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Abstract—Water-jet cutting of glass is considered. Data are presented regarding its applicability, advantages,
disadvantages, and potential. In water-jet cutting, the following parameters are most significant: the jet veloc-
ity, abrasive grain size, jet inclination, and the distance from the nozzle to the machined surface. Computer
simulation shows that, in water-jet cutting, the stress in the glass is lower than in mechanical cutting by a
roller. That corresponds to minimal heat liberation and a precise cut with surface roughness Ra = 1.6 μm at
the edges.
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In any technological process, the shape, dimen-
sions, and properties of a material are modified so as
to obtain a product that conforms to the design draw-
ing. Each process is expediently used within a specific
range of parameters (workpiece properties, technolog-
ical characteristics) [1–5]. In water-jet cutting, practi-
cally any materials may be cut; it is an alternative not
only to mechanical cutting but also to laser, plasma,
and ultrasonic cutting. In some cases, it is the only
possible option.

In machine design, stringent requirements are
often imposed on the quality of the cut in metals. That
rules out traditional equipment: guillotines or plasma
cutting. Water-jet cutting has been used since the
1960s at aviation plants in the United States and is
regarded as optimal for the cutting metals and other
strong materials [6, 7]. Considerable experience has
been gained in machining complex profiles by
mechanical methods, ultrasonic energy, plasma,
lasers, and water jets [2, 4, 8]. The global market for
water-jet cutting systems is expected to increase rap-
idly over the medium term [9].

Water-jet cutting is used in mass production to cut
stacks of sheets. Cutting stacked sheets permits the
cutting of thick sheets to any contour without buckling
or melting of the edges; less abrasive is consumed than
in cutting individual sheets; productivity is high; and
the workpieces cut from a single stack are of identical
and precise shape [10].

Despite its high productivity, water-jet cutting has
not been adequately studied. That has slowed its prac-
tical adoption. This method was analyzed in [11–14].

Parameters investigated include the jet velocity, abra-
sive grain size, jet inclination, and the distance from
the nozzle to the machined surface.

The most common technology for laying out f loat
glass is the use of cutting rollers (Fig. 1). The rollers
used in cutting glass have a broad tapering cross sec-
tion and are made from hard alloys. Their sharpening
is specified in accordance with the thickness of the
glass. Two steps are used here. First, the outline is
traced; that is, a scratch is created, with a chain of
cracks radiating below. Then a f lexural force is applied
transverse to the cut. This cut corresponds to the cre-
ation of microcracks in the glass under the action of
the cutting roller. That is followed by cleavage along
the outline.

The quality of the cut depends on factors such as
the type of cutting tool, its position, the type of glass,
the pressure applied, the speed, the surface quality of
the glass, and the temperature. To obtain a good cut,
the cutting speed of the roller (up to 160 m/min) and
its pressure on the glass must be sufficiently high and
constant. These factors are interrelated: with increase

Fig. 1. Automatic machining of glass by a cutting roller.
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in the pressure, the velocity declines, and vice versa.
However, the quality of the cut depends not so much
on the splinters formed in scratch application and the
surface defects already present as on the stress created
in the glass by those defects. The decisive factor is the
deepest crack arising under the action of tensile stress
created by the tool’s pressure.

FUNDAMENTALS OF WATER-JET CUTTING
In manufacturing today, the finishing operations

have the greatest influence on the quality and perfor-
mance of the product [13–17]. Improving product
quality entails improving the finishing procedures,
notable among which are abrasive methods. By abra-
sive machining, the required product precision and
quality may be obtained with high productivity; in
addition, the operational reliability and life of the
equipment are excellent. Accordingly, the use of abra-
sive machining in manufacturing is steadily growing.

Water-jet cutting is a form of machining with free
abrasive. It permits the creation of complex surfaces
that are difficult to obtain in traditional machining.
More study of this process is required. It depends
mainly on the following parameters: the jet pressure,
the nozzle supply, the grain size of the abrasive, its
hardness, its f low rate, the distance from the nozzle to
the machined surface, and the physicomechanical
properties of the workpiece.

Along with these advantages, disadvantages of the
process include nonuniform distribution of the surface
roughness of the cut over the depth; and loss of quality
with increase in the nozzle supply [13–18]. In Fig. 2,
we show a system for water-jet cutting of glass.

Water compressed by a hybrid pump to more than
4000 atm passes through the nozzle, forming a jet
(diameter ~0.5 mm), which enters the mixing cham-
ber. The water jet takes on abrasive (for example, gar-
net sand of particle size ~0.4 mm) and then passes
through a hard-alloy nozzle (internal diameter 1 mm).
The jet of abrasive-bearing water leaves this nozzle at
a speed of around 3 M (~1200 m/s) and is incident at
the glass surface. After cutting, the residual energy of
the jet is quenched by a special water trap. As a rule,
the workpiece sits on a coordinate table.

