operating voltage for the injector valvea sha.ll 'be 2h + .02 volts d-c.
5e2.4.3 " The voltage shall be set to the required level for the engine firing
a " sequences by using a resistance simulsting the engine valve. The
- specified voltage shall be set during periods of valve actuation with
. . messurements taken at the valve. . .
5.2, bW ' The operational limitation of the velves when subjected to ges flow
c 5 . T (GIW2 or (He) shell be the same as those for the condition of zero
ey e 0 . 1dquid flow., The limits for gas flow are as follows:
L 3 1- N W The continuous or pulse mode operation of the automatic coil shall
"“i7 . [ not exceed 15 minutes in any 30 minutes at 15 + 1 vde, 3.5 minutes 1n
‘~# any 30 minute period at 27 + 1 e, end 2.0 minutes in any 15 winute

e : periad at 32 vic. The meiimum voltage shall be 32 vic. .
R S AT L A-5
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: "% 4in & 60 minute period. The maximum voltege shall be 32 volts d.c.

.,

| 5._2.'1;._1;,.3

The continuous opera.tion of the direct coil shall not exceed 45 minutes - '

with direct coils comnected in series, or 16 volts d.c. on the indi~
viduel direct coil.

No more than 200 cycles under conditions of gas flow (GN or GHe)

or zero liquid flow Bh&ll be cc;nduc’ced on any valve of the engine.
'J‘Ehe runs conducted in Iﬁmpend x4 with gas bubbles in the propellant

D 1ines are not congidered gas flow cycles.

5.2.5 Facility Overation

5251

The Test Department will use Project Ezzgiheering approved TDP's deg=

cribing instrumentation and fecility operation. The TDP's shall include

' & 1listing of all instrumentation, specifying the,type of instrument,

5.2.5.2

manufacturer, range identification number, and any calibration corrections

- -
& ’E\‘u-l-a- o ¥

MC Test Opera.tions Ingpection will examine the test setup prior to

* emch test. No changcs are to be made without prior documentat.tcn and

approval of TMC Test Operations Inspection. This requirement shall

' ‘no't apply to instrumentation, which may be repleced at any time provided
' ‘it is documented and these replacement instruments are certified and

. meet the instrumentation equipment list specified in the applicable TDP. '

R

1 SN

L 5.3 “‘ ""En'gine Consideration i

" 5.3.1 Installation

' " ‘5.'3.10

5. 3.4%"

General - The engines shall be installed and instrumented as specified

in TOP T110. Instrumentation requirements are listed in Table I. In-

stallation and instrumentation schematics for each type of testing are
‘shown in Figure, l. ‘ ’ :

Fabrication of Pro;sellant System Interconnections = All propellant

. - 1ine connections made downstream of the manifold line filter shall be
;  lubricated with & minimm of Dri-lube or other approved lubricants.
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53015

5¢3¢1e5.1
" - the engine shall be purged as specified in TDP TL1O.
5.3.1.502

Electrical Hookup = A wiring schematic of the two coils for each .
valve, showing polarity, lead color code, and pin connections is
presented in Figure 2. Extreme care should be taken to insure that
the valves are connected' exactly as detailed.

Priming Procedure (for engine firing in the cell) = The engine pro-

pellant lines sha.ll be primed., 1ncluding bypassing, to eliminate ,

: gas in the lines, per TDP 7110. The priming procedure shall ensure

that no damage to the gediment strainers result from its :!mplemente.-
tion.

Purge Procedure (for éngine firing in the cell)

Post Test Propellant (e Purge ~ Prior to removal efter & test firing,

Water Flush - After the sbove GHe purge, the engine shall be removed
from the altitude chamber and purged with distlilled water, using the

ook msmm ot m mad W aad bl at wliVdem o a8 W wa a f.an -% -

Sutomn Tl oo URER TIAALGE 2 LU VIANL Qele \iavy —ajy ava o puiave
of three minutes at a manifold pressure of 60 psig, plus or minus 5 psi.
The valve of the section being purged, fuel or oxldizer, shall be
cycled closed and open at the rate of ON for 5 seconds, OFF for 1
second, for a minimum of 20 actuations, during the flushing period.
Following the water purge, each section, fuel then oxidizer, shall

" be purged with dry nitrogen per MIL-P-2T401B, for a period of 5 minutes

5.3.1.5.3

at an inlet pressure of 100 psia (+ 10).

Oven Drying

5¢3e1:543.1 The engine assembly shall be oven dried within 12 hours after any

- water flushing. The engine shall not be installed in the burn test
‘" facility if such oven drying has not been accomplished since the
lest water flush of the engine,

5.3¢1.5.3.2 . - The engine propellant passages shall be dried by heating for a

minimum of one and one-half hours &t a temperature of 150°F plus
~or minus 10 degrees, and pressure of O.3 psia or less,
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5.5 ' Propellants g
, 5.1‘&'.'1 '.'Oxidizer = The oxidizer used in the Big Bﬁbble Test Program shall be
_ nitrogen tetroxide (x Oh) and shall conform to MIL-P-26539, per
MSC-PPD-2A, dated 1 June 1966,
5.4,2 Fuel - The fuel used in the Big Bubble Test Program shall be Aerozine-50,
a blend of 50% hydrazine (Nzﬁh) and 50% unsymmetrical dlmethyllwdrazine
. (uoMH), conforming to MIE.-P-271+02. o :
5.1&,.'3’ Propellant Samples - Propellant samples shall be taken et & minimum
LT rate of one every Tth dey, and each time the facllity storage tanks are -
‘filled. Samples shall be anslysed to determine complia.nce with the -
e.p'plicable specificaticns. - The pmvicua sax?'ple analysis shall be a.ppli—
:f.'cable until the results of the latest semple are determined.” These éamples .
l_sha.ll be taken as close as possible to the engine inlet connections. In -
-the case of propellant failure to meet specifica‘bions, i:he discrepancy
_will be handled per the procedure of Section 6.2. ‘

Sk 3 Propellan‘h Saturation S e
: 5.1&.‘&.1 Prcpellﬁ.nts used for Appendix A ( testing will bethelium T T
: et 3 satumted according to the Propellant Ssturation Procedures of TOP 7110

55 'o*chez? Pest, FLutds S T
5.5,1'; In addition to the propellants described in 5.4, only the £lulds descrived . -
. '.'bélow ghall be used in préceasing the engine., All engine 1nf1uents mst
g ‘_ xpe-ss through e filter before entering the engine. :
: - Hellum, in accordance with MIL-P-2ThOT
: Nitrogen, in accordance with MIL-P-2TLO1B.

Distilled water, in accordance with ASTM-D-1193-56,
S8tanderd specification for reagent water

Commercisl Freon TF
99% anhydrous isopropyl alcohol

5¢5.2 Helium shall be used as the pressurant gas during all firing tests.
5.5.3 Nitrogen shall be used for gas bubble formation.

A-8
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5.6

| 5.6.5

Instrumentation .

Accuracy - The accuracy of the instrumentation (entire data acquisition :
system) shall be within + 2% of the specified steady state vaiue of the .
meagurements .
Requirements - The instrumentation requirements for each test are
specified in Teble I. Additional ina'brumentation nuy be. prescribed it
necessary by the Develegxment Eng*neer through the uge of & Test Program
Deviation Sheet (Figure 3).

Calibrations « The Instrumentation equipment shall be calibrated and
mainteined according to IDP 70-24, "Calibration and Maintenance of Test

- Instrumentation and Test Equipment". A copy of all instrumentation

calibrations shall be forwarded to the RSD Data Anslysis Group.
Major Calibrations - Prior to and following the testing of each Appendix,

* where performance data is being recorded; a comnlete set of electrical

pn mﬂhén: th‘nmnnm:,@a racorder calibrationa. ‘and +thrust ealibrations '
shall be taken. Additioml calibrations may be deemed neces'rsafy at any
time by the Test Opemtions Engineer a.nd/ or the Develo;ment Engineering

) delegate.
" Minor Calibrations - Electrical "R" values shall be taken as directed

- " by the spplicable TDP.

5646 b
i o ‘under. test shall receive mandatory calibrations, es specified in paragraphs

B :‘; convenience > or as specified by the Development Engineering delegate.

K £ f-':
Marking « All data shall be marked externally with all necessary informae-
: tion to completely identify it. Identification shall include, but not

be l‘.‘lm:l.ted to, the following: foe

L 5Tyl

Required Parzmeters - Only those para.metera reguired by the Appendix

5.6.4 and 5.6,5. Other recorded parameters may be calibrated as a test

m.ta Handlingz and Processing

Test number
Lest run number
Facility identification
" Date
Part Number and Serial Number of test item
Parameter identification

I MIP nuzber end Appendix ldentification
Ve d v S A-9
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© 5.7.2 : Disposition - All data shall be logged in with the Dept. 136 Data
"~ Reductlon group who will notify the RSD Date Anslysis Group of data
i availability. . T
5.'{;3 - Reduction ~ Detailed requirements are in each appendix.

A-10
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6,00
6.2.

