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Summary: Light welded constructions from aluminum alloys are widely used in the automotive and aerospace industry. Particularly interesting are the lightweight construction made of aluminum alloys that are difficult to weld conventional welding procedures. Such structures are welded with Friction stir wlding (FSW), which is a relatively new way of welding. When dynamically loaded welded structures it is necessary to carry out testing of fatigue behavior of materials (the legality of fatigue crack growth and testing fatigue strength and determination of S-N curves).

On Faculty of Mechanical Engineering in Nis has been developed a methodology based on the vibration tests based on the estimation that the fatigue behavior of welded joints achieved with FSW. In order to reduce the duration of the test, the test setup was developed for the simultaneous testing of a large number of specimens. For the generation of harmonic oscillations of console set specimen, used high-frequency electrodynamic vibration test system (shaker) Sentek Dynamics. The connection between the armature of shaker and test specimens is accomplished using a specially designed fixator.

1. INTRODUCTION
Almost all fabrication of structures today involves welding. Therefore the effects of welding on the life of structures subjected to cyclic loading must be considered for economical and safe design. Major variables which may be expected to influence fatigue life of weldments are: (1) the testing conditions, (2) the geometry of the weldment, (3) the soundness of the weld metal, (4) the residual stress pattern introduced by welding, and (5) the microstructure of the weld metal and heat-affected zone. The methods and equipment used for fatigue testing weldments are essentially the same as those used for determining the fatigue strength of the base metal. The type of specimen is determined by the geometry of the weldment.

S-N (Wöhler) curves represent the more common way of describing the structural resistance to the fatigue damage of the details. They provide the relationship between the applied stress range, and the fatigue life S-N for that level of stress, wherein the fatigue life is defined as the number of loading cycles up to fracture. Are usually determined in the laboratory by conducting an experiment with the fatigue exposure of samples of load cycles with a constant amplitude to their breakage. The experiment is carried out on identical samples with different levels of stress ranges ∆S which is the most important parameter of the load.

Fatigue test specimens are primarily described by the mode of loading:

· Direct (axial) stress 

· Plane bending 

· Rotating beam 

· Alternating torsion 

· Combined stress 

Testing machines, however, may be universaltype machines that are capable of conducting all of the above modes of loading, depending on the fixturing used.

The shape and dimensions of the specimens for normal tests prescribed by the appropriate standards depending on the purpose and manner of fatigue test. For specific tests, and the welded joints, the special shapes of specimens that need to be similar to the shape of the corresponding structural work, or to examine structural parts themselves.The treatment process specimen should not alter the structure or material properties.
Particular attention should be paid to the quality of surface roughness of the specimens. One must be sanded, polished and possibly appropriate means protected against corrosion. Number of specimens for one test can be very different, depending on the information being requested.
Fixing the specimen in the grips fatigue testing machine should be done carefully so that the specimen during the test would not be exposed to additional loads or vibrations.

The manner of loading depends on the type of stress and must be equal for all specimens during a test.

The frequency should be selected so as to avoid overheating the specimen during the test. If the warming can not be avoided, the specimen should be cooled during the examination of suitable anti-corrosion materials.

In the case of a separate investigation of the specimen or structural work, the method of loading, and the frequency should be as close to the corresponding operating conditions.

For determining the fatigue strength according to the method proposed by Weller, it takes 6 to 10 the exact same specimens.

This paper will show the development of the fixator for impact testing of welded joints on electro-dynamic machine - shaker.
2. DESIGN OF SPECIMENS AND FIXATOR FOR FATIGUE TESTING
To test the fatigue strength of welded joints is developed test setup. To generate oscillations cantilevered set of specimens, used high-frequency electro-dynamic machine (shaker) Sentek Dynamics (Fig. 1). Testing of fatigue strength of the welded joints will run on the machine for vibrational testing - an electro-dynamic shaker SENTEK DYNAMICS batch M, which is stored at the Faculty of Mechanical Engineering University of Nis.Vibration test machine, primarily intended for testing of automotive components and systems, testing electronic circuits, computer equipment, component testing satellites, aircraft and military equipment, testing products and packages weighing up to 1000kg.
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Fig. 1 Medium-force (M-SERIES) air-cooled shakers
The connection between the armature and shaker test samples is accomplished using a specially designed fixator, which allows the cantilevered clamping specimen.

