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Thales qualifies the HEMP-T electric propulsion syeem with two HTM qualification
models, the HTM-QM1 and the HTM-QM2, and with one FSCU engineering-qualification
model, the PSCU-EQM. The HEMP-T propulsion systems planned for accommodation on
the Heinrich Hertz satellite (H2Sat). Thales perfoms now the Lifetime Test with these
qualification models. The HEMP-T Lifetime Test is arried out at the Aerospazio test
facility. The HTM-QM1, powered from the PSCU-EQM, performs a Lifetime Test scheme
based on the cycling and firing hours requirement$or the H2Sat mission. The objective is to
perform more than 8500 firing hours and more than D000 cycles. The HTM-QM2, powered
from the laboratory power supplies, performs the tpical H2Sat operational cycling, with
100% cold starts and will demonstrate 77% spacecrafapplication lifetime. Both HTMs and
the PSCU perform stable. No intermediate vacuum chaber opening was required so far.
The HTM-QM1 + PSCU-EQM have reached the required galification factor 1.0, with more
than 6600 accumulated operating hours and more thaR800 operating cycles.
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FCU = Flow Control Unit
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PSCU = Power Supply and Control Unit
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. Introduction

HE Business Unit Electron Devices of Thales Deutsuh has developed, in the frames of the HEMP-TIS

project, an electric propulsion system based orHigh Efficiency Multistage Plasma Thruster (HEMP-T
Now Thales performs a qualification of the HEMP Bmlsion system. HEMP Thruster Module (HTM) corssist
the HEMP-T, the cathode-neutralizer and the flowtom unit (FCU), all these components mounted otti®
mounting structure (MMS) FCU distributes Xe between the cathode, at canhdtaw rate, and the thruster,
through the proportional valve which operates mset loop with the anode current measured at thePSupply
and Control Unit (PSCU). The HEMP-T assembly (HTi8)intended for integration on board of geostatigna
communication satellites to perform attitude anbitocontrol manoeuvres. Each HTA consists of twofdar
HTMs, electrical harness and one PSCU. Each HTMiges the total specific impulse of >2300s andtthrast of
44mN, under the operating voltage of 1000V and mainanode current of 1.38A, which is a nominal aegien
point for SGEO and H2Sat missions.

HTA qualification is being carried out with two HTiualification models, the HTM-QM1 (Figure 2) arftbt
HTM-QM2 (Figure 3), and one PSCU engineering qiadifon model, the PSCU-EQM (see Figure 5).

The HTM-QM1, the HTM-QM2, and the PSCU-EQM have ssfully completed the qualification testing
according to SmallGEO (SGEO) mission requiremeaupsto the Lifetime Test. In particular, the HTMsrevdested
in the wide range of HTM interface temperaturestween -15°C and +65°C, and in the wide range of
environmental temperature: between -160°C and +4Ih@ HTMs have shown a very low performance vimat
during that qualification sequerfce

Now, the HTM-QM1, the HTM-QM2 and the PSCU-EQM urgteing the HTA Lifetime test.

II.  HEMPT Lifetime test plan

The HEMPT Lifetime Test plan corresponds to the 8Gihd H2Sat qualification requirements. The teahpl
includes parallel testing of two HTMs, HTM-QM1 amtfM-QM2, in the same vacuum facility. Each HTM
performs its own test sequence independently (dgerd=1). The HTA Lifetime Test configuration wakeady
presented Here are the main points.

The HTM-QM1 and HTM-QM2 operate on the nominal gien point throughout the test: 1.38A anode curren
stabilized in closed loop with the HTM Xenon floand 1000V anode voltage.

The HTM-QM1, coupled with the PSCU-EQM by harnesthlight-representative connections to PSCU and
HTM, performs a Lifetime Test scheme based on BEW cycling and HTM operating hours requiremenisTést
will collect a number of PSCU cycles and HTM firifgours corresponding to the nominal H2Sat lifetime
requirements (including a qualification margin 1.8¢. >10000 cycles and >8500 firing hours. HTM-QMill
perform twice as much operational cycles as redui@ H2Sat mission, but will fulfii the SGEO cyet
requirements. From these HTM cycles, >9800 are”“tptles and >300 are “cold starts”. The “hot” gglhave a
reduced thruster cooling time of approx. 40 miroider to meet the amount of required cycles; th@ilts in the
additional effect that the HTM is cycled towardsnpeeratures close to the maximum operational tenyes
foreseen. This is considered by Thales on H2Suaipast-case cycling scenario (very high operatidgeaiperatures,
fast temperature slopes) for the magnets, the n
critical thruster component. The “cold” cycles froi
a thruster temperature reference point (TRP) bel ki
-55°C, with 60 min firing time are the worst-cas p,e.hea.‘
cold starts and will verify the HTA capability t¢$ |#mow
ignite at the lowest expected in-flight thrust '
temperature. Furthermore, this HTM-QM1
mounted on the thrust balance and ful
characterized with periodic thrust measureme
and ion beam scans. The following operatior | |
procedure is applied at each cycle: Hrviomt

