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1.0 SUMMARY

This test report documents the short pulse width testing complet~d on the Voyager 0.2-1bf
thruster valve assemblies (T/VA's) under contract 95693 and the disassembly and
inspection of T/VA S/N 020 under contract 957181 fo Jet Propulsion Laboratory of
Pasadena, California. The testing was conducted at Rocket Research Company,
Redmond, Washington, beginning October 1984 and e.\ding April 1985.

1.1 PURPOSE
The purpose for performing the short pulse width testing on Voyager 0.2-Ibf thruster valve
assemblies (T/VA's) was to determine t'ie following: ‘

e Impulse bit versus electrical pulse width.
e Impulse bit variations versus electrical pulse width.

e Whether the short pulses decrease thruster iife.

1.2 INTRODUCTION

Seven T/VA's were candidates for the short pulse test program. The seven T/VA's (S/N's
015, 016, 01¢ n20, 021, 022 and BO2A), were processed through prefire functional tests.
The functional test resuls and firing histories were evaluated. T/VA serizi numbers 016,
019, 020 and 022 were. selected for the short pulse testing and T/VA S/N 02} was selected
as the backup uni,

The hot- siring history of these T/VA's is contained in MJS-77 Propulsion Subsystem Test
Rezport, memoranduni VGR77 77-132. A pulse and on-time summary is as follows:

T/VA Pulse and On-Time Summary

T/VA S/N Total Pulses On-Time (sec)
016 9,955 1,211
019 2,965 426
020 2,530 86,300
022 120,189 58,082
1-1
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20 TESTPLAN

This section presents the Voyager 0.2-lbf T/VA short pulse width test plan. The short
pulse test flow plan is shown on Figure 2-1. :

2.1 MODIFICATION OF T/VA's

The seven T/VA's, S/N's 015, 016, 019, 020, 021 and BO2A, were in various stages of
disassembly when they were received. The thermal shroud, pressure transducer, and/or
aft heat shield were removed, if not previously removed, so that all units were in the

same configuration.

22 PREFIRE FUNCTIONAL TZSTS
The seven T/VA's were subjected to the following functional tests:

Thrust control valve response
Thruster GN, flow

Proof pressure

External and internal leak

Heater resistance

On the basis of the functional tz,ts and hot-firing history, four of the sever T/VA's were

selected for the characterization test.

23 T/VA CHARACTERIZATION TEST NO. |

Four T/VA's (S/N's 016, 019, 020 and 022), were subjected to characterization test Nc. 1.
If one of the four had not met the original ATP requirements, the backup T/VA S/N 02]
would have been installed in its place. The T/VA characterization test duty cycle is shown
on Table 2-1. This duty cycle is equivalent to the original ATP duty cycle.

24 SHORT PULSE WIDTH TEST NO. 1

The short pulse width test duty cycle is shown on Table 2-2. This duty cycle was used to
determine the characteristics of the decrease in impulse bit with the reduction in
electrical pulse width and also determine the electrical pulse width that was so short that
the thrust control valve did not cpen.

~d



s T

A

25 SHORT PULSE WIDTH TEST NO. 2

This test is a repeat of short pulse width test No. 1, except that . .e test s+ . ience is run
in the reverse order; i.e., starting with an ON TIME of 3 milliseconds and ending with an
ON TIME of 10 milliseconds.

26 SHORT PULSE WIDTH TEST NO. 3
This test is a repeat of short pulse test No. 1, except the propellant feed pressure is 190
psia instead of 220 psia.

27 SHORT PULSE WIDTH TEST NO. &
This test is a repeat of short pulse width test No. 2, except the propellant feed pressure is
190 psia instead o1 220 psia.

28 ABBREVIATED LIFE TEST

The abbreviated life test duty cycle is shown on Table 2-3. The abbreviated life test was
completed in four sequences. Each of the four sequences was followed by a repeat of a
short pulse width test. Sequences 1, 2, and 4 each contained 5,000 pulses and sequence 3
contained 10,000 pulses for a total of 25,000 pulses. The ON TIME for the abbreviated
life test was varied from 3.3 to 4.0 milliseconds, depending on the particular T/VA and
abbreviated life test segment, to obtain an impulse hit that was 20% to 30% of the 10-
millisecond pulse impulse bit. The abbreviated life test electrical pulse widths are shown
on Table 2-4.

29 T/VA CHARACTERIZATION TEST NO. 2

This test was a repeat of T/VA characterization test No. 1. The purpose of this test was
to determine if there was significant performance degradation due to the short pulse/
abbreviated life testing.

2.10 POSTFIRE FUNCTIONAL TESTS

This test was a repeat of the prefire functional test. The purpose of this test was to
determine if there was any significant functional degradation of the T/VA's, especially
pertaining to the thrust control valve response and the thruster GN2 flow.

