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CONTACT INTERFACE PARAMETER IDENTIFICATION OF BOLTED
JOINT STRUCTURE WITH UNCERTAINTY USING THIN LAYER
ELEMENT METHOD
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Abstract:  An approach to identifying the contact interface parameters of bolted joint structure with uncertainty
is proposed in this paper. Thin layer element theory is firstly adopted to parameterize the contact interface, and
then the parameters of thin layer element are identified using the uncertain parameter identification approach.
Simulation is conducted to verify the proposed method based on an experimental model, which is an assembled
structure with four bolted joints. Adopting the Monte-Carlo sampling method to construct test samples, numerical
simulation results show that when considering the uncertainty in contact interface parameters of bolted joint
structure, the proposed uncertain parameter identification method can be used to accurately identify the mean
value and the standard deviation of the elastic modulus, the normal and tangential stiffness of the contact interface
are simulated with satisfactory. The dynamical finite element model with statistical significance can be
constructed at the same time.
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Table 2  Error comparison of computational modal data between the initial and the identified model

B2 R {E/Hz B4 {E/Hz HIRR R IEN%) WU 5 /Hz R IEN%)
1 42491 437.55 2.97 423.5 -0.33
2 1012.50 1044.80 3.19 1035.7 2.29
3 2277.04 2314.00 1.62 22443 -1.44
4 3153.12 3209.10 1.78 3126.0 —0.86
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Table 3 Material parameter values of initial and identified
thin-layer element

PR BS50(N/m?) E\/GPa E,/MPa
YA 3.0x10° 3.0x10°
WHIME 8.63x10° 9.33x10°
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Fig.5 Parameter convergence of thin-layer element of the
contact surface
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Table 4 Comparison between the initial and identified parameters of the thin-layer element

M, BRSUYHERRBI AR, 3 FEIL T

HE R TSH FLSE/(N/mY) HIHEAE/(N/m®) WIHR /(%) PUHIE/(N/m?) PG R 2 /(%)
w(Ey) 8.63x10° 6.904x10° -20 8.578x10° -0.59
w(E>) 9.33x10° 7.464x10° -20 9.056x10° -2.94
o(Ey) 8.63x107 0 —100 8.904x10’ 3.17
o(E) 9.33x10* 0 -100 1.086x10° 16.4

=5 RFBIEESIRES TR EL R
Table 5 Comparison between the initial and the identified computational modal data

SRS R/ (Hz) WG 1A/ (Hz) WITRRZE/(%) Wl JE/(Hz) WU JE R ZE (%)

u(Mode 1) 4235 4204 0.73 4235 0

u(Mode 2) 1035.7 1033.9 0.17 1035.7 0

u(Mode 3) 22443 2229.0 0.68 22443 0

u(Mode 4) 3126.0 3108.7 0.55 3126.0 0

o(Mode 1) 1.427 0 -100 1.368 —4.13

o(Mode 2) 0.804 0 -100 0.770 —4.23

o(Mode 3) 6.999 0 -100 6.707 —4.17

o(Mode 4) 7.583 0 -100 7.267 —4.17
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Table 6 Errors of the identified parameters with different initial values
T ‘ ‘ THLT ‘ ‘ \ T4 I \ ‘ ‘ T _
WM R ZE/(%) U S 17 22/(%) WM R Z/(%) U J5 1R 22N %) W R ZE/(%) VU5 1R 2 (%)

u(Ey) -20 -0.59 -0.59 -20 -0.59

u(Ey) 20 —2.94 -2.97 20 -2.95

o(Ey) -100 3.17 -100 2.63 -100 2.62

o(E>) —100 16.4 ~100 2.89 —100 2.89
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