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Thrust can be obtained by: Question
Qlntegration of the generalized momentum flux on the thruster Can we use ONERA’s
surface (pendulum) ) highly sensitive MEMS
Thrust pendulum Qlntegration of the flux on a section of the thruster plasma sensor for thrust
beam (target, electrostatic probe)
measurements?
Standard in the industry but: ‘
Thruster QO Design constrained by vacuum tank size Challenges
O Some test conditions prevent their use (cold-start tests) Thermal effects
Thrust .
. Q It cannot be used with some large and heavy thrusters Electrostatic effects
lon sputtering
B s Plasma sheat
Fig. 1 The thrust probe is immersed in the plasma jet of

the ONERA ECR thruster. An arm can move it with other

ic probes. A dul the ECR thrust
Sensor design Mode of operation
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s + Hinges and a beam link the sensor frame to
the proof mass (with a surface A). Beam — 'V « Hinge Stress /
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electrostatic effects
Fig. 2 Microscope photography of the 1 Fig. 3 Mode of operation of the pressure
quartz resonator. sensor
Vo S1 S2 8(1) Noise The plasma applies a pressure on a surface A of the proof mass of 2
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50kHz 0,3 Hz/uN.cm? 8,3 x 10 0,45 Hz/°C 0,14 mHz/pN.cm sensors mounted in differential measurement configuration. The

Hz/(puN.cm~2)2 @10s difference between both frequency drifts gives:

A shutter is used to protect or expose the sensors to the plasma. Tubes in Af =25, A'F

the case evacuate the plasma and the gases. I_I—I—
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Fig. 4 Schematic of a side view of the probe representing
two sensors in the differential measurement configuration
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Fig. 5 Photography of the probe and the shutter

Estimated frequency drift
from plasma properties:

in the free molecular
flow regime. They

bounce randomly
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Fig. 6 Frequency change of the two sensors when the shutter is opened at
minutes 5, 6, 7, and 8 for 15s each time. e i i H it i
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The thruster is running with the probe located in the thruster axis at 25cm. The
signal from the top sensor goes up while the other one goes down as expected. :‘g;l:’ ‘50‘:‘;"‘;‘:::“;{13'1‘: Ff'ﬂ';‘}';;s“:':m‘;* i“f'wn:;:-n“° :::fl':“ Loty
The amplitude of these changes is 100 times higher than predicted (5mHz). ? P 4P £




