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Abstract

This experiment validates the application of a quartz resonant force-sensing chip integrated into a
tooling gripper. The gripper features stress-concentrating grooves designed to accommodate the
chip. Frequency signals from the chip are read by a frequency counter and compared with forces
applied via a hydraulic pressure system for calibration. The system demonstrates an overall linearity
of 98.7%, repeatability of 95.2%, and hysteresis of 0.77%. It can be applied in smart devices and
manufacturing processes across fields such as new energy vehicles, robotics, and aerospace.
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Figure 1. Multi-axis machining platform and fixture
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Figure 2. Quartz piezoelectric resonant force sensing chip
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Figure 3. Fixture and deformation simulation diagram
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Figure 4. Fixture deformation simulation in top view
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Figure 5. The quartz chip is installed at the head of the fixture
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Figure 6. Clamping force testing device
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Figure 7. Clamping force testing data

7. RFEFFMAEAE

B 7o) 7)) =R S IR AR P E BoR TER b, aTE W R IR, TEiE )
20 bar [P, HIRZ(ELE] T 24%, 1L 7] 40 bar %, HARZHEE] T 6.72%, ZJ5EEE] T 1.67%
Feti, 1E 120 bar BHEE RI-0.1% MR R 2, Wi B2 BIA R T 99.9%, HIEH RGN MIEIKE),
TE AR X IR AR B)5 ih FRS BB AR B e, e EUitE /796 Bl 80 bar 22 220 bar AR AT 70 b, BEARLR
PEREIE R T 98.7% EAEMIET] T 95.2%. BN 0.77%. RIS REIR, J12AEBR N =Bk, K

DOI: 10.12677/jsta.2026.142031 316 AR IR AR 5 R


https://doi.org/10.12677/jsta.2026.142031

AR

JE X (20~80 bar)K§ iR 2Tk 24%, 1EIEFCERIN 6%, 41k AI B 5 R R Fa i se, EE MR
—16.66%75 [ WAL 158 B/ 42 B . K [X (80~220 bar)#k N2k TAEB:: 100 bar BFiRZEREE 0.31%, £
21K 99.7%, 120 bar HLANZPERE 99.9%, HEMHRZERSE 5% LT, IBEART 1%, Ak & 5
BRASE, AP )15 E N ERL A E B0 &R o R IX (3220 bar) iR 2 [0 7 & 2.64%, 1E 55K E % 97.4%,
BIRHANG, (AL IR CIE N, HEWS RN S EURTE G %, BIAEME, ks
e[ E HH, BRI R AR R, SRR TR A SR R AR AR AR S 7 BOAME 2 R -

4. &

ISR INRAE T A JEE IR AR B, S5 TRORFF ST Ve SR . Gl YRR b it
IRy SRR IR S5 AL, A9y 5t A5 DL B SEBL R R A%, Seaad R b, A Bhmoks L THoas Sk
I SR CE A MRAE 5, 95 i IR BN AR HE T AT RGext b ShnsE, IS REN], &R
GRIUR LA TERE, BARRIERIAE] 98.7%, BR—BMMRCR, HEMAN 952%, WM RS
Z UOmEE Eoh B S, IR AR ZE O 0.77%, BB UESE T IR R ZE AN« R R — S0P R
R GATIIEALETT RBA L. miaEl S RIFEESNY, Wz T &R e E SR
IR, AHTREIIR AU, T T R AR M r LR R G B AENLES AR,
REAGSCLRTT R PR Faz ], AENTENUR T, W& A T ORBE it (Bl . ek R4 724k
SIS, VRS SIE S H KRR T AR BOR S

SE ik
(1] 2%, 2o, ARMERE, T8, SHE, T8 iR T2 T B sl b iy T e B[], ABoR, 2023, 3009):
87-88.

[2] Bi, Z.M. and Zhang, W.J. (2010) Flexible Fixture Design and Automation: Review, Issues and Future Directions. Inter-
national Journal of Production Research, 39, 2867-2894.

[3] #BKEE, skoksn, XUSER, TR, BRI E AR I A BB TUART -4 38 2 A e 1) 5 5 0 () R B ).
Hh [E B TH2, 2025, 36(4): 655-670.

[4] BKE, XUSAE. KRR S B A TR Bt it 7t [J]. iR TE, 2001(1): 54-57.

(5] REilF, ME, 5K, 5K%, AR K. TR EEE T TARE SRz 6] B e B R BoRBE T R[], HLA T
TR, 2021, 57(17): 21-34.

[6] Denkena, B., Bergmann, B. and Kiesner, J. (2019) Increasing the Measuring Accuracy of a Sensory Swing Clamp by

Multi-Sensor Evaluation. Journal of Manufacturing Science and Engineering: Transactions of the ASME, 141, Article
111007. https://doi.org/10.1115/1.4044714

[71 Wu, D., Wang, H., Peng, J., Zhang, K. and Chen, Y. (2019) Machining Fixture for Adaptive CNC Machining Process of
Near-Net-Shaped Jet Engine Blade. Chinese Journal of Aeronautics, 33, 1311-1328.

[8] Denkena, B. and Kiesner, J. (2015) Strain Gauge Based Sensing Hydraulic Fixtures. Mechatronics, 34, 111-118.
https://doi.org/10.1016/j.mechatronics.2015.05.008

[9] Denkena, B., Dahlmann, D. and Kiesner, J. (2014) Sensor Integration for a Hydraulic Clamping System. Procedia Tech-
nology, 15, 465-473. https://doi.org/10.1016/j.protcy.2014.09.006

[10] Liu, D., Hu, Y., Zhang, D. and Luo, H. (2019) Milling Force Monitoring with Thin-Film Sensors Integrated into Fixtures.
The International Journal of Advanced Manufacturing Technology, 103, 1519-1527.
https://doi.org/10.1007/s00170-019-03666-6

[11] A, FHEF, B, BALE), Pedbrg. RiAR v HiAm A Bk O L R L fe 1], BGRACER 2, 2019, 40(5):
132-143.

[12] AR, ZRAEME, XURKSE, TR, BRIKE, & Ao d BRI R D ARG [J]. M REHER SR, 2025,
13(3): 551-559.

[13]  ARgRi, sk, Zedb, XIBKSE, TR, REE, & Ak BREIRA ARG R[], RS HAR SR, 2026,
14(2): 269-277.

DOI: 10.12677/jsta.2026.142031 317 FRIRA AR 5 R H


https://doi.org/10.12677/jsta.2026.142031
https://doi.org/10.1115/1.4044714
https://doi.org/10.1016/j.mechatronics.2015.05.008
https://doi.org/10.1016/j.protcy.2014.09.006
https://doi.org/10.1007/s00170-019-03666-6

	基于石英力学传感芯片的智能工装夹持器 
	摘  要
	关键词
	Intelligent Fixture Clamping Force Monitoring and Control Based on Quartz Force Sensor
	Abstract
	Keywords
	1. 引言
	2. 智能夹持器
	石英芯片安装于夹持器

	3. 夹持力测试
	夹持力测试结果

	4. 结论
	参考文献