. 6.2,1
6424101

62

QRN

BIG BUBBLE TEST PROGRAM

Test Requilrements

The detailed requirements for each test are defined in Appendix A.

Test Discrepancy Procedure

Classification

.Procéd{xzé'é;l Deviation = A procedural deviation is defined as any

change to the test plan, test procedure, test setup, or instrumen-
ta:tion which a.ffects engine operation or data reduction. |
Performance Deviation - A performance deviation 1s defined as abnormal
. - engine performarice for on-design operating corditions. During this

.test program, most of the testing will be with various size end quantity

gas bubbles up stream of the valve inlet where no standards or accept=
- gble performance limitations are defined. '
| MedPomnddon - A malfunction is defined as any operation of the test
- facility equipment or humen error which causes & discrepaucy ii -
testing. :
Failure - A fallure during this program will be restricted to the
inability of the engine to perform its intended function during the
_ on-design testing prescribed in the appendices. Engine damege may

ocpizr at ('off-design corditions, but this damage wlll not constitute a
.. . failure per this program. Engine dsmasge, when it occurs, will be

6205

s repaired by rework to Engineering Order (E.O.) and the test shall

} continue as planned. :
Others - This clessificetion includes all changes or deviations to
> the test plan or test procedure which are not defined in Peregraphs

. ) 6.2-101, 602.1.2’ 6.21103’ or 6.2:1014‘. Included in this c¢lassification :

6422
6.2.2,1

6.2.2,2

. would be typographical a.nd/or obvious errors which occurred during the

preparation of test procedures and/or test plan.

Discrepancy Evaluation )

" In the event that eny problem occurs during testing, the Development

. Engineer and the Test Operations Engineer shall make a preliminary

_ investigation. No action shall be taken that will destroy evidence, .

" Procedural deviations per paragraph 6.2,1.1 end others per paregraph L
. 642,15 chall be dispositioned per paragraph 6.2.3. ' 3

A-11
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If the problem is suspected to be malfunction, per paragraph 6.2.2.3,

or & failure, per paragraph 6.2.1.4, an investigation will be conducted

- by the Development Engineer, the Test Operations Engineer, _anﬂ the

Project Engineer. When the classification is determined the disposition

. shall be made per paragreph 6.2.3. The step-by-step trouble shooting

procedure shall be documented in the Inspection engine log book, with

" the reason for end the results of each particular step. o
- The Development Enginser shall determine when a performance deviation
. a8 defined in paragraph 6.2.1.2 has occurred. Analysis of quick look
- _. data at des:ign point ecnditions, and comparison to expected resulta.'
w11l constitute preliminary evaluation of ebnormal operation.

Bt 6. 2. 3 Discrepancy Disposition

Y 642a30

b 6020302

If the problem is defined per paragraph 6.2.1.5; & devi&tion sheet

. .". (Figure 3) shall be completed. The Deviation Sheet abal1l ha initiatad
. .y the Development kngineer and be effective immediately. Written
. approvel shall be obtained during the next regularly scheduled day
. shift :!.f the discrepancy cccurs during other than d.a,y shift- opera’cion.
A.Approve.l ghall be by the followings
~ (a) Development Engineering Supervisor
“(b) Project Engineer
(e) Test Department Representative
_If the problem is defined as & procedural devietion or ma.lfunction,
" as described in paragraphs 6.2. 1.1 or 6.2, 1.3, a Deviation Sheet
. (Figure 3) shall be completed, The Deviation Sheet shall be originated
" by the Development Engineer and approved by the following:
" (a) Development Engineering Supervisor '

(b) Project Engineer

" (e) Test Department Representative
' Temporary approval mey be obtained by telephone. If the aebove listed
. 'personnel cannot be reached at the time of decision, temporary approvel
" by either the Project Engineer or the Development Group Supervisor shall
" be sufficient. Written approvel shall be cbtained during the next

. _regularly scheduled day shift.

A-12
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62,3,

If the problem is defined as & fallure under the terms of paregraph

6.2.1.4, the failure mode of the engine will be thoroughly documented
* (including photographs of the failed hardware if applicsble). An

Inspection Rejection Report will be affixed by Inspection to a feiled
engine. Engine damsge at off-design conditions will constitute an
"expected" or "probable" test result. This type of engine damsge,
vhen it occurs, may be i‘epaired by rework to Englneering Order and
the tests continued as planned.

If analysis by the Development Engineer indicates a performance

N vdev:ie.tidn’ per paragraph 6.2.1.2, an investiga,’cion will be conducted

to determine the causes for abnormsl operatlon. If they are found to

- fall within any of the cl&ssifications_ described in pa.mgfaphs 6.2.1.1,

P Y

' 642,143, 6.2.1.4, or 6.2,1.5, they will be treated as prescribed therein.

A1l other causes will require an Inspection Rejection Report being
affixed 4o the engine. o '

©6.2,4 Deviation Sheet Distribution

6.2.0.1

‘Three working ccples of the original shell be made at the time the
- Deviation Sheet is written. These coples shall be distributed as
* follows:

(a) Developuent Test Logbook

. (b) Test Operations Engineer

6“2-th02

(¢) Engine Logbook

* Confiming signatures shall be cbtained on the original by :t:he cogni.zant

" day shift Development Engineer if temporary approvals were necessary

" (Ref. Para. 6.2.3.2). The original shall be delivered to the Change

Control Group (Product Engineering) and copies distributed as followss

" (s) - FSD Data Analysis
- (5) ~ Project Engineer

(¢} Reliability Engineer
.. .- (a) . Test Department Project Representative
w7 (e)”  DCAS Office IR
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ER A ‘The originel shall be roteined by the Changs Control Gmup;

6.3 Additional Testing
- Additional. testing or reruns must be authorized and approved by the
Project Engineer and documented with e Deviation Sheet (Figure 3).

6.4 Documentation
6oL mc Test Operations Inspection
6.11\;1.1 " A TMC Test Operations Inspector shall witness the sétup and -testing
R on an intermittant or sampling besis and verify that the required
- test conditions were met during these periods. During the 'periods
when the Test Operations Inspector is not witnessing the tests, o
PR ' the Test Operations Engineer shall be responsible for notification <~
rz* of the Inspector of any test or facility discrepsncy or of any .~
g facility changes requiring inspection espproval per paragraph 5.2.5,2.

6.#.102 : .'-I-'-U.ﬂ e 'J.'!:Bb Up@f’@ﬁioﬂﬁ .LXIBPéCUOI’ Wl‘(}ll the assiplence of 1}[18 '.L'EB'B
N 'Opera.-tions Engineer shall maintain a da.i],y~16g of ‘testing on each
: engine assembly. .'I.'hese records shall be incorporated-into. the build-
. ',‘f._f up 1og'book by ‘the inspector to form a complete engine histoiy. The
" 'information in the "Deily Record of Test Activity" shall tnclude, bub
% not.be limited to, the following informations
1' l. - Part and Serlsl Numbers of the engine e.ssembly.
- ‘2. Facility identification
. 3. Date and time ,
I © by Cumulative propellant exposure time and number of a.ctua.tions
~ of-each injector vaive (dry and wet cycles) '
. 'S, Cumulative record of firing time on engine assembly _
' 6. Cogniie.nt Development Engineer and Test Operations Engineer
for each shift
Te A record of the Test Depa.rtment Procedures , or portions thereof,
o 'canpleted on each shift
8+ Test number and run numbers. ‘ : ‘
9 A record and copy of any other pertinent paperwork, l.e.,
[ ;;Qeviat.i.on'sheets, engineering oxders, etc. - o

A4



MTP 0079

pace 1b

“7.2?’?@%

Y 5

6o 14- 1.3 M.l discrepancies and malfunctions wrﬁainizzg to the engine asaemb]y' o
and subsequent correstive action shall be em;@m in the engine log
. book. .

