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Fig. 1. Geometric characteristics of single-lap blot joint
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Fig. 2. Equivalent nonlinear two degrees of freedom model of the connection of single-lap blot joint
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Fig. 3. Configuration of experimental test analysis of single-lap bolt joint
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Table 1. Different states of applied torque (Nm) to bolts
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Table 2. Range of the m

odel updating parameters
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Set algorithm parameters ( «.y )

Set simulation set-up (Number of initial solutions and maximum iteration [ N, MaxGen ))

Randomly generate NV initial solutions
for iteration =1: MaxGen
Compute the brightness, [

for i=1l:n-1
For j=i+l:m
If7,>1,

end if
end for
end for
move firefly N, ( x, ), randomly
end for
Report the best solution,

Sort the solution in such a way that, [, =1, ,i

| move firefly i towards firefly j

[YY] Glics p,5 ais g5l oS ads b S
Fig. 5. firewall algorithm code [27]
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Fig. 6 The minimum value of the cost function in each step
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Table 3. Parameters used in the analytical model presented for bolted joints after model updating method
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Fig. 7. Response of free vibrations of bolt joint with a force of 2 kN (sample Ex. 01) And (b) Comparison of experimental
frequency response function and theory results of Ex01 .

20 T T T T 1
Experimental

15F —— Model updating -
3
E:
=, 10F .
g
<

5 -

0 'l JL L L . A&I

0 400 800 1200 1600 2000 2400
Frequency (1)
(&)

Acceleration (cm/s?)

1200 T 1 T T
800

400

-400

-800 | ] 1 1 1
10 15 20 25
Time (s)
(&N

30

G995 9 5270 owilS 18 Gl @b A lio (@) 9 (EX Y 45503) (gl F 5 sion 5975 531 41 (o2 o0 SLidgo (359 o131 Wlila )l gewly A JSCis
EX oY digos

Fig. 8. Response of free vibrations of bolt joint with a force of 4 kN (sample Ex. 02) And (b) Comparison of experimental
frequency response function and theory results of Ex02 .
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Fig. 9. Response of free vibrations of bolt joint with a force of 6 kN (sample Ex. 03) And (b) Comparison of experimental
frequency response function and theory results of Ex03 .
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Fig. 10. Frequency response function curve obtained from the presented analytical model for the various samples ( see
Table 1) and obtained using the updated values of the parameters
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