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NASA’s Evolutionary Xenon Thruster (NEXT) is a nextgeneration high-power ion
thruster under development by NASA, led by GRC andupported by JPL and Aerojet, as a
part of the In-Space Propulsion Program. NEXT is dsigned for use on robotic exploration
missions of the solar system using solar electricoper. Potential mission destinations that
could benefit from a NEXT Solar Electric Propulsion (SEP) system include inner planets,
small bodies, and outer planets and their moons. Té range of robotic exploration missions
generally calls for ion propulsion systems with dgethrottling capability and system input
power ranging from 0.6 to 25 kW, as referenced tootar array output at 1 Astronomical
Unit (AU). Thermal development testing of the NEXT prototype model 1 (PM1) was
conducted at JPL to assist in developing and validimg a thruster thermal model. NEXT
PM1 performance prior to, during and subsequent tothermal testing are presented. Test
results are compared to the predicted hot and colénvironments expected missions and the
functionality of the thruster for these missions idiscussed.

Nomenclature

Jo = beam current (A)

Jd = discharge current (A)

Jacut = discharge cut back current (A)

N = discharge cathode heater current (A)
Jon = neutralizer cathode heater current (A)
Jnk = neutralizer keeper current (A)

me = cathode flow rate (sccm)

My, = main flow rate (sccm)

m, = neutralizer flow rate (sccm)

V, = accelerator grid voltage (V)

Vp = beam voltage (V)

I. Introduction

NASA’s Evolutionary Xenon Thruster (NEX¥J is a next-generation high-power ion thruster under
development by NASA. The NEXT program is led by GR@d supported by JPL, Aerojet and L-3
Communications Electron Technologies, Inc., withtipgpation by Applied Physics Laboratory, Univeysiof
Michigan and Colorado State Univesity, as a pathefln-Space Propulsion Program. NEXT is desigoedse on
robotic exploration missions of the solar systeingisolar electric power. Potential mission degiomes that could
benefit from a NEXT Solar Electric Propulsion (SEy$tem include inner planets, small bodies, ardrqulanets
and their moorf®. This range of robotic exploration missions getherclls for ion propulsion systems with deep
throttling capability and system input power ramgginom 0.6 to 25 kW, as referenced to solar arnatput at 1
Astronomical Unit (AU).
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As part of the development effort, environmentatitey is being undertaken to verify that the theustan
survive launch and thermal loads expected duripic&y missions. This includes vibration testing ahdrmal
vacuum testing. Prior to performing these testheantal development test (TDT) was performed on NEXT
prototype model (PM) thruster, PM1.

The NEXT thermal development test was conducteiddn developing and validating a thermal modeltfe
thruster. Data were recorded to document key terusmperatures as a function of thruster operatorglitions
and thermal environment. Information obtained frtns test was used to determine the reference teryse
location and test conditions for the subsequentrtakevacuum test.

A. Test Objectives

The NEXT thermal development test had two majoedidjes. One was to document key thruster tempestu
as a function of thruster operating condition ametral environments that would be encountered duitypical
mission. The second was to validate the test sugguipment, hardware, and procedures requirecaoute the
planned subsequent thermal vacuum test (TVT).

The first objective required testing the thrustesalected points spanning the thruster throtthgeaat cold,
ambient and hot conditions. Testing was requiredetermine if the cathode and/or the neutralizetdrs could be
used to maintain thruster components within fliglawable limits under cold conditions. Testing vedso required
to ascertain thruster and thruster component testyrer margins under worst case thermal loads fikshtirom
mission analysis. In addition testing to deternttme external heat load required to first reachrastier component
temperature limit was desired.

The second objective included selection of thedterureference temperature location. The thermadldpment
test was also used to determine the appropriatedaslitions for the TVT; this included cold so@krperatures and
heat flux required for hot testing.

B. Temperature Limits
Temperature limits for critical thruster componentsre specified for the magnets, propellant iso|atare

harnesses and also at the candidate temperatarerre¢ locations—thruster gimbal pads—used duhiadttermal
development test. The do not exceed low temperdimrefor the thruster was set at -230 C; howeveravoid
xenon condensation in the feed system, the prapéditees and propellant isolators were requiredé¢oabove -
109 C during thruster starts. The do not exceectrupgmperature limit was 360 C for the magnets, @G6r the
propellant isolators and was 260 C for the intethalister wire harness. The external wire harness aviginally
limited to 150 C due to use of Tefzel jacketings timit was subsequently increased to 200 C taalésting at the
desired external heat loads.

C. Thruster Operating Points

Testing of NEXT PM1 was conducted using laboratpoyer supplies. The thruster operating points used
during the thermal development test are listedabl@ 1. Nine operating conditions were run durimg functional
and thermal testing. The table lists the contratirsgs for these operating points, as well as thosecathode
ignition.

Seven parameters are controlled during normal tirugperation. The propellant flow rates to thecligsge
chamber (m), cathode (), and neutralizer (ph are controlled. lon optics parameters—beam cur(#r), beam
voltage (Vb), and accelerator grid voltage (Va)—seeto maintain the fraction of propellant accaied to high
speed, to provide the desired kinetic energy tdteam ions, and to prevent electron backstreariimg.neutralizer
keeper current (Jnk) is set to maintain efficierutnalizer operation and to prevent the neutralizem
extinguishing during recycles.

Two other parameters are controlled during thrustarts. The discharge cathode (Jdh) and neutrdizater
current (Jnh) are maintained at the specified séttfgo heat the cathodes to thermionic emissionp&ratures.
Once cathode or neutralizer ignition has occurtegel heater current to that component is turned off.

In addition to the control parameters two otherapaeters—discharge current (Jd) and discharge ak ba
current (Jdcut)—are also listed in Table 1. Durirgymal thruster operation, the discharge currentaised to
provide the desired beam current. Nominal dischaugeents are listed in the table to provide aworable set point
during thruster starts prior to applying high vgkafor beam extraction. The discharge current eekhbs used
during recycles, where the discharge current isbewk to a low value to avoid over current condisiavhile the
high voltage is being ramped up. Because eachedfhirmal development test points has a unique icatibn of
beam current Jb and beam voltage Vb these variabbegsed to identify the operating point throudtibis report.
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Table 1. NEXT PM1 Throttle Table.
Control Ignition Discharge TDT TDT TDT TDT TDT TDT TDT TDT

Parameter Only 1 2 3 4 5 6 7 8
Jnh (A) 8.5 - - - - - - - - -
Jnk (A) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Jdh (A) 8.5 - - - - - - - - -
Jd (A) 9.0 9.0 8H 958 8.8 8.4 147 139 206 189
Jdcut (A) - - 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
Jb (A) - - 1.00 1.20 1.20 1.20 200 200 352 352
Vb (V) - - 275 679 1179 1800 1179 1800 1179 1800
Va (V) - - -500 -115 -200 -210 -200 -210 -200 -210
Mp, (SCCm) 14.23 14.23 12.32 14.23 14.23 1423 25.78.7R2 49.64 49.64
m; (sccm) 3.57 3.57 352 357 357 357 387 387 748487
m;, (sccm) 6.00 6.00 300 3.00 300 3.00 250 250 14.04.01

®Nominal Value; discharge current is adjusted tomadn a constant beam current.

Il. Test Hardware and Facilities

A. Thurster

The NEXT PML1 is a 40 cm diameter prototype modeisters fabricated by Aerofedior GRC under the NEXT
project. The thruster is capable of operation @eide power envelope, from beam currents and geftaf 1.0 A,
275V at the low end to 3.52 A and 1800 V at thghtend of the throttle range.

The NEXT PM1 thruster used for the thermal develepimtest was instrumented with 34 thermocouples.
Twenty thermocouples were attached to high volameponents; seven were on magnet retainer rings,viere
spot welded to the outside of the discharge chantiinere were on the ion optics, two were attacbdtle discharge
cathode assembly, three were on wire harnessesoaadwas attached to a propellant isolator. Fourteen
thermocouples were attached to low voltage surfdoeswere located at various locations on thespla screen,
three were mounted on the front mask, two weregolaan the neutralizer assembly, one was on thealieet
harness and one was spot welded to each of thedhrbal pads. These thermocouples were instatigelMl prior
to shipping to JPL. A list of the thermocouplesdis®m PM1 during the thermal development test ivigea in
Table 2. The three columns in the table list th&gteation nhumber, the component and the voltagedoh of the
NEXT PM1 thermocouples. In addition to the thrudteermocouples, thermocouples were also mountethen
gimbal flexures that interfaced between the PM1bgihpads and the thruster support structure duhieghermal
development test.

