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Vacuum facility backpressure is known to affect the performance of Hall thrusters through
ingestion of background gases by the thruster. Ingested gases may be ionized and
subsequently accelerated, artificially increasing the measured thrust. This study seeks to
characterize how backpressure affects performance by changing the pumping speed of the
facility, not by the commonly used technique of bleeding additional propellant in to the
vacuum chamber. Performance is measured at xenon pumping speeds of 140,000 and
240,000 I/s, on a nominally 5 kW Hall thruster at voltages and flow rates of 300-600 V and
5-15 mg/s. At the highest pumping speed, performance data are collected while matching
the discharge current observed at the lower pumping speed. Thrust, specific impulse, and
efficiency are presented at both pumping rates. The anode mass flow at zero backpressure
is calculated by extrapolation from the observed change in flow rate with pressure. On
average, the correction is 4% of the anode flow rate at the maximum pumping speed,

which is comparable to the uncertainty in the flow controllers.

Introduction

Because of their combination of high specific impulse
(Iyp), efficiency, and thrust density, the Hall effect
thruster (HET) can significantly enhance a variety of
space missions by increasing mission life or payload
mass for a given amount of propellant, or by reducing
initial spacecraft mass when AV or payload
requirements are fixed. These features either enable
space missions to occur by providing sufficient
performance that is otherwise unattainable, or enhance
space missions by reducing trip time and/or launch
costs through decreased spacecraft mass.

The HET is a coaxial device in which a magnetic field
that is produced by an electromagnet is channeled
between an inner ferromagnetic core (pole piece) and
outer ferromagnetic ring (Figure 1). This
configuration results in an essentially radial magnetic
field with a peak strength of a few hundred Gauss.

This field strength is such that only the electrons are
magnetized. In addition, an axial electric field is
provided by applying a voltage between the anode and
the downstream cathode. As electrons migrate
upstream from the cathode to the anode, the ExB
action on the electrons causes them to drift in the
azimuthal direction, forming a Hall current. Through
collisions, these electrons ionize propellant molecules,
which are injected through the anode. The ionized
propellant molecules are accelerated by the axial
electric field to provide thrust. The mixture of
electrons and ions in the acceleration zone means that
the plasma is electrically neutral, and as such, is not
space-charge limited in ion current (thrust) density.
Since the magnetic field suppresses the axial mobility
of the electrons while exerting essentially no effect
directly on the ion motion, the plasma can support an
axial electric field with a potential difference close to
the applied voltage between the electrodes. Thus, the
bulk of the ions are accelerated to kinetic energies to
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within 85% of the applied discharge voltage."” This
combination of processes accounts for the HETs high
thrust efficiency.

HETs come primarily in two variants: the stationary
plasma thruster (SPT) (also known as the magnet layer
thruster) and the anode layer thruster (TAL). The main
difference between these two devices is that the SPT
uses a dielectric coating that usually contains boron
nitride to electrically insulate its acceleration channel
while the TAL uses channels made from metal.
Performance characteristics of both engines are
virtually identical. Although they vary in size and
input power, HETs that are currently being considered
for station-keeping typically operate at discharge
voltages of 300 to 350 V, and thruster currents
between 4.5 and 15 A, with xenon mass flow rates of
5 to 15 mg/s. Recent interest in multi-mode operation
for orbit-raising and station-keeping is driving the
performance requirements of next-generation HETs.’
However, the thruster power level (and therefore the
current and mass flow rates) that will be needed in the
future for both commercial and government space
missions will be considerably higher.

Space missions that will require significantly higher
HET power levels include many of those being
considered in NASA’s Human Exploration and
Development of Space (HEDS) program. For example,
NASA has embarked on a program under the auspices
of HEDS to develop high-power HETs for a variety of
missions including a piloted expedition to Mars within
the next few decades. One scenario for a piloted
mission to Mars uses a Solar Electric Propulsion
(SEP) stage to raise a chemically-powered Mars
Transfer (MT) stage to a highly elliptical orbit around
the Earth. Once the MT stage is in the proper orbit,
the crew uses a small, chemically-propelled vehicle to
rendezvous with it. When the crew is in place and the
MT stage has been certified, it separates from the SEP
stage and ignites its engines for the trip to Mars.” This
scenario reduces both trip time (for the crew) and
initial spacecraft mass by utilizing a high-performance
SEP stage for much of the AV. Moreover, since the
SEP stage operates in proximity to the Earth, nuclear
power is not needed for this mission.

