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Soft- and hardware system in devices measuring deformation
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The research resulted in design and development of an original soft- and hardware system which digitizes the analog signal and
provides multichannel data collection from strain gauge sensors on the base of a 32-bit microcontroller. This system allows to conduct
mechanical tests of solids for tension (compression), and also to control conditions of an experiment (temperature, magnetic field, etc.).
The designed complex also provides determining and studying of activating parameters of plastic flow in metals and alloys at tests for
tension. The registration speed of deformation processes can reach about 10 ¢, and accuracy of measuring no less than 10 bits of
useful signal.

Keywords: mechanical tests, strain gauge, microcontroller, ADC, mechanical properties, solid.

Pa3paboTaH 1 co3/1aH OpUTHHAIBHBIH IPOTPaMMHO-aNIapaTHEIH KOMIUIEKC OIN(POBKU aHAJIOTOBOTO CHTHAJIA, 00eCIIeINBAIOIINI
MHOTOKaHAJIFHOCTE cOOpa JaHHBIX ¢ TEH30METPHUIECKUX JIATIMKOB Ha 0aze 32-X paspsaHOro MHKPOKOHTpoiuliepa. [laHHas cucreMa
MO3BOJISIET TIPOBOIMTH MEXaHMYECKHE MCIIBITAHMS TBEPIbIX Ted Ha pacTsykeHue (CKAThs), a Takke KOHTPOIHPOBATH YCIOBHS
9KCTIepUMeHTa (Temrmeparypa, MarHuTHOe moie W T.01.). CO3aHHBI KOMIUIEKC TakKe JaeT BO3MOXKHOCTH ONMPENEATh M H3ydaTh
AKTHBAlMOHHBIE TTAPaMETPBI INIACTHYECKOH Ae(OpMAaLIK B MeTAIIaX U CIIaBax MPH UCTIBITAHUSIX Ha pacTsbkeHue. [Ipu 3ToM ckopocTh
peructpanun 1ehOpMaIMOHHBIX POIECCOB MOKET COCTABIATH nopsiika 107 ¢! u TounocTs uamepenuii He Meree 10 GUT MOIE3HOTO
CHUTHaJA.

KnroueBble c10Ba: MeXaHMYECKHME MCIBITAHMS, TEH30JATYMK, MHKPOKOHTPOIIIEP, aHANOro-I(poBoil mpeodpazoBarelns,
MEXaHHYECKUE CBOICTBA, TBEPOE TEIIO.

Po3po0ienwuii i CTBOpeHNU#T OpUriHATEHUN NPOrpaMHO-aapaTHHH KOMILIEKC OlM(pPYBaHHs aHAIOTOBOTO CHTHAITY, 1110 3a0e3medye
OararokaHaJIbHICTh 300py JaHHX 3 TEH30METPUYHUX IATYHMKIB Ha 0a3i 32-X po3psaHOro MikpokoHTposiepa. Lls cucrema mo3Bosse
MPOBOJUTH MEXaHIYHi BUIIPOOYBaHHs TBEPIHX Till HAa PO3TATYBaHHS (CTHCKYBaHHS), a TAKO)K KOHTPOJIIOBATH YMOBH CKCIICPHMEHTY
(Temmeparypa, Martitae mnose i Tomy noxioHe). CTBOPEHHI KOMILIEKC TaKOX JI03BOJISIE BU3HAYATH | BUBYATH aKTUBALliiHI TapaMeTpu
IUTACTHYHOT e opMarii B MeTanax i cruiaBax pu BUIPOOyBaHHAX Ha po3TATYyBaHH:. [Ipy boMy MIBUAKICTE peecTpaltii qeopMamiiHmx
nporieciB Moxke cknagatu 6amu3pko 10 ¢t i Toynicts BuMipiB He MerIe 10 6iT KOPHCHOTO CUTHAITY.

KurouoBi cioBa: MexaHiuHi BUIPOOYBaHHS, TEH30AaTYHMK, MIKPOKOHTpOJIEp, aHAIOro-1H(pOBUil MepeTBOPIOBaY, MeXaHiuHi
BJIACTHBOCTI, TBEP/IE TLJIO.

Preliminaries

When studying mechanical properties and activating
parameters of solids, modern science predominantly
employs strain gauge systems. The analog signal coming
from strain gauges wants amplification, its further
recording and processing of the data obtained. Precision
of measuring mechanical properties of solids for various
types of testing is estimated by means of: the strain
coefficient, temperature stability of strain gauges and the
signal amplifier, the degree of amplification of the signal
being tested, and the choice of analog signal registration
system. Existing strain gauge systems of computer
diagram registering when testing samples employ signal
amplification, for example, with the help of a strain test
station with further sending the data to a two-dimensional
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recorder. Such systems bear certain limitations: record lag,
lack of possibility to monitor an experiment and to process
diagrams for calculating deformation parameters. This
paper is aimed at design and development of an original
soft- and hardware system digitizing the analog system and
providing multichannel data collection, a desired speed
and accuracy of measurements, resistance to temperature
drift, displaying diagrams, and possibility to estimate
deformation parameters in devices for mechanical testing.

Measuring system
The designed system can be used for measuring
load and deformation when testing samples on tension
(compression). For registration of load and deformation
values we use resilient members shaped as a hollow cylinder
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or a planar wafer to which strain gauge sensors are glued in
a bridge pattern [1]. Data from the sensors are collected by
means of a multichannel system which converts the output
analog signal from the strain gauge bridge into a digital
code. As a result, we get data packets which are transmitted
to a PC for further procession. In this process we use
original software designed for translation of an obtained
digital code into values of load-tension (compression)
with further drawing a tension (compression) curve and
recording the data in a file to be analyzed in the Origin
software.