B. Data Acquisition and Power Supply Control System

The thermal development test was performed usibgrédory power supplies. These power supplies were
controlled by data acquisition and control softwafae data acquisition system uses Opto22 modolegad
thruster currents, voltages, flow rates and tentpegs; facility pressure and temperatures are @lsasured. The
flow meters, voltage dividers and current shunesdu® measure thruster data were calibrated pitiheé thermal
development test. The data acquisition softwarerdscthruster and facility data at a user specifegd. Typically
data was recorded once a minute; however, duringtier starts or when thruster parameters wergharied the
rate was often changed to once every ten secom@ssditware used to record data was also usechtootthruster
power supplies and flow rates. The thruster operedald input the desired power supply and floverset points.
Once the set points were entered the software rredappropriate adjustments to control the thrusparating
parameters at the specified conditions.

C. Thruster Test Facility

The thermal development test was conducted in #t® ghamber facility at Jet Propulsion Laboratoriie
vacuum chamber is 3 m diameter and 8.6 m long,h@sdd cyropumps. With the vacuum chamber configurat
used for the thermal development test the effeqiiv@ping speed was as high as 160,000 I/s. To riEeifacility
backsputter rates the interior of the vacuum figdd lined with graphite panels. Diagnostic equgm—EXB probe
and Faraday probes—were installed in the vacuurmbba
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Table 2. Thermocouples on PM.
HIGH VOLTAGE THRUSTER TC's

TC # Purpose Potential

H1 Front Magnet temperature (5 o’clock) Anode
H1b Front Magnet (1 o’clock) Anode

H2 Cylindrical magnet temperature (3 o’clock) Anode
H2b Cylindrical Magnet (8 o’clock ) Anode

H3 Conical magnet temperature (3 o’clock) Anode
H3b Conical Magnet (8 o’clock) Anode

H4 Cathode Magnet Temperature (3 o’clock) Anode

H5 Measure discharge chamber temperature (7 o’clock) Anode
5b vs. stainless steel mesh temperature (7:30 o’clock) Anode

(8 o’clock)

Hbc Anode
H5d On magnet shim exposed in cut-out (8:30 o’clock) Anode

Ho Downstream harness temp. (11 o’clock) Anode

H7 Propellant isolator temperature (2 o’clock) Anode

H8 Cathode tube behind insulator (8 o’clock) Cathode

H9 Measure temperature of sputter shield (3 o’clock) Cathode
H10 Titanium stiffening ring (5 o’clock) Cathode
H11 Screen grid support temperature (11 o’clock) Cathode
H12 Accelerator grid support temperature (10 o’clock) Accelerator

Anode  (floating -

H13 Cathode harness support temperature (1 o’clock) packed in wire bundle)
H14 Upstream harness temp. (11 o’clock) Anode

GROUND/LOW VOLTAGE THRUSTER TC's

TC # Purpose
Neut Keep (Low
L1 Neutralizer Keeper Temperature (12 o’clock) Voltage)
L2 Neut. support temp.(moved to under Neut) (12 o’clock) Ground
L3 Mask Temp. closest to optics (12 o’clock) Ground
L3b Middle mask temperature (6 o’clock) Ground
14 Mask Temp. closest to optics, (6 o’clock) Ground
L5 Plasma screen / Mask interface (1 o’clock) Ground
L5b Plasma screen / Mask interface (6 o’clock) Ground
L6 Spot weld to gimbal pad 1 (2 o’clock) Ground
Lob Spot weld to gimbal pads 2 (6 o’clock) Ground
Loc Spot weld to gimbal pads 3 (10 o’clock) Ground
L8 Plasma screen cone / conical interface (1 o’clock) Ground
L8b Plasma screen cone / Conical interface (7 o’clock) Ground
L9 Harness exit near Neutralizer (12 o’clock) Ground
L10 Rear plasma screen temperature (3 o’clock) Ground

Colors represent different potentials

NEXT PM1, shown in Figure 1, was installed in a fhh2liameter by 1.0 m long thermal shroud—providgd b
GRC—which was installed in the vacuum facility. Tth@wnstream end of the thermal shroud was locat2an6
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from the downstream end of the vacuum facility. Thrister was mounted inside the shroud with thdrakzer
keeper orifice plate located 5.7 cm from the dova@sh end of the shroud.

e

Figure 1. NEXT PM1 Installed Inside Thermal Shroud.

A schematic of the shroud thermocouple locatiorshmvn in Figure 2 and the locations in the shranadlisted
in Table 3. The first column in Table 3 lists the@id thermocouple number. The second columnthgtshroud
surface to which the thermocouple is attached; rnieimocouples were attached to the cylinder wathe back
wall, one was attached to the thruster supportttre and one was attached to one of the coppes tubed for
liquid nitrogen cooling. The third column lists tltéocking which is the same as that for the thrust@ruster
clocking is with respect to viewing the upstreamlesof the thruster; the east wall of the shroutbvgard the 9
o'clock position and west wall is toward the 3 ok position. The fourth column lists the distafraen the open
end of the shroud to the thermocouple for thermplesu mounted on the cylindrical wall or copper tubel
distance from the shroud centerline for thermooesiphounted on the back wall.

The shroud could be cooled with liquid nitrogen atsb had eight heat lamps installed inside it ravigle
external heat flux to the thruster. The 0.29 m |dhgW heat lamps were installed parallel to thedter axis. The
radial spacing between the lamps and the thrusaerOi24 m. The lamps were spaced 45 degrees aparithally
and aligned axially along the length of the thrust¢h one end of the lamp even with the front maslPM1. The
heat lamp controller was set up to vary the powethe lamps as required to maintain a control tloeouple at
constant temperature set point.

In order to determine the heat flux to the thrydteat flux coupons were developed for this teke fieat flux
coupons consisted of painted aluminum sheet mes#dlled in a multi-layer insulation box with a leh aperture
to allow external radiation to impinge on the aloom. Due to variations in the dimensions and uacsiés in the
optical properties of the surfaces, the heat flapons were calibrated using a Kendall Mk IV raditef as a
standard. Two heat flux coupons were used to motiit® thermal radiation to the thruster and a tlwodpon
temperature was used to control the heat lampstdhbeat flux coupon was located 0.04 m aboventharalizer
housing and 0.1 m behind the neutralizer keepéicemplate. The bottom rear heat flux coupon wasted 0.05 m
below the thruster and 0.24 m behind the front mable bottom front heat flux coupon, used to cdritne heat
lamps, was placed 0.05 m below the thruster an2i. behind the front mask. The top heat flux sersehown in
Figure 3 and the bottom heat flux sensors are shiowigure 4.
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Figure 2. Schematic of Shroud and Thermocouples.

Table 3. Shroud Thermocouple Locations.

Thermocouple Structure Clocking Distance from Opening (Cylinder)
Number Component Distance from Center (Back Wall)
1 Cylinder 3 0.97m
2 Cylinder 3 0.71m
3 Cylinder 3 0.33m
7 Cylinder 3 0.05m
8 Back Wall 8:30 0.17m
9 Back Wall 12 0.36 m
10 Cylinder 6 0.30m
11 Cylinder 6 0.08 m
12 Thruster ~6 Below Thruster
Support
Structure
13 Cylinder 9 0.64m
14 Cylinder 12 0.64m
16 LN2 Tube 3 0.01m
17 Cylinder 9 0.50m
18 Cylinder 2 0.64m
6
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Figure 4. NEXT PM1 and Bottom Heat Flux Sensors.
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Figure 5. NEXT PM1 in Shroud with Heat Lamps Operatng.

The shroud was equipped with a door made of majed insulation. This door was opened during tlerust
operation; however, it could be closed to minirmtizermal interaction with the vacuum facility duriogld soak or
hot soak when the thruster was not operating.

In addition to the shroud thermocouples other itgcitemperatures were monitored during the thermal
development test. Thermocouples were located betmadyraphite liner at the downstream end of theuwm
chamber as well as additional thermocouples orsitthe wall, on the ExB probe structure and on tlypmumps.
Facility thermocouple locations, excluding thosecoyppumps, are tabulated in Table 4.

