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Summary

The article presents the control system for théaitmdn of quasi-static
and low-cycle bending and torsional loads thahienided for fatigue endurance
tests in which the maximum value of the load imposecalibrated electrically
or mechanically.

The components of the developed system are presdatgether with
examples of the practical application of the sysitetesters for printed objects.

Introduction

The manufacture of different kinds of materials godds requires various
tests to be conducted so that the appropriate lefvgroduction is sustained
and a competitive product obtained. Thus, the naseand goods are subject
to a number of tests performed on testers thaikched determine the endurance
[1], thermal, moisture resistance and other pararseaif every object tested. For
the majority of goods including, inter alia, metalpod or ceramics, the most
common tests conducted are the endurance test$H2]testing devices used
in these cases are the universal machines for endertesting [3] that are
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characterised by a wide range of the forces applidiich on the other hand,

meets the requirements of the tests in small laaditions. Products subject

to small load tests are usually tested on speethldevices that guarantee that
the forces applied are maintained with great acyueand in small measurement
ranges [4, 5].

The loads the objects can be subject to can bdativinto two categories,
which are constant and time changeable loads. Th&tidn and the character
of the stresses applied determine the kind ofdatigesistance. Depending
on the number of cycles and the character of clmmdjethe load imposed,
the following types of fatigue stress can be dgiished: constant (plus,
minus), fluctuating (plus, minus), pulsating (plusiinus), two-sided and
oscillatory. Additionally, with reference tothember of cycles, fatigue
resistance of the tested object is also determibgdthe Wohler curve
that separates the fatigue resistance into threasanf quasi-static, low-cycle
and high-cycle endurance [6].

This article presents the control system for faigesistance tests of goods
subject to quasi-static and low-cycle bending amdional loads. The system
is particularly intended for the testing devices.

1. System structure

The system developed is composed of the controlutepdhe measuring
element and the executive system (Fig. 1).

]
Feeder i [ Regulator
P
I i
User Panel H—p‘ PLC Controller
[ S S Y YA S
itk letnistvininimistruisinivirinisl Hninieieirivinimieivinintininl Initnirinieirint B sieiininbririninisl esivisistnieiteniiol ittt el It
| Measuring N Executive
i i
1 Element [ . System
i Measurement Measurement . Fcrequenc} i
e e L onverter
Converter Amplifier ! Executive
i
! l Element
I
[ Asynchronous DC
ih Motor Engine
i - - O T T
{ Measurement| [nductive Tensometric o ; ‘l,
| .
Sensor Sensor Force Sensor . | Grip/roll Setting
Element
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| Tested Object ‘

Fig. 1. Algorithm of the control system

The basic element of the system developed is th@ &untroller (Twido)
by Schneider Electric, which plays the role of thegulator. The main
advantages of this controller, apart from its cotitipe price, include
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the modular structure that allows for its extensimsulting ina greater
flexibility of the entire system. The controlleragsin the system developed
is equipped with digital an analogue inputs anguoig with a 12 bit resolution
[7] and the control panel — the feeder. The PLCtrodler applied, due to its
modular structure, can be additionally equippedhwitEthernet communication
module, which can play the role of either the locaihtroller for the external
main control system or the role of the network coligr for the monitoring
of the condition of the entire system connectethieyEthernet connector.

Another module of the control system is the exeeuglement composed
of the setting and the executive elements. Thegutpprofiled grips and rollers
play the role of the setting element, whereas teguency converter with
the asynchronous motor or the DC engine plays thle bofthe executive
element.

The frequency converter used is configured to wiorka vector mode
with a predefined frequency range and the extexoalrol option for the digital
and analogue inputs and outputs. The control ofctreverter from the digital
inputs and outputs enables the standby state torffemed, the rotation
direction to be selected, and the asynchronous maodo be stopped
in a controlled manner. The control from the anaomputs and outputs, on the
other hand, allows for the determination of theelesf the work frequency
of the converter that in turn enables the contifothe level of the rotational
speed of the controlled asynchronous motor. Theatiostal movement
of the controlled asynchronous motor is transfewatb the grip or the roller
by a crank mechanism with the use of a proper ,slgifiaranteeing that
the assumed torque and speed of the setting elareathieved.

