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Abgtract: The article describes an experimental device basethe antagonistic involvement of pneumatic iaisf
muscles, a draught for changes of the experimdetate, made to provide possibilities for a motédfloperation of the
device and at the same time measurement of thatipel characteristics. The article also describest measurement
performed to verify its performance characteristisgig a wide-pulse modulation.

1 Introduction the Pneumatic Artificial Muscle (PAM) is now
Research and development in the field ofommonplace [1],[6],[7]. _
manufacturing technology is continually driven bgwn The article describes an online control systemafor

challenges from manufacturing companies and conepaneXperimental actuator based on the antagonistic

focusing on manufacturing machines and handlingvolvement of pneumatic artificial muscles (PAM$he

equipment. Efforts to maintain a strong competitiv@im of this work is to propose a methodology fofirue

environment lead manufacturers of  productiofnonitoring, measurement of dynamic characteristius

technologies to look for new solutions to manufeingy ~control of systems operating on a similar pringipieorder

nodes and to introduce modern technologies int® achieve optimal operation of the equipmenthastage

production. Currently, for example, there are regmients  Of basic management utilization, previous impleragan

for modern production operations, capable of fiiifij its ©Of advanced control functions. The control systeas w

function even in aggressive environments. Or vieesa, Ccreated using LabVIEW graphical programming sofewar

there is a need for a technical device, with apeedhdrive The designed control program uses hardware from

for an environment where standard types of driveriat  National Instruments company for its operatiororider to

be used for their negative impact on the workin%aﬂslOort the compressed medium into the transgstém

environment [1],[2].[3].[4],[5]. etween the pressurized medium source and the fatieum
In today's manufacturing plants, companies often g¥tificial muscle_:s, are used _electropneumatlc \&alvbich

through automation. In view of development trengthsas ~ @llows pulse-width modulation (PWM) [4], [7].

the Industry 4.0 concept, it is important for auétion to

take into account structural management as welloas 2  Description of the Experimental

implement modular management elements and network |nvolvement and Its Amendments

intercon.nect_ion of individugl _eIements of the pratitun 2.1 Original experimental device

system into its structure. Within the manufactursygtem In Figure 1 is a depicted experimental facility

elements, pneumatically-operated production faesliare omprising  antagonistic involvement of pneumatic
not an exception. For pneumatic actuators, drige®®n 4 tificial muscles.
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Figure 1 Experimental assembly of PAMs in antag@nassembly [4]

Description of the image: PAMPAMp — pneumatic did not suit the used analog-to-digital converter.
artificial muscle left/right, M — weight, RE — ptisn  Measurement of the temperature on the surface @f th
sensorg - the angle of rotation of the arm from the zer@neumatic artificial muscle in the vertical posit@and with
(vertical) position, Tc — thermocouple, R — electrithe inlet and outlet of the air at its lower parsanot
resistance, PC — Control stand/HB — pressure sensor equally suitable for several reasons. During oparathe

left/right, P — pressure, | — electric current; Msp — thermocouple was able to measure the temperatuarpf
inflation electro-pneumatic valve left/right, 2MV4p — one point on the PAM surface. Due to the PAMs stmec
deflation electro-pneumatic valve left/right, Pressure and its function, the temperature of each poithashape
at the compressor output. of the PAM was different. For this reason, an akive

was chosen where the surface temperature of the WikM

The above diagram of the device shows that there dve measured thermographically in the future. Tleeipus
constantly monitored pressure in PAMs, the sizehef scheme also does not allow control of the moveroktite
carrier arm rotation and the left muscle tempegtduring carrier arm, except for the use of feedback consiwig the
the operation of the device. mathematical model of the PAM system.

Assembly management is provided by a real-time
control system, consisting of NI CompactRIO compdee 2.2  Modified Experimental facility
designed for real-time monitoring, diagnostics eautrol. For a more detailed monitoring of the operating
The control system algorithm itself was designedhi@ conditions of the equipment, the original systemswa
LabVIEW Real Time graphical development environmensupplemented by measuring the acceleration ofithpast
The PC provides the user with the ability to manttee arm in the directions of its movement and alsohia t
progress of the measured variables while contgltire  forward direction of the carrier arm, in the eveoft
device in the user environment of the program [7]. imperfect connection of the drive shaft with thepsort

arm and also to detect any mechanical failureefigwvice.

