Accepted Manuscript

B-scan Ultrasonic Testing of Rivets in Multilayer Structures Based on Short-
Time Fourier Transform Analysis

Minhhuy Le, Jungmin Kim, Sejin Kim, Jinyi Lee

PII: S0263-2241(18)30579-7

DOI: https://doi.org/10.1016/j.measurement.2018.06.049
Reference: MEASUR 5666

To appear in: Measurement

Received Date: 25 March 2016

Revised Date: 25 May 2018

Accepted Date: 25 June 2018

Please cite this article as: M. Le, J. Kim, S. Kim, J. Lee, B-scan Ultrasonic Testing of Rivets in Multilayer Structures
Based on Short-Time Fourier Transform Analysis, Measurement (2018), doi: https://doi.org/10.1016/
j-measurement.2018.06.049

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.measurement.2018.06.049
https://doi.org/10.1016/j.measurement.2018.06.049
https://doi.org/10.1016/j.measurement.2018.06.049

B-scan Ultrasonic Testing of Rivets in Multilayer Structures Based on Short-

Time Fourier Transform Analysis

Minhhuy Le?, Jungmin Kim? Sejin Kim®, Jinyi Lee**”

2Department of Control, Instrumentation and Robot Engineering, Chosun University, Gwangju, 501-759, Korea
®Department of Control and Instrumentation Engineering, Graduate School of Chosun University, Gwangju, 501-759, Korea

“Corresponding Author: jinyilee@chosun.ac.kr

Abstract:

This paper proposes an ultrasonic testing system-for inspection of pitting corrosion cracks in
rivets of multilayer structures. The inspection operates in B-scan mode with an ultrasonic probe passing
over the rivet head. The ultrasonic signal is analyzed in the frequency domain using the short-time Fourier
transform. To analyze and evaluate the effectiveness of the system, B-scan data obtained by scanning a
rivet head within £1 mm from the rivet head center will be used and an algorithm to evaluate the
existence of cracks in the rivet using B-scan data will be proposed. To evaluate the performance of the
system, its probability of detection (POD) is analyzed. With the data obtained at a scanning speed of 6
mm/s, the system could detect artificial pitting corrosion cracks with areas of 47.28% of the rivet body

cross-section area with 90/95% POD.
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1. Introduction

Rivets are used to assemble skins in aircraft fuselages. Corrosion and fatigue cracks in the rivet
locations and in the rivets themselves can cause fractures by stress concentration and have to be inspected
in detail, especially on aircraft multilayer structures. Far-side corrosion and fatigue cracks in rivet

locations are typical results of salinity and moisture accumulation in the gaps between layers during
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