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Study on Dynamic Sensitivity Calibration of Force Sensor

Based on Sine Method

WANG Zhen, FAN Haiting, WANG Jun, XIA Bingyu, HAN Xiaomeng
201114, China)

Abstract; In order to calibrate the dynamic sensitivity of preloaded piezoelectric force sensors, its frequency response

(Shanghai Institute of Quality Inspection and Technical Research, Shanghai

characteristics and the preloaded structure design are studied. Firstly, the incentive method of sinusoidal force is introduced,
the calibration mathematical model is established, and the sensor is tested in the upright and inverted installation mode. The
influence of the inertial force introduced by the equivalent end mass on the dynamic sensitivity calibration is studied through
the comparative tests. Then, the sensor and the additional mass are installed in the vibration system. The system installation
resonant frequency is obtained by white noise excitation. the relationship between the effective frequency range and measure-
ment accuracy of the sensor and the installed resonant frequency is studied. Through the theoretical analysis, the reasons for
the different equivalent mass at both ends of the sensor and the asymmetric design of the preload structure are studied. Final-
ly. the sensitivity uncertainty of the force sensor is evaluated and analyzed. The test results show that when the additional
mass is about 120 times of the sensor, the effect of the equivalent end mass on the sensitivity calibration can be ignored; The
natural frequency of piezoelectric force sensor is up to 46 kHz, but its effective frequency range is limited by the installation
resonant frequency. When the ratio of test frequency and installation resonant frequency f/ f, is less than or equal to 0. 1, the
accuracy grade of piezoelectric force sensor is 1% ; The light end of the sensor should be connected to the measured object
during dynamic tests.

Keywords: sensitivity; force sensor; equivalent end mass; calibration; dynamic characteristic; uncertainty
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F 3 10 YCHL A PRI B R B A

FN 206.574 | 206.547 | 206.707 | 206.884 | 206.601
206.811 | 206.577 | 206.788 | 206.785 | 206.587
a,/ 144.312 | 144.325 | 144.316 | 144.314 | 144. 309
(m/s*) | 144.311 | 144.325 | 144.329 | 144.329 | 144.314
0. 0574 0.0572 0.0577 0.0578 0.0581

m, /kg
0.0575 0. 0570 0.0571 0.0572 0.0573

HEEARNIYMHE Fon, Ma, RGN ZERA R H B bri
ZAENEEESI AW A E L w(F) cus(my) Fow,(a,) U

4.
F 4 ARVPHEMESET AT E B R
. F o “
RAFHE 206.686 N | 0.0574 kg [144.318 m/s’
- . uy (F) up (my) us Cay)
EREIIANTRER 0.123 N | 0.000 3 kg | 0.008 m/s’

.42 AR HERS O IR SO L R A e R R VF IR 2251 A
F14 b 1A o

AL B 7 A P . MRS SO I IR 1 HR £ i
R foe B DSIE 15 55 BEOR BERE . O I IR ASCRT L A 0K
0.3 G BB, GIARIBREATE LA -

ug%wzﬂi%?ﬂixas%:azwmmfum
wy () — 206686 N aor ) 358 kN (11)

3. 4.3 BREJI TR B B R B 5] 43 A 5 LA AR EAS B A
R SE I 280, Al it B 5 2 B fin 2 B R 24 55 43 A Dy
0. 3%, fBRE SIS A . 0D BE B AN 355 43 A 51 b
AN E R
144. 318 m/s’
V3
3.5 ABMELRAHEENITEE:
EARF-BIME Fom, Fla, WA (9 IR RBRE.
R A E L A5 4 %
u(S) = VIauF) ]+ Leulm) ]* + Leyula,) ]
156 PR HEAS I 58 B w, (S0) s FRUEAS I RE B 43 1 B AN B
ERE—IER, kS,
5 ARUEAHAE S i FE BUPR HEAS B A A R
b AN SE BE A3 6 | bR HE S T GE A RBREE

X 0.3% = 0.250 m/s* (12)

u;Ca,) =

u(F) 0.376 N ¢, =0.018 pC/N*
ula,) 0. 354 m/s’ c, =—0.025 pC/[N « m/s*]
ulm,) 0.000 3 kg c; =—2.562 pC/[N » kg