Figure 1 represents a structural diagram of a two-
channel system of digitizing and processing test data.
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Fig.1. In the structural diagram of the soft- and hardware
system LPF stands for low-pass filter, IOA— instrumental
operational amplifier, MC — 32-bit microcontroller, ADC
— analog-digital converter, GPIO — general purpose
input/output, UART — universal asynchronous receiver/
transmitter.

Strain gauge sensors are practically always activated
in a bridge pattern and glued to the load gauge for
temperature compensation on the arms of the strain
gauge bridge and for elimination of temperature drift. For
accurate measurements metal film strain gauge sensors
are most frequently used. Their strain gauge coefficient
is considerably lower than that of semiconductors. A
distinctive feature of metal strain gauge sensors is a more
rigorous linear dependence of variation of resistance on
extension and lower temperature drift, which provides
better precision in estimating parameters under testing.
Since metal strain gauge sensors possess a low strain gauge
coefficient, their output signal wants more amplification —
about 1,000 times or over. The task set can be effectively
solved with the help of instrumental operational amplifiers
(ICA), for example, the ones manufactured by Analog
Devices [2] and Burr-Brown (T1) companies [3].

Owing to the low value of the tested signal of the
strain gauge sensor and the high coefficient of gain in the
instrumental operational amplifier, it is rational to employ
low-pass filters adjusted to 50 Hz in order to weaken outward
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interference induction. Further on the amplified and filtered
signal goes to the input of an analog-digital converter (with
12-bit capacity and digitization frequency of 1 Msps)
built in a 32-bit microcontroller (MC) manufactured, for
example, by STMicroelectronics company [4]. After that
the outcome gets averaged according to 200 measurements
for further formation of data packets and sending them
to the Universal Asynchronous Receiver/Transmitter
(UART), which virtually reaches a theoretical limit of 2,5
Ksps (corresponds to one measurement in 0.0004 second).

Importantly, the main source of interference induction
in a measurement system can be PC power circuits a
frequency of 30-200 kHz. To weaken high-frequency
interference induction and to protect a PC, the designed
system contains an optic isolation implemented in two
optically-coupled isolators (for data input into/output from
an MC). The isolation physically separates the measuring
block of the system from channels of communication
with the PC by means of a USB port. To make the process
of setting the balance of strain gauge bridges easier, the
measurement block contains a graphic display representing
tension (compression) curves and current values of the
signal entering the ADC.

For a more accurate estimation of mechanical
properties of solids in various physical fields and control
over the parameters (thermal, magnetic, radiation, etc.)
of these fields it seems sensible to upgrade the soft- and
hardware system. With this end in view, we have designed
an expansion port (GP1O) to which both outer ADC and
other devices can be connected. Their modes of functioning
are to be set by an algorithm (for instance, switching on/off
of a heater at given temperatures, thermal mode, intensity
of the magnetic field, radiation intensity, etc.).

Software

To process test curves we use a packet of developed
software designed in an object-oriented programming
language Delphi and the Origin program. The developed
program performs primary data processing: it receives data
sent from an MC to a PC, translates them from a digital code
into measurands (load-extension) calibrated by standards.

Figure 2 contains the program interface. Most of
the interface is taken by the space displaying the curve
of samples deformation which is drawn in the course of
receiving test data (Point 1). Along the x-axis and the
y-axis we get image of values of extension in millimeters
and of load in kilograms respectively. Calibrating is carried
out with the help of a pop-up menu (Point 2) providing
conversion of voltage values in volts into measurands.
The program also provides adjustment of digitization
speed (Point 3), the desired value of which is translated
into a digital code and transmitted to the inner MC register.
Further data from the ADC are recorded in a packet to be
sent to a PC in a set mode of register interrupt.
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Fig. 2. Interface of the program of data collection and
representation on a PC: 1 — space displaying the curve in
the course of testing, 2 — the pop-up menu for calibrating,
3 — the interval between two measurements, in seconds.

The array of experimental data is imported to the Origin
program for further procession and numerical calculus.
Figure 3 contains the interface of the Origin program and
deformation curves of steel X18H10T in various structural
conditions. Visualized deformation curves can be converted
into a format convenient for printing. Basic deformation
parameters such as, for example, yield point c,, rupture
point o, total extension ¢ , proportional extension g, can
be measured automatically.
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Fig. 3. Experimental deformation curves of steel
X18H10T processed in the Origin program environment:
1 — austenitic condition, 2 — after rolling deformation.
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The developed system of registration of deformation
parameters and the software employed also permit
measuring and analyzing activation parameters of plastic
strain in metals and alloys when tested for tension.

Conclusions
The research resulted in design and development of
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an original soft- and hardware system digitizing the analog
signal which provides multichannel data collection from
strain gauge sensors during mechanical tests of solids.
Outputting experimental data to a PC enables calculations
of deformation and activation parameters of solids.

The given soft- and hardware system provides
measurement accuracy of no less than 10 bits of useful
signal. The measurement interval can be set within the
range of 0,001 + 5 sec with a tuning step of 0,001 sec.
The speed of data exchange between the MC and a PC
can reach 921600 bps, which provides sufficient speed for
registration of deformation processes of about 10 ¢,
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