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ANALYSIS OF METHODS FOR MAKING HOLES IN METAL WITH A
THICKNESS OF MORE THAN 10 mm

Purpose. The aim of this study is to review and comparatively analyze modern methods for creating holes in metal
workpieces with a thickness of over 10 mm, evaluate their efficiency, and investigate the influence of processing param-
eters on the quality of the resulting holes. Attention is given to conventional methods, such as drilling and punching with
specialized tools, as well as non-traditional methods, including waterjet abrasive cutting, laser cutting, and electrical
discharge machining (EDM).

Research methods. The study employed a literature review and experimental investigations. Experimental methods
included step drilling, reaming, milling, hydro-abrasive cutting, laser cutting, EDM drilling, and cold stamping. Hole
quality was assessed using geometric measurements, surface roughness analysis, and examination of deformation zones.
Experimental setups included variable punch and die designs to study the influence of tool geometry, punch-die clearance,
and cutting forces on hole quality.

Results. It was determined that each method has distinct advantages and limitations. Punching is most effective for
high-speed, mass production with consistent geometry but requires precise tooling and rigid press equipment. Drilling
and laser cutting are suitable for single or small-series production, offering high accuracy but slower speed. Hydro-
abrasive cutting provides smooth edges and minimal thermal impact, though it is expensive and slower for small holes.
EDM ensures exceptional precision for hard or high-alloy materials but has low productivity. Comparative analysis
highlighted the influence of process parameters, such as punch-die clearance, cutting force, feed rate, and tool design,
on the quality and accuracy of holes.

Scientific novelty. The study provides a systematic comparison of multiple hole-making methods for thick metal
workpieces, integrating experimental results with process parameter analysis. The novelty lies in identifying optimal
parameters and tool designs that minimize edge defects and deformation, offering guidance for high-precision hole for-
mation in thick metals, which has not been comprehensively addressed in previous research.

Practical value. The findings can guide the selection of appropriate hole-making technologies in industrial metal-
working, optimize productivity, improve surface quality and dimensional accuracy, reduce material waste, and inform
the design of tooling and press equipment for mass and small-series production.

Key words: hole-making methods, thick metal workpieces, punching, drilling, laser cutting, hydro-abrasive cutting,
EDM, cold stamping, process optimization, surface quality.

Introduction

In modern mechanical engineering, aviation, energy  a technically difficult task, as it requires the optimal choice
and construction industries, there is often a need to create  of processing method, taking into account the type of ma-
high-quality holes in metal blanks of considerable thick-  terial, its properties, the geometry of the holes, the surface
ness - over 10 mm, where the holes must have high preci-  roughness, the required accuracy, the processing produc-
sion, even edges and minimal material deformation. Drill-  tivity and the economic feasibility of the chosen method,
ing holes in metal with a thickness of more than 10 mmis  as well as technological limitations.
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Purpose of the work

The purpose of this work is to review and compare
modern methods of making holes in metal with a thickness
of more than 10 mm, compare their effectiveness, and
study the effect of processing parameters on the quality of
the holes obtained. Given the constant improvement of
technologies and growing demands for productivity and
accuracy, attention will be paid to methods of punching in
dies with special tools and drilling, as well as non-tradi-
tional methods such as waterjet cutting, laser cutting, and
electrical discharge machining (EDM for drilling holes).
Each method has its own advantages and limitations, mak-
ing it more or less suitable for specific production condi-
tions.

Research results

Drilling is the most common method of making holes,
performed with a drilling tool. For thick metals, step drill-
ing or pre-reducing the load on the tool is used.

Boring and milling operations are also used to enlarge
or form non-standard holes, ensuring high precision and
surface cleanliness, but requiring powerful equipment and
experienced personnel (figure 1).

Figure 1. Step drill 8-30 mm

The advantages of this method are its simplicity of
implementation, availability of equipment, and high preci-
sion when properly equipped.

The disadvantages include high tool wear, limitations
on hole geometry, and the need for cooling.

Hydroabrasive cutting (Figure 2) combines water
pressure and abrasive material. It is used to form complex
contours in thick metal. Instead of cutters, the cutting tool
is water enriched with abrasive additives, which is supplied
under high pressure to the nozzle and destroys the integrity
of the metal at high speed. This method allows cutting cor-
rosion-resistant alloys and stainless steel grades. Hydroa-
brasive cutting outperforms laser cutting by tens of times
with a cutting depth of up to 250 mm.

