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ABSTRACT 

In t h e  present research, t h e  behaviour of a metallic 
joint bonded with an epoxy film adhesive is investigated. In 
fact, until now the re  is no certain technique available to 
detect and evaluate t h e  interfacial characteristics of bonded 
joint. 

In  this  work, an impact vibration technique is used for 
measurement of global bonding joint characteristics u t i l i z i n ~  
model analysis. 

The vibration signal is recorded using dual channel 
analyzer. Damping, frequency and mode shapes a r e  obtained 
directly from t h e  experimental results. Complex dynamic 
modulus and velocity of t h e  sound are calculated u:;ing t h e  
obtained resul ts  from t h e  modal test. The dynarnic stiffness 
is determined using t h e  frequency response function graphs. 

=e  meas- The results  showed that;  t h e  frequency respon,; 
urements can b e  successfully used t o  determine certain 
dynamic properties specially in bonding, 1 ) The frequency 
response function describes the d yrmnic propei'ties of 
s t ruc tures  with bonded joints using a small set  of pa:cameters 
extracted from t h e  measured data, and 2) There is a frequency 
dependance on t h e  elastic modulus, damping, complex elastic 
modulus and wave velocity of t h e  bonding joint which depends 
on t h e  adhesive ratios and joint dimensions. 

NOMENCLATURE 

A : vibration acceleration, arbitary units, 
d : J o i n t  d i a m e t e r ,  m t ~ ,  
E : Elastic modulus,  N/m , 
E' : Elastic modulus, real part, 



. . 
E : Elastic modulus, imaginary part, 
F : Exciting force, arbitary units, 
f : Resonant frequency, of.  n t h  mode, HZ, 
n - 
A/F: Vibration a&elerance, dB, 
K : End condition depends on fixing method and mode numbe? 
I, : Joint length, m, 
n : Mode number, 
t : Adhesive thickness, prn, 
V : Wave velocity ( soung velocity m/secr 
p : Mass density, kg/crn , 
p : Material damping factor, (81, 
A£ : -3dB, bandwidth, 

In  the present work, a modified technique is utilized 
for investigating the dynamic behaviour of bonded joint under 
impact vibration force. 

The behaviour of adhesively-bonded joints depend on 
various of factors, such as  a cohesive strength of the 
adhesive and/or the interfacial bonding strength between the 
adhesives and the adherends/l/. The physical force:;. at the 
interface depend mainly on the surface structure, its 
morphology, the composition of the  adherends arid their 
affinity to the adhesive 2 Generally, a failure of an 
adhesively-bonded joint is  defined as a cohesive of the 
adhesive layer /2/. Failure of adhesive bonded joint could be 
also attributed to inadequate understanding of the adhesion 
failure mechanics /3/. There are many investigations which 
concerned with  the failure modes /3,4 and 5 / .  Most of them 
considered the behaviour under static cond'itions. 

The terms which has been neglected in most. of the 
previous work; such as  the behaviour of bonded joint under 
impact vibration force, type of fixation and adhesive 
thicknesses will be considered in the present work. 

2- EXPERIMENTAL WORK 

1.2- Types of Specimens 

The joint consists of two adherends with interface 
adhesive layer as shown in Fig.(l). It is manufactured from 
mild steel. The mechanical properties and chemical 
composition of mild steel are shown in  Tables (1) and (2) 
respectively. 

Table ( 1) Mechanical properties of specimen material. 

Mechanical 

Properties 

0 
U 

260 
MPa 

0 
Y 

130 
MPa 

E ' 

2 0 7  
G . P a ,  

B . H. 

*lo6 

% Elon gat ion 

45 



The type of adhesive is "superbonder 415 table 3".  This 
adhesive is used for fast  bonding of metals and porous 
surface. It has high impact strength, excellent solvent 
resistance, cures completely and leaves no residue on 
surface. 

- Ichemi- 1 Coloux 

0.036 

Visco- Typical Typical 
sity Handling Ultimate 

Strength Strenght 

10 CPS 1 min . 2 4  hre 

Table ( 2 1 Chemical composition of specimen material. 

