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ABSTRACT: The paper presents a solution, which enables widening of more objective dia[gnostics and
examination of operating conditions of production systems by AWJ technology following their
economic effectiveness and competitiveness with the use of modelling and simulation. It contains the
base of more complex diagnostics and factors, on which it is built. It presents a suggestion of
experiment set for more complex diagnostics and the sugfestion of sets for its evaluation. It also
mentions expected benefits of the realisation of more complex diagnostics of operating conditions.
KEYworDs: production ~system, AWJ technology, diagnostics, operating condition, modelling,
simulation, optimation, machined surface quality, machined surface size, cutting time, operational
costs, economic effectiveness of operation, competitiveness

INTRODUCTION - BRIEF CHARACTERISTIC OF RECENT STATE OF ART

Recently most works dealing with the problem of production systems operation (PS) by AWJ
technology aim at examining the influence of technological parameters of PS by AWJ technology and
material parameters of machined material on the quality of machined surface often finishing by
modelling, simulation and optimation with the aim to find, for example, suitable combinations
(alternatives) of values of technological and material parameters for required parameters of the
quality of machined surface. In lesser degree it similarly examines the influence of technological
parameters, material parameters and the length of machined track on machining time. What is
missing, are mainly the solutions enabling modelling, simulation and optimation of the influence of
technological parameters, material parameters and the length of machined track, all at the same
time, on the quality of surface of machined surface and machining time following economic
effectiveness of machining time and competitiveness of companies operating PS by AWJ technology.
THE ESSENCE OF MORE DETAILED EXAMINATION OF MODELLING, SIMULATION AND OPTIMATION OF
THE OPERATION OF PS WITH AWJ TECHNOLOGY

More detailed examination is based on the fact that apart from separate examination of the
influence of technological and material parameters on the quality of machined surface and machining
time, their mutual influence completed by the size of machined area following operational costs,
economic effectiveness of PS with AWJ technology and competitiveness of companies operating PS
with AWJ technology.

Determination of optimal, compromise ratio of values of quality of machined area and
machining time. Also little shortening of piece machining time (obtained by small increase in
machining time) can have, with large number of pieces, have important influence on shortening of
total machining time with positive following effect on decreasing operational costs, increasing
economic effectiveness of operation and competitiveness.

Shortening machining time in the experiment mainly means decreasing the speed of movement
of technological head.

BRIEF ANALYSIS OF MACHINING TIME ON ECONOMIC EFFECTIVENESS AND COMPETITIVENESS

Shortening machining time by the optimisation of values of technological parameters creates,
within original time range (without optimisation), time space usable for machining other pieces, by
which benefits (B) increase considerably.

Their considerable increase with much smaller costs (C) means important increase of economic
effectiveness according to the relation for the calculation of economic effectiveness coefficient K:
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Koy = © (1)

Besides this, there will come improvement of competitiveness of the company operating PS by

the fact that they are able to perform larger volume of work in certain time than other (competition)
companies and they are able to apply for larger orders, the amount of which other companies do not
have possibility to complete in customer required time.

FOR DETERMINED
1. Material parameters (type and thickness of machined material)
2. Qudlity parameters of machined material surface
3. Total length of active track of fechnological head (track length for one piece
times fotal number of machined pieces)

ITIS NECESSARY TO DETERMINE
l
suitable, optimal combination of values of technological parameters
l
TO OBTAIN
l

Minimum value of total machining time (cutting) of required pieces number

Fig. 1. Explanation of the base of more detailed examination

PROCEDURE OF SOLUTION COMPLETING AND SPECIFICATION OF RECENT STATE OF ART

O

O
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The specifications of recent state of art are:
Characteristics and analysis of recent state of art about the diagnostics of operating conditions and
optimisation of operation in AWJ technology;
Suggestion for widening diagnostics and examination of operating conditions of PS with AWJ
technology following their economic effectiveness and competitiveness;
Experimental examination and analysis of the influence of material parameters, technological
parameters and length of machining track (track length corresponding with a piece times number
of pieces) on machining time and quality of machined surface;
Evaluation of experimental measurements;
Determination of mathematical models on the base of evaluated experimental measurements;
Transformations of mathematical models into the set of programs for the simulation of the
influence of material parameters, technological parameters and length of machining track (length
of track corresponding with a piece times number of pieces) on machining time and the quality of
machines area. Transformation will enable to use mathematical models in real time.

EXAMPLE OF SUGGESTION OF EXPERIMENS FOR MORE DETAILED EXAMINATION OF DIAGNOSTICS OF
OPERATING CONDITIONS OF PS WITH AWJ TECHNOLOGY AND THEIR EVALUATION

Example of experiment suggestion
Suggestion of experiment set containing following the type and thickness of machined material,

technological head movement speed, abrasive mass flow, machining time (cutting) and surface quality
(roughness) of machined material is graphically pictured in Tab. 1.

Table 1. Example of experiment set suggestion

Material Thickness Speed Abrasive flow Cutting time Roughness
M h, [mm] Ve [mm.min’'] volume t [min] R, [um]
’ Q. [g.min"'] z
M, 10 mm 60 = 290 0,12 + 0,58 23,32
$355 15 mm 40 + 180 250 0,19 + 0,87 21,59
20 mm 20 + 130 0,27 + 1,73 19,24
O S e OT5s0Er 1950
mm + ,19 + 0, ,
1.4301 20 mm 20 + 130 250 0,27 + 1,73 18,97
Ma ismm 100+ 520 007035 |3
mm + ,07 + 0, ,
AlMg3 20 mm 70 + 290 250 0,12 + 0,50 27,72
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Example of recording measured data
Sample of table head for recording measured data is shown in Tab. 2.