After the initial experiments were completed [4jet
experimental device had to be modified for future The new design of the experimental device is shiown
integration into more complex systems, to eliminise Fig. 2. Thermal sensor temperature sensing watolédst
limitations and to do redeeming. The original syste the accuracy of the proposed system. Later it eamved
included temperature measurement on the left PAMavi [8].
thermocouple. This method of measuring the tempezat
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Figure 2 Modified experimental device assembly WiéiMs [7]
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Image description: PAM— left PAM, PAMs — right  this case was the positioning arm starting from the
PAM, LM -the center of gravity of the load-bearingminimum working pressure setting level in both PAWe
member M from the pivot arm shaftp S potentiometric results are shown in the iterations of the repgatontrol
position sensorp — angle of arm rotation from zero program.
position, P — left pressure sensorp P right pressure

sensor, P — pressure, | — electric current, R €tréde )
resistance, P— pressure at the compressor output/ Vip Arm rotation angle [°]
— left/right inflation electro-pneumatic valve M Vip — o 15,5
left/right deflation electro-pneumatic valve,v.B — 2 145
pressure in the pressure vessel, A/B/C — acceberati g '
sensors. The orange wires represent the signats tfie 13,5
original sensors, the red wires represent vibrasiensor 757 2L sion L] 797
signals, the green wires are used for control $gfa
electropneumatic valves and the blue color repteten 0,002
cross connection between the PAMs and pressurelves ¥, o o1
[7]. After the experimental device modifications ree £ 0
processed, experimental measurements were perfaome: < -0.001757 67\ 77 || 787 97 807
describe the operating conditions of antagonisti g
involvement of PAMs. < 0002 ,
-0,003 Iteration [-]
3 Experimental Measurements N Left PAM inflation valve
Results ER I
PWM utilization allows smaller rotation of the sapp 3 10 H H ‘ ‘ ‘ ’
arm as well as it has partial impact to a chandkerspeed 0

of its movement. The disadvantage of pneumaticesyst 759 769 779 789 799 809
is the interconnection of their parts with the néadower
pressure of the working medium with the sourcehaf t
pressurized working medium with higher pressurdoit
pressure in both PAMs, when the electropneumatiesa

Iteration [-]

Left PAM deflation valve

> : 20
are opened, pneumatic impacts occur which, cantead = 15
undesirable overhang of the support arm, at the ofin < 10 H‘
acceleration and deceleration of the support arm. 2 5
The partial results from the experimental measuneme 0
are shown in Fig. 3. The carry arm was positiometbi 759 769 779 789 799 809
position of 15 ° from its zero vertical position evie the Iteration []
working pressure in both PAMs is at the lowest llelre Figure 3 Results of experimental measurements
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The results of the experimental measurement showed Systems and Structur€SAGE, Vol. 23, No. 3, p. 225-
that the justification of the application of thecaleration 253, 2012.
sensors for monitoring the events taking placedmshe [2] DEARDEN, F., LEFEBER, D.: Pneumatic artificial
pneumatic system. muscles: Actuators for robotics and automation,
The experimental measurement results show the European Journal of Mechanical and Environmental
dependence between the opening of the electropieuma Engineering p. 11-21, 2002.
valve and the acceleration of the support arm. Alse [3] KLUTE, G. K., HANNAFORD, B.: Accounting for
dependence between the acceleration of the camyaad Elastic Energy Storage in McKibben Artificial Muscl
the deviation (overlap) of the actual position loé arry Actuators,Journal of Dynamic Systems, Measurement
arm from the required position, can be seen. Téngadion and Control,Vol. 122, No. 2, p. 386-388, 2000.
is a result of carry arm movement with the corresfiog  [4] KUNA, S.: Research methods for real time monitoring
acceleration and the number of iterations of itation. and diagnostics of production machind&issertation
With the system's low stiffness, the positioninguaecy of Thesis, TUKE, PreSov, 2015.
the end element of the device is significantlyueficed by [5] LAPLANTE, A.P., OVASKA, J.S.Real-Time Systems
the number of iterations (duration) during whicheth  Design and Analysi4 ed., John Wiley & Sons Ltd,

electropneumatic valve is open. USA, p. 560, 2012.
[6]KUO, S. M., et al.: Real-Time Digital Signal
Conclusions Processing: Implementations and Applicatio@sed.

An experimental device with a drive based on the England: John Wiley & Sons Ltd, p. 646, 2006.
antagonistic assembly of pneumatic artificial mesakas [7] SMERINGAI, P.:Vyskum metod online monitorovania
designed and modified, at the Department of Process Vyrobnych zariadeni s umelymi svalriiissertation
Engineering. This article describes the schema of Thesis, TUKE, PreSov, 2016. (Original in Slovak)
individual parts of the assembly, in its originaldain its
modified form, and one of a series of measurements
performed to verify the functionality of the propdsreal- _
time control system. Results of the measuremeniieview process
performed on the device have shown the justificafar ~ Single-blind peer reviewed process by two reviewers
the implementation of the acceleration sensorshi t
actuator system. Vibration sensing has providedaohérol
program with greater flexibility and improved capiiles
of the drive based on the antagonistic involvemeint
pneumatic artificial muscles, to control the penfance of
the device during deceleration and accelerationvever,
all this advantages are performed at the expentbedime
required to handle the workpiece. In the futurejsit
necessary to minimize the measured values to the
minimum necessary level, to optimize the calculatime
required to execute one iteration of the controgpam, to
analyze the time requirements for transmitting align
within the mechatronic system using current haréwand
possibly replacing the components with their faster
alternatives. At the same time, after modifying $igstem,
the module for control of the carrier arm positan be
replaced, for instance with algorithms for Fuzzgito
control.
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