Table 4. Facility Thermocouple Locations.
Thermocouple Vacuum Chamber Clocking Axial Distance From PM1
Component (Side Wall)
Distance From Vacuum
Chamber Centerline

(Other TCs)
ExB Shield Plate ExB Probe Stand 3 0.12m
ExB Motor Shield ExB Probe Stand 9 0.08 m
ExB Base Plate ExB Probe Stand 6 0.09m
Beam Dump Chevron Back Wall 10 0.63m
Side Wall Back Side Wall 4 45m
Side Wall Middle Side Wall 4 3.0m

Double-to-single ion current ratios could be meaduby an ExB probe mounted in the chamber 5.1 m
downstream of the thruster. The ExB probe was atigso that the probe collimator accepted beam frams a
0.1 m diameter region at the center of the thruster

Beam current density profiles could be measureivbyFaraday probes. The Faraday probes were iedtail a
stage that allowed them to translate through thesther plume at axial distances between 0.045 m(Gabh8l m
downstream of the thruster. One probe was supplfgdRC and the other was provided by JPL; the mobk be
referred to as the GRC or JPL probe.
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The probes were mounted 8.7 cm apart and alignétbsdhey sweep through the same plane when thilsct
ions. Both probes collected ion current on a cacbutton which was surrounded by a guard ring. GRE probe
button had a 1 cm square active area while thepdBthe button had a 0.21 cm square collection @etin probes
had guard rings surrounding the current collecbattons. The GRC probe had a 1.2 mm gap betweehutten
and the guard ring, while the JPL probe had a GrBgap. The GRC probe guard ring had an outer demog2.2
mm, compared to an outer diameter of 9.7 mm forJ®le probe. For the JPL probe both the button armddyring
were biased at -30 V during data collection. TheOGiRobe button was biased at -30 V and in mostscéseguard
ring was grounded (although a few traces were pbthwith the guard ring biased at -30 V) while date taken.

Figure 5 is a photograph taken through a sideipdtte vacuum chamber. Seen in the photograph }TNEM1
operating in the shroud with heat lamp power appliglso visible in front of the thruster are theotWwaraday
probes.

lll.  Functional Testing

A performance verification test was conducted ptiomitiating the functional testing. This testsvaerformed
to verify that the thruster operated properly oiter throttle range. The thruster was operated at fmints;
discharge only, 1.00 A 275V, 2.00 A 1179 V and23%61800 V. The thruster operated nominally apaihts.

Functional testing was performed to verify engimef@rmance, characterize the neutralizer, meadectren
backstreaming and perveance margins, determineleltassingle ion current ratios and characterize tieam
current density profile. This testing was perfornpeidr and subsequent to the thermal developmsnt te

No significant variation in thruster operating paeders was observed between the pre-TDT and po$t-TD
functional testing, indicating that the thrustett dbt suffer any adverse effects from the therreaktbpment test.

The vacuum chamber pressure was higher during sbrttee post-TDT functional testing than it was the
pre-TDT functional test. This occurred becausegtaphite panels lining the vacuum chamber outgaanwteated
after exposure to atmosphere. Most of the outggssiourred the first time the panels were heatetthéyon beam
from the thruster. The panels were outgassed duhingter performance verification testing prioririgiating the
pre-TDT functional. The vacuum chamber was expdeedtmosphere immediately prior to the start of plost-
TDT functional. The graphite panels were outgasdathg the course of post-TDT functional testingacWum
facility pressure directly influenced acceleratddgurrents and contributed to variations in dasgje conditions.

A. Test Data

During performance testing all thruster currentsltages and flow rates were recorded. Vacuum chambe
pressure, vacuum facility and shroud temperaturasorements were also stored. All thruster thernmuesu
except the gimbal pad temperatures, were recordethgd the pre-TDT performance test. The gimbal pad
thermocouples were connected to the data acquististem prior to the start of the thermal develepitest. After
the TDT was concluded all thruster thermocouplgegpt those on the front mask and gimbal pads, vemeved.
The front mask and gimbal pad temperatures weded during the post-TDT functional testing.

B. Neutralizer Characterization

Neutralizer characterization is performed by dasireg the neutralizer flow rate until the neutmlizransitions
from spot to plume mode. Plume mode is charactkrimeelectrical oscillations in the neutralizer ee circuit.
Plume mode is defined as reaching or exceedingpbak-to-peak oscillations measured between nezgrateeper
and neutralizer common. The neutralizer charaet®oz was performed by lowering the flow rate tonaimum
value or until the 5V peak-to-peak oscillationgweted. During these tests the discharge was dpgrat 9 A
current and the high voltage was turned off. Toidyicking up spurious noise, the peak-to-peakliedgicins were
measured across the neutralizer keeper power sapginot on the sense lines returning from thestbru

During both the pre- and post-TDT functional tegtthe neutralizer did not reach the 5 V peak-td«peéeria
because the minimum flow rate was reached firstinguhe pre-TDT characterization the minimum floate was
2.5 sccm where the oscillations reached 4.2 V pegleak. In the post-TDT functional the minimumwiloate was
2.9 sccm where the oscillations were 3.4V peagdak. The two tests showed similar trends althotigh
neutralizer keeper voltage was between 1 and 2W¢daluring the post-TDT test and the oscillatioresenarger at
higher flow rates during the pre-TDT functionalo®l of the neutralizer characterization data appe&igures 6
and 7. Figure 6 shows the time averaged neutrddeeper voltage and Figure 7 shows the magnitudiesopeak-
to-peak voltage oscillations.
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C. Optics and ExB Data
During functional testing two measurements—pervedmeit and electron backstreaming limit—relatedhe
ion optics system were made. In addition ExB prdbhéa were obtained to determine the double-to-sinh
current ratio extracted from the thruster.
The perveance limit is measured by defocusingaheébeam until ions directly impinge on the accelargrid.
Defocusing is accomplished by reducing the screghwgltage. The perveance limit is defined as sheeen grid
voltage at which a 0.02 mA increase in accelergtiof current is caused by a 1 V decrease in sagadrpotential.
Electron backstreaming occurs when the potentighatcenter of accelerator grid apertures is ingafftly
negative to preventing electrons from travelingtrigssn into the discharge chamber. Both electroageling
upstream into the discharge chamber and posithve tiaveling downstream are measured as positiverdriwhen
electron backstreaming occurs the indicated beanemuincreases. During the electron backstreartéaty beam
control was disabled and the discharge current mamtained at a constant value. Initially the beeumrent
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decreases slightly because the electric field batvtbe grids decreases as the accelerator gridgeoihcreases.
However, when the accelerator grid potential insesao the point that electron backstreaming babm#dicated
beam current begins to increase. The electron baeksing limit is determined by raising the accaier grid
voltage until the indicated beam current incredses mA.

The double-to-single ion current ratio is measwrgidg the ExB probe with the collimator viewing ttenter of
the NEXT PM1 optics. The measured ratio is corgdte charge exchange losSaghile the beam traverses the
distance between the thruster and the probe. Tassdene by assuming the pressure was constanghoouthe
vacuum chamber and integrating the loss of doumtesingle ions, due to charge-exchange with neytoader the
distance between the thruster and the probe.

Perveance limit, electron backstreaming limit andB EBprobe data for the pre-TDT and post-TDT funciion
testing is tabulated in Table 5. The variationhie pre-TDT and post-TDT perveance and electron dheekming
limits are within typical experimental scatter. $hindicates that no significant changes to thedptics occurred
during the thermal development test. The ExB dataat vary appreciably between the two functioeats.

Table5. NEXT Functional Test Flow Perveance Limit, Elec!
Backstreaming Limit and ExB probe Data

Functional Test Case Perveance Electron Double to Single
Limit Backstreaming lon Current
V) Limit Ratio
(V)
Pre-TDT Cases:
1.2A,679V 452 -49
20A, 1179V 486 -100 0.07
3.52 A, 1800 V 612 -162 0.05
Post-TDT Cases:
1.2A,679V 457 -47 0.07
20A,1179V 488 -96 0.07
3.52 A, 1800 V 593 -156 0.04
3.52 A, 1800 V 603 -157
3.52 A, 1800 V 638 -158 0.05
3.52A, 1179V 647 -137 0.07

D. Beam Current Profiles

Beam current density profiles were obtained with @RC and JPL faraday probes. The guard ring odRhe
probe was biased to -30 V while beam profiles viaken. To compare results from previous testing3RE probe
guard ring was held at ground potential during niesis; for a few test cases it was also biasegDay.

Typical plots of the Faraday probe traces compgpiegT DT and post-TDT testing are shown in Fig@esd 9
for the GRC and JPL probes. These traces werenaotavith the probes 4.5 cm downstream of the acelegird.
The beam current density traces were numericatggnated for comparison with the thruster beameturrThe
integration was performed using the trapezoida adter subtracting off the baseline current dgrfetim the probe
data. The base line current was determined froncihent collected when the probe was outside @bdam.