-high-pressure water

mixing chamber

_ abrasive

. focusing tube

cutting jet

Figure 2. Hydroabrasive cutting scheme

Figure 3. Photo of hydroabrasive cutting

This method provides smooth and flawless edges (fig-
ure 4), free from structural defects, micro-scratches or ther-
mal damage. Waterjet cutting also allows complex shapes
and patterns to be processed thanks to a multi-axis cutting
head.

Figure 4. Photo showing the quality of the cut after hydroabra-
sive cutting
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As an example of the results of hydroabrasive cutting,
the results of a study of the cut surface for 30XGSA steel
with a thickness of 30 mm [*] are given. The experiment
was carried out on a Flow hydroabrasive cutting machine
on samples of three materials at a constant pressure of 400
MPa. Garnet abrasive with a grain size of 80 um was used.
During the experiment, the cutting jet feed range was var-
ied from 5 to 120 mm/min. The quality of the resulting sur-
face (figure 5).

Figure 5. The quality of the surface obtained with different cut-
ting jet feed ranges in hydroabrasive cutting: a — cutting jet feed
range from 5 to 40 mm/min, b — cutting jet feed range from 45
to 80 mm/min, c — cutting jet feed range from 85 to 120 mm/min

The results of the research show that as the feed in-
creases, the surface roughness increases. The roughness
value also changes across the cut cross-section: the surface
is uniform at the top of the cut, and a wavy surface is
formed at the bottom of the cut. This phenomenon is due
to the fact that the jet loses its cutting ability and deviates
from its initial trajectory in the direction opposite to the
feed direction.

The advantages of this method are the absence of
thermal impact (the material in the working area does not
heat up) and versatility (it allows cutting any materials).

The main disadvantages of this method are that de-
fects arise during the cutting process, the nature of which
is related to the loss of energy of the cutting jet passing
through the material. The cutting ability of the jet is deter-
mined by kinetic energy — the speed of the cutting jet, as
well as the shape and mass of the abrasive. During the cut-
ting process, the abrasive is destroyed, losing its original
shape. The flow, passing through the material layer, slows
down, and the jet deviates in the direction opposite to the
direction of the cutting jet. This deviation results in defects.
The main one is the unevenness of the cut roughness. Anal-
ysis of research shows that the surface roughness after
waterjet cutting in the range: R(a= 2.05-10.4 um,
R(z= 12.6-42.3 um does not meet the requirements for

parts with a cut surface roughness of up to class 8. Other
disadvantages include the high cost of equipment and the
difficulty of creating small-diameter holes.

Promising material separation processes include laser
cutting of metals, based on the processes of heating, melt-
ing, evaporation, chemical combustion reactions and re-
moval of molten material from the cutting zone. Laser cut-
ting (figure 6) is performed by locally heating the metal
with laser radiation focused on its surface. A small portion
of the incident radiation is absorbed by the surface layer
and causes it to heat up. An oxide film is formed, which
increases the proportion of energy absorbed, and the tem-
perature of the metals rises to the melting point.

_— mirror

laser
resonator

e

laser gas

| lens

laser ray

working area

Figure 6. Laser cutting scheme

Analysis of the literature and research results on laser
cutting has shown the following:

- the greater the thickness of the sheet, the greater the
roughness at comparable laser cutting modes;

- increasing the speed reduces roughness and in-
creases the power and pressure range in order to obtain a
cut with minimum roughness;

- increasing pressure increases roughness; reduces the
required power and increases the required speed for a given
roughness value.

- increasing the focal length increases roughness but
reduces the required power and increases the required
speed to achieve a given roughness value to a lesser extent
than pressure.

- increasing the power increases roughness, reducing
the required pressure for a given roughness value.

