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Design and performance analysis of three-dimensional MEMS acoustic

emission sensor
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(School of Mechanical Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: As a dynamic non-destructive testing method, acoustic emission technology mainly realizes dynamic
monitoring of material defects and prediction of damage location. The acoustic emission sensor of microelectro
mechanical system (MEMS) is mainly used to detect the initial position and extension direction of fatigue
crack, and realize its 3-D dynamic displacement detection of material crack, which is of great significance for
the development of nondestructive testing technology. In this paper, a new type of 3-D MEMS acoustic emission
sensor is proposed. Firstly, the structure design and performance analysis of 3-D MEMS acoustic emission sensor
were carried out. The structure mainly included the z-direction response sensing unit and the z, y direction
response sensing unit design. Secondly, through the damping and sensitivity calculation of the sensor, the
performance of the sensor was demonstrated proved to be good. Finally, the modal harmonic response analysis
of the z-direction response sensing unit was carried out by the finite element software ANSYS, and the z and
y direction response sensing units were analyzed for modal analysis and the response was well. The simulation
results are in good agreement with the theoretical values, verifying the rationality of the structure design. It
has certain reference significance for realizing the 3D dynamic detection of material cracks.
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Fig. 1 Schematic diagram of 3-D MEMS acoustic

emission sensor
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Fig. 2 Basic structure and working mechanism of

miniature resonant capacitive sensing unit
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Table 1 Main structural parameters of the z-direction response sensing unit
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60 pm)



55398 5 23] AL LG

ZYERBLHE RS R AR B SR RE T 313

Fr A5 77 1) e AR SR B0 AE o 5 ) B RE IR R
240.5 kHz, T 2 77 ) _F (PR 9 146.73 kHz, P
HARARAZEE N 93.77 kHz. 70445 B AT 50, A5
(1) 2 77 Tr] i 7 A B B ] LA 2t X A% SR R G 7
o J5 AR 2 7 1) b [ AR

3.2.2 x5 EIN R & RRE TT R TE N L 43 4

B b SCR R, 2 5 A AR OJE FE 960 pwm B
o 5 ) N AR B B ST AE 2 Tl B B IR AT R
240.5 kHz, X @ J7 7] W] A% JEk R Tk AT 188 i 2 404
L) RAE BRI TCTE v 2 FT IR B, S /NN AT %
W E N 150 kHz, i K ASZ K E N 350 kHz, 13
FNUE 13(a) B BIARARIE A0 #1265 2 J7 AR
JE 260 pm B, o 75 [0 B A B IGTE 2 J5 ) b
HIEIRAE N 146.73 kHz, Z)RAE KB ICIE vy J7
] (1) BB, e/ N NI ¥ B R 50 kHz, e K
NI BEE N 200 kHz, 132 W1 13(b) B AR
PRMEAE Ak 2%

1.5478 X103
1.2500 x 103

g 1.0000x 10—3

~
g 7.5000x 104
=

5.0000x 10—

2.5000x 104

5.9196 X107
1.55 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

B/ X 105 Hz
(a) £ J5l) I

1.2223x10-°

1.0000 X 10—

7.5000x 106

F{EL/mm

i

5.0000 x 106

2.5000 x 10—6

2.2480 x 10— 10
0.53750 75000 1.00 1.25 1.50 1.75 2.00

WE ) x 105 Hz

(b) & z J7lh) L
B 13 J7 ) M R A J% BTG (1 ) 80 A3 2 - JIR i AR 4L,
W2 (B 60 )

Fig. 13 Response frequency-amplitude curve of

the z-direction response sensing unit (Plate thick-

ness 60 pum)

B & 13(a) AT A1, IR 18 e KA AE 1.549 pum A&k,
o 7 [A) W) o7 A% J8 B G AE 2 T TR) b ) IR AR N
255 kHz, 5 i #5314 240.5 kHz ff 25 N 4.37%.
HH &1 13(b) BT A1, 4R 0@ 5 K H 9 1.222x1072 pm,
o 77 [A) W) 97 A JB% B TG 7E 2 7 1) B (9 8 9IR ATR
136.25 kHz, 5 FTAUE 146.73 kHz w25 N 4.16%.