6'.1;._2,;., mvelopfmt Engineering
' ,6.1&.2‘.' The Developm@nt Engincer ghall msintain the "Quick Look Run Da.ta "
' run-by-run unofficial record of engine operation. ‘

6. l‘"o3 Test Opera.tions = o8
6slte3.1 - The Test Operations Engineering group shall produce a system of Test -
e ‘Department Procedures (TDP) which shall provide step-by-step instruce -
i Ry tions for the performsnce of the tests in complience with the general
4 .'73_' b -,.'.:E and detailed requirements of this test plan. These procedures shall
. inelude, but not be limited to, the following informations
?"-_‘1. Engine part number snd serial number
‘e <.l 0 B Ifentiffection of teoct fhelldty
L0 .1 3, Start and stop times of all time controlled requirements,
"7 d.e., saturation, valve operation limitations, etc. A
‘. k. Method and frequency of propellent or engine influent sampling o
' - for compliance with MIL spec. : ' ""_-, Sl
Se Verification points es required by Test Operations or Reli.ability i
: and Product Integrity (R&PI).
6. Cleanliness considerations
" Te All run numbers ard time of runs
1 8. Englne on times, to three decimal places, for steady state
=5, runs from the pulse tubes. :
' _..6;.1&;_.‘3.2.‘ . The Operations Engineer shall be responsible for the proper 1dentifica.ticn5' g
<" of all sight tube photographs. Proper identification shell consist of, =~
"'-_'_,‘out not be limited to, the follo#ing information: propellant, run number, '.
o ::i0 77 'vhether before or after the run, the cell number, end date. e
6343 Instrumentation procedures (TDP T110) shall provide Btep-by-step in- -
%1l . gtructions for the setup, calibration, and operation of the equipment - .
‘ 'necaéadry to monitor the parameters described in each eppendixe In .-~ L
. addition, these procedures shall include: S S
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e, _An instrumentetion equipment list providing enough information

© to positively identify all equipment used, including s/m.
L .2, Current transducer "R" calibrations.
: 6.1&.3.1&-';7‘ The Test Operaticns Engireer shall maintain an hourly log of all |

e g . cell activity. Of specisal interest are reasons for significant
- . delays and the time that the hardvare is moved to and from test
,'i.." cells, bond aress, and clean rooms. .
. 6.4,3.5 - fThe Test Operations Engineer shall assist the TMC Test Operations _
Sy . :,.Inspeptor by keeping record of the information required in paragraph
*1 6.4.1.2 during the inspector's absence, He shall submit this informe
y a_tion to the Ine‘pecto: for incorporation into the engine 1og booke

PEE L
S
.

6 h h Photographic Documenta.tion
: 6 h 1& 1 The cognizant Development Engineer end the Test Department Proaeet
Representa.tive shall define the a.m;ount -and ty'pe of bhotoxmnh:!.c

A -~ coverage required, : ‘

6.1{-.14-.2_ .- The following minimum information shall be used ’co identiﬁr each’

N photograph or reel: o

‘1. Test number and title

"2, Test facility identification ,

. 3. Part mumber, serial nuzber, and nsme of test item

. 1&. Run number(s)

" 6.4,5 Data Retention
- . : '.Ehe Data Ana.lysis Group of the Rocket Systems Division shall be responaible ot
.- for retaining all test data and records for & minimum of three years. The
i following information shall be compiled by the responsible groups emd &

'k copy fomrded, upon request, to the Data Analysis Group or RSD for stomge.‘

k Quality COntrol « Engine and component buildup records e.nd Engine
Test Log Books, '
f'l"f TeétOpieratiom - Records pertaining to test cycle of the engine Lo
Faw  m (Test Order), epplicable TOP's, end-dats in all forms.
Davelozment Group = Quick Look Data Sheetss -,

. A-16
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- 6 h 6 “Dther Witnesses

A written weekly test schedule shall be pudblished by the Test Department

" - and & copy forwarded to the DCAS office.

6.6

-Test Sequence

There shall be one engine ,uaed in the 'Big Bubble 'I,‘eat Progrem. The

~ gequence of tests for the program eppears in parazraph 6.1.

‘ Test Remrt

+6.6.1 Origiral Data

Copies of originzl date shall be limited to sections of oseillograph

- traces.

6.6,2 ]

Derived Curves and Tabular Listings

v .i"*”fe_’:f "Al1l derived curves and tabulated listings required by the eppendices

of thia tast nlan shall be inetiied 1n tha fina1 Rir Ruhble Meat Renart.

;j: 6 6 3 Additioml Data

' ..'.A‘Addit:ieml date, curves, tebles, etc., in excess of that required by
. the applicable appendix may be included in the final report as specified ’
S by tha Project Engineer, ' - o C

L
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7" parameter

A et

‘ Description
P, '~ . Chamber Pressure
) © 7 (Microsystems)

Oxidizer Manifoid

.. .Pressure (Kistler)

Puo
Pe ' Fuel Manifold
Fooo .o e o Pressure (Kistler)
AL it Oxidizer Manifeld
CoaTT i Temperature
T e . .. Fuel Manifold
R i Oxddizer Tank
.. Tempersture-
.7 Fuel Tank
: - Temverature

"o : Head Temperature

.. .-Head Temperature
;... (Spare)
T .. Flange Temperature

Y. Flange Temperatura
- (spare)
- Oxidizer Line
'+ Temperature
- ;\.-Fuel Line
+ - - Temperature
;v . Fuel Valve Electrie
- cal Characteristic .
Oxid.Valve Electrie
-~ cal Characteristie
t Engine Electricel
.0 74+ ON Time ,
"~ Bet_ . - Zero Reference

- . 7. Oxidizer Bubble

2.0 - Pressure '

- PB . Fuel Bubble
£ . . Pressure

' Cell Pressure

]

" Feell

T Range Interest - -

0 to 180 psie

O to 5000 gzm

+ 200 psi
0 to 200°F

0 to 200°F

0 to 100°F -

0 to 100°F

0 to 200°F

0 to 200°F .
0 to 200°F _: 2
. 0 to 200°F .
0 to 200°F :

0 = 200 psia Bristol
0.~ 200 psia

0 = .2 psia

A-18

Oselllograph

Bristol
- Bristol
- Bristol

- Bristol

' Bristol
" Bristol
K v«}Bristol
""Oscillogre,ph,: o
' oscinogiaph -

Oscillograph

Required
Dota Readout  onm Appendix -
Bristol & ' |

Oscilliograph
Briastol &

>

Bristol &
Os cillogmph

> e PP

> >

.’> |

]
4

S S S S T e

Brisvovou

Bristol.

Bristol

Oscillograph

P el et i e et e mnie At b b o e e

>

Bristol

 3>

Bristol A
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"t NoTESe
“ 1. FRange of Interest is a general requirement end may be changed by Develop=~
: ment Test Engineer at any t*l,me.

2. Where a thermocouple is denoted as "spare" (Tpp, Trip) either themocouple
AR mgeta the requirements. necessary to conduct the test. . Should one.of & -
U "matehed" palr of thermocouples fesl to cperate, the remmining ﬁhﬁmocouple

o shall 'be the sola -dndicator for the remainder of the test. ,

A-19
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TEST PROCRAM DSVIATION SHEET .

DATE

Humber

TP,

NP - MTN

PROGRAM -

S/K

THRUSTOR/ENGINE P/N

FACILITY

APPROVAL REQUIREMENTS {per Test Plan):
- 1. [ Development Test Supervisor
2, [DProject Engineer
3. 0[] Test Program Manager

" APPROVALS:

1.

OREZGINATOR

4. (GReliabilicy

5. [ Customar
6. ‘

4o

2. . . : 4 : by

36

"3.‘

6.

S rvce munen b atmns FoeA 08 e
OF S AP WS IVESD EUHVRI & § "M S WD BE YA ¥

' \;.:.;."mz OF DEVIATION: Obiscrepaney BProcedure Change [iDocument Change

This change affects Runs _ ' through

"o " CORRECTIVE ACTION/REASON FOR CHANGE:

prod e

* . DISTRIBUTION (per Test Plan): .

A-22

FIGURE 3

¢ - [Original to Change Centrol _ [IProject Engineer ......... [1DCAS Office . . .-
TETT [l0viginal to Development Test  [1Data Analysis {3 Customer '
S Eﬁ %@velopm@t Tast Logbook . Q;smm Progrem Manager LiReliabilicy

[T Y N S SCUR -
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- 7.’  APPENDIX A - BIG BUEBLE EFFECTS - PERFORMANCE | aemA- 1 or - Aeh

A=1,0 OBJECTIVE _
The ob,jective of this test 1s to ﬁaterm,ne the perfomance effecta of

. firing the IM RCS engi,ne with .,,arge entmmed gas bubbl,,ea in either or
“. both propella.nt eupply linesg.

A-?a,o Y{scopm 4'

i "Stea,éy state and pulse runs will be conducted to evaluate the effect

_that lerge entrapped GN bubbles located in the bxidizer supply line,
'f" in the fuel supply linme a.nd in both propellant supply lines will have
BT 'oon the’ firing delay of the Avollo IM RCS encine. . Rubhla valima Ahﬂ A
3‘:“*‘ "duty cycle effects will be defined with the engine :t‘iring at minimum

%7 . temperature conditions end in the flame down attitude in PRL Pad G.

,_’The bubbles evaluated will be single continuous bubbles J.oce.ted s,dja,cent
.‘to ‘the engine injector valves. « '

A-30 | 'mST Rmvxmms'
A-3.l The engine will be -installed in the down firing attitude in P.HL Pad G e

per !I!DP TllO.

_;._.'{'-A-;j.'z ':".Dhe ezigine éha].‘l. be instrumented per Table I and Figure l. The instru-
' ; mente.ti:m sha.ll be setup, calibrated and operated per TDP T110.