Figure 7 shows the most common surface defects that
occur when cutting certain metals of varying thicknesses
[*]. You can see changes in the roughness structure de-
pending on the thickness of the material (Fig. 7a, b, €). Res-
idues of solidified melt of irregular shape (Fig. 5 (a, c)) or
appear as rounded particles that adhere firmly to the lower
edge after cooling (Fig. 5d, e). The surface of some sam-
ples may have a clearly defined smoother strip (Fig. 5b, ).
The stainless steel sample (Fig. 5e) 5 mm thick has an ir-
regularly shaped welded structure at the bottom, which dif-
fers in colour from the upper, smoother part.
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#% irregularly shaped residues of solidified melt

Figure 7. Laser cutting defects: a — stainless steel with a
thickness of 5 mm, b — stainless steel with a thickness of 16 mm,
¢ — titanium 30 mm; d — electrical steel 0.5 mm; e — stainless
steel, oxidised at the bottom of the cut due to air mixing 5 mm,
f— 1 mm stainless steel

The most common surface defects that occur when
cutting certain metals of different thicknesses [*]. You can
see changes in the roughness structure depending on the
thickness of the material (figure 7a, b, c, €). Residues of
solidified melt of irregular shape (figure 7a, ¢) or appear as
rounded particles that adhere firmly to the lower edge after
cooling (figure 7d, f). The surface of some samples may
have a clearly defined smoother strip (figure 7b, c). The
stainless steel sample (figure 7€) 5 mm thick has an irreg-
ularly shaped welded structure at the bottom, which differs
in colour from the upper, smoother part.

With a material thickness of 10 mm and above, the
surface roughness Rz= 36.42-58.79 pum, which does not
meet the requirements for parts with a surface roughness of
up to class 8. For thick materials (10 mm and more) with a
large ratio of plate thickness to cut width, the quality of the
cut is greatly reduced.

The advantages of this method are high precision, the
ability to process hard-to-reach areas, and the absence of
mechanical contact.

The disadvantages include the high cost of equip-
ment, thickness limitations (over 20 mm is difficult), and
thermal impact on the edge of the cut hole.

The electroerosion method is effective for high-alloy
and hard metals. Processing occurs through an electrical
discharge between the electrode and the workpiece
(figure 8). This production method uses electrical pulses to
generate sparks in a special liquid medium. These sparks
create an electrical erosion effect, which is used to selec-
tively remove metal material from the workpiece, ensuring
high-precision machining. This innovative process effi-
ciently converts electrical energy into heat and is widely
used in the manufacture of precision components that re-
quire exceptional accuracy and surface quality [sales@hlc-
metalparts.com].

Figure 8. Electrical discharge machining (EDM for
drilling holes) scheme

Electrical discharge machining (EDM for drilling
holes) is specifically designed to create small holes or mi-
cro-pores. A rotating lead tube acts as an electrode, and the
tool is advanced into the workpiece, creating a hole through
a series of repeated electrical discharges. It is typically used
for parts such as nozzles, injectors, filters, and other com-
ponents that require precise hole diameter and shape.

The advantages of this method are high precision,
namely, wire EDM can achieve incredibly tight tolerances,
making it ideal for manufacturing complex parts with a
high level of precision. Unlike traditional machining meth-
ods, electrical discharge machining works without direct
contact between the workpiece and the cutting tool, making
it faster and less prone to wear. This method allows you to
cut a wide range of materials, from metals to alloys and
composites, and is suitable for creating complex shapes
with complex geometries.

The disadvantages include the slow process and the
need for a special dielectric fluid.

Cold stamping is useful for serial or mass production
when you need to make a bunch of similar holes in rela-
tively thick blanks. But for single or small-batch produc-
tion, this method isn't really worth it financially.

The cold stamping method involves making holes by
punching metal with stamping equipment, either without
preheating the workpiece or with preheating. It is mainly
used for mass production with metal thicknesses of up to
12-15 mm, although options are also available for thicker
sheets under conditions of increased force.

To conduct research on thick-sheet hole punching, the
Department of Metal Forming designed and manufactured
an experimental punch for punching holes (figure 9, 10).
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Figure 9. Model of an experimental stamp for punching a
hole: 1 — blank; 2 — punch; 3 — matrix; 4 — matrix holder;
5 — lower plate; 6 — punch holder; 7 — disc spring; 8 — support;
9 — shank; 10 — upper plate

Figure 10. oto ofan expeﬁmental stamp for punching a
hole

For research on thick-sheet hole punching, inter-
changeable punches and dies were designed and manufac-
tured with different sizes and shapes of the working sur-
face, from flat to stepped.

