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Planning a process of production, among other machining processes, is an important stage in the pro-
duction of products. The developed machining process should allow production of parts with the planned 
dimensional accuracy and specified surface roughness. With reference to the above, the scope of the 
carried out theoretical work included determining the dependences between parameters of the drilling 
process, tool wear, as well as the impact of these parameters on the hole quality. The main aim of expe-
rimental research was to analyse cutting tools wear in various phases of tool usage. The research consis-
ted in observation of metallographic microsections to analyse changes occurring in the drill bit 
microstructure. Then the microhardness was measured and in the next step the microhardness of the 
tested drills was statistically compared. Based on the results obtained, the percentage of wear for drill 
bits depending on microhardness was estimated taking into account the earlier estimated Percentable 
Production Cycle (PPC). This allowed determining the degree of wear and tear of drills by comparing the 
microstructure and microhardness between them. The aspects of cutting tool management are also 
discussed. 

Keywords: cutting tool management, drill bit, wear, hole quality, microstructure, microhardness, percentable pro-
duction cycle (PPC) 

 Introduction 

In many industries the structural components 
(parts) of devices and machinery are made by machi-
ning. Machining is aimed at shaping appropriate geo-
metry and surface roughness of a workpiece. This ena-
bles not only appropriate dimensions but also inten-
ded surface layer condition to be reached [1]. Depen-
ding on the assumed requirements for intended use of 
the component being machined, and consequently the 
achieved dimensional accuracy and surface roughness, 

machining can be divided into rough, shape and finish 
machining. Considering the above it into: rough, 
shape, is also possible to divide machining into rough, 
shape, precise and high precision machining or into 
rough, medium, high precision machining and honing.  

When machining holes drill bits are most 
commonly used. Their geometry and material they are 
made of have an important impact on quality of ma-
chining operations [2, 3]. This paper deals with HSS 
(High Speed Steel) drill bits due to its common usage 
and low purchasing costs. The main features of HSS 
drill bits are shown in Tab. 1.

Tab. 1 Comparison of HSS drill bit technological, economic and quality parameters [4] 
Price Low 

Durability Relatively short 
Regeneration capa-

bility 
Can be re-sharpened 

Machining quality 
Relatively low (necessity of pre-drilling (drilling a pilot hole) before machining and 

reaming to H7 tolerance) 
Productivity Low (low cutting speed and the need for chip removal) 

 Factors influencing drilled-hole quality 

In a technological process drilled-hole quality, i.e. 
hole size, surface roughness (Ra), roundness and radial 

deviation, is affected by drilling (machining) parame-
ters such as cutting speed, feed rate, drill bit wear, both 
low and high frequency vibrations that occur during 
drilling [5]. In addition to said drilling parameters also 
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the condition of cutting tool, i.e. degree of wear, de-
cides on hole quality. When number of holes drilled is 
increased, the cutting tool loses its original properties. 
Therefore, after a specified (expected) running time, 
the tool should be replaced or regenerated to maintain 
appropriate drilled-hole quality (i.e. proper dimen-
sional accuracy and roughness level). 

In [6] to evaluate the dimensional accuracy for 
holes made with countersink drill bits the following 
measurements were made: drilled-hole diameter and 
cylindricity deviations and perpendicularity deviations 
from the front face and coaxiality deviations from the 
round spigot. During material removal processing, 
keep in mind that it is necessary to follow and monitor 
the selected and preset machining parameters, as this 
has an important effect of the quality of workpiece. 

The symptoms of tool wear may include defor-
mations in the form of changes in tooth shape and ge-
ometry, loss of tool material, fractures, build-up edges 
as well as changes in surface layer properties [7, 8]. Ex-
cessive wear of drill bits is connected with the cutting 
zone temperature rise to a value that changes the basic 
properties of the tool.  