In water-jet cutting, electric power, air, abrasive,
and water are consumed. The abrasive f low rate is
~300–350 g/min. Only natural abrasive is recom-
mended: garnet, which has satisfactory strength. The
grain size of the abrasive must be 200–600 μm. The
nozzle life is around 50 h; that of the tubes is ~100 h.
The cut width may be easily compensated by numeri-
cal control. Thus, it will not affect the precision and
quality of the cut [17].

The main difference between water-jet cutting and
other methods of sheet cutting is that there is no
mechanical action on the metal. The absence of fric-
tion and tool heating will unavoidably affect the qual-
ity of the cut and the applicability of the method.
Water-jet cutting of metal by pure water or an abrasive
mixture has been successfully used to cut the following
materials: marble, granite, and other rock; glass,
ceramic; steel and metals (including titanium and
stainless steel); ferroconcrete; plastic, fiberglass, ebo-
nite, and paronite (asbestos rubber) plates; and rubber
[7].

PRIMUS 202 JET-CUTTING MACHINE

The supersonic water jet used for cutting is pro-
duced by concentrating a water f lux through a cali-
brated hole. The velocity of the resulting jet is three
times the speed of sound (810 m/s). Abrasive need not
be added to the water. Depending on the type of work-
piece, the Primus 202 may be set up with one, two,
three, or five axial heads so as to ensure maximum
productivity and continuous cutting without loss of
f lexibility.

Fig. 2. Water-jet cutting: (1) high-pressure water supply;
(2) nozzle; (3) abrasive supply; (4) mixer; (5) housing;
(6) cutting jet; (7) workpiece.
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Fig. 3. Product samples.
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Because the table is divided into two cutting zones,
continuous operation in an alternating cycle is possi-
ble: unloading (loading) of the workpiece in one part
of the table, while the system operates in the other part
of the table [13, 18]. In Fig. 3, we show samples from
the machine for water-jet cutting.

RESULTS AND DISCUSSION

Because precise water-jet cutting of metal over a
complex contour is possible, this method may be used
to produce ornaments and decorative elements. The
quality and precision attained largely depend on the
operator’s experience, as well as the quality of the
equipment and the software.

Applications of water-jet cutting have been found
in many spheres. A great benefit of this method is the
lack of chipping. Another is that there is no surface
heating, which is typical of traditional methods. As the
technology and equipment are improved, applications
are expanding.

Nonstandard cutting is also possible. Adjusting the
cut inclination has no effect on the final quality. The
precision of inclined cutting permits the production of
steel workpieces, without the need for additional
machining [18].

COMPARISON
WITH MECHANICAL CUTTING

Transparent glass (1 × 1 mm, thickness 10 mm) is
machined by means of a cutting roller and by water-jet
cutting. In Fig. 4a, we show a 3D model of mechanical
cutting by a roller.

Using this 3D model, a finite-element grid is cre-
ated and used for static calculation. In Fig. 4b, we
show the results: the Mises equivalent stress, the total
linear displacement, the margin of f luidity, and the
strength margin.

In Fig. 5, we show the results of analogous statisti-
cal calculation for water-jet cutting: the Mises equiva-
lent stress, the total linear displacement, the margin of
fluidity, and the strength margin.

Analysis of the results of computer modeling shows
that less stress is formed in the glass by water-jet cut-
ting. The cut is of higher quality, and the method is
more efficient and produces less waste.

Fig. 4. 3D model (a) and results of statistical calculation
(b) for the machining of glass by a cutting roller. 
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Fig. 5. 3D model (a) and results of statistical calculation
(b) for water-jet cutting of glass. 
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CONCLUSIONS
1. Water-jet cutting significantly increases the cut-

ting speed and cut quality. In economic terms, the
consumption of materials and energy is considerably
(20–30%) less thanks to the use of the water’s energy
as the cutting agent. The only materials consumed are
water and abrasive.

2. Experience shows that this method is economi-
cal, environmentally sound, and has the following
benefits: precise cutting thanks to minimal heat liber-
ation; cutting speeds as high as 30000 mm/min; preci-
sion of the final product, in complete agreement with
the design drawing; no heating of the workpiece (tem-
perature in the cutting zone 60–90°C); applicability to
a broad range of materials, with sheet thickness up to
200–300 mm (or more); no melting or scorching of
the edges of the workpiece and in the adjacent layer;
no environmental impact and no harmful gas emis-
sions; and high quality of the cut (surface roughness at
the edge Ra = 1.6 μm).