The DC motor used in the developed solution pléngsrble of a precise
positioning system in which the direction of rotais and the load torque
of the motor are controlled.

In the solution developed, the measuring element c@mposed
of measurement sensors and a measurement convéh@rinductive sensors
and the tensometric force sensors were used amg@surement sensors
of the control system, whereas the measurement ifeanplis used
as the measurement converter. The signals fronmthective sensors are used
for the control of the work of the executive elemewhich is aimed at
the determination of the cycles of work of the isgtelement and the activation
of emergency states of the entire system.

The signals from the tensometric sensor are feaugir the measurement
amplifier onto suitable analogue inputs of the oansystem. The tensometric
force sensor and the measurement amplifier are fosetie electric calibration
of the force applied onto the object tested.
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2. System parameters

In the solution designed, the regulation objectasstituted by the stress
application process in the test object that is gdamn special immovable or
partly movable grips on one side and movable goipsollers on the other and
subject to cyclically changeable loads. The regutasystem used maintains
a constant value of regulation, which is possilblanks to the fact that the
output signal remains at the same predefined léwethe form of rotational
speed, force or torque) no matter what the extemeiference to the regulated
value exists [8]. The developed system fortheiappbn of cyclically
changeable stresses is characterised by the folipwivorking parameters:
maximum load torque at the asynchronous motor stiafp to 1.28 Nm, motor
speed ranging between 11.0 to 33.6 rpm, the nuwbaork cycles between 1
to 9999, the maximum value of the stress appligtetime of electric calibra-
tion of 50 N, and the maximum load torque at the &@ine shaft of up to 2.5
Ncm. In the developed control system, the signglih the following emer-
gency alarm conditions is possible: errors in thgnahronous driver, power
loss, an excess of the measurement range of tbe fonlue at the time
of electric calibration, an excess of the maximoad| torque of the DC engine,
or the appearance of the moment of destructiohebbject tested.

Additionally, the developed solution assumes thesjmlity of external
communication via the Ethernet network (data transpeed of 10 or 100

Mbit/s).
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Fig. 2. Block diagram of the force regulation syst@m- interference values, 1 — measuring point
for Chl channel, 2 — measuring point for Ch2 channel

In the control system developed, the tensometriccefo sensor
and the measurement amplifier are characterisethdyollowing technical pa-
rameters: a measurement range of the sensor ob0 b, a sensor sensitivity
of 0.5010 mV/V, total error less/equal 0.2%, an Hfiep supply voltage of 24
V DC, and an analogue output of the feeder withvititage of 0 to 10 V. The
electric calibration of the force applied in theve®ped regulation system
consists inthe application of the required strets, measurement and
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stabilisation directed at the development of theutnsignal for the executive

element and a simultaneous elimination of any fatence to the regulation
object (Fig. 2). The stabilisation of force at ttime of the measurement is
dynamically realised with an overshoot lower th&. 3 he regulation time (tR),

after which the predefined condition is obtainedzénnected with the dynamics
of the load change (Fig. 3).
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Fig. 3. Oscillogram from the force measurement agllation. Chl — input voltage function
of the regulation system (measurement amplifietaga), Ch2 — output voltage function
of the regulation system

The output function of the regulation system isagietd with a delayrj
caused by the averaging of the ten last measuremesuodts supplied onto
the input of the regulation system. The averagirethod used results from
the empirical analysis that indicated that the agirg of the ten last
measurements is the very moment when the elimimatd quick impulse
interference takes place. The delay between thet iapd the output function
of the regulation system results from the filtratiand signal processing
in the regulator.

The achievement of the stress determined at the timcalibration is
signalled on one of the digital outputs of the Ridhtroller (Fig. 4). This load
is then used to activate the appropriate signatlienjce.
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Fig. 4. Oscillogram from the measurement and reguiaof force with the signal in the digital
output of the PLC controller Chl — input voltage fiore of the regulation system, Ch2 —
output voltage function of the regulation system Ghigital signal function in the output
of the regulation system

In the developed regulation system, the control tlid load torque
for the DC motor is possible on the basis of thasneement of the value of the
current according to the following dependency:

M =c,@ 1)

where:
Cm — constant connected with geometrical paramefeteeddC motor,

@ — magnetic flux,
| — DC motor armature current.