This is demonstrated by worsening hole quality pa-
rameters, working surface condition, dimensional ac-
curacy and occurrence of shiny or colour smears on 
the workpiece surface [8]. With increasing degree of 
wear of tooth, the frictional moment on minor cutting 
surfaces increases, generating a temperature rise, thus 
causing thermal deformation of the workpiece. 
Whereby the drilled holes are deformed in such a way 
that its diameter decreases [9]. The cutting edge wear 
also affects the form and shape of chips produced in 
such a way that the chip is discontinuous over its 
length [7]. 

According to indicative temperature distribution in 
cutting edge, chip and workpiece when turning steel 
with the depth of cut ap = 0.32 [mm] the extreme tem-
perature difference between the chip (348˚C, mini-
mum) and the cutting tool (700˚C, maximum) reaches 
up to 352˚C. Such high temperatures require that cut-
ting tools have the following two properties, namely 
heat resistance achievable by such alloy additives as: 
Cr, Si, Al, and creep resistance due to alloy additives: 
Ni, Mo, W, V, Co, Cr, Ti and Si. By fulfilling these 
conditions, it is possible to prevent to a great extent 
said unfavourable phenomena occurring in the ma-
chining process [10]. 

 Factors influencing cutting edge wear 

Properly chosen drilling process parameters, e.g. 
cutting speed Vc, have a large effect on wear of drill 
bits. The use of the right coolant when drilling has a 
significant effect on drill bit wear rate slow down by 
preventing excessive temperature rise on the tool at 
the cutting zone [11, 12, 13, 14]. 

Analysing the machining process, the occurrence 
of unfavourable phenomena accompanying the wear 
of cutting edges can be outlined. Assuming that a cut-
ting tool is properly used, the following main causes 
of wear can be indicated [15, 16, 17, 18, 19]: 
1 – mechanical wear – this is particularly noticeable 
when machining hard materials and materials contain-
ing hard inclusions. Consequently, the generated chip 
participates in the abrasion process on the rake and 
flank faces, which translates into cutting edge material 
removal. This leads to cutting edge dulling. 
2 – adhesion – the build-up edge is formed by „weld-
ing“ particles of the workpiece material onto the cut-
ting edge. The binding force is so high that when re-
moving the build-up edge, the cutting edge material is 
also removed.  
3 – diffusion – the high temperature allows particles 
and atoms on one material to diffuse into another ma-
terial. The chip that rubs against the rake face at a high 
temperature and under high pressures, adheres very 
strongly to this face.  
4 – oxidation occurs at the chip-cutting edge interface 
(high temperature, air exposure). Crater wear occurs 
(narrow gouges, scratches on the rake and flank faces 
perpendicular to the cutting edge).  
5 – plastic deformations – high temperatures are gen-
erated at high speeds at the tool-workpiece interface. 
While considering considerable pressures and the use 
of large tool feeds it is possible that so called plastic 
deformations of tools occur (high speed steels).  

 Assuming a constant cutting time, depending on 
the cutting speed a different wear rate of cutting edge 
can be observed for individual types of wear. Gener-
ally, the higher cutting speed, the higher wear rate of 
cutting edge. However, adhesive wear rate increases at 
small feeds and rotational speeds (for high speed steel 
tools), and then decreases with increasing cutting 
speed [20]. 

 Wear of drill bits and the quality of drilling 
process and drilled holes 

In this section, the aim of the review of the litera-
ture is directed the relationships between parameters 
of tech-nological process on the quality condition of 
the drilling wear and parameters dependend by the 
two mentioned relations on thequality paramteres of 
the holes. The parameters of drill bits used have an 
effect on both the quality of drilled hole and of drilling 
process. According to [21] an exemplary effect of wear 
of worn-out tool on the following aspects:  

·  Economic – in the form of longer operating 

time, increased power consumption resulting 

in excessive heat generation, and vibrations 

affecting the machine technical condition 

over time. 
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·  Technological – through higher hole surface 

roughness (eg. build-up edges – welding the 

chip onto the cutting edge due to diffusion 

processes and the occurrence of additional 

cutting edges, thus leading to a real metal-

metal contact), dimensional accuracy (tool de-

formation). 

·  Toughness – tool wear causes tool chipping 

or deformations. 

