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ABSTRACT

In this study, an MEMS thrust measurement system was designed and a study on the performance
prediction of system was performed to evaluate the performance of micro thruster. Thrust
measurement system consists of beam, membrane, and piezoresistive sensor. An FEM analysis was
carried out to verify the stability of the system, confirm the stress variation at the beam, and position
the piezoresistive sensor. The stability of the designed system was verified by comparing the yield
strength of the material with the maximum stress. The piezoresistive sensor was designed to be 20%
of the length of the beam to obtain a high gauge factor. The size of the membrane and the beam of

the reference model were designed to be 15 mm x 15 mm, and 500 ym x 500 pm, respectively.
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Fig. 1 Schematic of MEMS thrust measurement
system.
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Fig. 2 FEM model of thrust measurement system.

Table 1. Mechanical properties of silicon[13].

Density [kg/m’] 2328

Young's Modulus [GPa] 0.13

Poisson’s ratio 0.22

Yield strength [MPa] 1000
8
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Fig. 3 Result of grid test.

3. FEM 54
AN zel o] AZfe kA AT Al=Ee]l T2
o BA AT Alz=d AAE Ss
FEM(Finite Element Method) #4-& 33t
o MEMS &4 71&€2 Azd A=de oA



114 Fdy - o|E¥ =TT S5
A5 A3 o] ¥k e FA7E 20 ymel AFEE W flol fXskH, el §¥ Wi
ar, Wel Adeojsk |HlZE 160 um ~ 1 mmeo] = wet QEAE A Aol Aol dFE wA
2 728 AdAd i ATl Fadd. A "ok W ¥ Qo] Aol(length)2t W H]
TEH dAY AFS Ad 5% ¥ 54 (width)oll whet Mistste g We] Zdoje} ynlE
?l 50 mN9| 3tFo]l Alz=de QI7FENS w P4 W2 dAsY Rddes 9 A
A 2="oll A BAs= HojgHol Az & ANxdle]l E4e AYEZs 4 ddon, A
THRT S Ae FRICE AAsite 7] 2o B4 S Table 101 YERAUAT XY =
=< A9, 50 mNel tidt FEM sl4 & & 0y 20e A&k A AZHE d3 S
gttt 724 AMAAG AF olF w2 AlA ol A= whele] FAE wEste gk FA sl
ATFE 7t = AAZE AASY] 98 =2 59 Aof Z3g @ Q4 (shell element)E AH83F3
o] HAst= TS Fdstd HAE A 9 . &% =S I9F WFH(A=1537 mm?)ol

Al
]_
A @ arE AASI, Wel dolsh vulv)
ool M= G| U ATE TR

100 uN ~ 10 mNe A F8 "HolA 7|+
e S8 9 WHIE P Ao AHA5S
o =3t F ok

Fig. 2= 5% 34 Al2=Hl9] FEM 3814 =9
olth. 4AF AAE Sl M & Aol

Length = 0.5 mm
Width = 0.16 mm

Length = 0.5 mm
Width = 0.5 mm

ﬁbraﬂe

Stress = 660 MPa

Stress = 840 MPa

Length = 0.16 mm
Width = 0.5 mm

~

Stress = 950 MPa

0 100 250

T
400

Az =g Fst7] 8 1 mN skl
ths 100,000, 200,000, 400,000, 800,000 7H<]
AxrE A3t A FPsATh Fig. 3
Ao wrel Wel Al ¥ vag 1
zolth. 314 A} 400,000 7 ol Axpgrol
A glel &8 g W) fle AL FUASA
t}. ol wal 400,000 /o] 7 (hexa) AAE

Agstel A AT

N =
100 uN ~ 10 mN ¢ 9 d& A& A
= e}

Length = 0.5 mm
Width = 0.25

Length = 0.5 mm
Width =1 mm

V4

Stress = 745 MPa Stress = 525 MPa

Length = 0.25 mm
Width = 0.5 mm

p

Stress = 840 MPa

Length =1 mm
Width = 0.5«m

550 950

700

Stress [MPa]

Fig. 4 Stress contours of designed system.
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and stress of the beam as a function of
beam length.
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