A~3,;3' ‘Ihe eell pressure shall be less than 0.20 psia. prior to and during a.ll Yy
EPPEIRA S tests. : : 3

. Ae3ih. Tne valve voltage shall be 2b + 0.2 volts d-c for ell performance testings - -

A-23
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5'"3..‘_ A-3 5 r'me propellanta (nitrogen tetroxid.e, N Oh, per MSC-PPD«-EA, a.nd. Aerozine-50 ' L £
‘ per !m-=13~27h02) shall be saturated per TWP T110 for all 'bes‘bing. o

& A-_3.6 e ?ropemnts w11 be &t 0 + 20°F for ell f'e“é'

: ;.A-3 '2’ 'I’ne 'pr*op@llant supyly linmes will aimilste (epproxima‘o&ly) the line lengths '
"%nd dlameters of the IM FCS lines from the System A tanks to the qued ITT -

-up ﬁ.ring engine. The facility propellant system shall be designed such .
that G, bubbles of volumes betwsen 2.5 and 5.0 in> can be formed and held
just upa’cream of elther engine injector valve, L

:AA§3".:8_“: m.'ter‘s of 5-18;(. rating shall be integrel parés of both prope:.:.e.nt unes'{ .

TA-3.9 The propellant tank pressures will be 181 + 2 paia. (166.7 + 2 psig) for B
; ""e.:l.lruna. Bt
A-3.10 Sbould engine damege occur s & result of thils testing, the engine shall be —
AR :-j removed from the f&cil;l:hy and refurbished by E. O¢ (Engineering Order), - o

tf‘_;v’_‘{.:_'_~._A-3.:l.1. The eng:!.ne combuator fla.nge tempera.ture Bh&ll be 120 2 5°F pr:l.or to ea.ch

< 'Aeh0 |’ TEST SEQUENCE

¢ oo Five (S) secon& trim runs will be cmducted to verify proper engine a.nd
i faeility instrumentation.

"A-h."e"-_ " Record Rums
Verii‘y that the test conﬁitions of A-3. 3, A—3.5, A=3.6, A-3 9 and .- "?7“'7*’.’2 f'j”.: "
o =i’. A-3.11 e.re gatisfied before each run. e

: Conduct the test mtrix spacified in A<k.3. The GN2 bubbles will 'ba ' 7_fj'~» -
Lh formed &8, ﬁp@dﬁ@ﬁ by TOP T110 prior to each run, o
| A-24
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. a<b,3. ' BIG BUBBLE TEST MATRIX - APPENDIX A
Sequence |. Bubble Volume on off | No. of
Fumber | Oxide | . Fuel - Tine (ms) Time (ms) Pulses
) 1 0 0 13+1 | 1987+20 | 10
W o2 25 | 0 | 5000+50 - 1
vz oonivg 2,5 f 5000 + 50 “ 1
ol 2.5 2.5 5000 + 50 - 1
" 5 2.5 | o 13+1 1987 + 20 | See Note 1
. ‘ 5000 F 50 = 1
TR - 0 2.5 13+1 1987 + 20 Bee Note 1
- : 5000 * 50 B 1
R ¢ 2.5 2.5 13 + 1 1987 + 20 See Note 2
5000 ¥ 50 = 1
. 2.5 0 20 + 2 480 + 10 |} See Note 3
. 5000 T 50 . - 1
LY v S 3 e hon + 10 1 gaa Note 3
w10 2.5 2.5 20 +2- | L4804+ 10 .| See Noted
"ad s : 5000 + 50 ; - 1
B R 25 | © 30+3 | 112+5 See Note 5
mE T 4 5000 +.50 - 1
a2 0 2.5 1 30+3 112 + 5 See Note 5
U | 5000 ¥ 50 e 1
A 2.5 2.5 30+3 . 172+ 5 See Note 6
e . 5000 + S0 - o1
- 1425 Repeat Sequences 2 through 13, replacing all reference to %~
3 s 2.5 cubie inch bubble volume with & 5.0 cubic inch bubble, '~

"1, “Start with one (1) 13 ms pulse folloved by one (1) 5000 ms pulse. .
. . 3. TInecrease the number of 13 ms pulses by one (1) for each succeeding
i - run until ignition occurs within the first 17 ms of the 5 second pulsee

w2y | The number of pulses will be the larger of the number of 13 ms pulses
T +°  conducted on the last run of elther Sequence 5 or 6.

3. ';’; Start with one (1) 20 me pulse followed by one (1) 5000 ms pulse.
© « ... Inerease the number of 20 ms pulses by one (L) for each succeeding .
run until ignition occurs within the first 2h ma of the 5000 ms pulses.

AT ST A-25
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"' The number of pulses will be the larger of the number of 20 ms
. - pulges conducted on the last run of either Sequence 8 or 9.

Stert with one (1) 30 ms pulse followed by one (1) 5000 ms pulse.

Increase the number of 30 ms pulses by one (1) for each succeeding
run until igznition occurs within the first 3% ms of the 5000 ms pulse.

; The number of pulges will be the lsrger of the number of 30 ms pulses
" -conducted on the last run of eithe'r Sequence )11 or 12,

' Btart with the £inal mumber of 13 ms pulses conducted in Sequence

5 or 6, whichever is applicable, followed by one (l) 5000 ms pulse.
Increase the pumber of 13 ms pulses by cne (1) for each succeeding

. run until igaition oeccurs githin the first 17 ms of the 5 second pulse.

" The number of pulses will be the larger bf the number of 13 ms pulses

conducted on the last run of either Sequence 17 or 18.

| Start with the final number of 20 ms pulses conducted in Sequence
8 or 9, followed by one (1) 5000 ms pulse. Increase the number of
. 20 ms pulses by one (1) for each succeeding run until igniticm occurs

2. At Bteas nh ma ~P dha R anannnd mﬂﬁp.

h.svnun WhEW W pwwEe - - e s

‘ The number of pulses will be the larger of the number of 20 ms pulses
<. conducted on the last run of either Sequence 20 or 21,

. * Start with the final number of 30 ms pulses conducted in Sequence

11 or 12 followed by one (1) 5000 ms pulse. Increase the number of

" . 30 ms pulses by one (1) for each succeeding run until ig;ni‘tion occurs
.- within the first 34 ms of the 5 second pulse. ,

' The number of pulses will be the larger of the number of 30 ne pulses '
conducted on the :La.st run of either Sequence 23 or ah.

. % When the 5.0 1n> bubble volumes are tested, notes 7, 8, 9, 10, 11 and ‘.\2 .=
shall replace notes 1, 2, 3, 4, 5 and 6, respective:ly. Ay

" DATA REDUCTION

‘ A‘5g3‘

DY AT VI B

'Veriry that all prerun temperatures and pressures were &s required.
Measure the firing delay (electrical "ON" to ignition)for each run.

Additional da.ta. reduction requirements may be specified by the ccgnizant
o, ...~Pr~oaect E&xgineer. )
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oS5/ DEC &7
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GThrustor/Engine Logbook BiTeot Oporations Eugre (I

A-31



TEST PROGRAM DEVIATION SHEET

parg AL O 7

: —
APPLICABILITY: Number —

ure__ D079 MTN TOP

PROGRAM AJocs 10 SAAM _LLS. Lomorire L2l Fr = 0a0]

THRUSTOR/ENGINE P/N_V X 22 23& £7-5/17 s/IN OO 34

FaCILITY_ 22L L — PAHD & ORIGINATOR__ /=, /I
APPROVAL REQUIREMENTS (per Test Plan): :

1. [EDevelopment Teat Supervisor 4, 03 Reliability

2, @Project Engineer : 5. £l Customer

3. [@Test Program Manager 6, 3

 APPROVALS: - : ..
1. f,é L/é_a Y fLC(KW'—ﬁmé[ 4,

2, JQ_ . Ui e T 7¢;/::cczj\//"f Se

3%%4 Fo B o 6e ..

TYPE OF DEVIATION: {iDiscrepancy %ocedure Chenge . [JDocument Change
: ks ) - _
BiserEpANGY/CHANGE:_EesPEfT BUNS 77/ 772 % 775 Sl caust

S THE &w«gxgg/ﬂ/ﬂﬁg_g WO 5 TNt JA T ZE

£ o v . -~ s P a I PN
v/é.(‘,/[/,r,‘/@d'u/ e/ w4 ’I}’ ‘r<:‘ "{‘)rl 7 I)"C"' ) C; Ao A Y D

7

This change affects Runs 2 Zﬁ through "

WMMW&EAS@E FOR CHANGE: //VCJ:QWS/Sf £ 7 ,ZZ*A//Z‘ /Q//

Ceeh )’5‘

DISTRIBUTION (per Test Plan):

DOriginal to Chenge Control [COProject Enginecr I DCAS Office
DOriginal to Development Tost [QData Anslysis D Customer
Obevelopment Teot Logbook CiTect Progrem Menager LRelicbility
B ThevstoriBagine Logbook CTest Opsrations BEagre :

A-32



TEST PROCRAM DYVIATION SHEET

DATZ 7[-"”‘ W 7
APPLICABILLTY: Number . O
™ 079 MTN TOP_-
proGraM A t0 SM-LM PCS Enewe P LE _
THRUSTOR/ENGINE B/ VX 228687 =5/ 7 CSIN__ COZF
FACILITY A A2l ~APALD (G ORIGINATOR /& /—-'éf’(.//*/ P
APPROVAL REQUIREMENTS (per Test Plen): .
1. [JDevelopment Test Supervigor 4, [iReliebilicy
2. [Project Engineer . " 5. [ Cuatomer
3, [T Test Program HManager 6.
APPROVALS -
ﬂ/ ﬁﬁa 4,
KLM. ( //mif FT T Triieen @875 5.
‘& iy P s s 6.
" .TYPE OF DEVIATION: {Digcrepancy BProcedure Change Oﬁbém}zaﬁc Change

