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Abstract

The abrasive waterjet technology is used today mainly for cutting metal materials. However, it is
possible to use this technology also for cutting non-metal materials like marble or other materials whose surface
must comply with specific parameters. Cutting non-metal materials using the abrasive waterjet technology is
quite rare at present and we can find it mainly in laboratories. The main reason can be complicated settings of
technological parameters. Technicians working with these mechanisms can predict these parameters based on
their previous experience. Without such experience or when using new materials they have to make a lot of
experiments to find the right technological parameters. The main task of this paper is to show how to use modern
small computers to apply the automated system for the prediction of necessary parameters for the abrasive water
jet cutting system which is developed at our university. This automated system can be helpful especially for the
technicians who works with the abrasive waterjet technology or it may be part of robotized workplaces in future.

Abstrakt

V dnesni dobé je technologie hydro-abrazivniho paprsku (AWJ) uZivana zejména pro déleni kovovych
materiali. Avsak tuto technologii je mozné také vyuzit pro déleni nekovovych materiald napf. mramor nebo
jinych materiald, u kterych je dulezité ziskat povrch s urcitymi parametry. Vyuziti této technologie pro déleni
nekovovych materiall je v dnes$ni dobé zatim ojedinélé, protoze nastaveni technologickych parametrti je velice
komplikované. Technici, ktefi pracuji s timto zafizenim, obvykle nastavuji technologické parametry podle
predchozich zkusenosti. Pokud vSak nemaji predchozi zkuSenosti nebo pracuji s novym materidlem, musi
provést mnoho testd, tak aby byli schopni nalézt odpovidajici technologické parametry. Clanek je zaméfen na
seznameni s automatizovanym systémem pro navrh technologickych parametri technologie AWIJ a vyuziti
malych pocitacovych systémil. Tento automatizovany systém je pouZitelny zejména pro techniky pracujici
s technologii AWJ a nebo v budoucnu miiZe byt soucasti robotizovanych pracovist' v dolech.
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1 INTRODUCTION

The modern waterjet cutting technology was initiated by Norman Franz in 1968 [BURNHAM, C. D., KIM,
T. J.]. However, this technology was not widely accepted in industry, till the ultrahigh pressure pumps became
commercially available in the mid 1980’s. Today, as one of the most recently developed non-traditional cutting
processes, the Abrasive Water Jet (AWJ) technology, has been found to have extensive applications in
manufacturing industries for machining a wide range of metals and non-metals by using a fine jet of ultrahigh
pressure water-abrasive slurry. It has been particularly used in cutting ‘difficult-to-cut’ materials such as
ceramics and marbles, and layered composites [BITTER, J].

A conventional AWJ cutting system normally includes four major modules (Fig. 1): an intensifier pump,
providing high-pressure water; an abrasive delivery system and a cutting head producing the abrasive waterjet; a
computer controlled manipulator, which effectuates the desired motion of the cutting head; and a catcher, which
dissipates the remaining jet energy after cutting [BUMBALEK, B., OBVODY, V., OSTADAL, B. and
BURNHAM, C. D.,KIM, T. J.].

This technology is mainly used in two ways:
a) for disintegration (cutting) of material
b) for cleaning cutting surfaces, where the material was disintegrated by a different technology.
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Fig. 1 Overview of Abrasive Water Jet Hardware [VALICEK, J., HLOCH, S., KOZAK, D.]

2 ABRASIVE WATERJET DISINTEGRATION PROCESS AS A SYSTEM

To be able to control this disintegration process automatically it is necessary to describe this process as a
system. To do this we have to choose output parameters from this process and define input parameters. A
graphical description of this system is presented in Fig. 2.

These output parameters are divided into two categories. The first category is defined by the customers
who want to disintegrate some materials. The customers usually need to disintegrate materials with a specific
depth and quality. The other category of parameters is defined by the owner of the abrasive waterjet technology.
The owners usually need maximum productivity with minimal operating costs. This category represents two
parameters — cutting speed and power consumption.
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In this process a lot of input parameters exists affecting output parameters. It is a reason why we didn’t
show here all these parameters. We described here only some categories with few parameters in Tab. 1. In these
days most people working with the abrasive waterjet technology must set all the input parameters for the
disintegration process to acquire a specified depth and quality of cutting surface. It is a serious problem, because
a large number of input parameters exists with a quite huge range of each. Usually these parameters are set by
the user of the abrasive waterjet technology who has some experience with the disintegration of specific
materials. However, if there is a new material then many experiments must be realized with this new material.
And it takets money, time, material and energy.
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Fig. 2 Abrasive Waterjet Cutting Process as a System

