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Numerical and experimental analysis of dynamical behavior of composite
T-joint with step wise graded adhesive zone based on functional behavior model
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Keywords Abstract

Composite T-joints Due to more sensitivity of the joints in load transferring, adherends non-homogeneity (adherends materials,
Step graded adhesive zone geometry and boundary conditions), and stress concentration phenomenon, joints are the most critical locations in
Dynamic behavior the structures especially composite structures. Enhance the strength of the adhesive joints and improve the
Transient loading dynamic behavior of the joints are the main goal of the most adhesive joints studies during the last years. Loctite
Modal analysis Hysol 3422, an epoxy adhesive, selected to bonding purpose and step wise behavior of adhesive region. The effect

of the step graded behavior of adhesive zone on dynamic behavior of composite T- joint is studied in present paper.
Finite element analysis (FEA) of carbon fiber reinforced polymer (CFRP) face-sheets, presented with ABAQUS
6.12-1 FEM code software. Modal analysis and transient half-sine dynamic response of the composite T- joint are
presented in this paper. Two verification processes employed to verify the dynamic modeling of manufactured
sandwich panels and T-joint modeling. Step wise graded adhesive zone is a brilliant recommendation to control
and improve the dynamic behavior of T-joints. The effect of the step wise graded adhesive zone on natural
frequencies and mode shapes and transient response are compared for different topology of the step wise graded
adhesive zone. It has been shown that the step wise graded adhesive zone cases changed the first natural frequency
in range of 34 % and affected the mode shapes. Also the structural damping of the step wise graded adhesive zone
cases and dynamic responses are smoother. Also it has been shown that the topology change in the step wise
graded adhesive zone, significantly affect the maximum deflection domain due to transient dynamic load.
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Fig. 1 Variation of Young’s modulus of Loctite Hysol 3422 vs. curing
temperature [21]
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Fig. 2 Manufacturing process of CFRP sandwich panels [28]
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Fig. 3 Schematic of sandwich panel modal test set-up with hammer
equipment and fully free boundary conditions
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Fig. 4 Experimental and numerical results of CFRP sandwich panel
first non-zero natural frequency in modal analysis (right: Experimental
result with 545.16 Hz; left: numerical result with 527.128 Hz)
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Table 2 The comparison between experimental and numerical first five
non-zero natural frequencies (Hz) of CFRP sandwich panel

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

S 545.16 846.10 1192.38 1227.39 1422.8

o b 527.138 755.01 1155.9 1205.64  1424.39
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Table 3 Step elasticity modulus (Pa) considered for triple adhesive
regions

E| E|| E||| e b”"?’ )l ‘S" PP MY' J5"x"°
5x10° 5x10° 5x10° 1
15x10°  5x10° 5x10° 2
3x10° 5x108 5x10° 3
5x10° 1.5x10° 5x10° 4
15x10°  1.5x10° 5x10® 5
3x10° 1.5x10° 5x10° 6
5x10° 3x10° 5x10° 7
15x10°  3x10° 5x10° 8
3x10° 3x10° 5x10° 9
5x10° 5x10° 1.5x10° 10
15x10°  5x10° 1.5x10° 11
3x10° 5x10° 1.5x10° 12
5x10° 15x10°  1.5x10° 13
15x10°  1.5x10°  1.5x10° 14
3x10° 15x10°  1.5x10° 15
5x10° 3x10° 1.5x10° 16
15x10°  3x10° 1.5x10° 17
3x10° 3x10° 1.5x10° 18
5x10° 5x108 3x10° 19
1.5x10°  5x10° 3x10° 20
3x10° 5x108 3x10° 21
5x10° 1.5x10°  3x10° 22
15x10°  1.5x10°  3x10° 23
3x10° 1.5x10°  3x10° 24
5x10° 3x10° 3x10° 25
1.5x10°  3x10° 3x10° 26
3x10° 3x10° 3x10° 27
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Fig. 6 Geometry, mesh quality and step graded adhesive zone
identification used to study the effect of step graded adhesive zone on
T-joint (Dimensions: Aluminum angles with 7x11x0.8 cm; Vertical
Aluminum 7075 adherend with 21.8x2 cm; Hori. Aluminum 7075
adherend with 28x2 cm. The overall width of the joint is 10 cm)
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Fig. 5 Geometry of T-joint used to T-joint modal verification [27]
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Fig. 8 Transient dynamic loading profile exerted to the Ver. adherend
to study the dynamic behavior of T-joint
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Fig. 9 The vibration of the tip of vertical adherend 0.5 sec. after
transient dynamic loading
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Fig. 10 The detailed vibration of the tip of vertical adherends during
transient loading
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Table 4 The first five non-zero natural frequencies (Hz) and mode
shapes (MSh); (ab: vert. adherend-bending; bb: hor. Adherend-bending;
at: vert. adherend- torsion; bt: hor. adherend- torsion)