2.2- Type of adhesive used 

S P  

0.046 

Table ( 3 )  

Chemical 

Composition 

3- Experimental Procedure 

Mn 

0.85 

The bonded surface for  each specimen is cleaned and 
removed foreign matter by using a cloth dipped with  acetone 
solution. Then, the  measurement of the  surface rougktness is 
performed by using Talysurf 5- M6O instrument. 

The two adherends should be selected according to  the 
surface roughness .values which appropriate for each ad  herend. 
The two parts of bonded specimens are made from the  same 
m e t a l  o r  a combination of two metals. Preparation of the  
surfaces t o  bonded and the mixing of adhesive are made 
according to  recommendations of manufacture adhesive in each 
case /9/. 

Fe 

bal 

The measurement technique which used in this research i s  
shown in Fig.(2a) and described as  follows; i t  is  based on 
impact excitation testing technique, which is chosen since it 
give quick results, the  impulse contains energy at all 
frequencies and will excite all modes simultaneously. 

Ni 

0.1 

Si 

0.117 

The vibration signal is picked up using very l i gh t  piezo 
electric accelerometer. The input and output signals (force & 
vibration) a re  connected with dual channel signal analyzer 
which was equipped with personal computer as shown in 
Fig.(2a). 

On the  basis of the  experimental results of t h e  eiyen- 
frequencies, Fig. (Zb), the flexability of damping criteria of 
both continuous and bonded joints are computeci and plotted in  
Fiqs.(7 t o  10). 

Cr 

9 . 1 2  

Mo 

0.004 
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4- RESULTS AND DISCUSSION 

The elastic Young's Modulus, damping, complex elastic 
modulus, dynamic stiffness and wave velocity' are determined 
experimentally using modal model method, by performirig modal 
test of t h e  joints. 

Elastic Young's Modulus : The modulus of elasticity "E" 
in t h e  absence of damping can be found from the  :resonant 
frequency, mechanical dimensions of t he  joint, density of 
material and boundary conditions "End condition" from the 
following relation ( 8 1 ; 

Fig.(3) presents t h e  frequency dependance on elastic 
modulus fo r  fixed-free case with two values of adhesive 
thickness (200 and 300 pm). This f igure  indicates that ,  when 
t h e  frequency increase t h e  elastic modulus decrease:; in t he  
range of 250 t o  950 Hz. This may be due to  t h e  mutual effects 
of t h e  mechanical properties of t h e  adhesive material and 
mild steei in t h e  interface region. Fig.(3) indicates that ,  
t h e  frequencies decrease in t h e  region of t h e  adjacent of t h e  
bonded joints. The region is mainly affected by  t h e  adhesive 
thicknesses. The elastic modulus values is large comparing 
with t h e  resul ts  of continuous joint. The increase of t h e  
adhesive thickness increases t he  .elastic modulus of t h e  
joint. In the  case of (300 pm) thickness, t h e  deviation 
between E values comparing with continuous joint is very 
clear, i t  is about 10%. Fig.(4) presents t h e  frequency 
dependance on elastic modulus for fixed-fixed case of t h e  
same metal under  t h e  same conditions. This f igure indicates 
that ,  t h e  values of elastic modulus are less than thle values 
which shown in. Fig.(3), and t h e  high modes a r e  very sensitive 
to adhesive thickness. The resul ts  of elastic modulus when 
using (t=300 m) i s  large comparing with continuous joint and 
(t=200 pm). NOW, t h e  adhesive thickness and type  of clamping 
play an effective role in t h e  behaviour of t h e  joint for  t he  
same dimensions. 

Fig.(5 and 6) presents  t h e  frequency dependance on 
elastic modulus under  t h e  same conditions of Fig.(3 and 4). 
In this  case the  diameter of t h e  joint is changing from 30 mm 
to 40 mm. From these figures, t he  amplitudes are large than 
t h e  previous case specially for  Fix-Fix condition. This may 
be due  to t h e  increasing of joint diameter and with t h e  
increased in adhesive thicknesses. From the  same figures t h e  
effect 05 adhesive thickness is very  clear as shown in t he  
previous figures. 