-
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3.0 TEST FIRING SETUP AND :NSTRUMENTATION

3.1 TEST FIRING SETUP

3.1.1 Test Fixture

Four thruster valve assemblies (T/VA's) (S/N's 016, 019, 020 and 022), were installed on
the test firing fixture, as shown in Figures 3-1, 3-2, and 3-3. Thermocouples were welded
to the thrust chamber bodies to provide thrust chamber temperature, as shown in Figure
3-1. The T/VA chamber pressure (Pc) tubes were connected to the Taber pressure
transducers using specially prepared adapters to reduce the holdup volume. Transducers
with a3 0- to 300-psia range were used for the chara.erization tests, and transducers with
a 0- to 50-psia range were used for the short pulse width and abbreviated life tests.

3.1.2 Altitude Chamber

The test firing fixture with the T/VA's mounted on it was installed in the altitude
chamber, as shown by the schematic drawing on Figure 3-4, Figures 3-1, 3-2 and 3-3 also
show the T/VA's installed in the altitude chamber.

3.2 TEST INSTRUMENTATION

The instrumentation used on this test is shown on Table 3-] ar. Figures 3-5, 3-6, 3-7 and
3-8 The test instrumentation calibrations were performed to secondary standards
traceable to the National Bureau of Standards.

An accurate time base for the electrical pulse signal was more difficult to obtain due to
the fact that the RRC data acquisition system normally takes data at cne millisecond
intervals and this iest required data sampies at each one-tenth millisecond. In order to
accomplish this, the data acquisition system was modified to speed up the time base by a
factor of 10; e.g., for each 6 seconds of real time, the data acquisition time base registers
60 seconds. The electrical pulse widths were then calibrated.

3-1
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4.0 TEST RESULTS
8.1 FUNCTIONAL TESTS
The functional test results of the T/VA C‘Nz ilow and the valve response “me are s
on Table 4-1.
Inspection of the data on the T/VA GN, flow test reveals “e folloeing:
T/VA S/N 016 - No significant decrease in flow rate.

T/VA S/N 019 - No significant decrease in flow rate.

T/VA S/N 020 - Dramatic deccease in flow rate. This indicates partia: Sow di~cxkape :°
the thrusier and wil! be discussed in Sectors 4.2, 8.3 anz 505

T/VA S/N 022 - Slight decrease in flow rate, but the postfire readi~g at [l ps3 T2 e
an errar as the propeilant flow rate ana tirust measuarec Sur.~g Thas-

acterization test No. 2 shows a change ¢f approcxmately S derze.

The valve responc time data indicates that there is no sgnificant inCrease .~ resic-se
time.

The proof pressure, imternal and external leakage, and heater ressmance tests were
performed with acceptable resuits.

4.2 CHARACTE .ZATION TESTS
The resuits of characterization tests I and 2, along wii the original accexance ze<*

(ATP) data are summ.orized in Table 4-2.

A review of the characterization and original acceptance test {ATP) datz rcveals Te
following:

T/VA S/N 016 - There are no significant changes in any cf the performance tarametes.

&1
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T/NA S/N 019 - The data indicates that there was a dJecrease in the thrust level of 5
percent for both sequences 3 and 4. The other performance parameters
show no significance changes. The 84% roughness during ATP was due to
a unique transient condition. All performance parameters meet the
original ATP requirements.

T/VA S/N 020 - There is a 70-percent decrease in thrust from characterization test No. |
to characterization test No. 2. This decrease was caused by partial flow
dlockage as confirmed by the thruster GN2 flow test. The abbreviated
life test qata shows ihat this flow blockage occurred between puise 3,000
and 4,000 of the third abbreviated life tes® sequence; i.e., between the
13,000th and 14,00Cth pulses of the 25,000-pulse abbreviated life test.
Figure 4-45 indicates that there was little performance degradation over
the remainder of the testing; i.e., from 14,000th oulse to the 25,000th

pulse.

T/VA S/N 022 - The data indicates that there was a decrease in the thrust jevel of
approximately 5 percent for both sequences 3 and 4  The other
performance parameters show no significant changes.

8.3 SHORT rULSE WIDTH TESTS

Figure 4.1 ptesents a curve of average impulse bit as a percent of *he impulse bit at an
electrical pulse width of 10 milliseconds of the three T/VA's S/N 016, 019, and 022 versus
electrical pulse width. Thus, by definition, a data poin: at 10 milliseconds would be 100
percent.

The data f{rom siort pulse tests 1, 5 and 8 are plotted. Short pulse test | was run prior to
the abbreviated life test. Short pulse test 5 was run after the first segments of the
abbreviated life test; i.e., after 5,000 pulses. Short pulse test 8 was run after the
conclusion of the abbreviated life test; ie., after 25,000 pulses. Short pulse tests 2, 6 and
7 were omit =d for clarity.

Figures 4-2, 4-3, 4-4, 4-5, 4-6 and 4-7 show the sa...e type of curve as 4-1, except they
present data from short pulse tests 1, 2, 5, 6, 7 and 8 individually and respectively.

§-2
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The data from the testing of T/VA S/ 020 nas been omitted from these curves because of
the partial flow blockage su:stained during the third segment of the abbreviated life test.
Data from short puise tests 3 and & have been omitted because they were run at a
propellant feed pressure of 190 psia instead of 220 psia.

Figure 4-3 presents a curve of average impulse bit of the three T/VA's S/N's 016, 019 and
022 versus electrical pulse width. The data from short pulse tests |, 5 and 8 are plotted.
Short puise tests 2, 6 and 7 were omitted for clarity.