The key to developing the SEP stage is the utilization
of powerful engines that posses high exhaust velocity,
high thrust efficiency, and a wide range of exhaust

velocities (i.e., capable of multi-mode operation). To
this end, the NASA Glenn Research Center initiated a
program to design a 50-kW-class HET, the NASA
457M, by the end of calendar year 2001 and to test
this engine next year. While NASA’s eventual goal
in terms of power for an individual thruster that would
be used in a cluster to propel the Mars SEP stage has
yet to be identified, given the fact that the propulsion
system for this stage must process hundreds of
kilowatts to several megawatts of power, power levels
in excess of 100 kW are not unreasonable.
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Figure 1 — Schematic of a HET.

Although HETs have performance characteristics that
make them attractive for a variety of missions, the
complex nature of their operation is a source of
concern from a spacecraft integration point-of-view.
HETs experience discharge chamber wall erosion due
to sputtering from energetic ions near the exit of the
discharge chamber.” Deposition of eroded thruster
material on sensitive spacecraft surfaces (e.g., solar
arrays and optics) may pose a threat to spacecraft
health. While numerous studies have taken place to
characterize the above processes on the ground,**'>"
what complicates these endeavors is the fact that
facility effects have been shown to have a profound
impact on these investigations. Improper matching of
engine test goals with a facility can render a series of
experiments meaningless.  For example, if the
chamber is too small, its boundaries (walls) can affect
measurements by altering the flowfield or by
introducing contaminants due to tank wall erosion.



Material sputtered from tank walls can interfere with
measurements that use witness plates, collimated
samples, and QCMs to predict thruster and spacecraft
material erosion. The electrical conductivity of tank
walls in proximity to the engine (i.e., within 1 m) has
been shown to influence the electric field in the plume
and the plume flow field."

If the tank pressure is too high, HET operation may be
influenced by ingestion of the background chamber
molecules. This effect artificially increases the
propellant mass flow rate of the engine, resulting in
performance and operation changes consistent with
the increased number of propellant particles.
Furthermore, plume diagnostic experiments can be
affected. A large partial pressure of background gas
molecules can affect ion current density and energy
distribution measurements by artificially increasing
the local charge density through charge exchange
collisions.

While there are no universally-accepted guidelines on
facility pressure for HET testing, Randolph, et al.”
suggest that in order to characterize a HET in terms of
performance, electromagnetic interference (EMI), far-
field (<1.2 m) plume properties, and life, the vacuum
chamber pressure should be no more than 5x107
5x107, 1x107, and 5x10° Torr, respectively. Since the
pressures at low Earth orbit and at geosynchronous
orbit are approximately 5x10° and 5x10™° Torr,
respectively, a perfect simulation of pressure is not
necessary. Randolph based his analysis on free-
molecular flow, arguing that below a certain chamber
pressure, thruster operating characteristics are not
affected by the random flux of vacuum chamber
particles. Conversely, if a thruster is tested above the
specified pressure, the influence of background gas
being ingested into the engine through free-molecular
flow must be taken into account when analyzing test
data. However, since Randolph based his pressure
estimates on 1-kW-class thrusters where the internal
pressure is expected to be approximately 5x107*
Torr,' it stands to reason that still lower pressures
would be needed for high-power thrusters where
internal pressures are lower according to HET scaling
laws.”” If we conserve the ratio of thruster discharge
chamber pressure, as determined by HET scaling laws,
and tank pressure, we find that Randolph’s estimates
may be a factor of five too high for 50 kW engines.
Thus, there is a need to understand how facility effects

(e.g., chamber pressure) influence the operation of
HETs over a wide range of thruster power levels.

