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Electromechanical Modeling and Experimental Verification of
Differential Vibrating Accelerometer

Jung-Shin Lee* and Jaewook Rhim*

ABSTRACT

Differential Vibrating Accelerometer(DVA) is a small and accurate resonant device to
sense the change in natural frequency in presence of acceleration input. Both
mathematical the electromechanical dynamics experimental
investigation on the structural characteristics are necessary for effective designs of
precision controller and high Q-factor structure. In this paper, electromechanical
modeling of the resonator of DVA, electrode module, and pre-amplifier is presented.
The presented method is experimentally verified by measuring the
frequency, effective mass, effective stiffness and Q-factor. The direct comparison of the
calculated displacement and the actual pre-amplifier of DVA also indicates the
effectiveness of this study.
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Table 1. Design variables
Beam
d=40
depth(thickness) o
Width h =3um
Length L =850um
Area A=dh
Moment of = thg
Inertia 12
Density p=2,330kg/m’
Yung's modulus | £= 132Gk
Normalized £_£
coordinate L
Q factor @=10,000
mlumplparallcl =4.7532<10" " kg
Lumped mass T
Mimpleomy = 818310 kg
L] = 146um
flparallel —
Electr length
ectrode leng Ly = 150/
Cross—section A, =dL,
area
Comb number N=19
0 ‘w 0w 0 2w
ET —o0,4 +pA = f(z,t) 1
0zt "0 a? r ot f @
714,
o, : axial stress per unit area
f(z,t) : force per unit length
g A 1)) W9, we)E a5k 19 FFRA
77} EPHolnz g 4 st ol #eat]
e gl
w(z, )= qt)p(x) @3]
AN g a=Zelde] Welelt $4
el SIF Seel AEHA A& whel SR
vE Fo R FREE ANSES I I
31 A H (fixed-fixed beam)2] 7]& EL 2 oy

I ZY2-3].
#(x)= A(sinhazx —sinax)+ B(coshaz — cosaz) (3)

o714,

1
:(ﬁ)z 3 _ 473
EI) 0T L

w, : natural frequency
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$(£)=—0.6187[ sinh4.73¢ — sin4.73¢ (4)
—1.0178(cosh4.73¢ — cos4.73¢)]
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e K.AN .
Ft) =— ) [(Vp+ucosw,t)?— V2] (15)
Case 2. H37 A=
AK [(V,+ t)? V2
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Case 1. & A=

&N

s Wy 2 2
q+ 6q+ wiqg= 207, d, [( V) + v 008w, t)° — VS} 17)
Case 2. B3 A=
q+—q+w q= o4k [(Vy+v,cos0,t)? = V2] (18)
D d n’ s
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o 3 F7] Fete] AZ I e HFx|el 49
B& TIES T2
q= Acos(w,t+ B)= Acos(P) (20)
2l 2005 o A ()T 2ol AT F A
o}
. B F(t) 7&._
qtuwlig= i, QT ef(q. q) (21)
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B=tan® - 22)
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n
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1 m .
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= ANV, B o A 8

a M f. fd()wn s Q—Q ( )
- foK dN cosB

B= M, oo Vivg 1 (29)
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A B - 4 30
= — Vpw,sinB— ——
2]”.ffd DYd 2Q ( )
: A K, cosB
B=— Vv 31
QMffdgw” D¥d A ( )

Table 19 #3 K, =098,V,=1V, v, =1,
€, =885x10 2C*/N-m, d,=2m< q% Azt

" time (se¢)

time (sec) Case 2. B3 M3 time (sec)
13

time (sec)

4 B v
time (sec) time (sec)

Fig. 4. Comparison between ¢ and 4, B
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Fig. 5. Charge Amplifier Modeling
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Table 2. Effective stiffness of sample 1

DC | AC | e | max | 2B | ox
B || =g o x|
100mV 14.45nm 1.90
150mv | 1373nm | 204
5v [ 200mv | 1464nm | 1.95 1976 | 12%
250mV | 1447nm | 2.01
300mV 14.96nm 1.98
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Table 3. Effective stiffness of sample 2

AlS
wor | mgr | BR[| aER | g | en
I\ 64.68nm 1.98
3V 90.70nm 1.97 35
10V 5V | 113.79nm 2.09 2.07 %
7V | 142.34nm 2.15
9V | 176.98nm 2.16

Table 4. Effective mass measurements
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—=— Design value
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4 3 2 - 0 1 3 4
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Fig. 9. Change of the resonance frequency
w.r.t. DC driving voltage
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[mV]

—=— Design value
—e— Measurement
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driving voltage
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