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Thrust measurement methods for electric propulsion based on flexible beam structure
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Abstract  [Background] Electric propulsion systems, compared to traditional chemical propulsion, offer longer
operational lifespans and lower fuel consumption in space missions, garnering significant attention in recent years.
However, for high-power Hall effect electric thrusters developed based on controlled fusion concepts, measuring
thrust proves challenging due to the high-temperature environments required for ionizing propellants in electric
thruster, resulting in the generation of hot plasma plumes during operation. As a result, traditional thrust measurement
methods are unable to accurately measure the thrust. [Purpose] This study aims to accurately measure thrust during

ground testing of electric thrusters for precise control of the spacecraft s attitude and orbit maintenance. [Methods]
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Firstly, a thrust measurement platform based on flexible beam structure was designed and implemented with

capability of measuring the thrust generated by electric thrusters in high-temperature. Simultaneously, a calibration

system was built to verify the stability and repeatability of the thrust measurement results. Then, simulation analysis

was conducted on the structural mechanics and thermal coupling field of the thrust measurement system under

different operating conditions. Finally, the variable specific impulse magnetoplasma rocket (VASIMR) was taken for

experimental thrust measurement of its electric propulsion system. [Results] The experimental results of VASIMR

indicate the thrust is 266.5 mN measured in real time at the central magnetic field intensity of 0.2 T with a mass flow

rate of 20 mg+s™'. [Conclusions] The thrust measurement platform based on the bending beam structure can meet the

measurement requirements of VASIMR, providing valuable references for subsequent experiments.

Key words Electric thrusters, Controlled nuclear fusion, Plasma, Flexible beam, Thrust measurement
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Fig.1 Typical physical photos of Hall effect electric thrusters"”*  (a) SPT-100, (b) SX3, (c) VX-200

ARIHEST

K2 th 550 & AT LLSZEL 1 800 mm T [ 4 ) il
LS, SR E R 2 AL B AN F Lo H e 88 7=
AETHE B . W& R S 2 1~10 000 mN [1I4E 773l
R, TSR E I BOC A AL B i FE R
9 0.25 um, S EF S RS T EREN
2 mN,

TP tE R AR A HE 7R 1 — b )z
J7i5, FF ISR R B A SE A A 2% 7 AR R PIAL ,
T W PR A K R B AR TR R
e BIRE T B &, AT A I S R A
4T

TG X HERE SR PR IEAT D125 A, A R
) z 1l 18] 2 8 IF 5 SR 3% 7= A2 I HE 70 O s 4k 2%
XHEREFI R Frs af AR B FRLF Z [ R AR

F=F'=Pd.=| pVVedd)+(P.=P)4.()

Roft Py AR B A A B T R
HEHERI ML B AR T I HOHE LR <V W, T 5
P JHEHEES th A3

ORI %18 P 2 A3 7 R AR 0, T B B -
BT LSRR

I PA - P A= 4)= [ pr.(Vodd) @)

A T2 B AR S B TR I 775 4 A2 H bRt
T AR o A4 Bt Bt H bR S8 0S4 1 T LAk
NN

T=T -P,A, 3)

Mobile Platform

Displacement Flexible Beam

Sensor

Calibration

Device \ T__-_
T

Target

;%
Ll
MEM

RO BF:
T=[ pruveda)+(P.-P)4, (@)

R HE 28 7= AR (14 ) FAEUE B S Btk B
FREL I SCHE T TARSSE , WERE FAERH 7 Het i 45 44
W& & .

BRI IEE 5 T 50 e 000 2 R 0 48 7 A R HE
F7 A0y anfar I B B 1 5 0k HARSE IR SCHE I 17
X TR R A B 6, P B HA FER AR, I
HAC B K TR i) RS AR S5 M 1 T g T A
KB, W] DUAS F BBz A 25 I G BAR 147 0 . 2 H
FREESTHEVEGE ) 77 9 - T, Pt R R d 47 A= AL 1)
PRE N s, Al LA 3

47
s = Ebir T 5)
A ERGVEGE A IOBLE 1.0 A h 7y ) 2 e vE gt
G BE AR o R HRJE s FIOGAL B8 A% R 1
iS5 AV Z A B ] RS &, ARG5S

EbI’
R (©6)

T =

Ebi -
/%Wkl =k, f3:

T=kAV (7)
s k0T DA HE AR T & (PR ) 1 it R
K, v LUE I bR B R RS B AREUE . 7ESEI0 AT IE
bR E, T E P R AR B SRR 2 E
FOA R A0 e, T I W 8 SR S AR P B R K PR R ]
THAE e 2= R 3D

!

2 HENE RS

Fig.2 Schematic diagram of thrust measurement system
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Fig.3 Mechanical simulation diagram of the measurement platform

F1 TRIRTAGTHREEMER

Table 1 Deflection simulation results for components of different sizes
TS e R HLTH 5L PR RS BKIREAH
Number Target dimensions / mm Target thickness / mm Flexible beam dimensions / mm Maximum deflection / mm
1 104000 1(5 1(5x10%750) 15.804
2 1 207 2(6x13x750) 7.2173
3 1 3(10) 3(8x15%750) 1.673 4
4 2(500) 1 3 1.6189
5 2 2 2 6.719 4
6 2 3 1 15.367
7 3(600) 1 2 6.762
8 3 2 1 15.372
9 3 3 3 2.049 8
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Item Level Target dimensions / mm Target thickness / mm Flexible beam dimensions / mm
K 1 24.69 24.18 46.54
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3 24.18 19.09 5.34
K. 1 8.23 8.06 15.41
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3 8.06 6.36 1.78
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Table 3 Material properties of three common high-temperature resistant materials

#E Materials 4 55 Melting 5# &% Thermal JERRSRSE Yield $UETERE Compressive  ZaZkMEfg

point / °C conductivity / W+(m-K)™" strength /MPa  strength / MPa Insulating properties
&bl 1200 2~4 50~150 100~300 #2% Insulation
Phlogopite
4158 Graphite 3 600 1 000 20~40 40~100 A% Not insulation
304 AN 1 400 15 210~350 500~700 A% Not insulation

304 stainless steel
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Fig.5 Thermodynamic simulation diagram of the measurement platform
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Fig.8 Physical diagram of calibration system components
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Table 4 Deflection values of the system output under different standard force

Y 100 g %% 1 Deflection 150 g $4/Z{H Deflection 200 g $2/¥{H Deflection 300 g H&/Z{H Deflection
Number value for 100 g/ mm value for 150 g/ mm value for 200 g / mm value for 300 g/ mm
First time 0.129 493 4 0.195503 7 0.261 514 1 0.393 5347

Second time  0.129 354 1 0.195 1254 0.261 896 7 0.393 4393

Third time 0.129 8749 0.1953554 0.260 836 1 0.393 7972
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