Damping : Figs.(7 t o  10) presents t h e  f r e q u e ~ k y  
dependence on the damping ratios under .the s a m e  conditions of 
t h e  previous figures. This i s  expected, since as the  



frequency increases the damping ratio decreases. From the 
same figures, when the  adhesive thickness values .Increases 
comparing with the  continupus joint, usiqg diameter of joint 
equal 40 mrn, the damping ratio increases as compared with 
fixed-fixed case which represented in Figs.(9 and 10). 
Increasing damping ratio depends on many factors such as, the  
adhesive thickness, type of fixation and joint diameter. 

Complex Elastic Parameters : Due to  the  demands of high 
speed operation and the  use of light structures in  modern 
machinery static measurements of stress/strain properties a r e  
not sufficient. The static determination of the  elastic 
modulus does not takes into account the  frequency or internal 
friction (damping). It is clear from the results of' the  
elastic modulus and damping, there is a frequency degendance 
of these parameters. In the  case of adhesive joint t h e  
internal damping is to be considered and the  modulus of 
elasticity becomes a complex value. The complejc valua is t h e  
vectorial sum of the elastic, and damping moduli which 
calculated a s  follows /7/. 

E = E ' + ~ E "  

and ; E"= 2 E '  
wh i le  the  damping f a c t o r  is; 

From the  modal test  (frequency response), the complex elastic 
modulus can be determined. It is obvious that the  results 
depend mainly on the  constituent ratios of the  adhesive and 
joint conditions. 

Figs. ( 31-14) present the  frequency dependance of 
accelerance (A/F) for the  various boundary conditions. This 
relation (A/F) can be taken a s  a measure of the dynamic 
stiffness. The . using of accelerance of vibration a s  a 
preferred parameter because it covers a wide riinge ~f 
frequency and gives flatest spectrum. Since the  displncemenr, 
velocity and acceleration of vibration signals one directly 
related, thus, use vibration accelerance (A/F) a s  a measure 
of inverse of the  dynamic stiffness. 

From Figs. (11-141, the  dynamic stiffness which is 
proportional with (A/F) decreases with an incre3ses in 
frequency, adhesive thickness, diameter of specimen, and t ype  
of fixation. These results may be due  to the greater 
deflections produced from the  vibrating force comparjng with 
the  elastic conditions and due to the  behaviour of adhesive 
material under effects of dynamic force. From the previous 
figures, it is clear that, the  Fix-Fix case gives higher 
results comparing with the  Fix-Free case because t h e  first  
case increasing the  stiffness of the  joint. The increase cd 
[A/F) with the  increase of frequency is either sue to  t h ~  
decrease of damping with frequency or as a resuIt of the 
decrease of dynamic stiffness. 



The equatiun of ,the' cdmBresdf;jnal +ibirations Ha&-;ehe 
same form as so-called wave equation 'w hicH gov&xns vaffous 
types of wave phenonienon in theoretical physics.' Camp- 
ressional vibrations are referred to as mechanical waves Fjith 
a wave ve3ocity (V) 

This parameter is very important because; the actual 
vibrations measured on a complicated structure may be widely 
different from point to point, and from space direction to 
another. The wave solution is most useful for simple systems 
and for excitation of a very short duration, while for 
practical engineering analysis, we will find vibration 
solution to be most useful. 

Figs.( 15-18 1 present the frequency dependance on wave 
velocity. The wave velocity is directly related to the 
elastic modulus and inversely related to the density roots. 
From these figures it is clear that, the decreases o f  sound 
velocity with the increase of the frequency. The drop in 
elastic modulus for a certain frequency makes the wave 
velocity increases with the decrease of adhesive thickness 
because the adhesive thickness transmit the vibration signals 
or waves more difficult than the metal! 

5- CONCLUSIONS 

The frequency response measurements can be used success- 
fully to obtain certain dynamic property specially in 
bonding. From the previous results it can be concluded that; 
1- The frequency response function describes the d,ynamic 

properties of structures using a small set of parameters 
extracted from the measured data. 

2- There is a frequency dependance on the damping, complex 
elastic modulus and wave velocity. 

3- The bonding joint behaviour depends on the adhesive ratios 
and joint dimensions. 
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Evaluating The Bonded Joint Characteristics Using Modal model 
Function. 
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