The University of Michigan’s Plasmadynamics and
Electric Propulsion Laboratory (PEPL) has embarked
on such a program. Our goal is to investigate the role
of facility effects on HET performance, plume
parameters, life, and spacecraft contamination. This
paper will concentrate on analyzing performance data
collected on a 5-kW-class HET at two facility
pumping speeds. Future investigations will extend the
analysis to higher power thrusters. The results will be
presented after the thruster and experimental facilities
are described. Another paper given in these
proceedings describes experiments conducted at PEPL
that characterized the ion current density profile of a
HET with nude and collimated Faraday probes.'°

Experimental Apparatus

All experiments were conducted on the 5-kW-class
laboratory model P5 Hall thruster. The P5 was
developed by PEPL and the Air Force Research
Laboratory to serve as a test-bed for new diagnostics
and for investigating Hall thruster processes. Depicted
in Figure 2, the P5 has an outer diameter of 173 mm, a
channel width of 25 mm, and a channel depth of 38
mm. While the nominal operating power level of the
PS5 is 5 kW, the engine is capable of sustained
operation above 9 kW. A more detailed description of
the P5 can be found in Ref. 17.

All experiments were made in PEPL’s Large Vacuum
Test Facility (LVTF). The LVTF is 9 meters long by
6 meters in diameter and is pumped by up to seven
LN,-cooled CVI TM1200 reentrant (nude) cryopumps.
The seven nude cryopumps, which are equivalent to
fourteen large (1.2-m-diameter) cryotubs in terms of
pumping speed, give the LVTF an overall pumping
speed of 500,000 I/s on nitrogen and over 240,000 1/s
on xenon. The base pressure of the LVTF is less than
2 x 107 Torr. One of the benefits of using a large
vacuum facility with a modular pumping system is the
ability to vary background chamber pressure by
altering pumping speed. Figure 3 shows tank pressure
versus thruster power (at 300 V) as a function of how
many LVTF nude cryopumps are in operation. The
use of varying chamber pumping speed to study tank
pressure effects is superior to elevating chamber



pressure by auxiliary gas injection from a standpoint
of cost (if xenon is used as the auxiliary gas), and by
avoiding issues associated as to where in the facility
the auxiliary gas is introduced and what influence
non-xenon auxiliary gas (to reduce cost) has on HET
operation.

Figure 2 — Photograph of the P5 HET.

10 1 Pump

(Torr)

7 Pumps

Tank Pressure

T T T T 1
2000 4000 6000 8000 10000

Thruster Power (W)

Figure 3 — LVTF pressure vs. thruster power (@ 300
V) with 1 - 7 pumps operating.

Chamber pressure was monitored using two hot-
cathode ionization gauges as indicated in Figure 4.
The first gauge was a Varian model 571 gauge with a
HPS model 919 Hot Cathode Controller. The second
is a Varian model UHV-24 nude gauge with a Varian
UHV senTorr Vacuum Gauge Controller.  Pressure
measurements from both gauges were corrected for
xenon using the known base pressure on air and a
correction factor of 2.87 for xenon according to the
following equation,'®

+F, (1)

Where P, is the corrected pressure on xenon, Py, is the
base pressure, and P; is the indicated pressure when
xenon is flowing into the vacuum chamber.
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Figure 4 — Schematic of the LVTF.

High-purity (99.999% pure) xenon propellant was
supplied to the P5 through stainless-steel feed lines
with 20 and 200 sccm MKS Model 1100 Mass Flow
Controllers calibrated for xenon. The controllers were
calibrated using the ideal gas law, the time rate of
change of the pressure and temperature in a known
volume, and the compressibility of xenon. The system
is accurate to within 1-2% of the indicated value on
the anode flow controller and 3-4% on the cathode
flow controller.

Performance measurements were made with an
inverted pendulum type thrust stand, based on the
GRC design. A Lucas Schaevitz model 100-HR
Linear Variable Differential Transformer (LVDT),
which has a resolution of 2.5x10° mm, is used to
measure deflection of the pendulum. Output from the
LVDT is read by a Lucas Schaevitz DTR-451 Digital
Transducer Readout that in turn outputs a voltage to a
strip chart recorder. The thrust stand inclination is
monitored by a Spectron Systems Technology MUPI-2
inclinometer. A stepper motor is used to level the
stand in situ. Another motor is employed to turn a
pulley system that deploys weights to provide in situ
calibrations. During testing, a calibration is typically
preformed prior and after thrust measurements to
minimize the error that could occur due to thermal
drift of the thrust stand. To reduce the influence of
thermal drift, a water-cooled shroud encompasses the
components of the thrust stand. The overall error
observed during the experiments was 1 mN.



