H318 HoW HLT I B 5 (AR 4R
" 244 JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION

Vol.37 No.2
2023 42 A

DOLI: 10. 13382/j. jemi. B2206071

ERAITHRENTBITESHRERRSE"

HTE TEH
(MR BT R TARE2AE M AT 210094)

o E R EPITER S B R AL RS i - AR ES B G R T — e AR - R AR A 48 14 TR R R
fRIRRES R BB PA T 25 55 PR R« T T ™ 45 AN - 5 e e 25 4y rELBRAT 28 46 R VR R R 77 26 B 1) 182 3/ i
ARG Sy B R I A Y R D A SERINE 3/ I AR N ] S i e A, AT B AR R RS R I 4 A e BELN AR 4 AL
RTS8 L L, SRR R R S 0 T AR I R P R R 0 g R ) 55 R 2 ) A AL i BRIE T R
SRR, ST T AL ERES - - AR A g A A 8 1 A BRTT O BT T YR TE, & TR RIS AR L, IR 25 S R, e
0~5000 V, REEEHR 0.01 wV/V,AELEMIRE 1.83%, 5K 30V,

KRR o R AL RS R PUTES  BE R AR

FESES: TM933.2 MHFRIREE: A EREFRSERE: 460. 4020

Piezoelectric actuator and strain gauge composited voltage sensor

Huang Zijun Bian Leixiang

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: A voltage-force-strain conversion novel high voltage sensor is designed by combining the piezoelectric ceramic actuator with a
cantilever beam strain transducer through a longitudinal-bending conversion mechanical structure. The piezoelectric ceramic actuator is
T-connected with the elastic cantilever beam structure to form the longitudinal-bending conversion structure, which converts the
longitudinal stress/strain generated by the piezoelectric actuator under the action of voltage into the bending stress/strain of the cantilever
beam, and the longitudinal-bending conversion of stress/strain is realized. Four resistive strain gauges are placed on the upper and lower
sides of the cantilever beam to form a Wheatstone bridge circuit and the bending stress/strain of cantilever beam is measured. The
mechanical conversion design between the strong electricity side of the high voltage and the weak electricity side of the force sensitive
ensures a high degree of electrical isolation. The physical model of voltage-force-strain conversion of the sensor is established and verified
by finite element simulation. The prototype device is fabricated, and the test results show that the measurement range of the sensor is
0~5 000 V, the sensitivity is 0. 01 wV/V, the nonlinearity error is 1. 83%, and the resolution is 30 V.
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Fig. 1 Schematic diagram of the voltage sensor

1.2 BERHESHE
W 2(a) Fs , AR BUREE I TE R AR U 1R
AT RER, e REZ B0 E U EHR, b
PATAE 1RGN
Al=L- (s{;n +d33%) =sET.L +d,U (1)
Hob, LOATRHAATAS | IR KR, T R T 4%
SRR TT, 53, F dyy 3000 Ry s H P 6 1) 580 1 S D
FH LW AR 40, 78 R AT Ee A BK3h T , F He H B e
HO gl IR PR R SR R RS A IR G R,
x, +x, =Al
{x . (2)
oo, Fllow, 4350 9 L TSR E 1 A L TR 2 2
MY RBERE | xy J A BRI R KB o ARl # ) F-48 Ji
B P B AL Z RIS TR 0, R
F +F, +2F, =0 (3)
Hrp, Fy Ry FUF, 20 ORI P28 1 e i



. 246 - S 1[I I IV = 3

8375

U GND
7 A7 R Tﬂx
—JE— - -

;G M
TEZR AT
>N € T e

(a) LIRS BUR L WRTE R

(a) Schematic diagram of the sensor sensitive structure deformation
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(b) Bending stress/strain analysis of cantilever beam
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Fig.2 Deformation and force analysis of the

sensor sensitive structure under voltage
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Fig.3 The theoretical calculated sensitivity curve of sensor
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(b) The simulation sensitivity curve of sensor
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sensor structure under the action of applied voltage
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Fig. 6 The test system of composited voltage sensor
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Fig. 7 The output of sensor as a function of external DC voltage

XA A TER MR A 25 R A RS 2
0.01 pV/V, XAEERA TEIS THEE5 5 (0. 009 wV/V) LL
KA BRITHTELEE 5 (0. 012 wWV/V) ZJa], 5% 2% 1] BE K IR
TS T S A BRIC 05 B rf A 5 okt 1 i BEL R A8 R s
o1 FH R4 J S22 %68 7 3/ g A8 A2 366 R 5200 5 A6 A1, A Rk A 12 fi
SRR 22 VU AL IR T A Bl B b i R F R A7 B R
P SR AR O PERE RS I — e S, AR A 4G
R LI R R A TR 2E N 0.95 WV, MR AR PEiR 25 4
4 1.83%,

& 8 R T A& IERAS X B B A8 Ak LU L 9 1) 7
AL, AR AR RS I W (9 3 % 1 30 V B AR L

M TR EE IR T E S fEt:, 45 R mE 9
Frs, WEIHR AT LR HH7E 10 h A9 18] Py A&l a4
FEAME T 250,52 wWV(1%F. S) o B TGS TAE &
KIRBESHUNIR B 5 A5 0 AR 4 T R B A R
AR T, AR % B 25 i B T 1 o 7 vl [ 2
TR E AL, & 9 iR, MR LLA H &K
A SR AR A SRR, BARTE AR IR AR &5 4 rh 2%
JET U B MEE S RN T R, ABATY AN e 58 4T BR AN )
SO, EJRSE AR, % Rl AR IR At b, 58 FH BRI ik
FBOHAT AR RHIEA T A DC e B3, D/ 5 8% 7 31 i A
;77 5 [ st SR P A 28 I 45 B0k 20 A AR B kT
ST R T R SO B RS M, il — 2D S AR B 1Y
RaEE,

%37 &
1 486.0
148551
>
&3 1485.0 im v
2
14845
1484.0
0 10 20 30 40 50 60

B [7)/s
(&1 8 RIS T A8 A5 Ak U FiL e ) il

Fig. 8 Response of the sensor to small step

changes of DC voltage
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