B AR A E BE w, (S,) =0.011 pC/N

3

w(F) = /u,(F)” +u, (F)”
upCa,)’ +us(a,)’ + us(ay)’
ulm,) = u,(m,)
3.6 TRABEEWNITE

— A ERT k=2, YIRAFEE N

ua,) =

U==F%k-+u(S) =0.022 pC/N (13)
ABX P RN E SRR N
_0.022 _ o aoro,
“ = 3 ees 0.6% (k= 2) (14)

4 HWRIE

1) B0 oE B 2 by 45 R BT AR 120 5 R, W] 2%
ity 798 JO 2 X AR R R

2) AEF% BT AR A S AU R LR 38 T A (R B
TR B ) W R 2 A SRR R R R S I AR R — B
RI#RAE 225 SR £0. 5 % B 1Bl Y

3) UL RRER RPN R e B T A G, T S
TR R G Z R IRIUR, BB N R A% A K, 5
WY R, RS BRSO B 16,

4) FEEFRGE MMM R HOE 0L R, 8 A T 5% 9k 0 B
PR A A TS 0 R B R R IR . R AN
FEENUL=0.6% (r=2),

AT H ST I F TR WA, R A T
AR 0 A W] SR TR R S AR WA, AR R B
R R A TN B BN R S A A, R A R T A R R
BRI S A B, HEEWE N ERNREE.
A 7E 30 25 3 & b ad iy 3 5 A B KN B AR Y 15 1
R B 43 A AN IS AT E .

BB MU www. jsjclykz. com



.+ 326 -+ P A 5 45

%32 %

S 3k :

1] 5k . 5k BR. SR . PRGBS S S R Y
LAz (1], ita2gdf. 2012, 33 (1): 35-38.

2] X &, %4, & @ % RESUERASE GRS S
RN 1] SR8 LR, 2019, 27 (4): 901 -910
[3] B4, W, £ i, % JFBRBEXNE LRSS

FIWIRI AT [J]. BLES A, 2011, 33 (4): 455 - 460.

[4] Kumme R. Investigation of the comparison method for the dy-
namic calibration of force transducer [J]. Measurement, 1998,
(23): 239 —245.

(5] /A/hae, BEE, B . % KRS &R UE ik
Mg L)1, #esh5updi, 2021, 40 (5). 261 - 265.

[6] FUJII Y. Measurement of steep impulse response of a force-
transducer [J]. Measurement Science and Technology, 2003,
14. 65 -69.

7] sk, £ F. B NDKUEPFERE WA TR (1] i
M A, 2014 , 34 (2): 1-5.

(8] BifRoc. ZmH ., ok 7%, 4. JFHCXNEhH R oS4k d1/ 0
ey [, DU TR 24, 2010, 46 (11): 62 -68.

[9] #R2em%, AW, EHN, 5. RiESHER XIS 4E )2
Wit [1]. Jespss TR, 2020, 28 (12): 2655 —2664.

[10] Whatvs, #h M, 2o, . BAREE S % 4 B s
BFEE A [T XSS AL 3R = e, 2014, 35 (5). 1037
-1043.

C11] JL3cHs, FEd g, sk Jy, . J A% A% 1M ot & 0 ol ik
Monte Carlo K #E % [J]. d6RAT A LR K2 %M. 2018,
44 (2): 342—348.

C12] S #h . BRIRIE, W L, %5, Syt I8 sh Sdn a8 S RS
S EEsE (1], $Rah5ehdi. 2005, 24 (2): 95-98.

[13] 3k 1. BOCTWE#ETIEZ AR GEN T (1] &2,
2005, 26 (4) . 337 —342.

[14] £ 5, 5k Jy, mak, S 0E 5% 7 B0 b B G 0 5 B dig
s R A KA R R D] Jksh 5 ehd, 2010, 29
(7): 228 - 231.

[15] BRUASE. FEr i e i &y s g otsx (D] . RiE: K
MR, 2020.

[16] # 55, F& =X U 4 ) 1% B 4 09 78 B oT 05 34 43 A ise 3t
[D]. . KK, 2008.

[17] HW—. a5 ia) i s 2 4 4k sy AR 5E [D] . KFf:
I B B KA, 2019,

(18] fli®kifE, 2flfe. TR [M] . dbat. HAeR¥
HRR AL, 2015.

