BEMELSE O5%K KELWMAERLE pp 831~836

TAY SFATE 01 8% T2 AFR 4
Ol SLFE* o4 xr o Garens

Analysis of Structural joints Using Flexibility Influence Coefficient
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ABSTARCT

This paper presents rational modeling and analysis method for complex structures with various structural joints.
For modeling of structural joints, a general modeling technique is newly proposed by flexibility influence coefficient
and inverse of flexibility matrix and static reduction concept which is applied to the retained DOFs(degrees of
freedom) of detailed finite element model of structural joints. By this method, joint model with contact surface,
which can not be reduced by the general reduction theory such as Guyan reduction theory, can be reduced
effectively. And in this method, the nonlinearity of the contact surface can be linearized within a proper range and
the boundary effects of joint region can be excluded. Using the proposed method, screwed joint, glued joint and
bolted joint are analyzed. And the effectiveness of the proposed method is verified by experiments.
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Fig.1 Configuration of the structure with screwed joint
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Fig.3 Retained DOFs of a screwed joint

Fig.4 Deformed shape of the screwed joint
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Table 1 Flexibility and stiffness influence coefficients

u=0.3 Rigidly jointed S Bomr s
ibili N 3.9451e-9 2.6092¢-9 . .

Flexibility (m/N) ¢ ¢ Fig 8 Detailed FE models of bolted joint
Stiffness (N/m) 2.5348e+8 3.8326e+8

Table 2 A comparision of natural frequencies (Hz) U

Mode U=0.3 Rigidly joined Difference(%) l ’

Ist 9797 11150 13.8 1
2nd 26188 26526 1.3
3rd 30492 32012 5.0

W—-/—’f-.—

a} 1st mode

b) 2nd moge

P N

3 3ré moce

Fig. 6 Mode shapes of the structure with screwed joint

Fig.10 Deformed shape of the bolted joint

Table 3 Flexibility influence coefficients (u =03)

Load u (m) u, (rad)
F;(N) 3.3832e-7 1.0206e-5
FJ(Nm) 1.0206e-5 4.2796e-4

Width = 45mm T

Fig.7 Configuration of the structure with a bolted joint

Joint Region
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Table 4 A comparision of natural frequencies (Hz) U1
Mode Experimental Proposed Rigidly joined ;\
Ist 98.3 98.5 1108
¥ ® node 1 U3
2nd 280.6 282.0 283.3 us
3rd 5240 523.5 5837 ¥
'F} node 2
4th 895.0 894.3 9207.5
Fig.14 Retained DOFs of a glued joint

(s mode
‘a) modal testng
\\—’// Fig.15 Deformed shape of the glued joint
15t moge Table 6 Flexibility influence coefficients
Load u](m) u4(rad)
///h\\\// FN) 6.3235¢-7 2.5965¢-5
F (Nm) 2.5965¢-5 1.2937e-3

2nd mode

(b} proposed method
Table 7 A comparision of natural frequencies (Hz)

Fig. 11 Mode shapes of the structure with bolted joint
Mode Experimental Proposed Rigidily joined
‘ 170mm somm 170mm Ist 128.5 1284 1287
‘ ‘f#‘#f‘fﬂﬂ**“‘**** — 2nd 219 42538 4256
n \ ) 3rd 740.2 7411 7363
amm *’: ! :‘__j 1.4mm ;
i  a— A ——11 5mm 4th 1323.0 1325.5 1303.4
o Width = 25mm
J(;ml Region
Fig.12 Configuration of the structure with a glued joint — o
1st meoce
Table 5 Material properties of glue
Young's modulus Mass density Poisson's ratio e T T T
3.266e+7 11123 045 2nd mode
N/m* kg/m? (a) modal testing

/#\

1st mode

/\_/

2nd mode

(b} proposed method

Fig.16 Mode shapes of the structure with glued joint

Fig.13 Detailed model of glued joint
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