 
In turn, the drilling process parameters (e.g. cutting 

speed) have an effect on the drill bit wear rate and 
type. At the same time, the drilling process parameters 
influence the drilled hole quality. Interaction of drill-
ing quality parameters and drill bit wear parameters 
and their impact on drilled hole quality is presented in 
Fig. 1. 

 

Fig. 1 Relationships between wear of drill bits and the quality of the drilling process and machined holes

 Aspects of cutting tool management 

The opportunities to reduce tool operating costs 
come down to proper tool selection and design, 
method for manufacturing the tool and working con-
ditions in the workplace as well as to planning of 
worn-out tool replacement with new ones (or regen-
eration). All the above is connected with an appropri-
ate tool management system in a manufacturing plant. 

It should also be considered if the costs of tool re-
generation, including drill bits, are higher or compara-
ble to those of the purchase of new ones. Proper re-
generation carried out by removing the surface layer 
and renewing the right tool geometry assures proper 
machining parameters. Such tools with regeneration 
capability reduce operating cost of the machining 
work centre.  From an operational point of view, this 
is more cost-effective than the purchase of new tools. 
Tool regeneration can be carried out in-house, pro-
vided that an appropriate equipment and qualified per-
sonnel are available, or by hiring a company outside 
the company (e.g. a company that distributes a partic-
ular type of tools, or a specialised workshop). This is 

what makes the use of machining work centre cost-
competitive. 

The main principle is to select and design a tool 
that fulfils conditions defined by a technological oper-
ation or treatment, and is highly durable and efficient 
to keep operating costs as low as possible [22, 23]. For 
this purpose, the following relationships and recom-
mendations [3] can be specified: 

· Use of expensive materials only and exclu-

sively for cutting edges. 

·  Use of replaceable cutting edges that wore out 

very fast during machining operations. 

·  Use of typical and standardized designs – thus 

enabling continuous and trouble-free availa-

bility in the tool market. 

·  Use of tools with regeneration capability (e.g. 

by sharpening).  

 
However, special attention should be paid to drill-

ing small holes with diameters up to 1 mm. Such op-
eration is referred to as microdrilling. When choosing 
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and using such special purpose tools there is a signifi-
cant problem with tool life estimation. This is caused 
by too high load with respect to tool strength. In such 
cases, determination of drilling parameters performs a 
specific function. Thus, it is important to choose the 
right drill bit material, machining geometry, cooling 
and drill chucks. Even slight failure to meet process 
requirements or change in set parameters may damage 
the tool [24]. 

Effective tool management in the company, in a 
wider sense, should be connected with the rational 
management of machinery park. Achieving these goals 
may be supported by Total Productive Maintenance 
(TPM).  

The principal pillars of TPM include [25, 26]: 
•Autonomous maintenance – to create autonomous 
maintenance teams responsible for improving the ma-
chinery park efficiency.  

·  Improvement –  focusing on continuous im-

provement to reduce problems arising on ma-

chinery and equipment owned by a company, 

and  looking for ways to improve work per-

formance and quality. 

·  Planned maintenance – forming the habit of 

caring for machinery and equipment through 

scheduled inspections and maintenance.  

·  Planning a new machinery, equipment and 

tools – rational investment planning related to 

machinery park based on an analysis of gath-

ered data to decide on purchasing new ma-

chinery, equipment and tools, if really re-

quired. 

·  Quality assurance – an analysis of reason of 

production rejects and striving for reducing 

the number of rejects. 

·  Training – operators learn skills to maintain 

and repair machinery so that they can per-

form less complex repairs on their own. 

·  Machinery park management – standardisa-

tion and maintenance of good practices. The 

first step in machinery park management is to 

perform criticality of machinery and equip-

ment. 

·  Safety, health and environment – care about 

workplace safety and an impact of technical 

equipment on work environment.  

 
To optimise the machinery and tool management 

in enterprises the computer aided enterprise resource 

management systems (Enterprise Resourcing Plan-
ning – ERP) can be used. The above optimisation can 
be fostered by integration of the ERP system with the 
Manufacturing Execution System (MES). 

