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Summary: For the determination of SN curves of friction stir welded joints sophisticated measuring systems are required. The parameters that are measured are cumulative numbers change loads, the moments of specimen fractures and frequency of variable load. In order to reduce the duration of the tests, a special design for the simultaneous testing of a large number of specimens was developed. Specimens are arranged in a series of the console loaded with different masses at each end. For the generation of harmonic oscillations of the console, high-frequency electrodynamic machine (shaker) Sentek Dynamics is used. Because the testing tool is a package of 12 samples rather than one sample, it is necessary to detect the moment of fracture of each sample. The use of conventional measuring equipment is extremely expensive. The probability of damage of equipment is large. For these reasons, an inexpensive, simple, reliable, and autonomous measuring system was developed with a large measuring potential based on ARDUINO platform.
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1. INTRODUCTION
For measuring various mechanical parameters and variables sofisticated data acquisition tools and systems are used. Technology development, especially electronic, has allowed the use of these techniques with minimal material investments. The market has seen the appearance of many similar equipment manufactures: Arduino, Genuino, Raspberry pi. Many of these microprocessing units can be used as personal computers of modest capabilities. In stead of expensive measuring systems, scientists and engineers are using aforementioned systems to measure dinamyc load changes and deformations in time and frequency domain
 [1] [2] as well as controlling robots and intelligent mechanical systems [3]. The advantges are multiple: lower system costs, desired accuracy achieved, data acquisition allowed and autonomous processing with or without additional computer resources.
2. experiment
A system of this type was developed for examining SN curves spacimens which were made by the process of friction stir welding. Assaying tools made of steels also hold the specimen (Fig. 1). Specimens are made of an aluminum alloy 2024 T351, welded by friction stir welding (FSW). The tool can be fitted with 12 specimens simultaneously, 6 on each of the sides. Specimens are placed into grooves, which are somewhat shallower than their thickness, and the contraction is achieved by a plate placed above the same specimen and holstered using 14 M8 screws. That way an equal contraction of all specimens is achieved. On the loose end of the specimen, through a technically made hole, weighs are placed on both the upper and lower side for additional contraction. Such an assembly is tightened on an examination electro-dynamic shaker of a desk (Sentek Dynamics) [4]. Examination desk causes dynamic load causing a tedius fracture using a spontaneous change in the frequency of oscillating and dynamic forces caused by the mass of the specimen ends. Parameters measured are the cummulative number of load derivations until fracture and the exact moment of fracture, the moment in which the total number of load derivations should be saved.
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Fig. 1 Examination tool

3. Measuring system
3.1 Used sensors
For measuring desired variables optoelectronic sensors were used. The way optoelectronic sensors work is based on the optical signal parameter changes and physical size changes These sensors don't have galvanized nor magnetic contacts, only optic ones. Optical sensors achieve: galvanized separation, noise cancelation, ability to measure physical sizes, smaller ones and bigger ones alike, standardization of the output signal, high quality static and dynamic characteristics.

Optical sensors can be used under all conditions – in strong magnetic fields, high temperatures, electric noises and chemical corosions. They're more flexible and more reliable than standard sensors. Cons of optical sensors are: complex manufacture, complex signal processing, requirement of optical visibility between the transmitter and the receiver, sensitivity to mechanical vibrations and higher costs. 

Measured physical size is connected to one of optical sensor parameters. Deviatons of optical sensor parameters, relative to the amplitude of the measured physical size, is the modulation of that signal. Basic optical signal parameters are: amplitude, frequency, phase, polarisation and light flow scattering. Modulators often used in optical sensor manufacturing are optoelectronic modulators. When used, optical signal parmeters deviate by an element that changes its' optical characteristics, via a voltage or a current signal. Judging by the conversion method of the measured physical size into a measured information there are a few optoelectronic sensor types: analog conversion sensors, sensors that converse an analog signal into a signal with a changeable period or frequency and analog-digital conversion sensors. 

Analog conversion optoelectronic sensors are photodiodes, fototransistors and fotopotentiometers. Input size of these sensors is the light intensity or the position on a photosensitive surface of the receiver on which a ray of light of consistent intensity is falling. This position is changed by relocating the ray of light by another optical element (lens, prism, etc.). Output signal of an optical receiver is an amplitude of electric current or voltage. 

Optical sensors are made out of 3 parts: light source – optical transmitter, optical receiver and a medium. Between the source and the receiver contacts can be either optical or electrical. For light sources light emitting diodes (LED) and laser diodes are often used. Their photon emition is achieved by a migration of an electron from a higher to a lower energetic level. Laser diodes achieve this in a stimulated way while LE diodes achieve this in a spontaneous way. That's why the laser diodes give stronger optical signals of more of a narrow frequency range and a lesser time constant. In practice, LE diodes are favored due to their more linear characteristics, higher realiability and lower cost. Light emitted by LE diodes and laser diodes must be coherent, of a specified wave length. LE diodes often emit green, red and yellow light in the visible spectrum of 380 nm up to 750 nm, and ultraviolet (UV) as well as the infrared (IR) in the invisible spectrum.