The integrated current for both probes tended thigle. The JPL probe integrated current tendecetatimut 5
to 10% greater than the beam current producedéthttuster. When the GRC probe guard ring was thiase30 V
the integrated current was between 15 and 30% higlvever, when the GRC probe guard ring was bias€dV
the integrated current was about 5 to 20% higthaAlgh the reason for the difference is not knowstteer trend in
the Faraday probe data is noted; for traces takéordthe post-TDT functional, at 4.5 cm betwees phobe and
the optics, the integrated current is higher fahlithe GRC and JPL probes than it was for the pB&E-functional.
For the post-TDT functional the integrated beamenirfor both probes were still high but within 486 the 3.52 A
beam current cases. This trend is noted for bahlftv9 and 1800 V cases. The difference does mpaaafo be
accounted for by variation in charge exchange mfection due to tank pressure differences. Forlthed V cases
the post-TDT pressure was lower than the earliae; while for the 1800 V cases the post-TDT pressuas
comparable or higher than for the previous data.
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Faraday probe sweeps were obtained at axial destaffom the optics ranging from 4.5 cm to 0.53 . A
distances greater than ~0.35 m the integratedrduierds to decrease indicating that the probesmoafiave swept
far enough radially to collect the most divergamsi.

Beam divergence estimates were obtained from th@dBg probe data. The radius that contained 0.95ef
beam was determined from the integration of therbearrent. The active grid radius of 0.18 m wadrsdbed from
the beam radius and dividing by the axial distdveteveen the optics and the Faraday probe gavetgent of the
beam divergence angle. Due to grid dishing thercedge of the active area of the grid is locat€?®.m further
from the probe than the grid center; this additi@exdal distance is accounted for in computingtieam divergence
angle. Both probes give comparable results fodiliergence angle. At full power (3.52 A, 1800 Vi ttivergence
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angle was estimated to be in the range of 17 fo 203.52 A, 1179 V the divergence angle was alddit At
2.00 A, 1179 V the divergence angle was aboat A61.20 A, 679 V the divergence angle was appnaitely 14.
Plots showing the divergence data obtained duhiagpbst-TDT testing is shown in Figures 10 and 11.
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E. Cathode Ignition

During functional testing the thruster cathodesufredizer and discharge cathode) were started leyating
their heaters at 8.5 A until the cathode ignitet;eothe cathode ignited the heater power was tusfieBlow to the
cathode was initiated between 2 to 3 minutes #fteheater was turned on. At 3 minutes and 30 siscire keeper
supply was enabled in order to start the cathamtethle discharge cathode the discharge supply \8aseaabled.
The test was conducted without high voltage puigetérs. The open circuit voltage for the neutelikeeper
power supply was 150 V; the discharge cathode kesygply open circuit voltage was 150 V and thecliisge
power supply open circuit voltage was 40 V.

Cathode ignition times are plotted in Figures 18 &8; ignition time is the elapsed time betweentisig the
cathode heater and the cathode igniting. Becawesedthode keeper power was applied at 210 sechislss tthe
minimum ignition time. During functional testingetfthruster was started nine times. Six of the siaere initiated
with the thruster at ambient temperatures and thuere performed after the thruster had been opeyaind the
cathodes were still hot.

The neutralizer ignition time during the ambierart ranged from 210 to 265 seconds and duringhtiee hot
starts the neutralizer ignited immediately at 2#8osids. The discharge cathode did not start ady emsithe
neutralizer. Ignition time during the ambient sadnged from 265 to 547 seconds; for the hotssiiaibok between
210 and 282 seconds to start.

During acceptance testing at GRC, problems withtiigm the PM1 discharge cathode was observed. The
ignition times were erratic and varied from 27®sover 1800 s. Due to the long ignition times thscliarge
cathode was reworked and tested at GRC prior fapsig to JPL. After the rework the discharge cathigphition
times varied between 270 and 360 s during testimglucted at GRC. Testing at GRC was conducted @sjngse
igniter circuit that provided 750 V pulses betwelea keeper and cathode common. The pulse ignitauitivas not
used during the pre- and post-TDT functional testn JPL; the maximum cathode keeper to cathodemmm
voltage was the 150 V open circuit provided bykkeper power supply. The difference in cathode gtacedure
is thought to account for the longer ignition tinodserved during testing at JPL.
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Functional Test Ignitions
Figure 12. Neutralizer Ignition Time During Functional Testing
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IV. Thermal Testing

Thermal testing was conducted at cold (liquid & cooling the shroud), ambient (no active exteneating
or cooling) and hot (heat lamps radiating to theusind shroud) conditions. These tests encompaissa@nge of
thermal conditions expected during a typical missian additional test was performed to determine elternal
heat flux required to reach the do not exceed teatpes limit of the thruster or thruster componeith the thruster
operating at full power.

Steady state temperature data obtained during #idesting is listed in tables found in the Appendihese
tables list the cold cases, then the ambient casgthe hot cases that were tested. The left coyivas the thruster
operating conditions and for the hot cases the@owget point temperature used to control the las® listed in
the Appendix are tables with the thruster operatiagameters and facility parameters at the timenvthe thruster
reached the steady state temperatures. The thnaterdeemed to have reached steady state wheratthefr
temperature change for all thruster thermocoupkes less than 4 C per hour.

A specific spacecraft configuration for mounting XWE has not been identified yet; therefore, the loarg
conditions for the NEXT thermal model have not bdetermined. In spaceflight the heat flux from shve would
heat one side of the thruster while the other sideld radiate toward deep space. The spacecraftdwalso
provide thermal interaction with the thruster. Tévgerimental set up is different from that expedredspace
because the heat lamps were evenly spaced aroancylindrical portion of the thruster. As a restile entire
cylindrical section was heated instead of just side.

An analysis preformed by GRC estimated the maxirsalar heat flux to NEXT during potential missiofi&is
estimate was based on the maximum solar flux fanraddeep space design reference mission (DSDRKlysia
performed by Aerojet. This maximum solar heat fll&00 W/m2, occurs with the thruster operating.86®U at a
sun angle of 38 degrees. Multiplying the heat thyxthe projected area of the thruster illuminatgdh® sun the
total solar power radiated to NEXT was estimateded50 W.

Because the spacecraft configuration has not befimed and because the heat lamps surround thstéhythe
total radiated heat load to the thruster from thathamps and the shroud is used in this repontinBunot testing
radiated heat loads between 650 and 1000 W wetedpp the thruster.

Overall the thruster operated well; however, tiveeee two situations where instrumentation problecsurred.
There was a problem with thermocouples arcing duhiat testing when the thruster was operating lapfuver
(3.52 A, 1800 V). There was also a problem withda&a acquisition system during the neutralizetérezold soak
test. In both cases the steady state criterion tfemn 4 C per hour rate of temperature changehaiaachieved.

During hot testing at full power (3.52 A, 1800 krattle point) continuous arcing was observed aa tthio
occasions this test was attempted. The first tini® accurred the cause was overheating of Teflenmbcouple
insulation on the cylindrical magnet located atwthibhe 8 o’clock (H2b). Volatiles evolving from thesulation
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raised the local pressure until arcing between ttieemocouple and the plasma screen occurred. Gewgias
interrupted, the vacuum facility was vented anddfiending thermocouple was removed from the tlaruseveral
other thermocouples that were also located neacytiredrical magnet were wrapped in tantalum foilain attempt

to avoid any further arcing. Testing at full powander hot conditions was reattempted and againireents
recycling occurred as the thruster neared steaatg.sPost-TDT examination of the thruster did reteal an
obvious cause for the continuous recycling durihg tecond attempt; however, it is suspected that th
thermocouples were at fault. During the subseqtiesrtmal vacuum test, with the thermocouples remoteel
thruster was operated under hot conditions at failver without arcing giving further indication théte
thermocouples caused the breakdown observed diméntpermal development test.

During the neutralizer heater cold soak test segimblems with the data acquisition system weigedaenced
resulting in loss of communication with the contcoimputer. When communications are interruptedsfséem is
set up to turn off all thruster power supplies.haligh the thruster had not reached steady stade#h was not
repeated because the results indicate that theafizet heater alone cannot be used to heat thstér

A. Heat Flux Estimation

The radiated heat flux to the thruster is estimdgdising the calibration and the temperature eftthat flux
coupons at steady state thermal conditions. Thee afrthe cylindrical portion of the thruster is 8,87, the area of
the conical section is 0.23’mand the area of the optics and front mask is M21At steady state the coupon and
shroud temperatures are comparable in the regitintia@ heat lamps which surround the cylindricatipa of the
thruster, suggesting that the shroud temperaturel ¢ used along with the heat flux sensor cdiitmao estimate
the heat flux to the thruster. The temperaturdatback of the shroud, which interacts with theicansection of
the thruster, tend to be lower than the shroud éeatpres surrounding the cylindrical section of theuster;
therefore, the heat flux to the thruster is lowetthie conical region than in the cylindrical pantiof the thruster.
The temperature of the chamber interacting withapitecs and front mask varies depending on whezadh beam
is depositing power. Because the emissivity ofwaeuum chamber surfaces is likely to be lower ttreat of the
shroud the radiation to the optics and from mas& assumed to be black body at a temperature of Paions of
the vacuum chamber under direct beam impingementezech temperatures approaching 100 C; howewe251C
temperature will be used to provide a conservastenate of the heat flux to the thruster.