DISCREPANCY/CHANGE:_Lms ViS & L) ot LUpe£ (PRI JO FU 7
N Bl BEL &E)AS [DLLos

s /. ,41‘.’;,’3/ SLIEL L IILL T T (e JEN( A //~ ke T "“’"/’: ’ .
VN t/ié’ CYe LM PULEE VAL x/»«f' 5 7‘,'//%155' (@SLCT, Sl -
CECTIOLE, 2 /ziwgr £ 2P GlIGH A RICINE WA LY E e
, ' i e ALYE 7 /”//'//
i ::ec?-; oy /5 sECs @p/:f” U THE LAST EYELE L LALITE

/02 RO SECSeCIoLe VHALE ('O 20%6CS, E.wchns for 2o mere
This change affects Runs Z Z 2 through 23{_/_@,5 . J‘-«"-“‘*‘L v o

¥6/REASON FOR CHANGE: __ZMPA’CL/F LELAY CC/Jf/"T/// cy

éy B EOMIN e~ A Mokr  CoMPLETE Lt r o
THE SUEL A PUEOLL o

DISTRIBUTION (per Test Plan):

LiOriginel to Change Contrsol . Ei’ro_ject Enginasr [IDCAS Office
OOxiginel to Devolopment Test [@Date Anslysis : 0 Customar
Development Tast Logbook BiTest Progrem Manager BRelicbilicy
B Thrustor/Bagine Logbook @Test Cporations Bagre [

A-33



€ 2 ",
TEST PROGRAM DSVIATION SHEET —_— S LECGT

APPLICABILITY: Number 7
ne_ OO0 29 MTN TDP
PROGRAM 700/ 4 a/f—//‘/ LCS Emee  F2LF  FRos24/
THRUSTOR/ENGINE P/N VX 228687 ~ 517 s/N__CO34
FACILITY A~ FPAD & ORIGINATOR____ /A=, KU////
APPROVAL REQUIREMENTS (per Test Plen): )
1. C%/Developﬂeiu Test Supm%mr 4, 3 Relfability
2. Cfroject’ Englneer 5. - B Customer
3. [@Test Program Manager 6. 0O ‘
APPROVALS: é ? 5
1. /L. ey 2(7 7( 4,
2. j) s %foﬁﬂ—— ?;7{5/?*1’(2,5&7‘ 5.
3‘ m‘ﬁ"—"‘z‘(/mg@m 6” !
TYPE OF DEVIATION: [iDigcrepancy [@¥Yocedure Change DDocument Ch'mg@

DESGREPANGTT CHANGE: L /2984, /4"4,5’-/7, fore 7 2 SEIP 77/¢r

SIX ___PULSE vl 5 7’//£ E(EH T FPULS € ea/y

Lt 7 [ - = .
£ Y fm‘;;{ . L (?rf.zf}‘?' / ¢ ”jl 452 ‘ /l/m?"/' .I £ \ &”D ’TIJL "///ﬁ'/k

pzz/ Wl /é//%/ 3. ,(’/P ELEVEN pUisE 2y, JA’/P TH 6 TELD Eitiie RaK

This change affects Runsog A-4.317 _ through ﬁ"q.&'&'

WWREASQN FOR CHANGE: Accrizenrs THE T7EST

DISTRIBUTION (per Tast Plan):

£20riginal to Change Control HiProject Enginesr ﬂDCAS 0ffice

OOriginal to Development Test [XData Analyais £ Custoner
evelopment Test Logbook FiTest Program Manager  ElRaliability

HInrustor/Engine K&gbook : SiTest Operations Bagre [3,

A-34



TEST PROGRAM DSVIATION SHEET

DATE [+ Nee., 1967

APPLICABILITY: Number %‘
ue_©079 HTN | ™
procrat_ AJPotte SM- v RCS Euewt P13 (PHapf s
THRUSTOR/ENGINE P/N_VK 22.€ 687 = 177 s/n___0ozY
FACILITY Pab & | ORIGINATOR = , HOHMAH
APPROVAL REQUIREMENTS (per Test Plan): o
1. {éi Development Test Sumwiwﬁ' 4, - O3 Reliebility
ﬁ?roject Engineer ; 5 B g:uigmme:
3. [? Test Program Manager 6. O
APPROVALS "
/€¢ﬂz‘gﬂw 4,
P Vi s (08 5.
3- s Z_'/jﬂ""w < b,
| TYPE OF DEVIATION: #Discrepancy CProcedure Change DMa;\maﬂt Change

DISCREPANCY/cdatier:  WHILE HOLMING SATURAT/IoN CONDIT/oME 18 ~THIC
Fuew Tadi THE (ORST BIAPHRAM OWTHE MEL (Uiq |

1DOECCIID Aale 13
¥ TP N werr = S v W e w o, wsn

PR3 o N oA M

Wl o AUSIAG. »—ur:.s.\ (B G IC 7 - 8 W ~d e
X 3

n Ny

T~ 309, OF NeMiMAL, TS conbiTion EXISTEN EOR
APPRDY, 10 mine APTER. wWHIcH THE PEESSURE WAS RETORNLT
To THE RDomiat. LEVEL.

This change affects Runs 81’2" through'rri"b e - . .
CORRECTIVE ACTION/REASGH mo s»:a’r &Csﬂ‘map}?a. Rur

TEST WwrTH  FUEC aﬁs 1S

DISTRIBUTION (per Test Plan):

P Original to Chenge Contrel BjProject Enginear B DCAS Office

QOriginal to Development Test  EiData 4nalysis B Customar .
. BDevelopment Test Logbook B Test Progrem Mamagorw BiRelisbility

EThrustor/Engine Logbook {iTest Operations Bngre: '

A-35



TEST PROGRAM DSVIATION SHEET

DATE /2 Do 47

APPLICABILITY: Number S

MIP_ 0079 - MTN TDP

PROGRAM_A/ pose o SM-dM FCS  fllarale  PLP  Prosos s

THRUSTOR/ENGINE P/N_YX 22946 87 -5/7 S/N oo 37 ‘
FACILITY PR/ ~ PAD G ORIGINATOR_4/. S HERMAL ‘
APPROVAL REQUIREMENTS (per Test Plan): } '
l. U}'ﬁevelopment Test Supcrvisor 4, [IReliability
2. M@Project Engineer . 5, - O Customer
3. BTest Program Manager 6. 1
APPROVALS:
. ‘1. To Arp2Y  Tipeon b,
o »f,‘z&ﬁ‘&i 2. € Mo F 7T TEiced @ zira 5
e LE P2 LY 6. :
TYPE OF DEVIATION: [3IDiscrepancy Moéedure Changa CDocument Cﬁmg@

BlucRsBAsGY /CHANCE: ___Lr s PArH, A-43.23 , Hors Il A Sk /P
THE __FOUR _ PULSE _ Pual '

-Q f&-brn r‘p”?-kﬂf?‘ —‘«‘ “S{ :{: :?,4 N ;’Z/@ F o £,/ . Y. Wl P ok = \/[7'""‘:(".“

PyLse  fua g THE Ioyp PULSE @8y

This change affects Runs A-43 23 throughA-43.24. "

Wacrmum&s@ﬁ FOR CHANGE: /7 Aec erez2078 TEST s

DISTRIBUTION (per Test Plan):

[l0riginal to Change Control [BProject Engineer [DDCAS Office

OOriginal to Developmant Test ata Analysis 0 Custouar
evelopment Test Logbook BTest Progrem Manager , Gifteliabilicy

@Thrustor/Engine Logbook Mé‘:c Operations Eangre I

A-36



TEST PROGRAM DSVIATION SHEET

|3 hEC (967

APPLICABILITY: Number_ (O
we 0077 MTH TP
prOGRAM_APoLLO SM- ] Rcs ENGIE PRI P PrROGLAM
THRUSTOR/ENGINE P/N VY 22 8687 = 5/7 s/ o34
FACILITY  PR.L LAE G ortcIvATOR &, HOoHmMAL

APPROVAL REQUIREMENTS (per Test Plan):

l. Mevelopmenc Test St.ap@wwor b, GReLmbility
@'Pro_)ect Engineer L 5. O Customer
3. {J Test Progrem Manager 6. 0O
'APPROVALS .
7// f’[ ‘.
2. K‘) ?}l ) 50
TYPE OF DEVIATION: ([3Discrepancy Wrocedure Cha'nge - [JDocument Change

bibcesprNey/CHANGE:___SEE ATCMBESL SHEET o AM)LQ ’TES'?M z

This change affects Runs g2 through_T@L -

CORRBCTIVE-ACTION/REASON FOR CHANGE:__ADN 1 T/OMAL. TEST dATA C:C(fu

DISTRIBUTION (per Test Plan):

[HOriginal to Change Control fProject Engineer BB DCAS Office
OO0riginal to Deveiopment Tect [dData Analysis [J Customer
BDevelopmant Test Logbook BiTest Progrem Managerw B Relicbility
ﬂ'i'hm@mr/ﬂnmm Lozbook 3Tast Operctions Bagre [I .