The change of vertical displacement platform installs only idle machines for testing and to be up to 51 mm. Oscillation frequency fp platform can be adjusted within the range of 5 to 3000 Hz.

Acceleration of the platform depends on the size of the vertical displacements and frequencies, and can be calculated according to the formula (1) in which is expressed by the force of gravity acceleration of the earth. g value shows how much the acceleration of gravity is acceleration platform shaker:
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(1)

The higher the frequency causes greater acceleration platforms, including greater strain in a specimen, and increasing stress is obtained by increasing the frequency of oscillation of the platform.The specimens shapes and dimensions given in Fig. 2 are pre-ground, and then cut to a CNC machine. 
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Fig. 2 Fatigue test specimens 
At a distance of 15 mm from the end of the specimen is made an opening diameter of 5.5 mm which is used for fixing weights to the load specimens. As for testing fatigue strength provided for simultaneously testing 12 specimens, it was done 12 weights. Weights for load specimens are shown in Fig. 3. An important precondition for the realization of the experiment I that all weights being of the same size or the same weight. Weights are supplied polished. 
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Fig. 3 Couple of weights for load specimens
Mase made couple of weights are given in Table 1.
Table 1. Mass of weights in gram
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	222.23
	223.245
	222.97
	223.231
	223.149
	223.223
	222.733
	222.799
	223.019
	223.319
	223.104
	223.242

	Mean value  m=223.022 gram

	Standard deviation =0,309912 gram


A fixture is an intermediate structure, bolted to and driven by a shaker or shock testing machine and some devices under test. The shaker head on a vibration machine usually have some form of a hole pattern that permits the installation of machine screws. These holes can often be used to mount small electric components for vibration testing. Large electronic boxes require some sort of mechanical adapter that will permit the shaker head to transfer the vibration motion to the electronic box. This adapter is commonly known as vibration test fixture. Fig. 4 shows virtual model of assembly of fixator and test specimens.
The vibration test fixture thus acts as interface between the unit and the machine. It is extensions of the armature in the form of very rigid structure that can transfer the required force at the required frequency. Vibration fixtures are available in such a large varieties of sizes and shapes. It is difficult to give general statements, which can be useful for a particular design. Introducing highly damped fixture structure can reduce severe fixture resonance. This can be in the form of laminated structures where energy is dissipated at several fixtures. The reason for why it is desirable to keep the natural frequency of a fixture at least 50% higher than the highest forcing frequency is that, a resonance can magnify acceleration forces.
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Fig. 4 The virtual model of assembly of fixator and test specimens
For the selection of parameters for vibration test equipment - the electro-dynamic shakers is carried FEA modal analysis is the determination of natural frequencies by the fixator with specimens in an assembly.
Modeling fixator, specimens and weights as well as their assembly is done in CAD software Autodesk INVENTOR. This software is made and modal analysis of this circuit. The circuit is discretized with 403191 elements and 634631 nodes (Figure 5).
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Fig. 5 Part of the results of modal analysis assembly of fixator and test specimens
The results of the first 20 modes of free oscillations of assembly fixator and specimens are given in Table 2. 

Table 2. Natural frequencies of assembly fixtures
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10

	152.54 Hz
	152.55 Hz
	152.77 Hz
	153.05 Hz
	153.14 Hz
	153.45 Hz
	157.52 Hz
	157.97 Hz
	158.85 Hz
	158.92 Hz

	F11
	F12
	F13
	F14
	F15
	F16
	F17
	F18
	F19
	F20

	159.04 Hz
	159.27 Hz
	255.85 Hz
	257.04 Hz
	257.09 Hz
	257.24 Hz
	257.27 Hz
	257.38 Hz
	283.04 Hz
	283.20 Hz


3. CONCLUSION

The paper presents a developed test setup for weld fatigue testing on the high frequency machine (shaker). The connection between the armature and shaker test samples is accomplished using a specially designed fixator, which allows the cantilevered clamping specimens. In order to shorten the time period of the study, developed fixator allows simultaneous testing of 12 specimens.

Fixator is made of steel with appropriate connections for fittings shaker. In order to develop methodology for testing fatigue strength are as defined and developed weights for the load specimens.

Was performed modal analysis of the fixator and the specimen in order to define test parameters of fatigue strength. On the basis of modal analysis the heat fixation, the test specimen highest frequency of testing fatigue strength of the welded joints is defined 80 Hz.
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