Gy BT S5 AT AL, @ T [l R AR I B T AE 2 5 )
F R K IR IR 1.594 wm 515 B JLAE 2 51 b
B KRR 1.222x 1072 um A 2Z 1.58 um, A UL
o J7 [ AR SRR TG AE 2 7 1A EARIR S 7E 2 7k
(R4 M A 22 550K, i a0 77 [ Wi S8 A J9% B TG AE 2 7 [F)
o HBAE SE R RN T 2 7 R R S S
(R /IR ELA, AT & B
3.2.3 y a1 R ST RIARAS AR

N T RS R HE S ARy O RN, 7R
O B AN T B S 5 B 2 A A 7 A .
T AR y 1) T AR JB L G R B B U T B
TR, 7] LS B H A A [F) 98 9 40 5 (1) 4% 8
JGo AWFF, PREFU L HE NI AL, 8t
ARy 7 1) A B B TG AE 2 75 ) AR AR R B, T
PAAS 31 4 AN AN [ e 52550 B (9 4% S B T . g A% R 2%
Wi N2 451 2R 98 ) 100 kHz ~ 500 kHz 43 4 4 AN Wi J3
BB (100 kHz ~ 200 kHz. 200 kHz ~ 300 kHz.
300 kHz ~ 400 kHz+ 400 kHz ~ 500 kHz), /[F] 1
ISEATUBE 53 It - AT A [RI AR JEE FE 1) o 7 i) i 2
FRIR BTG, FTRE B BARURE FE 29 140 pms 60 pm.
30 ymy 15 pme AR THEFL, i B B4 B A8
200 kHz ~ 300 kHz. z J7 AR AR JE B4 60 pm f) 4%
R TTIREAT T E AT

T 2, TR 1255 13 Ab TN (& 2 £, 20 o fk 5%
FIGTE z 2 T IR H B, 13 B4R R I0TE y 7 1A
I — M IR, il 14(a) Fis. Ik, EE Lid
B, YRAE IR ICTE oy 7 I E B, 13 304%
JREITALE 2 J7 0 ) — B R SR A, 1l 14(b) P
T 4% y 77 R Wi A% [ B TTAE y T 1) B ISR
234.59 kHz, £ 2 J7 [n] BRI IRAA O 197.83 kHz,
PR A A8 N 36.76 kHz. 2> B 4h Bl &, AHF
FUI y 7 7] ] A% S B 56 0] DU 8 [X 73 I3 B T
E y 77 A 2 7 1) _EFR e R A4



514 20 7F

2020 £ 3 H

0 0.300 mm HE
S
0.150 F
X

(a) £y Jilal |

L R =4 F“
(b) £ 2z Jila) b
Bl14  y J7 e AR KR T — B IR B S (AR =

S 60 pum)

Fig. 14 The first-order vibration mode of the y-

direction response sensing unit (Plate thickness

60 pm)
3.2.4 y FEN R 15 R% S ST R TE R B2 43 4

Wb SCR A, 2 7 ) AR ARE BE D60 pm I
y 77 T e 82 AR JR% BRL T AR y 7 IR) B R IR AR N
234.59 kHz, X AT R 3 Hr, LRy 7 )
e A% SR B TG AE o 2 7 W) IR B, e /N A
W E N 150 kHz, fi KA E 9 350 kHz, 153 41
Kl 15(a) B RIS R IR AL A Hh 225 2 77 (R AR R 2
60 pm I, y J7 A i AR KR T AE 2 T 8] b )
PRANZE A 197.83 kHz, L) HRAEEHICLE 2\ y FT A1)
B, /N AR BB N 100 kHz, SRS 3%
B N300 kHz, 531U 15(b) Bz AR R IEAS 1k
k.
] 15(a) P A0, PROE B KAE A 1.5487 pm i,

8 3 B T 1 U IR A0 2 R 255 kHz, 5 BT AR A
234.59 kHz i 25 4 20.41 kHz. & 15(b) A7 &1, &
M B¢ KB N 5.6434x 1074 pm, A5 8% B0 1 PR A
#H136.25 kHz, 5P 4U{H 197.83 kHz fli 2~

61.58 kHz.
G35 A AT R g 77 18] R A% SR R T AE y T 1R
R IRIEE 1.5487 pm 515K IGTE 2 77 ) b
(B KRB 5.6434x10~4 wm A2 1.5481 pm, A
W,y 7 1) Wi A% B B G AE 2 J7 ) B ARIE S 7E y 77 )
ORI AR ZE UK, ey T ) W AR R TTAE 2 T
) S SE R R/MELL T E y 71 Bt E S
BRI L0, S5 AT B

1.8207x 103
8.7483x 104
4.2034x 104
2.0197x 104
9.7041x 105

i/ mm

4.6626 x 10-°

I

2.2403x 105
1.0764 x 10—°

5.1720x 106

1.55 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50
BiE / x 105 Hz
(a) 7€ y J7lu) I

5.6434x 104
5.0000x 10—

4.0000x 10—

3.0000x 10—

I {EL /mm

2.0000x 104

1.0000 x 10—

1.1177x10-°
1.05 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00

B/ X 105 Hz

(b) 7€ z Jiln) L
15y Jy i O s B 7 0 302 R 2 £
14 (WS E 60 yum)

Fig. 15 Response frequency-amplitude curve of

the y-direction response sensing unit (Plate thick-

ness 60 pm)
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