The heat flux to the thruster at three operatingd@mns is estimated. The cases are at ambiehtting thruster
operating at full power, and two hot cases withttirester operating at beam conditions of 3.52 ALV and the
heat lamp set point at 100 C and 145 C.

At ambient full power operation (3.52 A, 1800 Vethoupon temperatures were 61 and 63 C, the battieof
shroud was ~56 C, and the vacuum chamber temperatas 25 C. Using these temperatures and the coupon
calibration multiplier, the estimated total heatxflto the thruster operating at full power at ambieonditions is
450 W.

For the thruster operating at 3.52 A, 1179 V with heat lamp set point at 100 C, the heat flux cospvere at
100 C, the back of the shroud was at about 90 Cagath using at vacuum chamber temperature of 2he&,
estimated heat flux to the thruster was 650 W.

The highest heat flux case during the thermal agweknt test was conducted with the heat lamp dat po
145 C and the thruster operating at beam condinbrds52 A, 1179 V. For this case the coupon terafoees were
144 C, the back of the shroud was at 134 C and aga@ the vacuum chamber temperature of 25 Cad. t=or
this case the total heat flux to the thruster isreged to be 1000 W.

B. Cathode Ignition

During thermal development testing the neutralaredt discharge cathode were started by operatinigethier at
8.5 A until the cathode ignited; once the cathageted the heater power was turned off. Flow todh#hode was
initiated between 2 to 3 minutes after the heages turned on. At 3 minutes and 30 seconds the ksepply was
enabled in order to start the cathode; for thehdisge cathode the discharge supply was also endlitedtest was
conducted without high voltage pulse igniters. ©pen circuit voltage for the neutralizer keeper eogupply was
150 V; the discharge cathode keeper supply opeunitivoltage was 150 V and the discharge power Isugpen
circuit voltage was 40 V.

Cathode ignition times are plotted in Figures 1d &5; ignition time is the elapsed time betweentisig the
cathode heater and the cathode igniting. Becawesedthode keeper power was applied at 210 sechisls tthe
minimum ignition time. During thermal developmessting the thruster was started six times. Twohef dtarts
were initiated with the thruster at cold temperasyurthree with the thruster at ambient temperatangsone was
performed after the thruster had been operatingtemdathodes were still hot.
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The neutralizer ignition time during the cold ssantere 270 and 320 seconds. During ambient stactsalizer
ignition times ranged from 215 to 270 seconds.tRerhot start the neutralizer ignited immediatel2 30 seconds.
As with the functional test starts the dischargbade did not start as easily as the neutraliggitibn times during
cold starts were 295 and 525 seconds. The igniiilnas for the ambient cathode starts ranged fr@gtta 525
seconds. During the hot start the discharge cathymiteed immediately at 210 seconds.
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Figure 14. Neutralizer Ignition Time
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Figure 15. Discharge Cathode Ignition Time

As noted earlier during ambient testing at GRC réveorked PM1 discharge cathode ignition times eanigom
270 to 360 s. The longer ignition times observedRit were likely due to the fact that a pulse igndircuit—used
during GRC testing—was not used during the theheaklopment test.

C. Cold Testing Results
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The data from the cold case using the cathode thette current of 7.2 A indicate that the dischacgthode
heater is capable of maintaining the magnets apd¢eatures greater than 0 C and the harnesses apdilant
isolators at temperatures greater than -30 C wth#eshroud was cooled with liquid nitrogen. The lgiinpads—
used as the candidate reference temperature lnsatiwere also maintained at temperatures greater-8aC.

As would be expected, temperatures were higher erthruster was operating. For the two cold casds
the thruster operating at beam conditions of 3.52149 V and 3.52 A, 1800 V the magnet temperatwegs in the
190 to 235 C range. The neutralizer keeper reatbrageratures between 550 and 560 C; the dischatheds
assembly tube temperatures ranged between 455 #@h@.4The harness temperatures ranged betweenrtl5 a
165 C and the gimbal pads ranged from 115 to 145 C.

The thruster was more susceptible to recyclingnducold testing than during normal operation at iemtband
hot conditions (excluding the continuous recyclegfull power hot conditions). Due to a timing piei the
recycle counter captured some but not all recysxtethe absolute recycle rate could not be detednmavever, the
relative rate was higher during cold testing whiea liigh voltage was first applied and the rate elesed as the
thruster warmed up. Although it dropped some tlogale rate continued to stay higher than during iantlor hot
operation as long as the shroud was actively cooled

As noted earlier all cold test cases except theralger heater cold soak case reached steady $tatethis
neutralizer case fifteen thermocouples indicate@ta of temperature change greater than 4 C per. i@ifuthe
fifteen all but five were below 4.5 C per hour. Thermocouples that measured rates of change gteate4.5 C
per hour were the accelerator grid support (H18).2(C per hour, the neutralizer support tempeeafi?) at 6.4 C
per hour, the gimbal pad at the 2 o'clock locat{b6) at 6.3 C per hour, the plasma screen conetabinterface
(L8) at 7.8 C per hour and the harness near thiealizer exit (L9) at 6.2 C per hour. These dawtabulated in the
Appendix.

D. Ambient Testing Results

The ambient cases provided thermal data over tlustdr operating range; these data are primargyulior
validating the thermal model. The thruster operatechinally at all ambient conditions tested. Therthocouple
instrumentation provided one interesting piecerdbrimation; when the thruster was transitioned fr8rd2 A,
1179 V to 3.52 A, 1800 V, the cylindrical magnegrimocouple temperatures increased between 6 a@dwitile
the other magnet temperatures remained essentiatijanged. Although this could be due to a changthe
distribution of power in the discharge chambers imore likely due to electron backstreaming thtotlge plasma
screen when the beam voltage is increased from ¥1f691800 V. It is believed that such electronKstieeaming
caused the failure of the thermocouple insulatloat taused the arcing observed during hot teslihg. highest
temperature observed during ambient testing was28eC cylindrical magnet temperature observed nduri
operation at full power (3.52 A, 1800 V).

E. Hot Testing Results

Testing using the lamps to apply an external hesd ko the thruster was performed to provide datzatidate
the thermal model and to determine temperatureingwghen external heat loads ranging between 68@&a0 W
were input to the thruster.

In one case heat lamps were used to heat theehmisile it was not operating. The set point terapee for the
lamp control coupon was 100 C. Because the lamps lweated around the side of thruster and theushbehind
the thruster heated up when the lamps were apglieddy state temperatures along the side anddbale& thruster
were between 85 and 100 C. Temperatures on therfiask were about 50 C and the optics were betWwesmd
80 C.

Hot operation of the thruster at 3.52 A, 1179 V 8P A, 1800 V were performed. During operatiol.&2 A,
1800 V with the lamp control temperature set at ©COthe thruster began to continuously recycle approached
steady state on the two occasions where this tastattempted. In the first case failure of cylindfimagnet
thermocouple was the cause. No definitive reasorthi® continuous recycling was identified for tlezand case;
however, overheating of the thermocouples duedoti@ns backstreaming through the plasma scresusjgected.
The thruster was able to operate with the sameredtthermal load at 3.52 A, 1179 V. The electiéd between
the plasma screen and the discharge chamber iewdakng operation at 1179 V than it is at 1800MWerefore, it
is possible that backstreaming electrons during 3,51800 V operation may have heated the thernmmeswintil
they were close to their failure limit. The Teflansulated thermocouples were rated to 260 C whieh t
thermocouple was approaching when it failed.

Although these full power hot cases did not redehsteady state thermal criterion one case wasvediaclose;
in the first attempt all except three thermocoupteset the criterion for steady state. The dischatygmber
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thermocouple located at 7 o'clock (H5) measurednaperature rate of rise of 5.9 C per hour and tinog pad

temperature at 2 o’clock (L6) was increasing at@der hour. The third thermocouple that did noetrtke steady
state criterion was the one that failed which iatkd the temperature was decreasing at over 30 bpe as it was
degrading. The data for this case are tabulatéueifppendix. In the second case of continuousigrabout half of
the thermocouples were indicating temperature ratehange greater than the 4 C per hour criteti@ause this
case was not near steady state the data fromabésis not tabulated in the Appendix.

The thruster was also operated at 3.52 A, 1179t thie lamp set point at 145 C; this provided aimeged
total external heat load of 1000 W to the thrudtErder these conditions the wire harness reach@dC2&hich was
10 C from its do not exceed temperature limit o® Z3 The magnets still had over 80 C margin siheshighest
temperature reached was 272 C. The propellant@sat@argin was over 70 C as it reached an uppepéesture of
193 C.