A-37



/ LRI

PP Rig .BuBtLE TEST | MR 0079
LT Mevr 10

B TESTTHE FOLLOWISG MATRIN PER-. MTP CO77. APPENIXN A |
. ‘ . o P . o

i
l 0

2. ArdrmosdL -rEs'm)& To @E/sﬁgazﬁ/m BY THE OEVE L.o;ommu—r-

5/*):5—1/9!:(.@. wu..z.. @é mf%é’ w W:s Q‘EVMT/WJ /F Tlm*&' PEMI‘?:S
_7’657" MATEIX . ; : - L

! [
i
)

- onmme

»
S

vadcﬁ? RUBGLE VoL

%,, |

0o | ox., FUEL. (rns) fns): Pue.sc:S
T ; S )
: RO : ! - - Vo :
Py = 2.5 | ‘locore| | =i 1 | " |
/ S |

2S

303

. .'I"-aoM&

@/

(000 *i0 . 1600 ot MQM’« ¢ il
2.5 A tocosigl )t — | Ll
£ | v . P o . fo L
2.5 o] 1381 A= Iff;ms"/p«bﬁd Q’%wqé%{ /

(oo = lo L L léoaw.s peled

Lol . T ) [

.' B ‘

S 123 — | 1351 [ 11987t 20 2 = 13wy lwﬂcc eé-eeewa&"g,
1 1809 o o | Jeoo MLMQ.
d . : 1 ; . .
b 2.5 %"?"% © |l 20wms PAA&Q‘& Méew-e& ?
- b o Imws*gw&s&; Lo
-, : : . i . . ‘ y - . T ! M ' ; 1 ! . :
. ' , i , st i i : '
. - 4o IR 1 .--; . .i. - e _.‘7...7.....‘%.. - ..‘.:..L RN TN .;_':.:.%_,‘..i.. - :- ! . L’...!. . e
-t I PR IR LU SR BT ' ber g R B :
2. - - fep e e e .T....g..-_h!-._. ST S R ....L..,_..(.,....a-... e T PN PO -
L s o oL SR -
¥ . i § l. [ . ooy A IS G SR aaf i d cesnfen ‘.'. :.,. H . ! H
B B I e o B Bt Bt o S S
I T N e
SUEEETRR U PR RURLARR N IR WRT L NN B NS TR EO ML A W TV IR
- K ‘ R l ““i‘. ,‘ .:i.-.. -{. ..i - ‘.-".E"‘ .:..-«1*:‘-...‘ -~ ;.--.4,-5. ! ,,..;..:4..4:.‘-. Cyemeee ! . . .‘:
H i ' - ! . . Y i 3 . . . : . .
i : -:'-4- i .:.-_ :.. I .‘.:~*:tf.1"?'“ ad *1 3»- - ;.‘....:i- RS- SO o § ..s‘ ..!._. ;,....._‘ . i.... . o
S —deede L : f S e H . S —tod :’,. e d
t P B { ¥ 3 .
RS SO SO N U N SR ST T SO R NORE SA A R N O S S T
. . i | . " | I 'r"‘ { i ) ; A ’, X . ,
. SRV PRGN SRR NN ST SUtIN: SO S 1N & AU SN N SIS SYIVHY ST N UYL SO I TR
v . BN B 3 ‘} ] W E A e i f
) i . . '. i : ! i oy 3 ’ . D ‘ ! t
— e i B o il s TE RS s S i X ;_.P B IR PR
;o g T b A T SR S Y
.; R .‘.‘ ..}~.~ 4 . .s....- e o ." SRS - ‘n. .-..?‘. .....;.......;.....g....v.. %,-n.,:.. :
4 1 ‘,'_;_ U SO O B * - ol o A | .
| ! . : . ol L !
4o) B SN RN TN SR SR SUU S S (SUE PN DO SUNOL JUIRL DN SV Poe L
P ‘, P H ! : 'A-38 A E ! DT
: T T ‘ I i ',t £ S l -! S -]
AR AL R !




LD I10VR7L
Loy, A,

. SeQlears
o

Bu BRue Vo,

oX

Fuet

TEST

/0,

on ke
(rg)

s

4

SPLCy FlLED

, ey
/\}-l! P c”\wm

e i

By

Vo,
PULSE

9

S0

wne

7000 10 -

7

So.

132y
fa0o £ te3

o 73 ms puhn ol
by 1000 ms e/

S0

/32 4
0002 to .

@ 13 ms pylee Lo Jowedd
by 1000 ms potir

S (4

5o

/732 7
OO0 = sp

1

'/3"/.7 ms .

rulse Lolhwd

/) //o 57

- —_ Z’y 1000 /m‘pu/:(
A 2,8 —— 502 5 ' /72 - 5‘5' l"‘J“O M3 ,ou/sc
/000;‘;’0 s : : Ay /008 mS /av/f('
12 -~ 2.0 | sers | a2 (1m0 ms pukse Loloss

/DELLID

é!/ LALLM /yu"./((’

o2 1

7000 £ 45

'.5‘0 AS )u[g( /p//nw/
b, tp0D ;VS /0‘//

so0ss |

o2y

2 =5
L

Y n 4

- ,-'-',.)( 7 v 0 YT

"éy D08 s pilee

s

so0 | g2 | r7228 5 |2- 50 ms pofe £o oot
t M
L] : . . .
. S EODELD oo éy - P00 /)-5 p z/s s
A — S 0. 5'0"‘.5" b /7228 |?= fﬂ ms’ {ll/.s'r //Vfé/
. . : H i ’ '
) A o /00@ 3»9"0 m— oot 4‘/ ‘/000 mf )M/fr i
' i. . f [ ] B : N | W
; v : , ;;’.. - TN R :, §oo .‘J’i';-‘.r AR 2 . } P ; . '_'A v Lo
' o Do - .3.~.. 5 EX .{ Rl -..--: (RS A _?'.., iy ...:-‘.'.... . i .,..:..w... . .ia-' - z . .i e - -
v : : ‘ T i oo Getd o v i R : N ity L
' L S , HIRIURE NEAY SRS ST 4 b . Sre [ " :
- 4 i RIS SIPRRE N "‘u ,{ S R L :-.a‘!l - PRE TR S G T T e [ . . '
R LR R OSSO TR BV B R & ' ‘ Pl i,
* g, o I 14 I PRI 'xj. _'_ J e i H . S b .e 3
EAPE T I M R et S .’2«"" A toted FA TEATIEE Tk :
i A S T ]’ . Cs LAY ’,.‘ A N A o L : ' * :
Lo IPERE I S UEND N SR R P },.‘ PRI B wdg ey e e g e b :
. i1 ' BRSO I I R : il : L. o
R H -' ] ° 3 ' .‘(',' 4. i - I | X :‘ .....§ B ’ .1 2 L
RS SR R o A% SOV SRR O IS NEASIRD B A R
. . . ' K} P \ c('! oy G e e {. Tt : < . i
: ¢ ) { N 1‘ i e { . T P .
IS S DA VS AL DI RO VAT RIS I B A
! ; BRI A "i TS P T B kot R L At PR
5 R S PP A A R SO - ER | ' !
- MRS SRS TP S R I fe it oa b [ '
-3 ‘ D S ; g LY I [ H
. . IR B ! S N T ' . : .
] Lo ey i B R T P N
by, N l ! B e B A DR et
RS SN IS FUNE TS (U0 SN (SR VNt R I ST E AP ot
IR S ' ;- .r;'j S S R Al P !
; ‘ - ! e L ? _‘....\\{4 2o ! H ) i : ;’!; : .
! - B I TR R e B AN X BUCIREY - {-ov . B
: i ' AP 3 < [ A e B H \ A
vt : ".' 'S RS "‘ : } P N I A S .
B 125 L ALTRUY S HUR U JOP SR LS A O L S
A S e & A U I S S A S BRI
. ‘ " .- -1 ) h 'h 3 4 i': Lot Cs 0 ‘ ! . ‘.
. IR . LN ! ;mTs ' . N N s
: ‘ - R !1: N .A‘. } -.." i) .g, B :-- -4 .« . . t'
t PR H e 'ERERAT N EETURTIIN. SECRRSE o B
* H ] . e ook e T ..
. . -4 ’ [ .‘...“ ;_.4 v T ..:' o . 7: 3 . L3
S L A L T :
1 e -4 PR { o e [ S v § L4
‘ . . i . 5 ¢ _'; A-39 ’ _.: s
H ‘ ' . AL i . f ‘ .
’ ‘ P !
‘ }

"




EaR - TR S < 2 S A

TEST PROGRAM DSVIATION SHEET

e /2 //7/47

APPLICABILITY: Number /!
ne 0077 M - we___7//2
procrar__ 2 L2 Gle BULBBLE TEST
THRUSTOR/ENGINE P/IN_X 228 €8 7-5/ 7 sin__ 0034
FaCILITY AP 6= ortgivaTOR __ UOF T ET T S
APPROVAL REQUIREMENTS (per Test Plan): :
1. @BYevelopment Test Supervigor 4, G Relisbility
2, [@froject Engineer ) . 5. [JCustomet
3. (O Test Program Hanager . 6. [
APPROVALS :
s e L .
2. __h Mﬁ?’" e 5.
3. 6.
TYPE OF DEVIATION: {iDiscrepancy OProcedure Change {Document 'Chmzc .