R32,299,299,239,239,290.299,239,099.099,299,039,099,299,233,039,099,293,299,099,299,293,239,299,293,299,939,099.293,299,099,099.299,239,099.093,299,039,099.209, 939,039, 090.293,239,099.099,299,039,099, 293,233

(456 318 T
FEfitas ) B 55 R ME . DI T 4 5 B A 1) ) B, [) I A 4
TR R 1 A 4 R 2 FR A O 1 T S IR 4 32 LU S B0t
ARG IR R W, B R R E s HoREAE. K R
SriRAE R

IHXE S29GL RFIA Al 45 1t 1o i AT 32, 5. HERRSE
LIEEAE, 52 VOL, VOH, VIL, VIH, tACC &3¢
B S80I, 5880 R 88 TA/E, Bk T NorFlash T RE%0
WERGEM AT SE M O DN AR A7 it 2 0003k 55 300 F £ 3 — i B 1
W, A AT A % .

S &3k

1] . SRR, NFEZHX R [N pEE iR, 2022
09-02 (007).

[2] #EFLW. 2T FSMC M& i ARG L B oR 2 0 9K 8 % i
[J7. WaHS5 8w, 2022, 37 (6): 718 -725.

[3] YUETING L, LENG QW. Reduction of power consumption in
norflash memory based wearable electronics with improved LRU
algorithm [C] // Proceedings of 2019 2nd International Confer-
ence on Computer Information Science and Application Technol-
ogy (CISAT 2019) (VOL.3), 2019. 521 -527.

[4] % 3%, k&R, STM32 ) FSMC #Lil 5 NorFl -ash Ay % 2
[J). BURfE BRHE . 2021, 5 (22). 48-50.

(5] X4, S¢4Ml, £ 2, %, BT FSMC 0O CF K54
et maiit U], BARBFHEAR, 2019, 42 (10): 15-18.

(6] sRoEZE. [N A7 3£ OB H i 5 i e it (D] B iL
TR, 2022

[7] £&F. NorFlash fE#t AX RGPy 05 H 50 (D] Hi#s
WL TR R, 2010,

[8] £ #&. J&TF NorFlash iy TFFS X RGH A [J]. B 3bn;
., 2016 (4. 13-15.

o] JuBEft, REAR, FEFE, % KT+ FPGA+STM3-2 (£ #E
EHERERG W [J]. B A TRE%M, 2017, 38
(12): 281 -286.

[10] #& K. STM32 3 F FSMC f§ SRAM §" g A& [J]. Tl
P EHL, 2015, 28 (6): 102 -105.

[11] % #. STM32-FSMC MLl NOR Flash 77 fif #5 ¥ J& £ A
[J]. AN SHARXRZRGER . 2009, 106 (10). 31 -34.

[12] REfh. W3CH. B bH. 3T NORFLASH ¢ K 28 & 5
e SEs (] R, 2015, 28 (10): 34 -37.

[13] £HEF. HHERX. 2Z2BEH. SST39VF040 NorFlash % 4 1 #
PROFE sz [T]. /NIRRT S 0L &R B8, 2011, 32 (12):
2511 - 2514.

[14] BRERER, % Z. 3F V93000 MTP fyfEfggemist [J].
Tredh ] e SR B . 2022, 40 (SD) . 80 -84,

(157 RiFt. ekt 2T 1750 MER R LM 1~2C 1745 25 3K 4
ABFE (1], FEGREM, 2022, 30 (2). 11-14.

[16] 2=k, BREE. RIEY, %, —Fh Nandflash 577 fiff 25 I ik
R fFsE [J/OL]. 2. 1-7 [2023-03-15]. 1004
- 3365.

(170 RE M. — Fp ol A A7 6 45 M0k & it )], F i,
2020, 404 (11): 19 -21.

(18] # & fE. FLASH #7fii &5 iyl A [JJ. W F1E. 2020,
404 (18): 62 -63.

[19] A& #. NORFLASH fE4f it 5 L & 7 iy it [J]. m+
{5, 2014, 444 (6); 115, 129.

[20] FWes. Wik, MaE. T LabVIEW F1 FPGA B 77 %
AR R AR U] dPEHLI R 546, 2012, 20 (7).
1763 - 1765.

BB MU www. jsjclykz. com



