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This article describes the design options of sensing weight based on the principle of strain gauges. Measuring method is
based on the measurement of deformations on the surface of the body, which is converted to the change in electrical
resistance. This is an electrical resistance sensor, which consists of smaller cross-section wire of a suitable material and
substrate for wire attached. Depending on what principle the sensor works, there are various types: such as bending,
membrane, staple, ring and other. Moreover, the sensor can be made of different materials, most often of steel or aluminum
alloy. The article describes two options of measuring the bead wires: dynamic measurement about the effector and
measurement on the measuring stand.
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Posensanymo eapianmu ousaiiny éacu 30HOY6AHHA, 3ACHOBAHI HA NPUHYUNI MeH300amyukie. Memod eumipiosanus 3a-
CHOBANUIL HA BUMIDIOBAHHI depopmayili Ha NOBEPXHI MINA, AKUL NEPEMBOPIOEMbCSL Y 3MIHY erekmpuunozo onopy. Lle enexm-
PUNHULL ONIP 0amyuuKa, KUl CKIA0AEMbCs 3 MEHU020 NONEPEYHO20 nepepisy Opomy 6i0n06i0H020 mamepiany i niOKIaoKu
01 NPUKpinieHow opomy. 3anexcHo 6i0 npuxyuny podoomu Oamyuxd, iCHYIOMb iX Pi3HI munu: 36UUCMUL, MeMOpauHe,
wimanenvhe, Kiavyese i inwi. Kpim moeo, damuux moosce 6ymu 6Uu0mognieHuil 3 pisHux mamepianis, navuuacmiwie 3i cmani
abo anoMiniego2o cnaagy. Y cmammi onucani 06a 6apiaHmu UMIPIOSAHHSA OOPMOBUX OPOMIE. OUHAMINHULL SUMID epekmopa
1 BUMIPIOBAHHA HA GUMIPIOBANLHOT CINTLIY.

Knrouoei cnosa: 6opmosuii Opim, 6a208umipioganvHe, meH300amyux.

Puc.: 3. bion.: 12.

Onucanpl apuanmel OU3AiHA 6eca 30HOUPOBAHUS, OCHOBAHHbIE HA NPUHYUNE MEH300amYuKos. Memoo usmepenus ochosan
Ha UsMepeHuu 0edopmayuil Ha NOBEPXHOCU Meld, KOMOpblil npeoOpasyemcs. 6 UsMeHeHUe NeKMpULecKo20 COnpOmueneHus. Smo
INEKMPULECKoe CONPOMuUGIEeHUe OAM4UKa, KOmopoe cOCMOUm U3 MeHbUe20 NONEPEUHO20 CedeHUs NPOBOJIOKU NOOX0OsYe20 Ma-
mepuana u nOONOHCKU OJis NPUKPENTIEHHOU NPOBONOKU. B 3a8ucumocmu om npuryun pabomsl OAmyuxa, Cyuecmayiom ux pasiuy-
Hble MUNbL: U3UOAIOWUIICS, MeMOpanHoe, WmanenbHoe, Koblyesoe u opyaue. Kpome moeo, 0amuux modxcem 0bims U320MosIeH U3
PARULHBIX MAMEPUATIOS, YaUje 6Ce20 U3 CIATIU UL ATIIOMUHUEB020 CIIagd. B cmambpe onucarbl 06a éapuanma usmeperus 60pmo-
BbIX NPOBONIOK: OUHAMUYECKOE USMEPEHIEe IPPeKMOpa u usMepeHUst Ha USMEPUMETLHOU CIOTIKe.

Knwouesguie cnosa: 6opmosas nposonoka, eecousmepumenvHoe, meH300amuux.

Puc.: 3. buébn.: 12.

Introduction. Bead wire is an essential reinforced material for tires on automobiles,
earth-moving equipment, large trucks and aircraft. This product prevents tires from changing
shape due to air pressure or external forces, and it safely locks the tire onto the rim to prevent
vibration while driving. The bead wire and its placement is shown on Figure 1.

Fig. 1. The bead wire and its placement
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Measurement on the measuring stand. Weight of bead wire will measure on the
measuring stand, where is carried out measurement of the diameter, roundness and integrity
of the bead wires. Manipulator saves the bead wire in the measuring preparation that is placed
at 4 strain gauge sensors. The principle is shown on Figure 2 [1, 2, 7, 8].