Tab. 1 Examples of input parameters classified into categories

Categories of ) _ N
' Sl Technology Hydraulics Abrasive Mixing
Input parameters
Stand of Pressure Abrasive material Lengthtcl)Lzocusmg
z [mm] p [MPa] o o]
Traverse rate Orifice diameter Abrasive feed rate Dlarr_1eter of
1 . focusing tube
v [ms™] do [mm] m, [kg.min™]
dr [mm]
Some examples of
input parameters
Traverse direction : o Particle diameter Material of
o Material of orifice -
s[] dp [mm] focusing tube
Impact angle Shape of abrasive Abrz(aﬁlve feeding
o : irection
¢ [°] material £, [°]
d

3 SYSTEM FOR PREDICTION OF INPUT PARAMETERS

At our university we try to develop a control system for the abrasive waterjet technology. To use the
control system with a real time feedback is quite complicated for this process. It is a reason why we started to
develop the control system without feedback. A model of this control system is presented in Fig. 3.

The main aim of this control system is to predict the output parameters which are used as input
parameters into abrasive waterjet disintegration process. By this control system it is possible to set up the
optimum input parameters of abrasive waterjet cutting process much more effectively. With respect to the size of
abrasive waterjet system our team develops a remote control system which can be used in online or offline
modes.
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Fig. 3 Control system for Abrasive Waterjet Cutting Process

The online mode means that the predicted parameters can be directly uploaded into abrasive waterjet
system and the user can control the start/stop operations of the cutting process. The offline mode means that the
user can use this control system for example to calculate preliminary cutting costs of a specific material. It can
be useful also for managers and not only for technicians. The offline mode can be used also to determine specific
material cutting plan. For example, the customers need to cut some shapes in different materials, then it is
important to choose the correct order of materials beibg cut. If we choose the right order of materials, then we
need to change a few parameters on the abrasive water jet machine before starting to cut a next different
material. This correct order increases the productivity.

For the control system implementation we focuse on small computers like PDA (Personal Data
Assistants) or smart phones, because at present these computers are used by more and more people and are
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Fig. 4 Topography example of surface created under AWJ factor conditions, traverse speed v = 200 mm/min,
material AISI 309 [VALICEK, J., HLOCH, S., KOZAK, D.]
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4 CONLUSIONS

At present we realize this control system for PDAs and smart phones with the operating system Windows
Mobile 5.0 and higher. This system can be used in the offline mode only,. but we work also on the online mode
system. We prepare as well the application of optimization methods for calculating most parameters.

We expect the utilization of this control system also in future, because we suppose that in future more
autonomous robotic workplaces will exist . These autonomous robots will need to use a similar control system
like we mentioned in this paper. However, this control system will be only a small subsystem in a more complex
system.
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RESUME

Technologie hydro-abrazivniho paprsku je v dne$ni dobé doménou specializovanych pracovist. Jednim
z divodu je fakt, Ze pro dosazeni pozadovaného vysledku je nutné vhodné nastavit mnoho technologickych
parametrii. Nékteré z téchto parametri jsou uvedeny v Tab.1l. AvSak ono vhodné nastaveni parametrta obvykle
vyzaduje velké zkuSenosti s danou technologii a s konkrétnim typem materialu. Tzn., pokud tyto zkuSenosti
chybi, je obvykle nemozné dosahnout specifickych vlastnosti déleného materidlu. Doposud se tato situace fesi
provadénim experimentalnich vzorki, na kterych lze zjistit, ktery technologicky parametr je tfeba upravit. Tento
zpusob nalezeni vhodnych hodnot technologickych parametri je sice funkéni, ale v praxi ¢asto velice nakladny.
Zejména na &as, energii a material (v piipadé drahych materiald, napf. titan apod.). Z tohoto déivodu na VSB TU
Ostrava probihd vyvoj automatizovaného fidiciho systému, ktery by mohl fesit zminéné nevyhody doposud
pouzivaného zplisobu nastavovani technologickych parametrt.
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