Figures 4-9, 4-10, 4-11, 4-12, 4-13 and 4-14 show the same type of curve as Figure 4-8,
except they present data from short pulse tests 1, 2, 5, 6, 7 and 8 individually and
respectively.

Figures 4-15 through 4-22 present curves of average impulse bit versus electrical puise
width for short pulse tests ! through & T/VA S/N's 016, 019, 020 and 022 cata are plotted
individually on each figure.

Figwe 4-23 through 4-30 present pulse-to-pulse impulse bit variation versus electrical
pulse width for short pulse tests | through 8 T/VA S/N's 016, 019, G20 and 022 data are
plotted individually on each figure.

Figures 4-31 through 443 show typical pulse shapes for electrical pulse widths from 10 to
3 milliseconds.

Figure 4-44 presents a curve of average impuise bit of the three T/VA's S/N's 016, 019 and

»d

022 versus accunulated life.

Figure 445 presents a curv- ol average impulse bi. .cr<us accumulatec lite for the T/VA

S/N 020. This T/VA sustained partial flow blockage a'.ing the abbreviated life testing. Y
The blockage occurred between the 13,000th ruise and the 14,000th pulse of the

abbrevi«ted life test. This data indicates k=i there was very little performance

degradation over the remainder of the testing.
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4.0

5.0 DISASSEMBLY AND INSPECTION OF T/VA S/N 020

In order to determine the cause of the partial flow blockage of thruster valve assembly
(T/VA) S/N 020, the following operations were performed:

The thruster nozzle was inspected and found to be clean and unobstructed.

The valve was removed from the thruster and the valve outlet was inspected. No
contaminants were found.

The thruster upstream screen was irspected. No evidence of contamination was
found.

A GNz flow test was performed on the valve and the flow was normai.

A GN2 flow test was performed on the thruster and the flow was found to be the
same as the flow recorded during the postfire flow test; i.e., 28 ml/min. at 5
psig and 36 mi/min. at 10 psig. This is an 85% flow reduction from the prefire
flow test.

The thrust chamber body was separated and the catalyst granules were separate
and appeared normal except for slight caking of catalyst in the portion of the
catalyst bed closest to the capillary tube outiet. The cake was lcase and easily
disintegrated. Hydrogen chemisorption tests were performed on the catalyst
removed from the upstream end of the bed and the middle of the bed. The
results were 103 and 121 u moles/g, respectively. The hydrogen chemisorption
test gives an indication of the active catalyst suwrface area. A hydrogen
chemisorption ¢f 120 is considered acceptable for new catalyst.

The bedplate was observed to be clean and free from contaminatior
The uwpstream injector screen was clean and free from contamination. The

sCreen was removed and the capillary tube inlet was observed to be clean and

iree from contamination.
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The downstream injector screens were removed and were observed to have
catalyst fines coating the outer edges but the screens were not obstructed. The

ai ea in the middle of the screens was very clean.

The downstream end of the injector was inspected and cause of the partial flow
blockage was observed. There was material buildup in the area of the capillary
tube. The photograph on Figure 5-1 shows the material buildup causing partial
blockage of the capillary tube. Figure 5-2 is a photograph of a section through
the downstream end of the injector showing the material buildup in the capillary
tube.

5-2
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6.0 CONCLUSIONS AND RECOMME MDA TIONS

6.1 CONCLUSIONS
After a thorough review and consideration of the information contained ir this report, the
conclusions are as follows:

o The limiting electrical pulse width is 3.0 milliseconds. The valve will not unseat
on most T/VA's and therefore no impulse will be obtaine_.

e A 3.5-milisecond electrical pulse would yield an impulse bit of approximately
20% of a 10-millisecond pulse impulse bit, but there would be a wide variation in
pulse-to-pulse and thruster-to-thruster repeatability.

e A 4.0-millisecond electrical puise would yield an impulse bit of approximately
45% of a 10-nmvillisecond pulse impulse bit and there would be reasonable puise-
to-pulse and thrister-to- thruster repeatability.

e The periormance information on T/VA's S/N's 016, 019 and €72 would suggest
that none or only minor degradation in thruster life is due to the 25,000 short
pulses. The partial flow blockage associated with T/VA S/N 220 suggests that
short pulses could seriously reduce thruzter life, however, this thruster may have
had a substential buildup of material in the thruster injector capillary tube prior
to this short pulse testing. A definite conclusion on the effect of short pulse or
thruster life cannot be formulated from the information resulting from this test
program,

6-1
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6.2 RECOMMENDATIONS
Besed on the information contained in this report, the followine actions are recommended:

e Use an electrical pulse width of 3.7 milliseconds, as it appears to be the best
compromise between a small impulse bit and pulse-to-pulse and thruster-to-
thruster impulse bit repeatability. A 3.7-millisecond electrical pulse would yield
4an impulse bit of approximately 30% of a 10-millisecond puise impulss bit.

¢ Continue life testing in order to better define thruster life.

e Section additional thruster injector capillary tubes at the comipietion of life

testing.
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