Results and Discussion

To quantify how the backpressure affects the
performance of a HET in the LVTF, the facility was
operated at two different pumping speeds.
Specifically, either four or seven cryopumps were
operated, corresponding to pumping speeds of
approximately 140,000 1/s (on xenon) and 240,000 1/s.
Figure 5 plots the pressure in the facility versus the
total xenon mass flow into the chamber. The
percentage pressure drop is also shown, indicating that
switching from four to seven cryopumps results in a
41% drop in pressure on average over the flow rates of
interest.
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Figure 5 — LVTF pressure as a function of the total
xenon mass flow rate into the chamber. The
percentage pressure drop is also shown versus flow
rate.

Performance of the thruster was first evaluated with 4
pumps operating. The remaining pumps were then
turned on and the experiments were repeated. When
operating the thruster with 7 pumps, the anode mass
flow rate was increased so that the discharge current
matched what was observed with 4 pumps. During 7
pump operation, the currents to the inner and outer
magnets were set to the values used with 4 pumps
operating. Keeping the magnets constant is done
because the discharge current in a HET can be
extremely sensitive to the coil currents depending on
operating point. For example, it is always possible to
increase the discharge current by changing the
magnets off their optimum values. So when the
pressure is lowered, the discharge current of the high
pressure condition can be matched without changing

the anode mass flow rate. The electron current and
ion current are changing under these conditions, not
the amount of neutral ingestion.

What influence keeping the magnetic field constant
with a changing backpressure has on thruster
operation is not well understood. For example, it is
not known how this affects the ionization and
acceleration processes and near-field plume structure.
This could be vitally important for thrusters with
ionization and acceleration occurring downstream of
the exit plane. Unfortunately, there does not seem to
be any obvious way to change both the flow rate and
the magnetic field without the resulting measurement
being arbitrary.

Tables A-1 and A-2 in the appendix show the
performance of the P5 when 4 or 7 cryopumps are
operating in the LVTF, respectively. Figures 6-8 plot
thrust, anode Iy, and anode efficiency versus
discharge voltage at constant current and 4 or 7
cryopumps operating. The figures span 300-600 V in
100 V steps and discharge currents of 5, 10, 12.5, and
15.1 A. Figures 9-11 plot the thrust, anode I, and
anode efficiency versus the discharge current at
constant voltage and 4 or 7 cryopumps.

Matching the discharge current at different pumping
speeds is expected to also match the measured thrust.
This is not the case in the figures, where it is shown
that for all but the 15.1 A conditions that the thrust is
actually higher when all 7 cryopumps are operating.
On average, the thrust is 4-5 mN higher for the 5, 10,
and 12.5 A conditions. These differences are greater
than the resolution of the thrust stand, which was +1
mN in these experiments. The magnetic field
configuration, interaction of the plume with the
background gases, or unknown systematic error in the
experiment are possible causes for the observed trends
in the thrust. Further investigations of these trends are
planned.

I, and efficiency also exhibit similar trends as the
thrust, but because the mass flow rate was always
increased at the high pumping speed, the differences
are not as large. For the 5 A cases, the differences are
about 50 s and 3% higher at the high pumping speed
for the I, and efficiency, respectively. At 10 and 12.5
A, I, and efficiency are approximately the same. The
expected trend, lower Iy, and efficiency at the high



pumping speed, is only consistently so at 15.1 A. The
observed differences are within the uncertainty of I,
and efficiency (4-5%). This suggests that
performance measurements in the LVTF are an
accurate depiction of on-orbit performance at either of
the pumping speeds for mass flow rates up to 15 mg/s.
Future investigations are planned to characterize the
facility at flow rates above 15 mg/s.
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Figures 12-15 plot the anode mass flow versus the
chamber pressure for each of the discharge currents
that were investigated. Linear curve fits are used to
extrapolate the data to zero background pressure so
that an estimation of the vacuum anode mass flow rate
can be made. Table 1 presents the results of these
extrapolations for each discharge current that was
investigated. The vacuum anode flow rates are shown
to increase with decreasing pressure, as expected. For
a given discharge current, the dependence on the
discharge voltage appears to be random and is used to
estimate the error. An average error in determining
the correction is estimated as 30%. The corrections
are on average 4% of the anode flow rate when 7
cryopumps were operating, which is on the order of
the uncertainty in the flow controllers. With 4
cryopumps running, the corrections are on average 6%
of the anode flow rate. Randolph’s criteria for
performance was based off a comparison between the
percentage uncertainty in the mass flow rate and the
percentage of ingested gases with respect to the anode
flow. These calculations confirm that the measured
performance of a Hall thruster in the LVTF over these
flow rates and pumping speeds is an adequate
estimation of the performance that would be
encountered in the space environment.
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Table 1 — Computed anode mass flow corrections as a
function of discharge current and voltage with 7
cryopumps running.

