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Processing of flat glass

Abstract. The article discusses the issues of sheet glass processing and provides
information about the application, advantages, disadvantages and technological
capabilities.

The technological parameters of waterjet processing that affect to the cutting quality: the
jet speed, the grain size of the abrasive, the angle of jet inclination, the distance from the
nozzle to the treated surface.

The water cutting method or waterjet cutting can significantly increase the speed and
quality of material cutting. From an economic point of view, the consumption of
material and energy is significantly reduced (by 20-30%), due to the use of water energy
as the cutting tool in this method. The consumable material is only water and abrasive
material.

By modeling, when using software, it is proved that during waterjet cutting, lower
stresses are formed in the glass compared to mechanical roller cutting, thereby ensuring
minimal heat generation and accurate cutting with an edge roughness of Ra 1.6 microns.
Keywords: waterjet processing, sheet glass, abrasive, jet, CAE.
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Introduction

The uniqueness of the waterjet cutting technology lies in the fact that it can be used to cut almost
any kind of materials and is an alternative not only to mechanical, but also laser, plasma, and ultrasonic
cutting, and in some cases is the only possible one.

In modern mechanical engineering, very often high requirements are imposed on the quality of
metal cutting, which makes it impossible to use traditional equipment: guillotines or plasma cutting and
other methods [1-5]. Cutting metal with water has been used since the 60s of the XIX century by the US
aircraft company and is optimal for cutting metal, etc. high-strength materials [6, 7].

There is considerable experience in processing a complex profile by mechanical methods,
ultrasound energies, plasma, laser, water jet, etc. [2, 4, 8]. They predict a high average annual growth
rate of the world market of hydraulic cutting equipment [9].

When packet cutting sheets in mass production, waterjet processing is used. The expediency of
using packet cutting is determined by the following advantages: the ability to cut thin-sheet parts along
any contour without melting edges and warping sheets; reduction of abrasive consumption compared
to cutting single sheets; high productivity; identity and accuracy of the detail shapes which cut from a
one packet [10].

Despite the high productivity, the method of waterjet processing has not been sufficiently studied,
which is pretty much holding back its use. The works [11-14] are aimed at studying this method and one
or more technological parameters are being investigated: the speed of the jet, the size of the abrasive
grain, the angle of inclination of the jet, the distance from the nozzle to the treated surface.

The most common modern technology for cutting float glass is cutting with cutting rollers (Figure
1). The glass cutting rollers have a wedge-shaped obtuse-angled section and are made of hard alloys.
The sharpening angle of the used roller depends on the thickness of the glass. In this case, the cutting
takes place in two stages: first an incision is made, i.e. a scratch is formed with a chain of cracks
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appearing under it, and then a bending force is applied across the cutting line. Such glass cutting is the
creation of microcracks in the glass under the action of a cutting roller, along which the glass then splits.

Figure 1. Automatic cutting of glass with a cutting roller

Various factors, such as the type of cutting tool, its position, type of glass, applied pressure,
speed, glass surface quality, temperature affect the cutting quality. To perform a sufficiently good cut,
the roller speed (up to 160 m/min) and its pressure on the glass must be sufficiently large and constant.
These factors are interrelated: as the speed increases, the pressure should be reduced and vice versa. But
the main criterion for cutting is not so much the number of fragments when applying scratches and
various surface defects, as the stresses created by these defects in the glass. The deepest crack, which
occurs under the action of the tensile stress created by the pressure of the cutting tool, is crucial.

Research methods

In modern mechanical engineering, finishing operations have the main influence on the quality
and performance of details [13-17]. The task of improving the quality of products is associated with the
improvement of well-known and the development of new, effective finishing methods, among which
the leading place is occupied by methods of abrasive processing. Abrasive processing allows to ensure
the required accuracy and quality of details with high productivity, as well as high reliability and
durability of machines during operation, therefore the role of abrasive operations in modern mechanical
engineering is continuously increasing.

Waterjet processing is one of the varieties of processing details by free abrasives, allows to process
shaped details that are difficult to process on machines.

The process is insufficiently studied and the result of which is influenced by many technological
parameters: cutting jet pressure, nozzle feed, grain size, hardness, abrasive consumption, distance from
the nozzle to the waterjet processing surface, physical and mechanical characteristics of the processed
material.

In addition to the advantages, there are disadvantages of this technology, one of which is the
uneven distribution of the roughness of the cut surface along the depth of section, as well as
deterioration in quality with increasing nozzle feed [13-18].

Figure 2 shows a diagram of the installation of waterjet glass cutting. Water compressed by the
first main system component, the multiplier pump, to a pressure of more than 4000 atm, passes through
a water nozzle forming a jet with a diameter of about 0.5 mm, which enters the mixing chamber. In the
mixing chamber, the water jet "pull in" the abrasive (for example, garnet sand with particles about 0.4
mm in size) and then passes through a second, carbide nozzle with an inner diameter of 1 mm. From
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this nozzle, a jet of water with an abrasive exit is poured at the speed of about 3M (about 1200 m /s) and
is directed to the surface of the cutting material. Upon cutting this material, the residual energy of the jet
is extinguished by a special water trap. The cutting material is usually located on the coordinate table.

