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Abstract

A high-precision force-feedback 3-axes accelerometer developed in Korea has been investigated and studied for the verification of
feasibility in the computational analysis and health monitoring of civil infrastructures. Through a series of experiment, the
nonlinearity, bandwidth, low-frequency signal measurement accuracy and bias characteristics of the accelerometer has been
thoroughly compared to those of two accelerometers produced by two market leaders in domestic and global accelerometer market.
The experiment results shows that the overall measurement performance of the accelerometer has superiority over the performance
of the two accelerometers from global market leader companies. Especially, the accelerometer shows a better low-frequency signal
measurement accuracy and constant bias characteristic, which are mostly required in the computational analysis and the long-term
health monitoring of large-scale civil infrastructures.
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Aqgso] & YU NEEAE 1A 2B AS 54
92 ASHAE g, ASF FIF d9e DC-100Hz=
Mg AFolth. It 7HEAl= MEMS 71He2 A2k
HAEH, 7, B34S B3 A FERE A8,
A4 F2EY A% 2xdzld gAstua LAY B4
AW 22 2t ARSI ZE A 3o

S7oltt.
7VEEAL] 718 Yz]E Fig. 200 1183 Jfﬁ’ﬁ}ﬂoi Sil“/}.
7REEAIM "3 o] FHIKEREQ
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&7 (capacitor) AR FYe] AEHS VTR FH
Rl = A8 (capacitance) 27 LA E T}, o] A8k
ZpolE AV, HShHe AAsted], o] A Alwrt AlsAe
3 71T vlEshe Aoz 285, 593Y (torquer
coil) & B FEEA(driving torque) S TAAIZIT

Fig. 1 Developed three-axes force-feedback
accelerometer
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Fig. 2 Principle of the force-feedback accelerometer
developed by Poongsan FNS
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Fig. 3 Nonlinearity test of accelerometers using
single-axis rate table

Fig 4= T4 7HEEA 9 Kinemetrics ES-U29] H]A
Prs HoFe 2z JHrERS 2SR AS
A #HaAs22Hleast mean squre error) 7N
221 SAEAE Fdsted, o o 23 o] At
ASTE 7IEEA 9] BTt vk, |9 A9 ES-U2e
27} ] A571 -9.35x10 1% Kol vhd Ik A e
-2.51<10°9] & Veh), 3 BS-U2 ti¥] 2.7% F52
HAEE S Hole 2o BASTH

7HEEAY HgEe EAI@H el 5-500Hz Fu

29 ASE 1g pk BE] 7IEES ThebRA SAslon,
71 A3= Fig. 5ol =23k vk =4t 71EEAl9] A%
g Zo] ES-U2ETH Wk ok AR 29 47t 9A

AFow U FEHYL A 2 M A5
o197 0.2 yak thHololof sht, BS-U2e] Aol 43t
9440l o gt FUE GAF 4 Atk o A
A% £% wolozt A Y Wk S &) Aol
wEduA Pgei BS-U29 A9 58 AT dielolA

_______________ (a)

’LZ 507760E-05x2 *9 998434E-01x + 1.923873E-04

Output acceleration (g)

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Input acceleration (g)

- . . (b)

¥ =1-9.351238E-04x2 1+ 1.023459E+00x — 1.209802E—-04

Output acceleration (g)

0.2 0.4 0.8 0.8 1.0 1.2 1.4 1.8 1.8 2.0
Input acceleration (g)

Fig. 4 Nonlinearity test results of accelerometers
produced by (a) Poongsan FNS and (b) Kinemetrics
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Fig. 5 Bandwidth test results of accelerometers
produced by (a) Poongsan FNS and (b) Kinemetrics
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Fig. 6 Experimental setup: (a) Poongsan FNS
accelerometer, ES-U2 and PCB 3713E112G MEMS
accelerometer on a vibration exciter for horizontal
excitation and (b) Polytec PSV-400 laser Doppler

vibrometer for reference measurement
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Fig. 7 Output response of accelerometers and reference
to 0-10Hz sine sweeping input: (a) Poongsan FNS
accelerometer, (b) ES-U2, (¢) PCB 3713E112G MEMS
accelerometer and (d) PSV-400 LDV(reference)
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Fig. 8 Voltage signal input to vibration exciter: (a) E
Centro earthquake signal for 60 sec, (b) repeated El
Centro earthquake signals for 1 hour
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Fig. 9 195 second block average of biases of three
accelerometers with respect to measurement time

Table 1 Standard deviation of the block average of
biases of three accelerometers

Accelerometer Poongsan PCB Kinemetrics
FNS 3713E112G ES-U2
Standard
deviation 0.175 0.389 1.013
(mm/s2)
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