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W3 1aba. 1 BUAHO, YTO MaKCHMajbHbIE 3HAUCHUS
HaIPSHKEHHOCTH MarHUTHOTO moins: Hmax, A/m, npu
npokiazke ogHodasHbIX Kadenel TpexdasHol JIMHUU
TPEyroJIbHUKOM W B Psill, HE3aBUCHMO OT MecTa X
MOSIBJIGHUSI Ha TOBEPXHOCTH, OTIIMYAIOTCS JPYr OT
Jpyra Opy OJUHAKOBBIX 3HAUCHUSX O, M, a pacXoxK/ie-
HUsA 3HaYeHuM Hy, A/M, nocturarot 20 %.

B wurore, Bu3zyanapHOE OTpayKeHHE XapakTepa H3-
MEHEHHsI HalpsHKEHHOCTH MAarHUTHOTO TIONIS MO II0-
BEPXHOCTH OT TOKOB OIHO(A3HBIX Kabemeil Tpexdas-
HOW JINHUM yKa3bIBaeT Ha LeNecCO00pPa3HOCTh BBIIOIN-
HEHHS WHAWBHUIYATbHBIX PAacueTOB YpOoBHeH Hy, A/M,
JUTSL pasHBIX 3HAUeHH# d, M, W PACCTOSHHUN MEKIy
Ka0eJsIMU U TIOBEPXHOCTBIO YyK,n, M.

JIONONHUTENBHO, ClIeyeT OTMETUTh, 4YTO MpHU
BBITIOJITHEHUH PACYETOB HANPSIYKEHHOCTH MAarHUTHOTO
MOJISL IPOMBIIIIIEHHOH 4acToThl HO, A/M, O OKpYX-
HOCTH B OKpYXAIOLIEM IPOCTPAHCTBE OT LIEHTPOB
TpexdasHbIx Kabenei ¢ pacrongoxeHneM (a3 kadberen
TPEYTOIBHUKOM U B PSJ, XapakTep U3MEHEHHUS 1 MaK-
CHMaJIbHBIC 3HAYCHUS HAINPSHKEHHOCTH OyXyT MMETh
JpyTO¥# BU 1 cOOTHOMIEeHH [7, 8, 9].
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Conducting experimental research by tensometry is a very important issue in real time. But for such a study
it is necessary to calibrate the strain gauges. Calibration must be performed to identify the functional relationship
between the load acting on the test piece and the output signal of the equipment.

Keywords: strain gage, calibration, load, part, deformation.

Complex structural forms of components and
parts of modern machines and the variety of loads
acting on them, often do not allow determine the stress
state by modeling or calculation during the creation of
modern machines and structures.

The most optimal method of experimental re-
search of the local area of the installation during oper-
ation is strain gauge [1- 3].

Tensoresistors are resistors whose resistance
changes with the change of their linear dimensions
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under the influence of external factors. Tensor resis-
tors are wire, foil and semiconductor. The geometric
dimensions of strain gages of the first two types
change during their deformation [4].

Calibration of strain gages is carried out in com-
bination with measuring equipment [5]. It consists in
finding a functional relationship between the load act-
ing on the test part and the output signal of the equip-
ment.

To do this, creating pre-known loads on the part
on which the strain gauges are glued, and comparing
the values of these loads with the intensity of the out-
put signal, determine analytically or graphically their
ratio [6].

Depending on the sizes, a configuration and other
features of the investigated detail use two ways of
calibration of strain gages: direct and indirect. To ob-
tain reliable measurement results, the calibration con-
ditions should be as different as possible from the
conditions of experimental studies of objects.

Rg,

uniaxial deformation
(compression/stretching)

This means that the load diagram of the part, the
composition of the measuring system, the conditions
of its operation both during calibration and testing
must be the same.

Therefore, to determine the obtained results of
stresses, deformations in the crane beam was carried
out direct (static calibration).

In electrotensometry use bridge and semi-bridge
measurement schemes. The half-bridge circuit is wide-
ly used, especially in static processes, where one strain
gage is active, and the other is located in the load area
and is used for temperature compensation.

If the test piece is subjected to different types of
loads that cause deformation of bending, torsion,
shear, compression or tension, the strain gauges must
be arranged in the circuit so that they perceive the
necessary deformations. To do this, use a half-bridge
connection diagram, figure 1.