1 - high pressure water supply, 2 — nozzle, 3 — abrasive feed, 4 — mixer, 5 — casing, 6 — cutting jet, 7
— cut material.
Figure 2. Scheme of waterjet processing

In the process of waterjet cutting the following is consumed: electricity; air; abrasive; water. The
consumption of abrasive is about 300-350 g/min. As an abrasive material, it is recommended to use only
a natural abrasive - garnet, which has good strength indicators. The grain size of the abrasive material
should be from 200 to 600 microns.

The service life of the nozzle is about 50 hours, and the tube is 100 hours. The cutting width can be
easily compensated by CNC. Thus, it will not affect the accuracy and quality of cutting [17].

The main difference that waterjet metal cutting has from other methods of cutting sheet metal is
that there is no mechanical impact on the material. The absence of friction, heating of tools affects the
quality of the cut and possible applications. Waterjet cutting of metal with a jet of pure water or an
abrasive mixture is also successfully used for cutting the following materials: marble, granite, stone and
other rocks; glass, ceramics; steels and metals, including: titanium, stainless steel; reinforced concrete;
plastic, textolite, ebonite and paronite plates, rubber [7].

Cutting is carried out by a supersonic jet of water, which is obtained by concentrating the flow of
water through a calibrated hole. As a result, the waterjet cutting speed is almost three times the speed of
sound (810 m/s). Cutting can be with or without abrasive material, depending on the type of material
being processed on a Primus 202 machine with one or two 3- or 5-axis heads to ensure maximum
productivity and continuous cutting without compromising flexibility.

Due to the fact that the table is divided into two cutting zones, there is the possibility of working
in a pendulum mode: unloading/loading workpieces in one part of the table while the machine is
working in another part [13, 18].

Figure 3 shows samples of products made on a waterjet glass cutting machine.
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Figure 3. Product samples

Results and discussion

Precise shaped waterjet cutting of metal allows the use of machines in the production of jewelry
items, decorative elements and much more. The quality of the cut and the accuracy of the figures largely
depends not on the experience of the worker, but on the quality of the equipment and software:

1. A unique method of processing material using a narrowly directed water jet under pressure has
found its place in many areas of production and art. One of the main advantages of the waterjet cutting
method is the complete absence of chipped and heating surface which present during the usual cutting
of objects.

Thanks to modern technologies and the improvement of machines, it was possible to expand their
functionality and scope of application;

2. The ability to perform non-standard cutting of the material. Moreover, the change in the slope
of the cut does not affect the cutting quality. The precision of metal cutting at an angle allows the use of
the resulting blanks without further processing [18].

We will perform modeling and comparison of two methods of processing transparent glass with a
thickness of 10 mm and a size of 1 x 1 m: mechanical cutting with a cutting roller and waterjet
processing.

Figure 4 shows a 3D model of mechanical glass cutting with a cutting roller.

Figure 4. 3D model of mechanical glass cutting with a cutting roller

Using the resulting 3D model, we create a finite element grid and perform a static calculation,
the results (equivalent Mises stress, total linear displacement, yield strength factor, strength margin
factor) which are shown in Figure 5.
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Figure 5. Results of statistical calculation of mechanical glass cutting with a cutting roller

Similarly, we will perform a statistical calculation of waterjet processing, the results (equivalent
stress by Mises, total linear displacement, yield strength factor, strength margin factor) are presented in
Figures 6, 7.

- .

Figure 6. 3D model of waterjet glass processing
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Figure 7. Results of statistical calculation of waterjet glass processing

Analysis of the results of computer modeling has shown that with waterjet cutting, less stresses
are formed in the glass, i.e. a higher-quality cut and a more efficient and less marriage-forming method
of cutting glass.

Conclusion

Thus, the water cutting method or waterjet cutting can significantly increase the speed and
quality of cutting the material. From an economic point of view, the consumption of material and
energy is significantly reduced (by 20-30%), due to the use of water energy as a cutting tool with this
method. The consumable material is only water and abrasive material.

Practice shows that this method is economical, eco-friendly, has a number of advantages: minimal
heat generation ensures accurate cutting of materials; cutting speed can reach 30,000 mm/ min; accuracy
and full compliance of finished products; the possibility of cutting out parts of complex shape; ordinary
water can be used as a working fluid or with a small proportion of abrasive particles; no thermal effect
on the material (temperature in the cutting zone 60-90 ° C); a wide range of cut materials and
thicknesses (up to 200-300 mm or more); no melting and burning of the material on the edges of the
machined parts and in the adjacent area; environmental cleanliness and complete absence of harmful
gases; high cutting quality (edge roughness Ra 1.6 microns).
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Ta0ax IIbIHBIHBI 6HALY

Angatna. Makasaga TaOak IIIBIHBIHBI ©HJEY Maceledepi KapacThIpblAFaH >KoHe KOAJaHy,
apTHIKIIBLABIKTapP, KEMIIiAIKTep KoHe TeXHOAOTUAABIK MyMKiHAIKTep Typaabl aKIapar OepiareH.

