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ABSTRACT

A method for estimating the thickness and Young' s modulus of the adhesive layer in an
adhesively bonded sandwich beam from the sound caused by an impact was investigated. A
method obtained by Mead et al. was applied to the vibration of an adhesive sandwich beam
to obtain its eigenfrequencies, and the thickness and modulus of elasticity of the adhesive
layer were probabilistically selected to generate many teaching data. A system for inverse
estimation of the thickness and Young's modulus of the adhesive layer from the
eigenfrequencies was constructed by machine learning from the teaching data. By inputting
the experimental results into this inverse estimation system, the adhesive thickness of the

specimens was precisely predicted, but the estimation of Young' s modulus was not precise.

Key words: Impact sound, Sandwich beam, Adhesive joint, Adhesive thickness, Young's

modulus, Reverse estimation
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Adherend: A6061-T6

Adhesive: DENATITE 2204

h
hs
L w
L (mm) 200
h; (mm) 1.00
h, (mm) 0.127, 0.984
h; (mm) 1.00
w (mm) 25.0

Fig.1 Configuration and dimensions of sandwich beam specimen bonded adhesively

Table1 Material constants for the specimen

Young’' s modules E (GPa) 69.0
Adherend
Density p (kg/m?3) 2.71 x 103
Young’' s modules E (GPa) 6.08
Adhesive Poisson’s ratio v (—) 0.390
Density p (kg/m3) 1.55 x 103
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Fig.2 Experimental set—up for testing sandwich beams bonded adhesively
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Fig.3 Frequency distribution of sandwich beams bonded adhesively having different

thicknesses of adhesive layer
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Table 2 Detail of datasets for teaching, testing and verification

Parameters Range Step
Adhesive
0.01-2.00 0.01
thickness (mm)
Young’ s
1.00-10.0 0.100

modulus (GPa)
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Fig.4 Data sets in a space between adhesive thicknesses and eigenfrequencies
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Fig.5 Data sets in a space between adhesive Young' s moduli and eigenfrequencies
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Fig.6 Relationship between desired and predicted values in adhesive thickness
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Fig.7 Relationship between desired and predicted values in Young' s modulus
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Table 3 Comparison between experimental data and prediction by inverse estimation

Adhesive Young’ s
Index | Data type thickness modulus | fy (H2) | f, (H2) | f3(Hz) | f,(Hz) | fs(H2)
(mm) (GPa)
1 Experimental 0.127 6.08 278 772 1520 2510 3740
Predicted 0.191 3.7 - - - - -
Experimental 0.984 6.08 410 1130 2190 3570 5260
2 Predicted 1.01 9.39 - - - - -

AFBHESRATLIE, BEAELTORC-EETE, BEBEOEIELUVY VT ED
HHENBIFICERETETEY, TORERHIIR? =0900ZBA G EEERL,
BICEBERBESOEZFTEAERICEWVEENGONT, CORAE, LT 2D
ERBEIhLEABLIUVLDEBRMNIESDED /NS MORIR DFEEICIEE->TLVSIE
NEIFoND, ThbhL, fiVLNRFLIEERABESEZEVREETCRIE TELHAREED
H5. =1L, COBKDEHDIBELIZEERESORIERELOBEFRMNAEEMICHLAIC
o TWSERTIEARLY,

YOO RQEBTIEBERESIVETERENS D, ChE, BT 2DV T EL
ABEVLDOBENRNRR DEEHICDTL TS hEEZILNS, RERIERET A
HBRELETHE, HERESISOVTIE, BWEEDFRINAIEETH =, LIL, Yo
TETE, MERAO—HEAHALNDLDOD, TOHERERFLEYSAEMN o=, LAL,
DEINIHBHETRO-HEFT—2E AN ST XTLTE, ERMAITKRDITE
EOERRBHNL, BEBODESEIVVYU T REHRIEETESEA DD O,

4. R

AHARTIHBEBFE Y RMVFE—LZEYH T, TDRBRIBOESEV T REITET L
VHET HDFEICODNTREL= TY, BT UMV FE—LDIRBITHL T Mead 5
DHEZEZERALTEDBERRIUZ ROz, CORBRIRRBEREBRITFL—HZERLT
BY, RERINEBE T VRV FE—LDORBZEREICTFRITELIEA DD o=,

RICEBFIDESEV T RIZHLT, 2HOBEAEOEEREL, TOEHKRSHZE
R, BENT—2EERLT=, =, COEEMT—2%MALVT GBDT ETILEBEL, BK
B oEERIBDESEV VT REHRETDIETIVEREL COBHEETIL
DIEEZTRILI-ECH, BVREZEITHIEA TN ol SHICKRBRMIZHELON-ER

11



RBHECOBEELRT LIZAALEESD, RBAOEESESE ERICHETES
ZEMB BT, LI, Yo RO ERHE (L LEHEL Aot

ARTIE, EROEERBRAEIBROBRGIBE Y VFMIFE—LZEYHITT
W%, ZDRKIEDCBRER F EUTLDD, RIRICIFELG>TLASDT, SEDREICEK
VEERBRA N ERTTRTEREZEET IDLENH D, BAFMIZIX, DCBRER A imii D
TV IBICHLTIZEMEEERICT S, LLFTIVISVIMOBEREEZRRE
HELTERADLGEDHFENEZLND,

ORI, SOERBETIREDEEABRABRADEREIHLOIOD, D7adED

BEYURMYTFE—LIZHLTIE, ZOEEFIBOESEITETLIVBRICHET ST
EMFIRETH D, =120, YO TRDHEEIT OV TITELRIREDRMA KD,

12



HiEE

CORRIE, ENMERAFBEATIRILY— EERMTEESRAEMKE (NEDO) DEITE
#Z(UPNP14014) DHEERBONT-£D T,

3k

1) TR A, BADLBEE 8, 249, (2016).

2) American Society for Testing and Materials. Standard test method for measuring
vibration—damping properties of materials. ASTM International, (2017).

3) M. K. Edward, The Journal of the Acoustical Society of America, 952 (1959).

4) A.S. Sayyad, and M.G. Yuwaraj, Composite Structures 171, 486 (2017).

5) D. J. Mead, S. Markus, Journal of Sound and Vibration, 10, 163 (1969).

6) D. N. Mai, Communications in numerical methods in engineering 22, 627 (2017).

7) J. H. Friedman, The Annals of Statistics, 29, 1189, (2001).

8) P. Li. arXiv preprint arXiv:1203.3491, (2012).

9) R. Matthew, D. Ewa, and R. Robert, In Proceedings of the 16th international
conference on World Wide Web, 521, (2007).

10) K. Watanabe, T. Kaneko, Information Processing Society of Japan The 22nd Game
Programming Workshop 2017, 158, (2017).

11) H. Tatsuta, et al., Intelligence Informatics and Infrastructure ,1, 63 (2020).

12) S. Shimazaki, Q. Shi and S. Ando, Transactions of the JSME (in Japanese), 88, 1, (2022).

13) K. Guolin et al., 30st Conference on Neural Information Processing Systems (NIPS 2017),
(2017).

14) L. Breiman, J. H. Friedman, R. A. Olshen, and C. J. Stone, Classification and Regression
Trees, Wadsworth, (1984).

15) T. Chen, C. Guestrin, KDD '16: Proceedings of the 22nd ACM SIGKDD International
Conference on Knowledge Discovery and Data Mining, 785, (2016).

13