Table 2. Table head for recording measured values

sampleNo.: | 4| 2 | 3| 4| 5 | 6|7 | 8|9 |10|11|12]13]14]15
Parameter
hg
[mm] 10 15 20
VR 60 = 290 40 + 180 20 + 130
[mm/min] (input value of speed) (input value of speed) (input value of speed)
Q. [¢/min.] 250

t, [min] 0,12 + 0,58 0,19 + 0,87 0,27 + 1,73

R,
roughness 19,16 + 25,78 18,21 + 26,44 17,07 + 20,57
[um]

~C T ~C QST S5 —

Example of experiment evaluation

Experiments will be evaluated on two levels.

First level evaluation is done vertically, for example for one type of material, its one thickness
and each of changing speeds of technological head movement area, corresponding machining time and
machined surface roughness values are measured separately (subtracted). Taken values are recorded
in the graph for different speeds of technological head movement.

Second level evaluation is done horizontally, for example for several types of examined
materials and the same thickness and other constant parameters, corresponding values of machining
time and machined surface roughness are recorded into graph.

Example of set on level I:

For material M ;, material thickness, abrasive mass flow Q,; and technological head movement
speeds vy,v,,v3, machining times t; , t; , t; and surface roughness R;; R,;, R,; are evaluated. The result
are graphical dependencies of t; , t, , t; and R,;, R;;, Ry;3 on vy,v,,vs for material M1, its thickness h,
and for Qs and other constant technological parameters.

ti, t2, t3aR, Ry Ris —  vi,vo,v3 (M1, hy | Qar)

Example of set on level li:

For materials M 1, M 2, M 3, and for material thickness h { and abrasive mass flow Qu; same for
examined material, machining times t,; , t; °, t; and surface roughness R;; R,; R,; are evaluated.
The result are graphical dependencies of t; , t;, t; and R,;, R;;, R,z on material type M 1, M 3, M 3, for
the same material thickness and abrasive mass flow, for example h, , Q,; and other constant
technological parameters.

ti ,t2 s ts Ry Rz, Rz — MyuMauMs(hyQu)

Expected benefits from the realisation of the concept of knowledge solution

Objective and quick determination of optimal combination of technological parameters and
their values for determined material parameters and required parameters of quality of machined
areas securing the increase in economic effectiveness of operation and improving competitiveness.
CONCLUSIONS

Realisation and evaluation of the experiments and procedures for more detailed diagnostics,
the suggestion of which is presented in the paper, will complete previous solution of the Department
of production processes operation, Faculty of Production Technologies, Technical University in Kosice
with the seat in Presov (KPVP FVT TU) aimed at diagnostics of operating conditions of PS with
progressive technologies with main accent at AWJ technology.

It is also a partial subject of cooperation of KPVP FVT TU in Kosice with the seat in Presov with
the company WATTING Presov and Liquid jet workplace of Institute of Physics, Faculty of geology and
mining, Technical University in Ostrava, aimed at the connection of physical and operating
examination of PS with AWJ technology.

ACKNOWLEDGEMENTS .

Paper presents part of knowledge obtained by solving institutional task FVT IU 5/2011 and part

of knowledge created during planning experiments of external PhD thesis.

Tome XI (Year 2013). Fascicule 1. ISSN 1584 — 2665 75



ANNALS OF FACULTY ENGINEERING HUNEDOARA - International Journal Of Engineering

REFERENCES

[1.] FABIAN, S., STRAKA, L.: Manufacturing systems operation/Prevddzka vyrobnych systémov. FVT
TUKE. Presov 2008. ISBN 978-80-8073-909-8 (in Slovak).

[2.] FABIAN, S.: The example of technological parameters influence on quality parameters at cutting
steel HARDOX with technology AWJ. In.: TSO 2009 Proceedings. New Trends in Technology Systems
Operation. Presov, 2009. ISBN 978-80-553-0312-3.

[3.] FABIAN, S., SERVATKA, M.: The experimental stating and the analysis of mutual relevance of the
technological parameters influence on the surface machined by technology AWJ roughness
parameters. In: Scientific Papers. RAM-Verlag Ludenscheid, Germany, 2010. ISBN 978-3-942303-
04-0.

[4.] CHAJDIAK, J.: Statistika v Exceli/Statistics in EXCEL. STATIS Bratislava, 2002. ISBN 80-85659-27- 1
(in Slovak).

[5.] PITEL, J.: Meranie a diagnostika/ Measurement and diagnostics. TU KoSice , 2008. ISBN 978-80-553-
0128-0 (in Slovak).

[6.] PLANCAR, §.: Pisomny materidl k doktorandskej skuske/Dissertation. Presov 2011(in Slovak).

[7.] STN ISO 4287- Meranie drsnosti. Parametre drsnosti/Measurement of roughness. Parameters of
roughness (in Slovak).

.}"'.".I"'J”Jl. ‘lhl:l".'[{".l: HENIDD }I"i.
3 II-II | | | | e
HEEE NEENEN - z

ANNALS

Ity
h“ z-uu

gineering
mediara

jgiisy

HEEE EEEE
[ [ [ [ [m] I-I
IRTLRNATIOMAL JOURNAL OF [KGIREL

.I*—"*h ISH4-26T 3 (CD-EOM,OK
.I'HIH[" A1LHIE4) 5901 -1E851

ANNALS of Faculty Engineering Hunedoara

- International Journal of Engineering

copyright © UNIVERSITY POLITEHNICA TIMISOARA,
FACULTY OF ENGINEERING HUNEDOARA,
5, REVOLUTIEI, 331128, HUNEDOARA, ROMANIA
http://annals.fih.upt.ro

76 Tome XI (Year 2013). Fascicule 1. ISSN 1584 — 2665