- PSCU on: T

- HTM start-up procedure (pre-heat HTM); U_g;jcu -[f 1

- Neutralizer ignition; W

- Thruster ignition; |

! ITT
‘ THRon THR off

S S %

T
THR1

state (high - on, low

- Operation at nominal point for predefine
time; Figure 1. Lifetime test firing scheme
- HTM off,
2

The 35th International Electric Propulsion Confecen Georgia Institute of Technology, USA
October 8 — 12, 2017



- PSCU off;

The duration of the full HTM-QM1+PSCU-EQN  |HTM protective caj
vacuum firing sequence is estimated to be more tivan I
years. HTM-QM1 and HTM-QM2 will be operated with B Testing
FCU minimum inlet pressure, as this is consideredstv MESEER | interface
case for cathode operation. : '

The HTM-QM2 will perform the cold operationa
cycling; due to the very long OFF-time needed tolc:
down the thruster to the starting temperature girap -
40°C, 3000 cold cycles with total >4900 firing hewxill
be carried out in more than two years of vacuurmdir
sequence.

= L il T e g

lll.  Lifetime test set-up

The HEMPT Lifetime test is performed at th
Aerospazio vacuum test facility LVTEL The LVTF1
consists of a diamagnetic horizontal stainless |si
chamber, 11.5 m long and 3.8 m in diameter, witbtal
volume of ~120 m3.

The minimum attainable basis pressure on the afie- HTM orotec v
2e10-8 mbar, typical Xe pressure during HTM tesiimg protective caj HTM radiato
2.2e10-6 mbar. .

LVTF-1 has a chamber conditioning system in order
properly outgas the inner surfaces of the chambeng
the pump-down phase. It consists of a high powesdfi
mounted heater.

The in-vacuum test set-up was designed
accommodation of two HEMP thruster modules. |,
already mentioned, the HTM-QM1 and the HTM-QN
are tested simultaneously in the LVTF1 vacuum chamb

The HTM-QM1 is installed on top of the thrus
balance (Figure 2). The thrust balance was devdldye
Thale$. The thrust balance has sensitivity below 0.05m
The thruster axis of HTM-QM1 coincides with th
geometrical axis of the vacuum chamber. The thrusid Figure 3. HTM -QM2 on the test support
the neutralizer are surrounded by the thermal sh(see frame in the Lifetime test vacuum chamber
Figure 4) for a definite radiation environment: @it can (thermal shroud is not yet installed).
be cooled down by liquid nitrogen, maintained abamnt
temperature or heated up. The HTMs are mounted ¢ ;{TM_QMZ
the testing interface frame, which allows for thetm |4 HTM —QM2
control of the HTM mounting interface (I/F) to sitate
the operational conditions on the satellite. TheUFS
covered with MLI foil during the testing. e

The ion beam diagnostics is aligned to the HTM-QN © v
thruster. The ion beam diagnostics set is mountedac
rotating semicircular arm inside the chamber anasists
of:

4 Thrust balance '

F|gure 2. HTM QMl on the thrustblance in
the Lifetime test vacuum chamber (thermal
shroud is not yet installed).

HTM —QM1

'J £

Figure 4. HTM-QM1 and HTM -QM2 in the

Lifetime test vacuum chamber, with the installed
thermal shrouds; final test set-up before chamber
closure.

- 32 Faraday Probes (FP) with guard ring placec
different angular positions on the arm which isdise
determine the thrust vector (via ion curre
measurements);

- 2 RPAs provided by Thales.