<23, Model MSh  Mode2 MSh  Mode: MSh  Mode4 MSh  Mode5 MSh
667.63 ab 11095 bb 1602 at 1612 ab-bb 2220 bb
808.19 ab 1219.1 bb 1825 ab-bb 1899 bt 2429 bb
87532 ab 1286.1 bb 1934 ab-bb 2041 bt 2540 bb
67293 ab 11639 bb 1604 ab 1626 ab-bb 2290 bt
818.88 ab 1289 bb 1853 ab-bb 1900 at 2528 bt

O ~NOOThAs WN

888.4 ab 1360.9 bb 1971 ab-bb 2044 at 2648 bt
675.7 ab 11953 bb 1604 at 1632 ab 2330 bt
82479 ab 13325 bb 1869 ab-bb 1901 at 2589 bt

9 8958 ab 1409 bb 1993 ab-bb 2044 at 2717 bt
10 670.85 ab 11454 bb 1605 at 1621 ab-bb 2276 bt
11 8155 ab 1266.1 bb 1841 ab-bb 1901 at 2491 bt
12 884 ab 1333 bb 1954 ab-bb 2043 at 2596 bt
13 6745 ab 1184 bb 1605 at 1629 ab 2330 bt
14 823 ab 1319 bb 1862 ab-bb 1901 at 2574 bt
15 893 ab 1392 bb 1983 ab-bb 2044 at 2689 bt
16 676.62 ab 1207 bb 1605 at 1635 ab 2364 bt
17 827 ab 1353 bb 1874 ab 1901 at 2627 bt
18 899 ab 1430 bb 2001 ab-bb 2044 at 2750 bt
19 672 ab 1166 bb 1606 at 1625 ab 2311 bt
20 819 ab 1296 bb 1851 ab-bb 1901 at 2536 bt
21 889 ab 1364 bb 1968 ab-bb 2034 at 2638 bt
22 675 ab 1196 bb 1607 at 1632 ab 2357 bt
23 825 ab 1339 bb 1868 ab-bb 1902 at 2608 bt
24 897 ab 1413 bb 1991 ab-bb 2044 at 2721 bt
25 677.14 ab 1216 bb 1607 at 1636 ab 2387 bt
26 829 ab 1367 bb 1878 ab 1902 at 2656 bt
27 901 ab 1445 bb 2006 ab-bb 2045 at 2776 bt

0

Fig. 7 Third non-zero shape modes of the two recommended step
graded T-joint adhesive zone (a:casel and torsion in vertical adherend,;
b: case 27 and the both vertical and horizontal adherends are bended)
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Fig. 12 Predicted region for delamination failure with 0.039 failure
index
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Fig. 11 Stress contours of three step graded adhesive zone cases: 11, 27
and 1 respectively from up to down and respectively maximum Misses
stresses with 1.42, 0.49 and 3.76 MPa.
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