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Experimental Analysis on Conditions of Joint for Cantilever Beam
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ABSTRACT

Joints are used extensively in various industries. For instance, structural adhesives are used in place of the traditional
mechanical fasteners, such as screws and bolts, because they are much lighter and spread the stresses more uniformly across the
joints. For efficient designs of joints, knowledge of static and dynamic characteristics of joints is essential. Most analysis of
joints are carried out using analytical equations or finite element method. In this paper, the characteristics of four conditions of
lap-joint beam are investigated experimentally. The mode shapes and nodal points of beam show that there are different
deformations in each condition. These deformations may cause high stresses and may initiate local cracking and delamination

failures.
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(c) (d)
Fig.1 Beams with four conditions of joints
(a) Bolt-Nut (b) Adhesion(Epoxy) (c) Rubber (d)
Welding
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Fig.2 The configuration of rubber
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Fig.3 The position of bolt in surface of joint

Fig.4 The joint of bolt—nut

3. 4

ok

B AFAE  FFT AsEA AH)(B&K
Pulse3560-B040), 74 =Al(Rion PV-90B), Y E
&l # (Dynapulse), Power amplifier(B&K2692), A%}
F7r 0 x23E EEvERE AREST oee

[Fig.51= A&7l s el A

Accelerometer —,_' Charge amp. W
B&K2692
FFT Analyzer
(Pulse)

Fig.5 Equipment of experiment

Computer

@

\/\( 1=30cm
" Ppoint 1 2 3

Fig.6 The position of excitation and measurement
(a) Impact hammer (b) Accelerometer (c)
Aluminum beam (lap—jointed)
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Tablel. Natural Frequency

Toints Natural Frequency(Hz)
1st 2nd 3rd
Bolt— | 4Nm 34 208.8 620
Nut 8Nm | 34 209.6 | 620.8
Adhesion 35.2 | 226.8 614
Rubber 33.6 197.2 594
Welding 34.4 234.8 612

1st Mode Shape
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Fig.8 Comparison of 1* mode shape

2nd Mode Shape
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Fig.9 Comparison of 2™ mode shape

3rd Mode Shape

[Co—8% = 5% A 1Y —8— ZEINm —=— ZESN]

Fig.10 Comparison of 3" mode shape

Table2. The ratio of positions of nodal points on
total length of beam

: il 3" Mode
Joints 2" Mode Nodel Node?
Normal 0.797 0.461 0.873

Bolt- | 4Nm 0.703 0.557 0.881
Nut | 8Nm 0.758 0.465 0.930
Adhesion 0.715 0.474 0.870
Rubber 0.727 0.485 0.884
Welding 0.736 0.498 0.867
AFH-E ZHA] & dukH <l o H g =
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Table3. Change of positions of nodal points to
normal cantilever beam (%)
(+) : Right, (=) : Left

ond 1 d 3" mode

Joints
Nodel Node?2

Bolt- | 4Nm -9.43 9.60 0.82

Nut | 8Nm -3.97 0.41 5.77

Adhesion -8.22 1.25 -0.25

Rubber -7.00 2.36 1.15

Welding -6.14 3.73 -0.59

The position of nodal points(2nd mode)
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Fig.11 The position of nodal points(2" mode)

The position of nodal points(3rd mode, Node1)
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Fig.12 The position of nodal points(3™ mode)
(Point2-Point3)

The position of nodal points(3rd mode, Node?2)
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Fig.13 The position of nodal points(3™ mode)
(Point4-Point5h)
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