Each probe is mounted on the arm so that the ¢otle
faces the centre of thruster exit section at adc# of 1 m. The arm is moved by a stepper mottr avstep angle
of 0.45 deg and can perform a 180 deg rotation ¢€dpto +90 deg off axis).
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The beam diagnostics arm is additionally equippét the
in-vacuum foto camera, which allows for in-situ vas
observation of the HTM-QM1. :

The HTM-QM2, on its testing frame, is mounted omto &=
dedicated test support inside the vacuum chambmoap60 Fe
cm off the chamber axis (Figure 3). The thrusted adhe

with MLI foil during the testing. |

Each HTM is equipped with its own HTM lid (Figure. 3 Vacuum chamber
The purpose of the lid is to protect the thrusteont
contamination with the vacuum chamber wall sputteirigyre 5. PSCU-EQM on the testing adapter
products during the time, when this thruster is affd the i, the dedicated PSCU vacuum chamber.
second thruster is operating. The HTM lids are jrahelently
remotely controlled.

The vacuum chamber is provided with the view pertabling observation of the HTM-QM1 and the HTM-
QM2.

The PSCU-EQM is installed into the dedicated vacetamber, which is situated close to the LVTF1 dbam
This enables improved access to electrical sigredsurements. The PSCU vacuum chamber is equippldtsvi
own pumping system with minimum attainable basespure on the order of 5e10-6 mbar.

The PSCU-EQM is installed onto
the testing adapter inside th
dedicated vacuum chamber (Figui
5). The testing adapter allows for th
thermal control of the PSCL
mounting I/F to simulate the
operational conditions on the satellite

HTM-QM1 is fully powered and Hpw-Qu2
controlled from the PSCU-EQM. CHH R e
HTM-QM2 is powered from the { ]|
laboratory power supplies ani / T
controlled by ground suppor %
equipment (GSE) (Thales). PSCL :

EQM is powered from the bus - ==
simulator and controlled with MIL- ::
1553-STD GSE (Thales). Tht T ot ’

overview of electrical set-up isFigure 6. Overview of Lifetime test electrical andhermal set-up.
presented in Figure 6.

The end electrical connections t
the HTMs and to the PSCU are made from the flightdg cables, representative of the satellite harnElse
intermediate cables are laboratory grade.

The bus simulator provides the PSCU-EQM with thevgroand simulates the 50V satellite bus. It is embed
to the PSCU through the line impedance stabilizatietwork (LISN).The PSCU-EQM is controlled fronetbSE
via the MIL-STD-1553 communication standard.

The PSCU-EQM controls the start-up, operation and-down of HTM-QM1. The PSCU integrates a number
of measurement and protection functions. It provitte system master unit (SMU) with telemetry (TMgluding
thruster, neutralizer and FCU currents and volta@&CU and HTM critical temperatures. All the PSTM is
acquired by the GSE during the Lifetime test.

The HTM-QM2 is powered with laboratory power supplithe anode high-voltage (1000V) power supply, th
neutralizer keeper power supply (0..50V dc) andnibetralizer heater power supply (0..15V ac). TA&vH-CU is
controlled by the FCU Driver, which simulates th@U controlling function of the PSCU. A dedicatedremt and
voltage measurement unit is placed in the supmly far the HTM-QM2.

The HTMs are operated in the floating cathode guméition throughout the tests. The “minus” polesigh-
voltage power supplies for both thrusters are feattecally connected.

PSCU vacuum chamber
Main vacuum chamber LVTF1

HTM-QM1

iy Ly
ol

LVNTR

5

ideo camera

1

HV-THR

Beam diagnostics

Thrust Balance

PSCU

Lv-Temp

/
Troma [

ower suj

< Facility data,

ector
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The HTMs are equipped with a number of temperasaesors. Several temperature sensors are parstof te
hardware (flight HTMs will be also equipped withcbutemperature sensors). For the HTM-QM1 these ¢eatpre
sensors are evaluated by the PSCU. Other tempersgmsors, which are not a part of test hardwagee\aluated
with the GSE. For the HTM-QM2, all temperature seasre evaluated with the GSE.

Both HTMs are feed independently from the labonaigeis system. The laboratory gas system consistseof
bank of Xe bottles, filters, pressure reducerssguee controllers, pressure sensors, gas flow setalves and
corresponding tubing. The operating gas pressutieea¢ntrance of the HTM-FCU is representativehef satellite
gas pressure and is constant through the Lifetasie t

The end gas connection to the HTM-FCUs is flighaer and will be also qualified during this test.