B ACPITIONAL TESTS

D1 bu{hPANCY/CHANGE

‘co/uog_ggr THE TESTS SPE’C/F/FD‘ QN
TLLE ATTA ol TN DA/rc " ar T H /)/w/)f”

il E el 2L

HIeH ALt TDe (ROOTES _ peowieso - coer
TRAP) FACILITY., CONOUCT THESE
TESTS M THE HORIPONTAL ATTITUIE,

- This change affects Rung ~— ghrough__~——— -
CORBECTIVE-ACTEON/REASON FOR-GHANGE: 170 VELIFY SAFLE
Lt Bl RCS EMGIMVE QPECATIVY N THE

HORIZPORLTAL FIRING  AFTr?TIDE,

DISTRIBUTIOR (per Test Plan):

Original to Change Control ?ra}ect Engineer mﬁcAs 0ffice
OQriginal to Development Test ¥Deta Analysis £ Custonmar
evelopm=ent Test Logboolk 3 f}%: Progrem Haneger mﬁau@bim:y
Thrustox/Engine Logbook . f5Test 0@@%&&%9 &‘mggm fs)

A-40 .



v e I iy i u-wv
d DEY. #
P62 OF,f,

'L 1.0 Conduct the runs listed in paregraph T.0 using engine m2%87-517, ;
AN “ ¥ S/N 0031; Thease ruas shall be copducted in accordance with TDP 7112.

2.0 Valve Vol‘tage T ' e g
.{  The valve voltege shall be 24 VDT for all tests.

g FA
Tt 3.0 Cell Pressure , = 3

The cell pressure smu be lees than 3% prior t»o each une

4,0 .  Tank Pressures

B e tank set pressures shall be 165.7 2 p&ig for all runs.

5.0 E':gine 'I‘anyemture : ‘ S

The follwmg engim %@mmﬁm@ Ghall exist upm miti.ation oi’
* %&h run.

/3

o - 7 ,"-s. 3&0+5°‘F"j’5.‘
o o mr : - 2

Tey (Lor@)wp037:

® (Lor2) = 9i5F

.t bwmn‘l"n“‘-u
= &

’ The propel.lants shall bo A-50 and ¥ 01& and shall be eatumted per
_the procedures of TP Til2,

:J\

7.0 i m gt Matrix ‘ -l

+ . . " The follcwing runs will consist of & specified number of cold flow )
~Yw .. pulses of one or the other of the propallants followed by & specified
' number of engine firing pulses. The ON times of the cold flows and
" the firing, pulses are the came end the off We be’cwean m pulaea
are the sa.me f@r each rum. - - 'y FoiE ) , .
R Tt B K1
om 8 com FLOW f.i’om g s -’HUMBER,
) _g;_gs;) e m,szs T PULSES . ¢t _RINS

13 L g7 L
- 13 % h87 . .
13 . 198% - 1
13° Lgr .
20 Y7 48q
20, g. : 1980
20 ¥ hBo
20 :'1980 l
39:":. -
304 ‘agroy.
30 7 e85

o

v N ce L
- . g% =% -
- g o s
U -

- v
o

>
Y S

P B R 1O S0 1O 1O W W W

e 2 &8 8 ¢ ¢t & 8 ¢ ¢ 8
b r o
- R

R
- 7 . E Aed
% L4 E

';W&’MPP#’F’NUSVRV’I



8.0

30 0 1197077 2 ¢

13 1987 15 - ox
13 487 15 = ox -
13 1987 10« ¢
13 L87 10« F
20 180 10 « ox
20 180 52
TNSTRIMENTATION

P N

20
20
15
15
1k

9

g T

ol ad el ad ol o o

T pey. B

pP6. 30F S

Foe e

The instruzentetion reguirements 1ist 48 attached (mle, 1)

A-42



Pe, H 0F 5

fPa0gy

'Gilh

i

%% 12-13

NG

26

Q"

1€

7112

MR TN o

PIP DIG BUBRLE TEST = PAD G HIGH ALTITUD

o~
[

[oistayg

101s1ag

101stag

1035739

{oistag
1018128

103STag

. 103}syxg -
ydexSo111osg

1035718

ydzax801717380
‘103813g

zamuwoﬁMﬂqu
, - 103}s¥ag

jnopeay eleq

SH gy : ..

roysrag -

4.002 910,
4,007 ©3 ¢

45002 ©3 ¢

40008 ©3 ¢ -

-

S

20002 03¢

J000T ©3 ¢

Jay b . Goe, e

¥

- 2.001 03 0

" 2,001 03 ¢
ysd com4m
eTsd 0005 ©3 ¢ -

-

¥sd 002 3 -

eysd 0005 ©% &,

eisd OTT 03 ¢

ECEFERY o
83weg - .., -

ELON

sanjexaduay s3uvly

.Awusumucan.oh.ozaa

aanjexasdway anz

Amuammv |xnjexadwal 23uery

.ousuaumaao@ vnwm

2anjeiaduay xaak Hvﬂh

wumaumwxv sanssazg

(z273S1R) wuammwww.

doﬁum«wumm@

wusuunmmeoa xnma umnww«u@

musuwkm&&@@

PIoJTuer [amg

sanjezadwoy -
PIOJTUC) IZTPTRY

PIOTuEl Yong

PIOZYuUeR aww«mw%@

LY

Amsmummmauu«mu
sinssaly JoquWeH)

“roes

VHzmswmunamm ZOnhcazmﬁbmkau

mﬁx< mqmdﬂ

.n..

LY

.
I

LEY

53566388

- A-43



® Nt B . S ———

In
S 0
§ © N
<9 .
dy J
0 P
e
<
o
™~
y, i
o .o
L N3
-» llh
PN 4
i i Lo
o .
(S -
& e
s g

*POATUA on (ITA juswaxyrboux soamhm 3uypaossx oyl .ucaamoa
« h«ﬁov 10 d3exdado 03 [¥ey worshs Suyprodax odejoapya oy pinoyg

PIP BIG BUBBLE TEST - PAD G 116G AITTUDE

neLgs

*paagnbox oq osIe [ITA PIOIIA oauuoovu> Vv ‘3uyisay . . ' “
,~-IIe 10 posn aq II¥A uuumhm nOwa>mHmu vﬂﬁohuu pPosSoId ¥ .ﬁﬂ
. *auyy Lce ua uwmn«wcm 31s9) jusuwdoyaAag
Lq vownnno aq feuw ﬁa« a:msohﬁsnmh ﬁduwamu e SYT umwuwuan Jo umndm b GRL R 7o) ¢
1018512 ’ .um.«..w.,... _
loistag _ mﬂm& s ou e ’ muummwunw 2&0 R § X S
. 103813g Smm ooN 3 o uu:nn.om% .u._nmh u.o.u‘.m o ) uuw.
. o 38& %:.w 2235 PP B
a&«umo:«um@. T wonouwuom oumu T egay :
ﬁﬁwoﬁﬁom@. AR oez. ao H«oﬁuuﬂm mﬁmnm I Y
e e R e muﬁmwnmwo&umﬁ@ ;
nmmumozwom@ e s - TedYa3091y oATEA umu.mv.nnc v Op
I - A e so11STI0308IERY ........ T
Qdex3o11¥osp - . - M TedTI102TT BATEA ﬁa:% Ia
jnopeay ejeq ommum&am_w,.;., . uotrydyaossg. . X33oueieg
muuam.;”af¢_. L e e iete et . eer 2 e .m.. . o .
m?mamﬁaomm aoEﬁzBSmHmzN T
G.pcoov HH q.ﬁmé s \ w,”.“."...........,.u L.l

P

QR Vel A 01808

/7




TEST PROGRAM DUVIATION SHEET

Mtz 1€ he <. 1947

APPLICABILITY: Number 12

e 0079 MTN C TDP
prOGRAM____ P | {°, BIG LUAIELE _
THRUSTOR/ENGINE P/N__ VK RAH €& sin CO.2Y

mear__ PAO0 G- ORIGINATOR___E . HOHAmas) :
APPROVAL REQUIREMENTS (per Test Plan): : ,