3.2 counting the total number of load derivations until fracture
For counting the total number of loads before fracture an optoelectronic infrared sensor is used. An object can be detected with an infrared system consisting of an infrared transmitter and a receiver. IR transmitter, also known as IR LED, sends an infrared signal with a certain frequency compatible with an IR receiver which has the task to detect it. There are different kind of IR sensors for different type of application. IR technology is used, for example, in proximity sensors to detect a near object, in contrast sensors to find a path or in counting sensors to count objects.
A suitable device surface is colored in black and a small stripe is colored in white. The IR transmitter sends an infrared signal that, in case of a reflecting surface (e.g. white color), bounces off in some directions including that of the IR receiver that captures the signal detecting the object (Fig. 2). When the surface is absorbent (e.g. black color) the IR signal isn’t reflected and the object cannot be detected by the sensor. This result would occur even if the object is absent. This way, it's possible to count the cummulative number of load derivations before breakage. It should also be noted that for every load change cycle 2 sensor impulses are generated because the white stripe will pass the balance point twice. Measured number of load derivations will be corrected dividing by 2.
The IR transmitter is a particular LED that emits radiation in the frequency range of infrared, invisible to the human eye. The IR receiver, such as a photodiode or a phototransistor, is capable of detect infrared radiation emitted from the IR transmitter. Aesthetically it is similar to a LED but the external capsule can be wrapped by a dark color film.
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Fig.2 IR sensor principle of operation with and without object. 

3.3 specimen fracture DETECTION
Spacimen fracture detection is achieved using a laser ray. Laser ray is formed by a transmitting laser diode and a laser receiver (Fig. 3). Ray includes both ways containing the test tubes. Laser ray is configured in such a way that it's nonstop, unimpeded while working, it's located under the test spacimen line and that its' continuity can only be disturbed by a specimen fracture. At the moment of a test specimen fracture, a cumulative number of load derivations is saved on a memory card and send to the computer. 
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Fig. 3 Measuring system sensors layout

Transmitting laser diode has the power of 5mW and 650 nm wave length and gives a laser ray of red color. For a receiver a photoresistior, phototransistor or a photodiode can be used. Photoresistor has a wide light spectrum which it’s sensitive to, this makes it sensitive to the presence of different light sources. Phototransistors and photodiodes have more of a narrow light spectrum which they react to and that makes them more favorable for processing in conditions of strong and numerous light disturbances. Photodiode has a higher response time compared to a phototransistor. In given conditions, the CdS efficiency of a photoresistor GK5528 and a photodiode SFH750 will be tested. Photodiode has a working wave length of 660 nm which makes it compatible with the available receiving laser diode.
3.4 main controller board

For the main device tasked with processing of all the signals and archiving data a system based on Atmega 2560 of Arduino family was selected. This device allows tracking of all important output signals coming from the constructed test system due to its' numerous digital input output ports. Its' speed allows measuing of quick load derivations which the samples are exposed to.

The Arduino Mega 2560 is a microcontroller board using the ATmega2560. It has 54 digital pins (15 can be used as PWM pins), 16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to support the microcontroller. Due to the nature of measured signals, only digital inputs and outputs are used (Fig. 4, Fig 5, Fig 6).
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Fig. 4 Measuring system layout
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Fig. 5 Measuring equipement

Fig.6 IDE for developing Arduino software
Work method is presented with a block diagram and pseudo code (Fig. 7). Program is made up of 4 sub-programs. Function sub-program Setup() is tasked with setting up all of the system's starting parameters, securing definition of input output ports and defining initial values of all variables. This sub-program is executed only once, at the beginning. Other three sub-programs are three independant wholes. Sub-program loop() is an infinite loop executed constantly. It is used for saving the number of load derivation on an SD card when a test tube breakage occurs. If breakage doesn't occur, this sub-program has no purpose. Other two sub-programs are maintenance programs for a possible interrupt. One interrupt triggers with a specimen fracture and the other triggers with a position when the tool passes the IR sensor. Interrupt flag fl_fracture demands for the number of load derivations to be saved on an SD card. After saving on an SD card status parameters of maintenance interrupt programs are reset to initial values and the system is in a waiting phase for the next interrupt, the next spacimen fracture.
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Fig. 7 Flow Chart in form of pseudo code

CONCLUSION
The use of high quality and expensive analog and digital sensors as well as processing and saving of these signals is a standard in measuring technology. During development researching achieving high accuracy is often unneeded. This is a case in a given experimental environment. Using the experimental system the desired accuracy of measured sizes was achieved, as well as the insensitivity of measuring sensors to foreign influence and economy. Experimental system is in finishing phase and verification is expected.
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