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bonding (e.g. [31, 32]), spot welded-bonding (e.g. [33, 34], 
clinched-bonding (e.g. [35-42]), etc. 

The paper presents application of the hybrid joint (spot 
weld – adhesive) used in the construction of aircraft skin 
produced by PZL Mielec. 

The fuselages skins (shells) of aircraft structures, due to 
the weight criterion, have a small thickness in the range of 0,6 
- 1mm [43 - 45]. The use of such thin structures would not 
be possible among others, due to the phenomenon of stability 
loss under the influence of aerodynamic loads associated with 
flight mechanics and own loads. Therefore, the stiffeners of 
skin structures are used in the longitudinal direction or as 
longitudinal and transverse to the axis of the whole structure. 
The stiffeners are often aluminum profiles produced by 
extrusion. Profiles, depending on the construction, can be 
mounted to the skin by: riveting, spot - welding, adhesive 
or more often by laser welding [46 - 48]. Each of the above 
mentioned methods has its advantages and disadvantages, so 
in order to improve working between the stiffener and skin, 
the hybrid joints are also used eg. spot - welding - adhesive 
joints. The hybrid joints have a number of advantages, such as 
increased strength and rigidity, a  two - stage damage model, 
which results in a much higher energy required to destruction 
of the connection in comparison to the pure mechanical or the 
adhesive joints. 

The aim of this study is to perform a  numerical model 
of the hybrid joint for an angle bar with the skin fuselage, 
and which is subjected to complex state of load. The obtained 
results indicate that the change of currently used angle bar as 
the stiffener improves load capacity of the connection. 

2.	 The methods for stiffeners mounting, their cross sec-
tions and loading methods. 

For mounting of skin stiffeners, almost all commonly 
used joining techniques are applied. The first and oldest one 
is riveting. The advantage of this method is  not only the 
simplicity of technology, but also the greater energy absorption 
in relation to the welded structure [49]. The disadvantage is the 
possibility of crack initiation at the edges of the holes due to 
stress concentration. These cracks are difficult to detect at the 
initial stage of their development, because they are initiated 
on the inner surface of the sheets or in the inner layers of the 
multilayer connection. An additional difficulty in detecting 
cracks are rivet heads which cover a crack in the initial phase 
of development. 

The second primary method used in joining aircraft 
structures for more than 50 years is adhesive bonding [46]. 
The main advantage of adhesive bonding is lack of stress 
concentrations in the joint. To increase load capacity as well 
as the amount of energy required for joint damage, hybrid 
(riveted - adhesive) joints are used. A detailed analysis of the 
work of these connections can be found in the papers [31, 48, 
50, 51]. Connection parameters of hybrid adhesive - riveted 
joints may also be modified by the prestress [52] or use of 
appropriate holes tolerances [53]. More and more often, laser 
welding method is used to connect stiffener with skin [47, 43, 
49]. Although laser beam welding minimizes heat impact on 
joint, there is a loss of alloying elements from weld zone which 

reduces the hardness and strength properties. The welding 
process can also cause a  skin deflection, so-called Zeppelin 
effect, and requires  complicated and large equipment.    

For joining of aircraft structures a  clinching technique 
could also be applied, which is used among others in Mercedes-
Benz cars of S-Class. These connections are widely discussed 
in papers [54, 55].

In PZL Mielec aircraft plants a  hybrid technique using 
adhesive bonding is also applied to connect stiffeners, but in 
this case mechanical joint is realized by spot weld. Numerical 
and experimental research, in particular on fatigue, also proved 
that hybrid joints have more advantages than pure adhesive or 
mechanical connections [44, 45, 56]. 

The most popular and simplest stiffener cross section is 
an angle bar (isosceles or non – isosceles) [47, 57, 43]. Using 
adhesive bonding or riveting, the angle bar is connected to the 
skin by one of the arms (Fig. 1a). 

Fig. 1. Mounting of angle bar by using: a) spot welding and adhesive 
bonding, b) laser welding

On the other hand, using laser welding, the angle bar can 
be mounted as shown in Fig. 1b. In this position the bending 
rigidity is more than 2,5 times higher. 

Orifici and others [58] subjected to research the skin with 
T-shaped stiffeners. The damage on contact with the skin after 
buckling was analyzed. They performed 71 experiments with 
anti – symmetrical and symmetrical configuration subjected 
to pull and push forces. The total damage of the joint was 
identified as the first drop of the force. The authors described 
four different types of damage modes due to complex stress 
states in the composite material. Numerical simulations were 
also carried out taking into account the arrangement of fibers 
for both the shell segment and for the whole panel, specifying 
the critical force causing local buckling. Complex stress states 
(compression with shear) were used by authors in [59]. It should 
be underlined, that the very important criterion in the designing 
and certification processes is the local and global buckling. 
Bertolini et al. [60] used in research “omega” stiffeners. Four 
point bending tests for stiffening beams were performed both for 
numerical studies as well as real tests. The damage appearance 
on contact between stiffeners and skin was analyzed. In [61] 
the mechanical response of the skin and stiffeners joints were 
investigated under impact loading. The effect of geometry 
influence on different stiffeners distributions wit double “T” 
cross section and various skin thicknesses was analyzed. Low 
velocity impact loads are very important, particularly during 
take-off or landing of an airplane and possible collisions with 
birds. Therefore international certification regulations require 
making tests for fuselage panels in terms of birds impact [62]. 
Chintapalli et al. [63] performed optimizing of “Z” and “J” 
stiffeners shape in order to minimize weight of the airplane. 
An important problem in the design of fuselage stiffeners is 
also the effect of sound attenuation. The paper [11] dealt with 
this problem by analysis of 4 types of different cross sections. 