F. Post-TDT PM1 Inspection

The thruster was removed from the vacuum facilitg glaced in a clean room at JPL. The thruster was
inspected and disassembled in the clean room. &fhaining thermocouple wires for the discharge cleamahd the
magnets appeared to have gotten hot but no obsigas of arcing were found.

With two minor exceptions the thruster was foundéoin good condition during the post-TDT inspetti®ne
thermocouple punched through the discharge chambsh when the thermocouple was being removed. fiaé s
hole in the discharge chamber wall was repairesipoy welding a tantalum foil patch to the outsitithe discharge
chamber.

The thruster was hypotted during the inspectionttedmpedances between thruster components wengl fio
be nominal with the exception of cathode commoantode. The cathode common to anode impedance &4AC3.
when it was first checked; after removing and riilieg the wiring at the back of the dischargencde assembly,
the impedance had improved to 7.%52MBecause the voltage between the anode and catloati@on is less than
30 V during normal thruster operation, the obserwegdedance results in negligible leakage curremt ismnot a
concern unless it continues to decrease duringegulesit operation.

V. Recommendations

The major recommendation from the thermal developnest is that the gimbal pads be used as theerefe
temperature location for the thermal vacuum téss dlesirable to have the reference thermocoupidsw voltage
surfaces in order to avoid problems with high vgp#tatand off; therefore, the gimbal pads and thet fmask were
the two candidates for the reference temperatwatitms. Based on thermal development test datarattling
done at GRC the gimbal pads were determined tage@vbetter correlation with critical componentsseksas the
magnets, propellant isolators and wire harnessesr-te front mask. The heat lamps surrounding yliedrical
portion of the thruster do not have a direct vidwthe front mask; because of this the externalatadi heat load
does not couple well to the front mask. The gingaads, located on the cylindrical section of thaisker, view the
heat lamps directly and their temperatures comelall with the heat flux provide by the lamps. fidfere the
gimbal pads are recommended for the reference tatype location.

Two other recommendations, based on the thermoequpblems observed during the test, are also given
order to avoid having the instrumentation limit #hernally applied heat load, the thruster shdn@dnstrumented
with thermocouples capable of withstanding the agjtfdo not exceed” temperature. For NEXT this mmaxn is
the 360 C specified for the magnets. It is alsomenended that the plasma screen be modified toceedu
eliminate electron backstreaming through it. Tleie be accomplished by decreasing the size of taewaps in the
screen. In addition, redesigning the screen sudiagrthe cylindrical section of the thruster ahkdspiece should
be considered.

VI. Summary

The NEXT PM1 thruster was operated over a rangthefmal conditions that bracket those that would be
expected during a typical mission. Thermal condgioanged from liquid nitrogen cooled shroud terapees to
1000 W externally applied heat load. The data akthiduring the test is useful for validating theusiter thermal
model.

The thruster performed well during the thermal dsweent test, although there was a problem with the
thermocouples used during the test. For the largetdrnal heat load of 1000 W to the thruster thenéss
temperature was within 10 C of its limit while thrargin for the magnets and propellant isolator vesesr 70 C.
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During cold testing it was determined that the odéh heater could be used to maintain the thrudter a
temperatures greater than -30 C. Use of the catheater could be considered instead of using arredtheater on

a spacecraft. If the cathode heater were to betogawvide auxiliary heating during a mission algsis would be
required to determine the probability of cathodatHailure due to performing this extra duty.

Appendix

Steady state data for the four cold tests, eighii@m cases, and four hot thermal developmentapstating
conditions are tabulated here. For these teswigtetate is defined as a temperature changehassit C per hour
for all thruster thermocouples. As noted in the ritied Testing section all cases—except the full po(@52 A,
1800 V) hot case and the neutralizer cold soakenezdse—reached the steady state condition duesiing.
Thermocouple and thruster currents, voltages, lawmdriites are all listed for the thermal developtriest cases.

Table 6. NEXT Thermal Development Test Neutralizeand Cathode Heater Data

Thermal Case Neutralizer Neutralizer Cathode Cathode
Heater Heater Voltage Heater Heater
Current (A) V) Current (A)  Voltage
(V)
Cold Cases:
Neutralizer Heater 7.2 8.7 0.0 0.0
(7.2A,8.7V)
Cathode Heater 0.0 0.0 7.2 13.7
(7.2A,13.7V)
3.52A, 1179V 0.0 0.6 0.0 0.4
3.52 A, 1800 V 0.0 0.6 0.0 0.4
Ambient Cases:
Discharge Only 0.0 0.3 0.0 0.1
(9.1A,24.2V)
1.0 A 275V 0.0 0.3 0.0 0.1
1.2A,679V 0.0 0.4 0.0 0.2
1.2A 1179V 0.0 0.4 0.0 0.1
1.2 A, 1800V 0.0 0.4 0.0 0.1
20A, 1179V 0.0 0.5 0.0 0.2
3.52A, 1179V 0.0 0.7 0.0 0.4
3.52 A, 1800 V 0.0 0.7 0.0 0.4
Hot Cases:
No Thruster Operation 0.0 0.0 0.0 0.0
100 C set point
3.52A, 1179V 0.0 0.7 0.0 0.5
100 C set point
3.52A, 1179V 0.0 0.7 0.0 0.5
145 C set point
3.52 A, 1800 V 0.0 0.7 0.0 0.4

100 C set point
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Table 7. NEXT Thermal Development Test Flow Rate ahTank Pressure Data

Thermal Case Neutralizer = Cathode Main Flow Tank
Flow Rate Flow Rate Rate (sccm)  Pressure
(sccm) (sccm) (Torr)
Cold Cases:
Neutralizer Heater 0.00 0.00 0.00 3.0e-08
(7.2A,8.7V)
Cathode Heater 0.00 0.00 0.00 7.0e-08
(7.2A,13.7V)
3.52A, 1179V 4.02 4.86 49.53 5.6e-06
3.52 A, 1800 V 4.02 4.86 49.54 5.7e-06
Ambient Cases:
Discharge Only 5.98 3.57 14.25 2.2e-06
(9.1A,24.2V)
20 A 275V 4.15 3.43 12.34 2.2e-06
1.2A,679V 3.00 3.57 14.21 2.4e-06
1.2A 1179V 3.00 3.57 14.24 2.6e-06
1.2 A, 1800V 3.00 3.57 14.23 2.9e-06
20A,1179V 2.49 3.86 25.82 3.5e-06
3.52A, 1179V 4.01 4.87 49.56 6.0e-06
3.52 A, 1800 V 4.01 4.87 49.58 7.0e-06
Hot Cases:
No Thruster Operation 0.00 0.00 0.00 3.0e-08
100 C set point
3.52 A, 1179V 4.01 4.86 49.60 6.5e-06
100 C set point
3.52A, 1179V 4.01 4.88 49.55 6.4e-06
145 C set point
3.52 A, 1800 V 4.01 4.86 49.55 6.0e-06

100 C set point
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Table 8. NEXT Thermal Development Test Beam and Aeterator Grid Data

Thermal Case Beam Beam Accelerator  Accelerator Grid
Current Voltage Grid Current Voltage (V)
(A) V) (mA)
Cold Cases:
Neutralizer Heater 0.00 0 0.00 0
(7.2A,87V)
Cathode Heater 0.00 0 0.00 0
(7.2 A, 13.7V)
3.52 A, 1179V 3.54 1174 21.33 -201
3.52 A, 1800V 3.53 1800 24.48 -211
Ambient Cases:
Discharge Only 0.00 0 44.45 0
(9.1A,242V)
3.0A 275V 1.01 275 5.13 -500
1.2 A, 679V 1.20 678 4.65 -115
1.2 A, 1179V 1.20 1180 4.94 -200
1.2 A, 1800V 1.20 1806 7.46 -210
2.0A, 1179V 2.00 1178 9.07 -200
3.52 A, 1179V 3.55 1174 25.22 -201
3.52 A, 1800V 3.50 1800 25.70 -211
Hot Cases:
No Thruster Operation 0.00 0 0.00 0
100 C set point
3.52A, 1179V 3.52 1174 28.97 -200
100 C set point
3.52 A, 1179V 3.51 1174 27.94 -200
145 C set point
3.52 A, 1800V 3.51 1800 25.20 -211