REFERENCES
1. Popelyukh, A.I., Tyurin, A.G., and Plotnikova, N.V.,

Perspektivnye sposoby obrabotki materialov: Uchebnoe
posobie (Promising Methods of Processing Materials:
Manual), Chelyabinsk: South Ural State Univ., 2014.

2. Ablyaz, T.R., Vil’deman, V.E., Muratov, K.R., et al.,
Mechanical properties of products after electric-dis-
charge machining, Russ. Eng. Res., 2018, vol. 39, no. 10,
pp. 892–894.

3. Dudak, N.S., Itybaeva, G.T., Musina, Zh.K., et al., A
new pass-through lathe cutter, Russ. Eng. Res., 2014,
vol. 34, no. 11, pp. 705–707.

4. Zvezdin, V.V., Khisamutdinov, R.M., Grechishnikov,
V.A., et al., Laser machining of tool steels, Russ. Eng.
Res., 2018, vol. 38, no. 12, pp. 1038–1041.

5. Mukanov, R.B., Kasenov, A.Z., Itybaeva, G.T., et al.,
Face turning of holes, Russ. Eng. Res., 2019, vol. 39,
no. 1, pp. 75–78.

6. El-Hofy, H., Advanced Machining Processes: Nontradi-
tional and Hybrid Machining Processes, McGraw-Hill,
2005, pp. 32–46.

7. Mendalieva, S.I., Kosatbekova, D.Sh., and Akulo-
vich, L.M., Technology and equipment of hydraulic
cutting and waterjet processing in modern mechanical

engineering, Vestn. Nauki Kazakhsk. Agrotekh. Univ.
im. S. Seifullina, 2016, no. 2 (89), pp. 144–153.

8. Galinovskii, A.L., Tarasov, V.A., and Elfimov, V.M.,
Minimization of technological cost price of hydroabra-
sive cutting taking into account cost and technological
parameters of cutting, Izv. Vyssh. Uchebn. Zaved.,
Mashinostr., 2011, no. 4, pp. 46–54.

9. Stepanova, E.Yu., Kozhus, O.G., and Barsukov, G.V.,
Innovation cutting technologies with supersonic liquid
jet: Economy, market, state and development outlooks,
Vestn. Bryansk. Gos. Tekh. Univ., 2017, no. 1 (54),
pp. 243–253.

10. Stepanov, Yu.S., Barsukov, G.V., and Alyushin, E.G.,
Modern technologies of hydro- and hydroabrasive ma-
chining, Naukoem. Tekhnol. Mashinostr., 2012, no. 6,
pp. 15–20.

11. Tikhonov, A.A., Improving the efficiency of the water-
jet treatment process, Cand. Sci. (Eng.) Dissertation,
Rostov-on-Don, 2011.

12. Verchenko, A.V., Tamarkin, M.A., and Kishko, A.A.,
Cut face roughness analysis under waterjet cutting, Adv.
Eng. Res., 2017, no. 2 (89), pp. 116–130.

13. Smirnov, M.I., Spiridonov, Yu.A., and Karapetyan, A.R.,
Modern sheet-glass cutting technologies, Glass Ceram.,
2011, vol. 68, p. 6. 
https://doi.org/10.1007/s10717-011-9310-3

14. Galinovskiy, A.L. and Izotov, N.A., An experimental
study of hydroerosion of surface of a chill metal under
the influence of an abrasive-liquid ultra-jet, AIP Conf.
Proc., 2021, vol. 2318, p. 150013.

15. Dudak, N., Itybaeva, G., Kasenov, A., et al., Multi-
flute drill-broach for precision machining of holes, Sci.
Iran., 2019, vol. 26, no. 3, pp. 1415–1426.

16. Popov, V., Yanyushkin, A., and Arkhipov, P., Com-
bined electric diamond grinding of materials prone to
adhesive diffusive interaction, Mater. Today: Proc.,
2019, no. 11, pp. 36–41.

17. Shpilev, V.V., Improving the efficiency of the process of
waterjet cutting of sheet parts by optimizing the pro-
cessing modes and parameters of the working f luid jet,
Cand. Sci. (Eng.) Dissertation, Saratov, 2012.

18. Molchanova, E.S., Bychkov, N.A., and Chernyaev, S.I.,
Comparison of plasma, water jet and laser cutting
methods, and punching of structural materials in the
electronics industry, Fund. Prikl. Probl. Tekh. Tekhnol.,
2013, no. 6 (302), pp. 50–57.

Translated by B. Gilbert

SPELL: OK



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




