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F1E TP i, BRICBT LA 770 ATFREOMEZERIZ, THREOEZEMLEZO
FHD T DEATBAFE DMENEZ DN TR, SREDOFEITH R 72 UAV (Unmanned Aerial Vehicle : #E Afi
Zefl) AW FROIERBYE 23 U, S 512, AU OB E O BEEN: & BEORIEFREOBREY
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AL ORMTH D LT, £, SHHOMRIERZEZL WA TICRD 5 Z &2 HiELT,
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SHERIC RS LT EBR T L aA ML > TR SN TRBY, BloRVilAic L bR L hEOMONE FHEK T
FO LAV NS TORE O Tin-0f-Flight (TOF) OZ{k%, A/ MEIHROILREREELE(E LTI
%, EEBTIEX, EERTOT NIZ U AORBEREOE( 2 ERAESITL > TaA a4 L TIEEACHlE
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HDHELT,
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L, BIRZEDBmMEHRLMC L, BIEE TICRE LZBTRAB LOHEREXD 2 FRXolh& o4 —
PIEAR L MR LT, ZREFNEREZIT, VAV ZHWEEDHENE L0 FXTHLARETH D Z L &3
L7,

F 6w FHmBLOSHROME TiE, AFETHELNIEREEZEZLDDE L BT, SHOBEIZ OV TR
R0 P EEFET A, KHESCEANL Ml HOREICBE LT, R MEISSIEROEE A B EIE TOF R EN
ENLRHT ML TN O 2 EREAIC IV IEEMTRI T HEEERL, b0 2 FRUCXHHEE
VAVIZJIEHTE D Z L ZFERELTZ B DO TH B,
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This thesis, titled “A study on non—contact measurement of bolt axial force using excitation of
piezoelectric resonator by electromagnetic coupling,” is structured into six chapters

Chapter 1, “Introduction,” discusses the importance of preventive maintenance amidst the issues of
aging infrastructure and labor shortages in Japan. It highlights the potential of UAV (Unmanned
Aerial Vehicle)-based inspection methods for efficiency. The chapter underscores the significance
of measuring residual bolt axial force and identifies the challenges of existing methods. It proposes
a solution combining piezoelectric ultrasonic and capacitive methods with non-contact, low—cost
and high—durability characteristics through electromagnetic coupling. The objective is to achieve
a measurement error within 5%.

Chapter 2, “Ultrasonic bolt axial force sensor,” proposes a method for non-contact measurement
using a piezoelectric ultrasonic sensor embedded in the bolt. The method relies on detecting changes
in the bolt’ s resonance frequency due to stress—induced length changes. The feasibility is verified
through equivalent circuit analysis and experiments, achieving a measurement variation of 2.5%
However, it notes the need for calibration based on bolt length.

Chapter 3, “Capacitive bolt axial force sensor,” introduces another non—contact measurement method
using a capacitive sensor. This method measures local deformations at the bolt head, potentially
eliminating the need for length—based calibration. The chapter highlights advantages such as reduced
sensitivity to paint, corrosion, and water droplets. The method s functionality is verified through
finite element method analysis and equivalent circuit analysis, achieving a measurement error below
1. 3%.

Chapter 4, ”“Displacement amplification mechanism for reducing manufacturing variability of
capacitive sensors,” addresses the manufacturing variation issue in capacitive sensors by introducing
a displacement amplification mechanism. The design method and its effectiveness in reducing variation
by about half are demonstrated through finite element analysis and experiments.

Chapter 5, “Demonstration of bolt axial force measurement using UAV,” describes the development of
a compact, lightweight measurement device for UAV integration and its validation. It examines the
impact of coil shape and positioning errors on measurement accuracy. Experiments confirm that both
ultrasonic and capacitive sensor—embedded bolts enable UAV-based axial force measurement

Chapter 6, “Conclusion and Future Challenges,” summarizes the research findings and discusses
future research directions. In summary, this thesis presents methods for non—contact bolt axial
force measurement using ultrasonic TOF and capacitive mechanisms, demonstrating their applicability
in UAV-based systems
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