100 C set point
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Table 9. NEXT Thermal Development Test Discharge Da

Thermal Case Discharge Discharge Cathode
Current (A) Voltage (V) Keeper
Voltage (V)
Cold Cases:
Neutralizer Heater 0.0 0.0 0.0
(7.2A,8.7V)
Cathode Heater 0.0 0.0 -0.2
(7.2A,13.7V)
3.52A, 1179V 19.6 24.6 5.5
3.52 A, 1800 V 18.2 23.5 5.4
Ambient Cases:
Discharge Only 9.1 23.2 7.8
(9.1A,24.2V)
40 A 275V 8.4 25.9 5.4
1.2A,679V 10.0 27.1 4.0
1.2A 1179V 9.2 26.5 4.0
1.2 A, 1800V 8.9 26.3 3.8
20A, 1179V 13.9 24.1 4.0
3.52A, 1179V 19.6 24.6 5.7
3.52 A, 1800 V 18.2 24.6 6.4
Hot Cases:
No Thruster Operation 0.0 0.0 0.0
100 C set point
3.52A, 1179V 19.5 24.2 5.5
100 C set point
3.52A, 1179V 19.5 24.1 5.5
145 C set point
3.52 A, 1800 V 18.3 23.5 5.4

100 C set point
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Table 10. NEXT Thermal Development Test NeutralizeData

Thermal Case Neutralizer  Neutralizer Coupling
Keeper Keeper Voltage (V)
Current (A) Voltage
(V)
Cold Cases:
Neutralizer Heater 0.0 -0.4 0.0
(7.2A,8.7V)
Cathode Heater 0.0 0.0 0.0
(7.2A,13.7V)
3.52A, 1179V 3.0 11.9 -11.6
3.52 A, 1800 V 3.0 11.9 -11.5
Ambient Cases:
Discharge Only 3.0 13.1 0.2
(9.1A,24.2V)
50A, 275V 3.0 14.3 -10.1
1.2A,679V 3.0 14.2 -10.3
1.2A 1179V 3.0 14.2 -10.4
1.2 A, 1800V 3.0 14.4 -10.5
20A,1179V 3.0 13.4 -11.0
3.52A, 1179V 3.0 12.1 -11.4
3.52 A, 1800 V 3.0 12.5 -11.8
Hot Cases:
No Thruster Operation 0.0 0.0 0.0
100 C set point
3.52A, 1179V 3.0 12.2 -11.4
100 C set point
3.52A, 1179V 3.0 12.2 -11.3
145 C set point
3.52 A, 1800 V 3.0 12.0 -11.5

100 C set point
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Table 11. NEXT Thermal Development Test ExB and Tak Temperature Data

Thermal Case ExB ExB ExB Beam Side Wall Side Wall
Shield Motor Base Dump Back Middle
Plate Shield Plate Chevron © ©
© © © ©
Cold Cases:
Neutralizer Heater 1 2 2 -4 5 5
(7.2A,8.7V)
Cathode Heater 1 3 3 -5 5 5
(7.2A,13.7V)
3.52A, 1179V 81 32 32 53 17 10
3.52 A, 1800 V 95 39 40 63 24 18
Ambient Cases:
Discharge Only 1 3 3 -4 5 5
(9.1A,24.2V)
6.0 A, 275V 4 4 3 -3 6 6
1.2A,679V 27 12 11 11 8 7
1.2A 1179V 28 14 12 14 10 8
1.2 A, 1800V 36 25 18 21 13 11
20A, 1179V 51 21 21 30 14 11
3.52A, 1179V 82 31 32 52 16 12
3.52 A, 1800 V 97 44 44 67 25 21
Hot Cases:
No Thruster Operation 3 3 3 -2 7 7
100 C set point
3.52 A, 1179V 90 48 48 65 26 21
100 C set point
3.52A, 1179V 94 53 53 69 29 25
145 C set point
3.52 A, 1800 V 102 53 52 74 31 26

100 C set point
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Table 12. NEXT Thermal Development Test Shroud Temgrature Data
Thermal Case TC1 TC2 TC3 TC7 TC8 TC9

© © © © © (©
Cold Cases:

Neutralizer Heater -175 -183 -184 -180 -176 -178
(7.2A,8.7V)

Cathode Heater  -160 -172 -172 -167 -155 -156
(7.2 A, 13.7 V)

3.52 A, 1179V -145 -141 -136 -131 -118
3.52 A, 1800V -141 -138 -131 -125 -112
Ambient Cases:

Discharge Only 12 16 16 11 10 17
(9.1A,24.2V)

7.0 A 275V 13 16 16 10 11 18
1.2 A, 679V 16 19 19 13 14 22
1.2 A, 1179V 18 21 21 15 16 23
1.2 A, 1800V 20 23 23 17 18 26
2.0A, 1179V 13 17 18 13 12 21
3.52 A, 1179V 48 53 52 43 47 57
3.52 A, 1800V 51 57 56 46 52 61
Hot Cases:

No Thruster Operation 82 93 102 85 79 89
100 C set point

3.52 A, 1179V 84 96 102 86 83 96
100 C set point

3.52A, 1179V 127 141 149 126 127 140
145 C set point

3.52 A, 1800 V 63 83 105 92 60 77
100 C set point
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Table 13. NEXT Thermal Development Test Shroud Temgrature Data
Thermal Case TC10TCl1l1 TC12 TC13 TC14

© © © (© (©
Cold Cases:

Neutralizer Heater -185 -183 -127 -183 -189
(7.2A,8.7V)

Cathode Heater -169 -166 -56 -171 -182
(7.2A,13.7V)

3.52A, 1179V -139  -140 -75 -144

3.52 A, 1800 V -128  -127 -40 -140
Ambient Cases:

Discharge Only 16 11 7 17 16

(9.1A,242V)
8.0 A 275V 16 11 10 17 16
1.2 A, 679V 19 14 15 20 20
1.2 A, 1179V 20 16 17 22 21
1.2 A, 1800V 23 18 20 24 24
2.0A, 1179V 17 12 1 19 18
3.52 A, 1179V 52 45 45 55 55
3.52 A, 1800V 56 49 52 59 59
Hot Cases:

No Thruster Operation 96 87 97 95 96
100 C set point
3.52A, 1179V 96 87 70 99
100 C set point
3.52A, 1179V 141 128 132 143 145
145 C set point

3.52 A, 1800 V 95 88 46 88
100 C set point

100

88
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Table 14. NEXT Thermal Development Test Heat Flux Gupon Temperature Data

Thermal Case Top Bottom
© Rear
©
Cold Cases:
Neutralizer Heater -56 -136
(7.2A,8.7V)
Cathode Heater -103 -78
(7.2A,13.7V)
3.52A, 1179V -10 -50
3.52 A, 1800 V -6 -35
Ambient Cases:
Discharge Only 29 17
(9.1A,24.2V)
9.0 A 275V 28 19
1.2A,679V 31 23
1.2A 1179V 33 25
1.2 A, 1800V 35 28
20A, 1179V 32 18
3.52A, 1179V 59 55
3.52 A, 1800 V 63 61
Hot Cases:
No Thruster Operation 98 103
100 C set point
3.52A, 1179V 107 100
100 C set point
3.52A, 1179V 147 148
145 C set point
3.52 A, 1800 V 119 96

100 C set point
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Table 15. NEXT Thermal Development Test Gimbal Flexre Temperature Data

Thermal Case GF1 GF1 GF2 GF2 GF3 GF3
Thruster Gimbal Thruster Gimbal Thruster Gimbal
Side Side Side Side Side Side
© © © ©) © ©)
Cold Cases:
Neutralizer Heater -123 -122 -133 -128 -125 -123
(7.2A,87V)
Cathode Heater -31 -41 -31 -41 -31 -42
(7.2 A, 13.7V)
3.52A, 1179V 83 18 85 19 93 25
3.52 A, 1800V 87 28 95 34 105 39
Ambient Cases:
Discharge Only 58 37 56 33 59 37
(9.1A,242V)
10.04, 275V 63 42 61 39 64 42
1.2 A, 679V 75 52 74 48 77 52
1.2 A, 1179V 76 54 75 50 78 54
1.2 A, 1800V 78 56 78 53 81 57
2.0A, 1179V 87 52 86 49 90 54
3.52A, 1179V 124 92 125 89 130 95
3.52 A, 1800V 129 98 130 96 138 103
Hot Cases:
No Thruster Operation 95 100 94 97 96 101
100 C set point
3.52A, 1179V 154 130 152 123 159 133
100 C set point
3.52A, 1179V 184 167 182 163 188 170
145 C set point
3.52 A, 1800V 154 121 153 114 164 129
100 C set point
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Table 16. NEXT Thermal Development Test Gimbal Pademperature Data

Thermal Case 2 o'clock 6 o'clock 10 o'clock
(L6) (L6b) (L6c)
© © ©)

Cold Cases:
Neutralizer Heater -121 -135 -128

(7.2A,87V)

Cathode Heater -25 -25 -26
(7.2 A, 13.7V)

3.52A, 1179V 117 119 129
3.52 A, 1800V 122 126 144
Ambient Cases:

Discharge Only 72 69 71
(9.1A,242V)

