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Abstract: Performance emulation of microthrusters used in micro—nano satellite requires diagnostics of
steady thrust, impulse and dynamic—thrust. Measurement technology study was conducted to satisfy this require-
ment. Based on the torsional pendulum’s property as a mass—spring—damping system, a method was proposed to
eslimate parameters of the pendulum’s moment of inertia, damping conslant and effective spring coefficient by
performing static and dynamic calibrations with weight. An interferometer was applied to measure the small dis-
placement with high precision and high frequency, of which the precision was about 10nm and the bandwidth
was 500 kHz. The relation between light intensity recorded by detectors and small displacement was modeled to
acquire the displacement of the pendulum. Hence, first—order and second—order derivatives of small displace-
ment could be made to obtain velocity and acceleration, which realized measurement of the time—resolved force
acting on the pendulum using motion equation of torsional stand. Error analysis shows that maximum uncertainty
is 0.5mN for steady thrust measurement and 0.58mN for dynamic—thrust. Verification experiment was made using

an ultra—high pressure cold gas thruster which show this method can be used to measure dynamic thrust at a re-
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sponse frequency of 50Hz.
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Fig. 1 Schematic of the structure of the torsional pendulum
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based on laser interferometry



928 et

2017 4F

HH 22 90°, FHT32 3l J5 i) W, 00 2% 1 A AR S
FHIC T2 7R P A 10 5, AR BT I8 R 2 0 % R 500k Hz
32 {If.EEMMEENEEE
PR 5 >R 42 30 1Y 2 T 95 2% B0 65 X N A L
G O 5 T S A
AL, FERRI A1 E B o6 (3 fa dE OGBS ) 1Y 52 5k
WA AN 225 0l (R 1 HE DG ) Dl i, T 49 ) T & =X
KRN
U,(n=A(rexpild,(r)+wi] (7)
U, (n=Arexpil,(r) + wi] (8)
Kb H A ERE, A, o) Fn5
] (078 r FH OGP G AR IR FUAH AL, A(r)  §,() Rm S
FZOCHR MR FAAL , 0 AR RORET], o R
TEAEAL B (14 I8 T 5% I AR AL
T Y TR 1 2 71T = ) 1 R o< e
Pkzhh
Un=U,n+U.(r)=

A, (Nexpi[d,(r)+wt]+A,(rexpi[,(r) + wi] ©)
TR g8 A0 sk B i, B
I1=U0rnU (r)= (10)

A2+ A2 +24,A, cos[d, () - b, ()]

X U FR U M4,

TEWOCAL R TH BT b R g% PR TOL AR
OALE B r=r, , TR IC R ADLRE S A

I(ry)=A2+ A2+ 24 A, cos|[d, (1)) — b,(r,)] (11)

FILAZ AL T 15 407 8 I, W] B 228 AR HE AT AR 5l
AR B O B N H b=, + 7,
LG B A I g OG5 O BN L B TR . AR
Tt 5 °F- i A7 & e B 2 # 51RO SR AR 7
2N

0=, (r)= 2T 2+ m (12)
T, PRI B 1 5% B 1% B B ] A% R O s
I(t)=Af+Af+2A“A,cos[quT'Zx(z)+frr] (13)
PRI 25 1 B A5 5 AR 5, ] Rk Oy
SO)=GH(O)+S . (14)

o G oot R B, 7RO A R A Y 2k X
KB, S N DU 2 A B R RN, 0] &
me o PR, SR BN HAE S A IR E R EIER, S
B o 114 1 o B P A Ak 3 g R I R e SR B 1
T 480, E 3 iR .

TR, TR 0 R 0 S i T U e sR S A B
NG B

S()=GlA + A2 +24 A COS(ZTW‘ u@+m]  (15)

S@)-G(A;+47)
2GA A,
k=-1,1; N=0,1,2,3-

)= A

e [m+Ek+ arccos(

)+ N2 (16)

Fig.3 Schematic of recorded interference fringes
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Fig. 4 Results of static calibration
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