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Finite element simulation on packaging of hinged
high-g micromachined accelerometer
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Abstract: A novel packaged hinged high-g micromachined accelerometer was studied by finite element
simulations. The mode shape of high-g accelerometer without packaging were analyzed, and then the
first ten natural frequency characteristics of packaging structure without and with different potting
materials were discussed. Experimental results conclude that the elastic modulus of potting material
has a significant influence on the mode shape of the accelerometer packaged. The mode frequency of
the packaging structure increases with the elastic modulus of potting material, but the small elastic
modulus (E<{1 GPa) will bring a strong distortion of the accelerometer output. The simulation re-
sults also show that the potting material with enough large elastic modulus(E>>9 GPa) should be opti-
mal selection for high-g accelerometer.
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Fig. 1 Structure diagram of accelerometer
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Fig. 2 Packaging structure for accelerometer
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Tab.1 Material parameters used in finite element model
E/GPa o/kg s m™ AL v

Ceramic 296 3 970 0.28

Silicon 170 2 330 0.28
adhesivel 0.1 1 800 0.3
adhesive2 1 1 800 0.3
adhesive3 9 1 800 0.3
adhesived 16 1 800 0.3
adhesive5 296 1 800 0.3
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Mode  Frequency(kHz)  Mode Frequency(kHz)
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Fig. 4 The first ten natural mode shapes of acceler-
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Tab. 3 The first ten natural frequencies of package structuring without and with potting materials

Frequency(kHz)
Mode ‘ Seal‘ Seal. Seal- Seal- SealA
HE £ A adhensive adhensive adhensive adhensive adhensive
E=0.1 GPa E=1 GPa E=9 GPa E=16 GPa E=296 GPa
1 245.53 (Y) 60.6 (X) 182.03 (X) 241.74 (Y) 248.1 (Y) 298. 05 (Y)
2 256.14 (X) 61.6 182.36 (Y) 251.94 (XD 257.62 (X) 301. 88 (XD
3 269.08 63.1 187.1 (£) 262.75 (£) 298.39 (£) 320. 31
4 311. 46 66. 9 195. 55 308.51 309. 58 416. 48
5 317.92 (£) 69.4 (Y) 207.69 335.93 341.3 436. 14
6 338.18 69. 8 212.56 336. 27 344.12 446. 14
7 339. 26 72.4 216. 39 397.48 410. 64 473.9
8 409. 67 74.7 (2 219.73 400. 81 425.02 496. 51
9 415. 81 75.9 224.16 415. 05 429. 81 517.73
10 420. 16 77.4 237.52 434.73 452. 46 539.71 (£)
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ture without potting material
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Tab. 4 Natural frequency of mode shape Z versus thickness of shell and elastic modulus of potting material

Frequency(kHz)
25 b JEL i Seal Seal Seal Seal Seal
e R
TE B adhensive adhensive adhensive adhensive adhensive
E=100 MPa E=1 GPa E=9 GPa E=16 GPa E=296 GPa
0.5 239 81.4 215.4 305.7 346.9 598
1 300 83.7 250 274.5 336.8 515.4
1.5 311 83.7 265.4 314.9 328.6 438. 4
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