5A 10 A 12.5 A 15.1 A

A-mdot | A-mdot | A-mdot | A-mdot
(mg/s) | (mg/s) | (mg/s) | (mg/s)

Discharge
Voltage [V]|

300 0.12 0.33 0.69 0.83
400 0.07 0.35 0.71 0.72
500 0.25 0.29 0.56 0.51
600 0.05 0.36 0.37 0.51
Average 0.12 0.33 0.58 0.64

% Error 82% 11% 29% 25%
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Appendix

Table A-1 — P5 Performance with four cryopumps operating in the LVTF.

Anode | Cathode
Pd Flow Flow Vim Vom Pmag | Vhtr | Ihtr | Ve-g | Pressure | Thrust | Anode Isp| Anode | Total Isp
Vd (V)| Id (A)| (Watts) | (mg/s) (mg/s) V) [lim (A)| (V) |Iom (A)] (Watts) | (V) A) | (V) | (Torr-Xe) [ (mN) (sec) Eff (sec) |Total Eff]
300.0 | 4.86 | 1458 5.30 0.60 475 ] 224 1 2.65] 1.01 1332 | 63 | 599 ]-23.5] 5.6E-06 823 1584 0.44 1423 0.39
400 | 4.76 1904 5.30 0.60 5.28 2.50 | 3.31 1.26 17.37 6.4 599 | -24.0] 5.6E-06 98.6 1898 0.48 1704 0.43
500 | 5.00 | 2500 5.30 0.60 7.46 | 352 1396 | 151 3224 | 64 | 598]-23.1| 5.6E-06 111.9 2154 0.47 1934 0.42
600 | 524 | 3144 5.30 0.60 7.79 | 3.51 ] 790 | 2.95 | 50.65 6.5 | 6.00]-24.2] 5.6E-06 126.8 2439 0.48 2190 0.43
299.8 1 9.92 2974 10.00 0.60 9.68 4.00 | 533 | 2.01 49.43 7.6 6.00 | -22.9] 9.4E-06 170.5 1739 0.49 1640 0.45
400 | 9.98 3992 10.00 0.60 11.18 | 4.51 | 535 2.01 61.18 7.6 6.00 | -23.5] 9.4E-06 207.5 2116 0.54 1996 0.50
500 | 10.04] 5020 10.00 0.60 11.78 ] 5.01 | 528 | 2.01 69.63 7.5 16.00]-23.9] 9.4E-06 237.1 2418 0.56 2281 0.52
600 | 10.18] 6108 10.00 0.60 18.34] 6.51 | 7.01 | 2.52 | 137.06| 7.7 ] 6.00 | -25.1] 9.4E-06 266.7 2720 0.58 2566 0.54
300.0 | 12.42| 3726 12.03 0.60 18.21 1 6.00 | 5.74 1.99 120.68 | 8.4 6.00 | -23.9] 1.1E-05 208.7 1768 0.49 1684 0.45
400 [ 12.48] 4992 12.03 0.60 2038 ] 651 | 577 | 199 | 144.16| 84 | 6.00 | -24.6] 1.1E-05 254.7 2158 0.54 2056 0.50
500 | 12.48] 6240 12.03 0.60 1891 ] 6.00 | 580 | 1.99 [ 12500 84 ] 6.00 | -24.7] 1.1E-05 290.3 2460 0.56 2343 0.52
600 | 12.60| 7560 12.03 0.60 26.82 ] 7.99 | 5.94 | 2.01 | 22623 85 | 6.00|-254] 1.1E-05 323.7 2743 0.58 2613 0.53
300.0 | 15.12] 4536 14.11 0.60 17.85 1 6.00 | 5.66 | 2.01 118.48 | 9.0 6.00 | -25.7] 1.3E-05 254.2 1837 0.51 1762 0.47
400 | 15.10] 6040 14.11 0.60 2028 ] 6.52 | 573 | 2.01 | 143.74] 9.1 ] 6.00 | -26.6] 1.3E-05 309.8 2238 0.56 2147 0.53
500 | 15.00] 7500 14.11 0.60 21.12] 7.00 | 540 | 1.99 [ 15859 9.2 ] 6.02|-27.9] 1.3E-05 356.4 2575 0.60 2470 0.56