 An analysis of changes in drill bit 
microstructure 

The aim of experimental research is analysing of 
cutting tools wear changes in various phases of tool 
usage. The presented approach is mainly directed on 
the description of the tool condition in given phase of 
process, microsctucture changes and relations bew-
teen selected tools. The study was carried out on HSS 
drill bits (d=12[mm]) made of cobalt steels (Stalco 
Perfect) according to DIN 338 with the point angle of 
α=135 [°] and modified land wear with significantly 
reduced surface area to allow drilling without a centre 
punch. Modifications made enable drilling to be made 
in plates and thin components. The chosen drill bits 
are used to drill holes in rigid PVC profiles reinforced 
by hot-dip galvanized steel channel section (Fig. 2). 
The mentioned process is one of several dozen during 
PVC windows manufacturing.  

These drilled holes are provided for mounting win-
dow fittings, corners and espagnolette bars. The thic-
kness of the first ply of drilling is approximately 
tPVC=2.1 [mm] of PVC profile and secend ply tsteel=2.0 
[mm] of steel reinforcement. The specification of 
PVC and steel are presented in Tab. 2. The hardness 
of the materials is not considered due to an order of 
magnitude difference between the hardness range of 
the materials. 

Experimental examinations were carried out on 
HSS drill bits made of cobalt steels (Stalco Perfect) in 
four different phases of tool usage and wear. For all 
drill bits under investigation the MacAllister 500W 
pillar drill was used. The parameters of machining pro-
cess are presented in Tab. 3. 

The chosen tools with different degree of wear 
were taken from the production line. The one drill use 
cyclce is estimated on Nc=800 repetitions performed 
in the production run for a week (5 days) of work. Af-
ter this time tools are replaced with the news one. The 
degree of wear in Percentable Production Cycle (PPC) 
is described as (1) for drill samples (A, B, C): 

 � ! =
"#$

"%
∙ 100%  (1) 

A detailed description of the wear stages of con-
sidered drills in the tests, taking into account the num-
ber of holes made during drilling and the percentage 
of production cycle (except for the D drill), is pre-
sented in Tab. 4. 
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Fig. 2 PVC window sash and frame cross section (grey) and rubber seal (black) and steel reinforcement DX51D (red) – own re-
search based on [27] 

Tab. 2 Specification of machining materials according to the available databases [28] 

 ρ [(/)*,] E [GPa] Rm [MPa] Re [MPa] A [%] 

Rigid PVC (profile) 1.35 – 1.50 2.4 – 4.0 35 – 60 35 – 50 25 – 80 

Steel DX51D (reinforcement of 
PVC) 

7.90 210 270 – 500 ≥ 140 ≥ 22 

Tab. 3 Parameters of machining process 

Parame-
ters 

[units] 

Ød 
[mm] 

t PVC 

[mm] 

t steel 

[mm] 
Vc  

[m/min] 
fn 

[mm/obr] 

Vf  
[mm/min] 

fz  
[mm] 

n  
[rpm] 

z  
[-] 

Value 12 2.1 2.0 20 0.2 106 0.1 530 2 

where: d – diameter of drill, dh PVC – length of hole in PVC, dh steel – length of hole in steel, Vc – cutting speed, fn – feed per 
revolution, Vf – penetration rate, fz – feed per blade, n –spidle speed, z – number of blades 
Tab. 4 Description of drills used to study of microstructure and microhardness 

Sym. 
Number of drilled 

holes 
NdH [-] 

Percentable Production 
Cycle 

PPC [%] 
Short description 

A 0 0 Brand-new drill bit 

B 200 25 
Used drill bit, slightly worn-out – intended for 

regeneration 

C 800 100 

Used drill bit, worn-out to a large degree – in-
tended for regeneration due to dulling, axial de-
formation and significant heating up during hole 

drill. 