The advantages of this method are extremely high
productivity, excellent repeatability of geometry, the pos-
sibility of process automation, and low cost in serial pro-
duction.

The disadvantages include limitations on the shape
and thickness of the hole, the relatively high cost of manu-
facturing the stamp, the increased need for rigidity of the
press equipment, and the possible periodic formation of
burrs and deformations of the hole edge.

Conclusions

The results of the analysis showed that the most ef-
fective method for making holes in metal with a thickness
of more than 10 mm, the most effective method is punch-
ing, with each method having its own specific advantages
and limitations (table 1).

Table 1 — Comparative table of methods for making
holes (thickness 10 mm, @ 20 mm)

Accura- Limita-

Method cy
(mm)

Speed Cost

tions

Drill
wear,
need
for lu-
brica-
tion,
low ac-
curacy
with
high
thick-
ness
Expen-
sive
equip-
ment,
lengthy
prepa-
ration,
com-
plex
contour
pro-
cessing
Limita-
tions on
heat ex-
posure,
may
cause
scaling
and
struc-
tural
changes
Only
for con-
ductive
materi-
als, low
produc-
tivity
Re-
quires
dies, in-
itial
costs,
possi-

+0.2- ~0.2-1

0.5 holes/min Low

Drilling

~50-100
mm/min

Hydroabrasive | +0.1-

cutting 0.2 High

~300-
800 High
mm/min

Laser cutting +0.05-
(fibre) 0.2

Electrical
discharge
machining
(EDM)

+0.01-
0.05

~5-15
mm/min

Very
high

Low
(for se-
res ble de-
p_roduc- fects on
tion) the
edges
of the
hole

~30-60
holes/min

Cold stamping | +0.1-
(punching) 0.3

Selecting the optimal punching parameters is very im-
portant for achieving high-quality holes. In particular, im-
portant factors include the force, the geometry of the work-
ing surfaces of the punch, and the choice of clearance be-
tween the punch and the die. Failure to comply with the
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recommended parameters can lead to defects on the edges
of the hole and reduced accuracy and quality of processing.

For single and small-batch production, drilling and la-
ser processing are the optimal methods, while for mass pro-
duction, punching and stamping are the most effective
methods.

The analytical review considers various methods of
cutting and punching holes in thick-sheet materials. None
of these methods allows for a high-quality cut surface
across the entire thickness of the metal at a thickness of 10
mm and above.

It is necessary to investigate the gaps between the die
and the punch in order to obtain the accuracy of the
punched hole and the quality of the punched hole surface.
It is necessary to investigate the influence of different de-
signs of clamping devices on the quality of the cut surface.
The force required to remove the bar from the punch with
a rigid and movable remover. Investigate the factors that
determine the stability of the tool when punching holes in
thick sheet material. It is also necessary to investigate the
influence of speed parameters on the quality of the holes.
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Mema pobomu. Memoio yb020 00CHiONHCEHHS € 02710 MA NOPIGHANLHUL AHATI3Z CYUACHUX MEMO0i6 CINBOPEHHS OME0-
Di6 y Memanegux 3a20moekax mosuunolo nonao 10 mm, oyinka ixuvoi epekmugnocmi ma 00CiodHCceH s GNAUSY napame-
mpieé 06poOKU HA AKICIb OMPUMAHUX OMEOPIs. Yeaza npuoiiaemvcsi mpaouyiiHuM Memooam, MAaKuM K C8epOIiHHA ma
WUMAMNY8aHHA CReyiani3o8anuMy IHCMpPyMeHmamu, a MaKkolc Hempaouyitinum mMemooam, eKuo4aloyu 2iopoabpasuse
pisanns, 1azepue pizanns ma enexmpoeposiiny oopooxy (EDM).