IV. Results till the Qualification Factor 1.0

Activities according to the HTA Lifetime Test plavere started at the end of May 2015 upon the safudes
completion of test readiness review (TRR). The HOMKL and the HTM-QM2 were installed on their posiso
inside the vacuum chamber, as shown in Figure @urEi3 and Figure 4. The PSCU-EQM was installed ihe
dedicated PSCU vacuum chamber, as shown in Figubdtér the electrical checks, both vacuum chamivesse
closed and the pump-down started.

The HTM-QM1 and the HTM-QM2 were first switched ancording to the Lifetime Test plan at the end of
August 2015.

The HTM-QM1 has reached the Qualification Factor=QB in September 2017. The HTM-QM1 + PSCU-
EQM have accumulated more than 6600 operating remalsmore than 7800 operating cycles. The HTM-QM2 h
accumulated more than 3500 operating hours and thare 2200 operating cycles. These results wereaath

THALES HEMPT Lifetime Test
hot cycles 50
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—simulation —test results
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Figure 7. HTM-QM1 thruster TRP profile during  Figure 8. HTM-QM1 thrust.
the “hot” cycles, comparison with the previous

numerical simulation. test data from the PSCU-EQM

(during the cool-down the PSCU is off — no data).
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Figure 9. HTM-QM1 mass flow-rate and anode Figure 10. HTM-QM1 keeper voltage and ep-gnd
current (anode current — PSCU telemetry). lower voltage (PSCU telemetry).
values of the mass flow-rate correspond to coldesyc
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without intermediate opening of the vacuum chamber.

Predicted by the numerical simulation the tempeeaprofile of the thruster TRP coincides very wgith the
test results for the HTM-QM1 (Figure 7) and for tH€M-QM2 (Figure 11).

Performance of both HTMs and of the PSCU-EQM rematable over the accumulated cycles.

HTM-QML1 thrust remains stable over the first 45Q@@ting cycles (Figure 8). Then, it shows a tengdn
slightly decrease, and then it remains stable the2000 operating cycles. The decrease is ab@oiN from the
begin-of-test values.

Mass-flow rate remains constant at constant anagleert (Figure 9). Lower values of the mass-flokera
throughout the test correspond to the “cold” cycles

The HTM-QM1 keeper voltage and the cathode-to-gdo(FBP-gnd) voltage show a healthy behavior (Figure
10), with small fluctuations at the first severdlOloperating hours after pump-down from atmosplferiéal
“conditioning” phase). Keeper ignitions are reproithle and stable.

Mass-flow rate of the HTM-QM2 is constant at const@node current (Figure 12).

The HTM-QM2 keeper keeper and ep-gnd voltages shbealthy behavior as well (Figure 13).

The vacuum chamber and the test set-up assuretaimalis operation of two HTMs (Figure 14) without
anomalies.

HTM-QM2 lifetime test
cold cycles

o

2 PUPEW PO D W SN e -
ispoas > Peiniyipunly *

mass-flow rate

o
N
o

Anode current, A

—
——
Mass flow, mgls

N

anode current 135

—
—
Py

[ S

0 13
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Operational Cycles
i i i Figure 12. HTM-QM2 mass flow-rate and anode
Figure 11. HTM-QM2 thruster TRP profile during current.
the “cold” cycles, comparison with the previous
numerical simulation. test data from the GSE.

THALES HEMPT Lifetime test
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Figure 13. HTM-QM2 keeper voltage and ep-gnd
voltage. Figure 14. HTM-QM2 (left) and HTM-QM1 (right)
operating simultaneously.
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V. Conclusion

Thales carries out the Lifetime Test with two dfiedition HEMP Thruster Modules, HTM-QM1 and HTM-
QM2, and with one qualification power supply andhtrol unit, PSCU-EQM. This Lifetime Test is onetbé most
complex ones in the field of electrical propulsid@nincludes simultaneous and fully independentrapien of two
thrusters in the same vacuum chamber. The qudiditdactor QF=1.0 is reached on HTM-QM1+PSCU-EQMe
HTMs and the PSCU do not show significant perforoearchanges. The HTM-QM1+PSCU-EQM have
accumulated >6600 operating hours and >7800 opegraticles, the HTM-QM2 has accumulated >3500 opeyat
hours and >2200 operating cycles. The HTMs dematesta stable simultaneous operation in the sameunac
chamber throughout the test. The Lifetime Tesbistioued.
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