Bead wire

Measurement of the
diameter, roundness and
integrity of the bead wire

Strain gauge

Fig. 2. Measurement on the measuring stand

Proposal of sensor for measurement on the measuring stand:
Input parameters for the design of a suitable sensor:

» Weight of measuring the stand: me = 30kg

» Weight of bead wire: mo = 0,5 to 3,5kg

* Required accuracy: +2%

* Environment: Normal

* The number of sensors (parallel): 4 pcs
The total mass of the system is mc:

Mg, =m,+m, (1)

m.= 30+ 3,5 = 33,5kg 2)
Calculation of the required weight capacity of sensor:

my, =kxm, (3)
The safety factor is k = 2, same as in the previous case.

my =2 \% = 16.75 kg 4)

The available nearest higher sensor board is board of maximum load capacity mn = 20 kg
and that responds to resolution nl 3000 d by O.I.M.L.R60 [9, 3].

The required accuracy of the measuring system is data which is dependent on many factors.
The basic parameter - resolution is the smallest verifiable segment. Evaluation units have a number
of segments multiple large of the sensor, which thus becomes limiting segment of the measurement
system. According to OIML R60 value vmin = 1/10000 rated capacity of the sensor.

Vmin = gote= %: 0.0033 kg (5)

The accuracy of the weighing system is the highest value, which is determined by the
following calculation:
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Sensor limit of minimum segment
= 0.0033xv2& = 0.0066 kg (6)

Vmin — Minimum segment of sensor

N — number of sensors in system

Limit of weighted scale that will be used:
m 3.5

TIO = 3000 — 0-0012 kg (7)

The accuracy of the proposed weighting system will be the
highest value = 0.007 kg. The required accuracy of the weighing
system is = 2%. That mean: in the weighted mass = 0.5 kg, it is
+0.01 kg. It follows that the proposed measuring system complies
with measuring accuracy [3, 9].

Dynamic measurement about the effector. Weight of bead
wires will dynamic measuring about the robot effector. Strain gauge Effector
is installed between the end flange of robot and gripping effector,

Figure 3 [4, 5, 7, 8].

Input parameters for designing a suitable sensor are:

» Weight of effector: me = 8kg Eendsiie

« Weight of bead wire: mo = 0,5 to 3,5kg B

* Required accuracy: +2%

* Environment: Normal

» The number of sensors (parallel): 1pc Fig. 3. Weight

Proposal of sensor for dynamic measurement about the effector: measurement about

The total mass is mc: the effector

Mme=mg+m, (8)
m,=8+3,5=115kg 9)

Calculation of the required weight capacity of sensor mn:

m, =kxm, (10)

Where k is the safety factor and its value is chosen between 1,25 to 2,2, depending on the
conditions of the measurement:

* The static / dynamic mode

* The presence of vibration

* Asymmetrical load

» Environmental conditions

* Factors influencing weighing system

As far as dead load greater than 50% of the gross weight is recommended use larger
safety factor k = 2, with this factor considered in the required capacity of the sensor.
my,=2x115 =23 kg (11)

The available nearest higher sensor board is board of maximum load capacity mn = 30 kg
and that responds to resolution nl 3000 d by O.I.M.L.R60 [9].

The required accuracy of the measuring system is data which is dependent on many
factors. The basic parameter - resolution is the smallest verifiable segment. Evaluation units
have a number of segments multiple large of the sensor, which thus becomes limiting segment
of the measurement system. According to OIML R60 value vmin = 1/10000 rated capacity of
the sensor.

€min = vmin.\'\-ﬁ

€min =

Robot arm

Strain gauge

Vmin = E000 ~ 6000 (12)
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The accuracy of the weighing system is the highest value, which is determined by the
following calculation:

Sensor limit of minimum segment
~ = 0.005xv1 = 0.005 kg (13)

Emin = 1?min,\c\-’f\i
Limit of weighted scale that will be used:

my, 35 _
E€min — H_I_ m— 0.0012 kg (14)

The accuracy of the proposed weighting system will be the highest value = 0.005 kg. The
required accuracy of the weighing system is + 2%. That mean: in the weighted mass = 0.5 kg,
it is = 0.01 kg. It follows that the proposed measuring system complies with measuring
accuracy [9].

Conclusion. Both measurement principles have their advantages and disadvantages. In the
first case, the main advantages are price, measuring over the handling and implementation
into existing equipment, but also disadvantage: lower measurement accuracy and possible
damage in a crash effector (manipulator). In the second case, the measurement is a main
advantage: the choice number of measurement points, measurement accuracy and
measurement during the evaluation of other measurements, but the disadvantage is: measuring
time-consuming and more complicated mechanics for precision.

Article was created within the project reasrch and development of Hi-Tech integrovanychstrojno
technologickychsystéemov pre vyrobuautomobilovychplastov.
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