The exemplary tests were carried out for the DChsmotor in which the
rated torque amounts to 2.5 Ncm. The charactesisfithe torque load of the DC
motor were determined based on the measuring p@iits 5). The function
of the torque in the function of the current camsrthe fact that for the nominal
current value and the torque the=f(1) of the DC shunt motor dependency is
very similar to the linear one.
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Fig. 5. Graph of the load torque of the DC motor

3. Application of the system

The developed system allows for the tests of emderso fatigue caused by
quasi-static and low-cycle bending and torsiondocbnducted. The system can
apply stresses of different characters includinggri alia, fluctuating, pulsating,
two-sided and oscillatory (symmetric and asymmgti@mads. The designed
control system was used in three different kinddefices for the application
of quasi-static and low-cycle small stresses thatcgclically changeable. These
devices allow for the realisation of the followirfgtigue endurance tests to
be conducted: two-sided, oscillatory symmetric, ngjemble quasi-static and
low-cycle bending (Fig. 6), one-sided or two-sid#gthngeable guasi-static and
low-cycle bending (Fig. 7), two-sided oscillatorynsnetric or two-sided
asymmetric quasi-static and low-cycle bending (8)g.

Tests realised with the use of the developed dewicable the application
of cyclical stresses onto the object tested, irclhin each and every work cycle,
the force used changes from the zero level to tieevdetermined at the time
of calibration. This force value in a single worcle oscillates between the plus
and the minus value. The calibration process idéwices developed is realised
mechanically or electrically. The main task of ttantrol system is to monitor
the speed of the oscillating load, count the numiifework cycles, calibrate
the loads, apply and control the torque in the ipeegrip positioning system,
and to monitor the emergency conditions. The corgystem enables, from
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the external user panel, the setting of such paemef the undertaken process
as speed and the programming of the number ofgycle
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b)
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Fig. 6. Tester for document paging: a) en tire devb) location of elements of automation
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Fig. 8. Tester for alternate twisting of documenith elements of automation

Summary

The advantages of the developed control systeradedts simple structure
and low production costs, as well as the univerd@racter that allows
for the application of the system in different tegtdevices. At the same time,
the solution also ensures good functional parameterd maintains good
metrological parameters.

The system enables quasi-static and low-cycle, Is@madl cyclically
changeable loads with the maximum value of the ltadue of 1.28 Nm
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to be applied. Additionally, the system allows ftire electric calibration

of the applied stress in the range of up to 50 NesSE parameters enable
individual copies of goods and the entire groupspodducts to be tested.
This is in the case of such materials as pladiloss or paper.

The developed system can work autonomously or witle use
of the Ethernet network, and it can be connectetth Wie system of testing
devices, which allows for the remote control of thst results obtained.

With a small change in hardware and software caonditions,
the developed system can also be dedicated fordyigle tests of low-loaded
materials.

The developed solution was used in equipment foe testing
of electronically tagged documents, whose researdthods are defined
by appropriate norms [9] and procedures of the@tigonal Civil Aviation
Organisation (ICAO) [10, 11].

Other possible areas of application of the develogmution may include
the devices for the testing of plastics [12], filnulp, paper and printing
products, as well as many different combinationsreébf enhanced with
electronic personalization systems, such as RFIRegsys (Radio Frequency
Identification) [13].

The developed solution is particularly intended fests carried out
for pulp, paper andthe printing industry, as wa#l electronically tagged
document certification laboratories.
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Quasi-statyczny i niskocyklowy uktad do wywieraniamatych obciazen
w urzadzeniach testugcych

Stowa kluczowe

Ukfad sterowania, obgtenie quasi-statyczne, obgenie niskocyklowe, zgina-
nie, skecanie.

Streszczenie

W artykule przedstawiono uklad sterowania do wywigs quasi-sta-
tycznych i niskocyklowych matych olagien zginapcych i skecajacych dedy-
kowany do badania wytrzymdld zmeczeniowej obiektow w uezlzeniach
testupcych, w ktérych kalibracja maksymalnej waxtowywieranego obaie-
nia odbywa s w sposéb elektryczny lub mechaniczny.

Przedstawiono elementy skladowe opracowanego uldéehowania oraz
zaprezentowano przykladowe aplikacje uktadu w taste wyrobow poligra-
ficznych.