1. B Development Test supewzsm L, i Relinbilicy

2. ClProject Engineer = - 5. 0 Customer

3. M Test Program Menager 6. C
APPROVALS; ra

1. T[- t"’éy .t‘.cs. uv\,,,k Aéﬂff 1‘{2 (AF

TYPE OF DEVIATION: m'iacrepancy QProcedure_Changa Dnog,ment Ch_m.gn
DiSCREPANCY/ciakeE: ) W)@ oales DEE _“mme ?;)A) -_P(JQ.S-E’K

o _RPuu RHYI |

=1 ns - A vEAIT £ D O~ O s Sared . S )U//f.'_r.,,;:

' _oF pun 8L4Y

This change affects Runs ‘8"{.‘5 throughﬂﬁ? 2
CORRECTIVE ACTION/REASQN-FOR~CHANGE: 1), R.‘&P%ﬁff eon
'z} AQC‘-@ pr AS 1S, PO _Nox Prpyrt,

DISTRIBUTION (per Tast Plan):

[30riginal to Change Contzol fZProject Enginear T1DCAS Office
L10riginal to Development Test JilDaka Analysis {3 Customex
. IDevelopnant Test Lugbook FiTest Progesn Manager ﬁﬁ%u&mmmy
#1 Thrustor/Engine Logbook JFiZeet Opersticns Bagre

' : A-45



TEST PROCRAM DSVIATION SMEET _ -
pATE | £ [ e (957

APPLICABILITY: Number___J R
MTP__ 0079 MTN B : )
PROGRAM Pt .P 8¢ RLISBLE TEST
THRUSTOR/ENGINE P/N__ VK L1H 687 ~ & 17 S/N 0034
FACILITY PAy & orzcINATOR___E« HOM AN
APPROVAL REQUIREMENTS (per Test Plan): , .
1. [BDevelopment Test Supervisor 4, U Reliability
2., [@BProject Engineer 5. [J Cugtomer
3. P Test Program Manager 6. O
APPROVALS N
'2(///(‘1'@( o,
2- Al f/i”*ﬁw”fw ‘ 5
3.0..’;..:-" / ; . 6.
TYPE OF DEVIATION: Dnisczepancy. LIProcedure Change ﬁbocument Change
RLSUREPANGY/ CHANGE : THE ON A8 OFF TYME TowepRariets
SHALL PE A8 PoLLpws:
‘\'\ M"'u'.:: —:«;’:\ltr/b&,rc / 9(:?'-:— .'.'."'" ..-.»,.__s“""().df‘{ o
13 ws 1w 1987, 1980 ﬁ?OM- 20 _ms
2O . WS- + Lvns '-:?’0, q?"iﬂ Tt O wg
7
20 wAS . T Swas 1 228 wmsg ..wS‘,' s

!

This change affects Runs ?ﬂ l through « iﬁﬁ e

CORREGTEVE-AGTION/REASON FOR CHANGE: ___ A0 -TOLECANCES SPecIfiel 0f}
CORLENT rEsr  PLAN |

DISTRIBUTION (per Test Plan): : ' '
EOriginal to Change Centrel m‘groject Engineer [LDCAS Office”
OOOriginal to Development Test g ata Analysis [J Customer
K Development Test Logbook ixTest Progrem Manager fﬁﬁanabumy

JlThrustor/Engine Logbook fﬁ%st Operaticne Bogre [J
‘ : A-46



paTE 1S DEC.

APPLICABILLTY:
Me__ 0019 ) o2
proaa_ PN D RBlg RomLl
THRUSTOR/ENGINE P/ VY 2 2. %6877 oozd

FaclLltY__ .. PAD &

APPROVAL asqumfmmrs {por Test th .
1. CiDevelopment Tegt Supesvicor
2. [IProject Engimecw

OCRIGINATOR // L SHE s at

4. [JReliabilicy

- 8, ) Customar

3. [OiTest Progrem Haneger 6. 0
Anaom,s (7
el .
2. M ;M,ffg,l .

TYPE OF DEVIATION:

8biscrepeney

(iefocedure Chenge

(IPoeument Chenge

Y0 PERFCoRMIAG PALA T,0.\3 ot
W -k e T e A uw A 1 Py o A e s e Pirma 2 o
- NSNS SU S S VONE W= Pt Pare e 2 — '
: 22 Mus a2 282 L2 AT

This change affects Rune ﬁ Q

BTION/REASON FOR CIA

TOo DErerMIvE

C.Qa¢ LMC

clu_.sﬁg gg!

18 OXI0t2¢

R 4 '

ge D Feaws,

DISTRIBUTION (per Test Plam):
EOriginal o Chenge Contrel
OOriginel to Develepment Tose

mbevalmm ‘Ef‘@@e &wb@zm
Drthruseor/inglag

@@’mﬁ@et Englnesr
@mm dnalycin

E%s08 Progren %@mgaé
@ﬁé‘;@a Operetions Bage

A-47

(I DCAS Office
£ Customar
fifeliabilicy

oy
i

ot
l’/ _-’é. “.



THF )/
%f?ﬁ@ﬁdf vas WUYS, CALIBOTNE Report A~1081

CORIRATHON "

APPENDIX B

ANATYTICAL MODEL,



dﬁfﬂlﬂfdl VAN NUYS, CALISGANIA ’ A- 1081

FURPORATION

TABLE OF CONTENTS

PAGE

Analytical Model ' » B-1

Computer Program Listing | B-5

Plotter Subroutine B-8

LIST OF TLIUSTRATIONS
FIGURE NO. PAGE
B-1 Analytical Model B-2
LIST OF TABLES

TABLE NO. PAGE
B-I Data Imput Parameters B-3

B-ii



THE
%I— qﬁ ar di VAR MUTS, CALISGRMIA Report A-1081

(ARITIRATHIN

ANALYTICAL MODEL

The analytical model for which this progrem was prepared is shown in
the attached figure. (Velocities as shown are positive.) The program is de-
rived solely by applying the perfect gas law.to the bubble and requiring con-
tinuity throughout the system; the liquid is assumed to be incompressible and
the expulsion of the bubble is assumed to be isothermal. At any instant the
pressure in the bubble is assumed equal at all points.

After providing READ and FORMAT staetements for the data cards and
WRITE and FORMAT statements for the caluclated results the program calculates
constants to be used in the mein loop and the location of the liquid/bubble
interface. The main loop begins by establishing if the valve is open or
closed and proceeds to caleulate the gas pressure at time intervels, H (see
Table B-1 for a list of data input parameters). Statement lines 0062 through
0122 establish the relationships between gas velocities (V), the branch
volumes (VO), the gas volumes (VG), and the volume fraction of gas flow (G),
for branches X, Y, and Z. As the program proceeds VY £ 0 will result in lower
pressures at the Junction "pulling" ges into branch Y and Z (VGYZ). When these
relationships are established the associated pressure ratio (PR) is calcu-
lated (statement line 0132); FR is the ratio of the rate of change of gas
pressure to the gas pressure, P/P. New values are calculated for the velocity,
location, and pressure of the interface and the gas volume in each branch
(0140 through Ol46). The program is then incremented by the integration
incerval (u;vo). valiCuiaced results &re Prinved OUt OT LAE Urogruil Ls re-
iterated with the calculated valves as determined by the value of IFRINT
(see Table B-1). The plotter subroutine is called only if IPLOT is set equal
to 1.

The complete program listing is shown in the following pages.

B-1
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CXRIVIRATION

TABLE B-I
DATA INFUT PARAMETERS™
Card S .
No. Parsmeter| . . Defirition Units Format
1 H Integration Time Interval | seconds 12.6
FLOSS Friction Loss Coefficient - 12.6
VGO Initial Bubble Volume in.” 12.6
N Index: If N = O, the remaining ~- 12
parameters are the same as the
previous case,
If ¥ = 1, read new input
data
If N = 2, read new TON
and TOFF only
IPLOT Index: If IPLOT = O, No plots - 12
If IPLOT = 1, Plots
bubble pressure and valve actu-
ations versus time (see Figure
10 of text)
[ IFRINT | Index: If IFRINT = O or 1, Prints! == 2o
each point calculated (at inter-
vels determined by H)
If IPRINT = n(>1), Prints
output at every nth integration
time interval
2 DX Diameter of branch X inches 12.6
DY Diameter of branch Y inches 12.6
DZ Diameter of branch Z inches 12.6
3 XJ Length of branch X inches 12.6
VOY Volume of branch Y in.> 12.6
voz Volume of branch % in.J 12.6
VGZI Initial Volume of the bubble in in> 12.6
branch 7
L PO Initial bubble pressure psia 12.6
TG Initial Gas Temperature °F 12.6
K Valve Flow Ares in.2 12.6
1

B-3
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TABLE B-I (Continued)

gzrd Paremeter Definition Units | Format
5 VIS | Liguid Viscosity gee | 10,6

RHO | Liguid Density 1bm/etd | 12.6

GMA Molecular Weight of Gas - 12,6

GG Gas Specific Heat Retio - - 12.6

6 TON Length of time the valve is seconds | 12.6

open during a pulse
TOFF Time between pulses seconds | 12.6

B-4
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aeu9 IF LIPRINTLEC,D) JPRINT=1
Gc10 1FIN-114Cs 20,30 f
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