11.04, 275V 77 74 77

1.2 A, 679V 91 89 91

1.2 A, 1179V 91 89 92

1.2 A, 1800V 93 92 97

2.0A, 1179V 108 107 110
3.52 A, 1179V 146 145 153
3.52 A, 1800V 152 150 163

Hot Cases:
No Thruster Operation 94 93 95

100 C set point
3.52 A, 1179V 171 171 178
100 C set point
3.52A, 1179V 198 198 204
145 C set point
3.52 A, 1800V 176 175 188

100 C set point
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Table 17. NEXT Thermal Development Test Front Masklemperature Data

Thermal Case Closest to Optics Middle Closest to Optics
12 o’clock 6 o'clock 6 o'clock
(L3) (L3b) (L4)
© © ©
Cold Cases:
Neutralizer Heater -38 -131 -125
(7.2A,8.7V)
Cathode Heater -57 -55 -51
(7.2A,13.7V)
3.52A, 1179V 86 68 70
3.52 A, 1800 V 90 73 74
Ambient Cases:
Discharge Only 53 37 39
(9.1A,24.2V)
12.0A, 275V 56 38 40
1.2A,679V 63 47 48
1.2A 1179V 63 47 48
1.2 A, 1800V 66 50 52
20A,1179V 75 59 60
3.52A, 1179V 101 88 88
3.52 A, 1800 V 106 92 92
Hot Cases:
No Thruster Operation 49 53 52
100 C set point
3.52A, 1179V 117 107 106
100 C set point
3.52A, 1179V 133 128 124
145 C set point
3.52 A, 1800 V 122 112 110

100 C set point
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Table 18. NEXT Thermal Development Test Plasma Soe@ Temperature Data
Thermal Case Mask Mask  Conical Conical Rear
Interface Interface Interface Interface (L10)
(L5) (L5b) (L8) (L8b) ©
© © © ©

Cold Cases:
Neutralizer Heater -34 -125 -100 -148 -148
(7.2A,8.7V)
Cathode Heater -51 -56 -41 -47 -5
(7.2A,13.7V)
3.52A, 1179V 96 75 78 76 45
3.52 A, 1800 V 100 82 81 91 46
Ambient Cases:
Discharge Only 64 43 57 49 53
(9.1A,24.2V)
13.04, 275V 67 43 61 52 55
1.2A,679V 76 52 71 63 62
1.2A, 1179V 76 52 71 63 62
1.2 A, 1800V 78 56 73 68 64
20A,1179V 89 66 83 76 68
3.52A, 1179V 119 98 120 116 102
3.52 A, 1800 V 124 104 125 124 106
Hot Cases:
No Thruster Operation 72 66 102 97 98
100 C set point
3.52A, 1179V 142 122 151 146 133
100 C set point
3.52A, 1179V 165 148 184 179 168
145 C set point
3.52 A, 1800 V 147 129 153 153 127
100 C set point
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Table 19. NEXT Thermal Development Test lon Optic§ emperature Data

Thermal Case Stiffening  Screen Grid Accelerator Grid
Ring Support Support
(H10) (H11) (H12)
© © ©
Cold Cases:
Neutralizer Heater -125 -117 -115
(7.2A,8.7V)
Cathode Heater -11 11 -15
(7.2A,13.7V)
3.52A, 1179V 155 210 148
3.52 A, 1800 V 160 209 149
Ambient Cases:
Discharge Only 94 141 97
(9.1A,24.2V)
14.0A, 275 V 95 132
1.2A,679V 112 150 101
1.2A 1179V 111 143 99
1.2 A, 1800V 116 145 107
20A,1179V 133 172 120
3.52A, 1179V 171 221 160
3.52 A, 1800 V 175 222 164
Hot Cases:
No Thruster Operation 80 76 67
100 C set point
3.52A, 1179V 189 234 175
100 C set point
3.52A, 1179V 209 247 190
145 C set point
3.52 A, 1800 V 192 232 174

100 C set point

33
American Institute of Aeronautics and Astronautics



Table 20. NEXT Thermal Development Test Harness Teperature Data

Thermal Case Downstream  Cathode Upstream Neutralizer Exit
(H6) Support (H14) (L9)
© (H13) © ©

C
Cold Cases:
Neutralizer Heater -114 -127 -116 -116

(7.2A,8.7V)

Cathode Heater -13 58 -11 -116

(7.2A,13.7V)

3.52A, 1179V 154 153 143 -31
3.52 A, 1800 V 164 150 155 80
Ambient Cases: 79

Discharge Only 88 108 82

(9.1A,24.2V)

15.04, 275V 91 111 86 57

1.2A,679V 107 124 101 60

1.2A 1179V 107 121 102 70

1.2 A, 1800V 112 122 107 69

20A,1179V 127 140 121 71

3.52A, 1179V 171 178 165 83

3.52 A, 1800 V 183 178 178 127
Hot Cases: 129

No Thruster Operation 85 93 92

100 C set point

3.52A, 1179V 192 197 190 99

100 C set point

3.52A, 1179V 214 220 216 157

145 C set point

3.52 A, 1800 V 199 193 195 189

100 C set point
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Table 21. NEXT Thermal Development Test Magnet Temgrature Data

Thermal Case Front Front  Cylindrical Cylindrical Conical Conical Cathode
(H1) (H1b) (H2) (H2b) (H3) (H3b) (H4)
© © © © © © ©
Cold Cases:
Neutralizer Heater -133 -134 -131 -136 -138
(7.2A,8.7V)
Cathode Heater 15 5 27 25 130
(7.2A,13.7V)
3.52A, 1179V 234 189 201 200 209
3.52 A, 1800 V 232 190 195 193 201
Ambient Cases:
Discharge Only 142 138 106 110 123 121 153
(9.1A,24.2V)
16.0A, 275V 149 145 113 121 131 128 158
1.2A,679V 171 166 133 143 151 150 172
1.2A 1179V 166 161 134 146 146 142 168
1.2 A, 1800V 167 162 139 163 147 144 168
20A,1179V 200 164 174 169 190
3.52A, 1179V 241 203 239 215 213 227
3.52 A, 1800 V 242 209 255 213 214 226
Hot Cases:
No Thruster Operation 83 89 88 87 89
100 C set point
3.52A, 1179V 258 225 231 229 240
100 C set point
3.52A, 1179V 272 246 251 247 257
145 C set point
3.52 A, 1800 V 256 221 228 225 234

100 C set point
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Table 22. NEXT Thermal Development Test Discharge liamber Temperature Data
Thermal Case 7 o'clock 7:30 o'clock 8 o'clock 8:30 o’clock Propellant Isolator

(H5) (H5b) (H5¢) (H5d) (H7)
© © © © ©
Cold Cases:
Neutralizer Heater -131 -133 -131 -130 -128
(7.2A,8.7V)
Cathode Heater 5 6 14 15 -24
(7.2A,13.7V)
3.52A, 1179V 189 197 204 196 104
3.52 A, 1800 V 201 210 213 201 105
Ambient Cases:
Discharge Only 104 108 112 119 68
(9.1A,24.2V)
17.0A, 275V 111 113 117 126 73
1.2A,679V 130 132 137 146 86
1.2A 1179V 133 132 141 143 85
1.2 A, 1800V 142 140 150 147 87
20A, 1179V 164 170 175 170 100
3.52A, 1179V 197 199 215 210 138
3.52 A, 1800 V 204 203 211 211 142
Hot Cases:
No Thruster Operation 92 91 90 91 96
100 C set point
3.52A, 1179V 225 231 239 229 165
100 C set point
3.52A, 1179V 249 253 261 249 193
145 C set point
3.52 A, 1800 V 231 237 239 232 164
100 C set point
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Table 23. NEXT Thermal Development Cathode Temperate Data

Thermal Case NCA Keeper NCA Support DCA Tube DCA Sputter
(L1) (L2) (H8) Shield
© © © (H9)

©
Cold Cases:
Neutralizer Heater 485 -41 -133 -138

(7.2A,8.7V)

Cathode Heater -71 -39 469 143
(7.2A,13.7V)
3.52A, 1179V 554 107 465 180
3.52 A, 1800 V 551 112 456 181
Ambient Cases:
Discharge Only 487 74 418 144
(9.1A,24.2V)
18.0A, 275V 551 78 420 147
1.2A,679V 547 89 432 157
1.2A 1179V 548 89 426 155
1.2 A, 1800V 553 91 424 155
20A,1179V 544 102 448 170
3.52A, 1179V 558 136 474 200
3.52 A, 1800 V 547 143 469 203

Hot Cases:

No Thruster Operation 70 102 88 94
100 C set point
3.52A, 1179V 561 165 470 214
100 C set point
3.52A, 1179V 564 194 475 234
145 C set point
3.52 A, 1800 V 556 172 466 213

100 C set point
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