Memoou o0ocniddcennsn. Y 00cniodicenHi SUKOPUCMOBYBABC 021510 NiMepamypu ma eKCnepumMeHmaibHi 00-
cnioxcenns. Excnepumenmansui memoou eKuouany cnmyniniyacme ceeponinis, po3ceeponiosanis, pesepysans, 2iopo-
abpasugHe pi3aHHs, Ja3epHe pPI3aHHA, eNeKmpoeposiliHe C6epONiHHA ma XOJ00He WMAMNY8aHHA. AKicmb omeopie
OYIHIOBANACS 30 OONOMO2010 2EOMEMPULHUX BUMIPIOGAHb, AHANIZY WOPCMKOCMI NOBEPXHI MA 00CIONCEHHS 30H 0edhop-
mayii. Excnepumenmanvui ycmanoeKku 6Kaouanu 3MiHHI KOHCIMPYKYIi NyaHCOHA ma wmamny 015 6UBUeHHs BNIUBY 2e0-
Mempii IHCMPYMEHMY, 3a30py MIdHC NYAHCOHOM MA WMAMNOM, A MAKONC CUTL PI3AHHA HA AKICMb 0MEop).

Ompumani pezynemamu. byno eusnaueno, wo Kodxicen memoo mace pisui nepesazu ma oomedxicenns. Llmamnyeanns
€ HatleghexmuHiwUM 05l BUCOKOUBUOKICHO20 MACOB020 BUPODHUYMBA 3 NOCIIO0BHOIO 20MEMPIEIO, ane 8UMA2ac mod-
HO20 OCHAWEHHs Ma HCOPCMKO20 Npecogozo 001aoHanHsA. CeepOninHa ma ia3epHe Pi3aHHs ni0X00amy 01 0OUHUYHO20
abo OpibHOCepiliHO20 BUPOOHUYMBA, NPOROHYIOYU BUCOKY MOYHICIb, ajle MeHuly ueuokicms. Iiopoabpasugue pizanus
3abe3neuye 2naoki Kpai ma MiHIMAAbHUL MEPMIYHUL 6NIUE, XOUA B0HO € 00PO2UM MA NOGINbHIUUM O/ HEGEIUKUX OMm-
sopis. Enexmpoeposiiine pizanns 3a6e3neuye GUHAMKO8Y MOYHICMb O MEepoux abo 6UCOKONe208aAHUX Mamepianis, ane
Mae HU3bKy npooykmuericmo. Ilopienanvnutl ananiz niokpecius 6niue napamempis npoyecy, makux AK 3a30p Wmamna,
Cuna pi3anHs, WEUOKICMb n00a4i ma KOHCMPYKYIsa IHCMpPYyMeHmy, Ha AKICIb ma MOoYHICMb 0Meopis.

Hayxkoea nosusna. /locniodicenns sabe3neuye cucmemamuine NopiGHAHH KilbKOX Memooi6 GU20MO6IIeHHs 0MEOpPI6
071 MOGCMUX MEmAnesux 3a20MmoeokK, iHmezpyoiuu eKCHepUMEHMANbHI Pe3yIbmamuy 3 aHanizom napamempis npoyecy.
Hoeusna noasieac y usnauenni ONMuMAIbHUX napamempis ma KOHCIMpPYKYil iHcmpymMenmie, sKi MiHiMizyioms degexmu
Kpatiok ma 0e@opmayito, nponoHyIUY peKomMeHOayii o000 BUCOKOMOUHO20 POPMYSAHHS OMBOPIE Y MOBCHUX MEMANAX,
Wo He 6YNI0 8CeDINHO PO32NAHYMO 8 HONEPEOHIX OOCTIONCEHHSX.

Ilpakxmuuna yinnicme. Pesyniomamu moocyms 0onomoemu y eubopi 8iON08IOHUX MEXHONIO2I 8U20MOGIEHHsL OM-
60pI8 y NPOMUCNOBII Memanooopodyi, onmumizyeamu NPoOyKMUGHICMb, NOKPAWUMU SKICMb NOGEPXHI Mda MOYHICMb
PO3MiIpis, 3MeHumuy 8i0X00U Mamepianry ma epaxyeamu NPOeKmy8aHHs IHCMPYMEHMIE ma npecosoco 0ONa0HAHHS 05

MAc08020 ma OpiObHOCEPIIHO20 8UPOOHUYMEA.

Knwouoegi cnosa: memoou suzomosnenusi 0meopie, mogcmi Memanesi 3a20Mo6Ku, WmMamMny8anis, ceepOoninHHs, ad-
3epHe pizanHa, 2i0poabpasusHe pizauHs, eneKkmpoeposiina oOpodKa, X0N00He WMAMNYBAHHS, ONMUMI3AYis npoyecy,

AKICMb NOGEPXHI.
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