Rg, .
/;'. i".'r [

Figure 1 - Scheme of connection of strain gauges to the analog-to-digital converter ZetLab 210

The circuit uses two active strain gages with or-
thogonal and opposite arrangement, with thermal
compensation. The strain gauge is glued so that the
axis of symmetry of the lattice coincides with the di-
rection of deformation, which is measured.

Bending deformation is excluded by connection
in opposite directions. In the beams of the bridge

crane under load, the predominant tensile deformation.
Under load, the beam bends and thus increases its
length, and width decreases.

The outer wires of the strain gauges were con-
nected to the wires of the half-bridge circuit, which
was connected to the analog-to-digital converter
ADC) ZetLab 210, figure 2.

Figure 2. Connection of strain gauges to the ADC

Data from the ADC is fed to a computer. Calibra-
tion was to lift and gradually increase the weight of
the cargo from 0.0 kg. up to 3500 kg., with a step of
increasing the load to 500 kg.

The weight of the load was measured using a dy-
namometer DPU-10-2, figure 3. Dynamometer DPU-
10-2 (DPU-100-2) general purpose is used to measure
static tensile forces, calibrated in kilonewtons, and is
designed to operate at ambient temperature from -10
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9C to +45 °C and relative humidity no more than 60%.
Overall dimensions — 780 x 280 x 200 mm.

mtiblle
Figure 3. General view of the dynamometer
DPU-10-2

Measurement limits of the dynamometer DP-10-

- the smallest - 10 kN (1000 kgf);

- the largest - 100.0 kN (10000 kgf, 10 ts).

The division price is 1.0 kN (100 kgf). Limits of
the main consolidated error + 2%. When removing the
load from the dynamometer, the arrow of the reading
device is set to zero with an error of not more than 0.5
of the scale division price.

The limits of the additional error of the dyna-
mometer are 10 tons (100 kN), caused by the change
in ambient temperature in the operating temperature

range other than the temperature of normal conditions,
0.25 of the main error for every 10 °C.

The limit of the permissible value of the variation
of the dynamometer readings does not exceed the ab-
solute value of the limit of the permissible value of the
main error. The response threshold is not more than
0.5% of the maximum measurement limit. Permissible
overload - 100% of the maximum measurement limit.
Weight of the dynamometer DPU-10-2 — 20 kg.

When lifting the load, the delay during each cycle
was - 60 seconds. When lowering the load - 180 sec-
onds. The following initial data were used for further
calculations:

— length of the working surface (crane span) —
1,=22500 mm ;

— crane bridge material — VMst3ps;

— beam wall thickness — =6 mm .;

— duration of lifting of cargo — 180 sec., t,=60
seconds;

— duration of lowering of cargo — 60 sec., t,=180
seconds;

— length of strain gage — 1,=30 mm ;

— power supply of the tensometric bridge —
E=15V;

— coefficient of strain sensitivity — k,=2;

— Poisson's ratio — v=0.3;

— voltage in the crane bridge (obtained experi-
mentally, figure 4) — eo mV;

—Young's modulus — E=2,05- 105 N/mm2.

Voltage in the crane bridge for signal 1:

eo=(Ev/2) 'k() '53, (1)
where:

— ey, the voltage in the crane bridge (obtained ex-
perimentally);

— E\, power supply of the strain gauge bridge;

— ko, strain sensitivity coefficient;

— &, relative deformation.

Aranig Watepenie Orodpasenne ["eHepaTopst Perucrparop

AeTomaTHEal el Cepavcriie

B MuoroxaHansHLIi oCUMANOrPag
t=9922c¢ Curvand =-0.2 mB

Fiugurev4 - Stresses in thévcréurvle bfidgg were obtained e;per:iumer'{talllyu usi‘ruig an ADC ZétLab 210

Find the relative deformation:
E=dl/l= EN,, 2
where:
- &,, absolute deformation;
- Iy, the length of the strain gauge.

Absolute deformation is calculated by the formu-
la:

&=2edl Ey - k. ®)
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Then the voltage at the point (base of the strain
gauge) will be equal to:
o=E- &, 4)
where E is the Young's modulus (elasticity), for
steel VMst3ps E=2,1-105 N/mm2.

Conclusion. Selected measuring and recording
equipment, software that is part of the measuring
complex allows in real time to build functional rela-
tionships between the load acting on the test part and
the output signal of the measuring and recording
equipment installed.
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