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A novel differential piezoelectric accelerating sensor
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Ministry of Education, Chongqging 400044, China)

Abstract: A novel differential piezoelectric acceleration sensor was introduced. The sensor’s structure
and operating principle were presented and its mathematic model was established, then the relation-
ship between the sensor’s output characteristic and inertial mass and the piezoelectric components was
discussed. Finally,the process circuit structure of sensor and its characteristic were discussed also.
Experimental results show that the sensor with one inertial mass can realize the differential measure-
ment of acceleration signals, and it has advantages in simple structure, light weight, simple for work-
ing and manufacturing, and better anti-interference ability. Its linearity is up to 0.1%, which is half
of common accelerometer. It has satisfied the design purpose in frequency response error of 1% and
repeatability of 1.27%, and its measurement sensitivity is twice of general accelerometer.
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Fig. 1 Structural scheme of sensor
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Fig. 2 Vibrating model of sensor
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Fig. 3 Block diagram of differential charge amplifier
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Fig. 4 AC equivalent circuit

KA T RIAR f EZl CoM R, g, BIF R
WA fL=1/27RCe. B K iz 5o A 19 5 45 .
Via Vo 50 5 Oy 328 50K A 19 22 1 B A FE s 0
AR S Lo Ty 50 50 g 328 5000 K 4 1) g A 2R
A EL R R AR LR o 9 SRR L L Ve
A AL LR, A L RH

B2 R, W ARHEIE 5 B i A 5% e g B
UL S5 20 P A R T AR A



906 e KW LR H15 %
uy=—A0 (Vi —Ven ) .
£ 5 kbt
L=t 1=t el -
v, . ?ﬂﬂﬁﬁigﬁqﬁé%E@E%&%ﬁ:Tektronix
="+h— TDS 224 BoR P A% B3 & 3% 50 0 i — H

2 F AT TR R ) 25 TP RE S8 BR i 2 K> 140
>>17Ra //RC>>Rf,Tid >>R{+Rp s id >>Rf/K ETJ’,&

Iy Re
S [ &
— | ¥ ¥ Wy
1; V- —
1;5 OB, OF Vz;Vz
RiE R g ia sthid Use
Lo [BL -
200" = OR
RP
I A -

Bl 5 EUR AR

Fig. 5 DC equivalent circuit
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Fig. 6 Circuit of charge converter
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Fig. 7 Output of sensor
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Tab.1 Amplitude test results

FARAGS WA MGE BT WA T W A B T AT BE T AR 3 3

Q%) Q%) EEXIAQYD) HHF 5 2% (V) A V) PERORTAL =
1.0 0. 070 0. 0690 1.5% 0.115 0.1087 5.8%
2.0 0.135 0.1551 13% 0.275 0.2815 2.3%
3.0 0. 245 0.2413 1.5% 0. 460 0.4543 1.3%
4.0 0. 350 0.3274 6.9% 0. 620 0.6271 1.1%
5.0 0.410 0.4136 0.9% 0.790 0.7999 1.2%
6.0 0. 495 0. 4997 0.9% 0. 985 0.9727 1.2%
7.0 0. 570 0.5858 2.7% 1.130 1.1455 1.4%
8.0 0. 670 0. 6720 0.3% 1.310 1.3183 0.6%
9.0 0. 780 0. 7580 2.9% 1. 500 1.4911 0.6%
10 0. 830 0. 8440 1.7% 1. 650 1. 6639 1.8%
11 0. 965 0. 9304 3.7% 1. 850 1.8367 0.7%
12 1. 000 1. 0650 1.6% 2.000 2.0095 0.5%
13 1. 095 1.1027 0.7% 2. 200 2.1923 0.3%
14 1. 210 1.1888 1.8% 2. 350 2.3551 0.2%
15 1.255 1.2750 1.6% 2.530 2.5279 0.08%
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Tab. 2 Frequency test results

=32 & i) J B
1.058 1.018 3.78% 9. 488 9. 484 0.04%
2. 080 2.051 1.39% 10. 005 9.957 0.48%
3.102 3. 030 2.3% 11.025 11. 004 0.19%
4.051 4.008 1.0% 12.016 12.011 0.04%
5. 041 5. 000 0.8% 13.036 13.018 0.14%
6.022 6. 020 0.03% 14.056 14.026 0.21%
7.053 7.044 0.1% 15.116 15.116 0.00%
7.959 7.958 0.01% 16. 037 16. 025 0.07%
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