Kecy camacpiHa acep ereTiH cy abpasuBTi ©HAEYAiH TeXHOAOTMAABIK IapaMeTpAepi: aFbIHHBIH
>KBIAAAMABIFBI, aOpas3MBTiH TYMipIIiKTiAiri, arblHHBIH KeA0ey OYpBHIIIbl, COIAOJAaH ©HAEAeTiH OeTke
AEVIHTI KaIIBIKTBIK,

CymMmeH Kecy HeMece Cy aDpa3uBTi Kecy 9ici MaTepuaaAbl Kecy >KblAAaMABIFbI MEH callachblH eAdyip
apTThIpaabl. DKOHOMUKAABIK TYPFBI4aH aAfaHAa, KeCy Kypaabl peTiHAe Cy SHEepPIUSACHIH OCBl dAiCIIeH
naiijasdaHy apKblAbl MaTepual MeH DHepIVSIHBI TYTBIHY aiTapabiKTall Temengeiiai (20-30% - ra).
[IsrrerH MaTepuaabl TeK Cy MeH aOpa3uBTi MaTepuaa 60AbII TaObLAAABL.

Mogeabaey apKblabl OardapAaMaAblK >KacaKTaMaHbl KOAJ4aHy Ke3iHge cy aOpas)BTi Kecy Ke3iHje
IIBIHBIAA MeXaHMKaAbIK POAUTIMEeH KecyMeH caAbICThIpFaHJa a3 KepHeyadep mHaiiga O0AaTbIHABIFBI
Ad4eAJeHAi, ocplaalillla MUHMMAaAABI KbIAYy IIBIFapybl KoHe >KueriHiH Ra 1,6 MKM keaip-OyAbIpbIMeH
A1 KeCyAl KaMTaMachI3 eTeAl.

Tyitin ce3aep: cy abpasusTi eHAey, Tabak 1IbIHEBIL, abpasus, arbiH, CAE

I'.T. Utei0aesal, I M. bazenos!, A.JK. Kacenos!, A.C. fAmomkna?, K.K. AGuries!
ITopatizvipos yrusepcumem, Ilasrodap, Kasaxcman
2Yysauickuil zocydapemeerinviii yrusepcumem umeriu VI.H. Yavsrnosa, Yeboxcapul, Yysauickas
Pecny6auxa, Poccust

O6paboTKa AMCTOBOTO CTeKAa

AnHOoTamms. B cratbe paccMoOTpeHBI BOIIPOCH OOpaOOTKM AMCTOBOIO CTeKAa M IpuBejeHa
nHQpOpMans O IpUMeHeHN Y, IIPeUMYIIecTBax, He40CTaTKaxX ¥ TEXHOAOTMIEeCKIX BO3ZMOXKHOCTSIX.

Texnoaormueckue mapameTpsl IMApoabOpa3uBHOI 0O0pabOTKM OKa3bIBAaIOIIMe BAUSIHME Ha
Ka4yecTBO pe3a: CKOPOCTb CTPYH, 3epHICTOCTh abpa3nBa, yroa HaKAOHa CTPYH, pacCTOsIHIE OT COoIlla A0
0OpabaTpiBaeMOIi IIOBEePXHOCTIA.

Mertoa peskn BOAOI 1AM TUApoabpasuBHas pe3Ka I103BOASIOT CYIeCTBeHHO YBeANIUTh CKOPOCTh
U KayecTBO pe3a MaTepmada. C DKOHOMMYECKON TOYKM 3peHHs, pacxol MaTepuada U DHepPIUM
3HauMTeABHO IOHIDKaercs (Ha 20-30%), 3a CueT MCIOAB30BaHUS PV TaKOM METOAe DHEPIUU BOABI B
KadyecTBe PeXXYIero MHCTpyMeHTa. PacxoAHBIM MarepmasaoM SBASIETCS TOABKO BOAa U aOpasMBHBIN
Marepuad.

MogeanpoBanneym, IIpM IIpUMEHEHNN IIPOTPAaMMHOIO oOecriedeHus! AOKasaHO, 4YTO IIpU
r1ApoabpasmUBHOI pe3Ke, B CTeKle 0Opa3yeTcsl MeHbIIINe HaIIPsI’KeHNsI 10 CPaBHEHUIO C MeXaHIIeCKOI
pe3Koll poaMKOM, oOecriedmBasl TeM CaMBIM MIHUMa/AbHOE TeIAOBbIA€A€HNEe VI TOYHBII pe3 C
IIepOXOBATOCTLIO KpoMKkM Ra 1,6 MxM.

Karouesnie caoBa: rugpoabpasnusHas 00pabOTKa, AUCTOBOe CcTeKA0, abpasus, cTpys1, CAE.
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