600 | 15.32] 9192 14.11 0.60 29.73 ] 851 | 590 | 2.01 | 26486 9.2 | 6.00 | -27.4] 1.3E-05 399.4 2886 0.61 2768 0.57
Table A-2 — P5 performance with seven cryopumps operating in the LVTF.
Anode | Cathode
Pd Flow Flow Vim Vom Pmag | Vhtr | Ihtr | Vc-g| Pressure | Thrust | Anode Isp| Anode | Total Isp
Vd (V)| Id (A)]| (Watts) | (mg/s) (mg/s) V) |Lim(A)] (V) |lom (A)] (Watts) | (V) A) | (V) | (Torr-Xe) | (mN) (sec) Eff (sec) [Total Eff
299.9 | 4.86 | 1458 5.37 0.60 4.67 | 2.24 12.598] 1.01 13.08 | 64 ] 6.00 | -20.8] 3.4E-06 85.9 1630 0.47 1466 0.42
400 | 4.76 1904 5.34 0.60 5.20 2.50 |3.249] 1.26 17.09 6.4 6.00 | -21.6| 3.4E-06 101.7 1942 0.51 1746 0.45
500 | 5.00 2500 5.46 0.60 7.51 3.51 | 3.92 1.51 32.28 6.4 6.00 | -21.4] 3.4E-06 116.8 2182 0.50 1966 0.44
600 | 524 | 3144 5.33 0.60 7.88 | 3.51 ] 791 ] 295 | 5099 | 6.4 [ 6.00]-21.8] 3.4E-06 131.1 2507 0.51 2253 0.45
300.0 | 9.92 2976 10.21 0.60 8.75 4.00 | 520 | 2.01 45.45 7.5 6.00 | -20.2 | 5.7E-06 174.7 1743 0.50 1646 0.47
400 | 9.98 | 3992 10.22 0.60 10.53 ] 4.51 | 524 | 2.01 58.02 | 7.6 | 6.00 ] -20.8| 5.7E-06 2124 2118 0.55 2001 0.51
500 | 10.04] 5020 10.18 0.60 12441 5.01 | 528 | 2.01 7294 | 7.6 | 6.00 ] -20.9]| 5.7E-06 2389 2391 0.56 2258 0.52
600 | 10.18] 6108 10.23 0.60 18.02 1 6.51 | 6.81 2.53 13454 7.6 6.00 | -22.1| 5.7E-06 268.3 2673 0.58 2525 0.53
300.0 | 12.42] 3726 12.44 0.60 13.04] 5.01 | 53 198 | 7582 | 82 ] 6.01|-21.9] 6.8E-06 2152 1763 0.50 1682 0.47
400 | 12.48| 4992 12.45 0.60 18.15 ] 6.51 | 5.33 1.99 128.76 | 8.3 6.01 | -23.3] 6.8E-06 260.5 2132 0.55 2034 0.51
500 | 12.48] 6240 12.36 0.60 17.7 6 5.41 1.99 116.97 | 8.3 6.01 | -23.2] 6.8E-06 298.3 2459 0.58 2345 0.54
600 | 12.60| 7560 12.25 0.60 26.62 | 7.99 | 5.55 1.99 | 223.74| 84 | 6.01 | -23.7| 6.8E-06 329.3 2740 0.59 2612 0.54
300.1 | 15.12] 4538 14.62 0.60 17.05 6 5.53 1.99 113.30 | 9.0 6.01 | -24.4] 7.9E-06 253.8 1770 0.49 1700 0.45
400 | 15.10f 6040 14.56 0.60 1993 1 6.51 | 5.58 1.99 140.85 | 9.1 6.01 | -25.6] 7.9E-06 309.7 2169 0.55 2083 0.51
500 | 15.00] 7500 14.43 0.60 2261 ] 699 | 5.66 | 199 [ 16931 9.1 ] 6.00 | -259] 7.9E-06 3542 2503 0.58 2403 0.54
600 | 15.34| 9204 14.43 0.60 3044 ] 851 | 5.89 | 1.99 | 270.77| 9.2 ] 6.00 | -27.1] 7.9E-06 396.5 2802 0.59 2690 0.55