D – – 

Used drill bit - sudden and accelerated loss of 
properties, misused in a concrete - material har-
der than specification of drill bit, unsuitable for 

drilling holes, non regenerable.  
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The taken drill bits respectively denoted by (B), (C) 
and (D) had characteristic discolorations visible on the 
surface. The temperature measurement was not car-
ried out due to the impossibility of placing the meas-
uring device inside welded PVC frame. However, the 
occurrence of said discolorations on the tool surface 
indicates that the tool worked at high temperature [29, 
30]. 

To perform microstructure study choosen four 

tools in different stage of wear described in Tab. 4. 
The main interesting part of the drill is the frontal 
working part in the place of blade surface. These sam-
ples are taken by cutting off the part of drill bit ap-
proximately 30 mm above the cutting edge to be ex-
amined. The distance of cutting prevents blade surface 
of drill from the heat-influence and artificial micro-
structure changes – the sampling scheme is presented 
in the Fig. 3. 

 

Fig. 3 Illustration of the exemplayer of the drill sample 
 

 

Fig. 4 Microstructure of brand-new drill bit (A), (magnifica-
tion x1000, etching: 5% Nital) 

 

Fig. 5 Microstructure of drill bit (B) worn-out up to 25%, 
(magnification x1000, etching: 5% Nital) 

 

Fig. 6 Microstructure of used drill bit (C) – overheated du-
ring hole drilling – intended for regeneration, (magnification 

x1000, etching: 5% Nital) 

 

Fig. 7 Microstructure of drill bit (D) used in a hard material 
– misused (magnification x1000, etching: 5% Nital) 
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In the next step the material samples were embed-
ded in plastic. Afterwards, its surfaces were polished 
with sandpapers with progressively finer grit, be-
ginning from 120 and ending at 2500. The next action 
was to immerse the sample surfaces in water-based 
alumina (Al2O3) suspension until scratches disappear. 
Afterwards, the microsections etched with 5% 
NITAL reagent were subject to observation. 

The photographs of blade surface microstructure 
were taken by using the Nikon Eclipse E400 micros-
cope with digital image recording. The examples of 
prepared metallographic microsections and 
microstructure revealed after etching are presented in 
Fig. 4-7. 

 The microhardness measurement in rela-
tion to specified wear 

In reference to the varied results obtained micro-
structure from the surface od edge, the following im-
portant step is to measure the microhardness. The me-
asures carried out on the performed mettalographic 
samples by the use microhardness (μHV) tester Fu-
ture-Tech FM-700. The applied load to tests set at 0.5 
kG. In total 16 measurements were made for each 
sample. The extreme results were rejected (value: max, 
min). The results of average value and standard devia-
tion are presented in the Fig. 8a, and an orderly distri-
bution of results is presented in the Fig. 8b. 

 

Fig. 8 The measures of microhardness (μHV): a) average average value and standard deviation, b) distribution of results 
 

The detailed and compared data of measures are 
presented in the Tab. 5. Based on the carried out ex-
perimental tests is possible to determine the difference 
between A and D base on average value microhard-
ness –  it is estimated as ΔμHV=136 [μHV]. It follows 
to describe Percentable Wear (PWμHV) of tools in the 
relation to microhardness (2): 

  ����� =
(��� !���")

∆$%&
∙ 100% (2) 

where: ,-./ – value of microhardness of new drill; 

,-.2 – consecutive measurements

Tab. 5 The detailed data – summary of measure microhardness from surface cutting tools at certain Production Cycle (PPC). 

DESCRIPTION 
A B C D 

PPC=0% PPC=25%  PPC=100% 
PPC= - 

[%] 
Average of microhardness measure μHV 855 918 971 991 

Absolute difference of average μHV 0 63 116 136 
Sdandart deviation μHV 50 ±39 ±41 ±37 

Absolute difference of standart deviation μHV 0 11 9 13 
Maximum value μHV 795 849 908 952 
Minimum value μHV 970 984 1050 1092 

      
Percentable Wear dependent from microhard-

ness PWμHV 
[%] 0 46 85 100 

ΔμHV=136 [μHV]

 Discussion of experimental results 

The all obtained results require appropriate discus-
sion. In the first, presented informations in the con-
text of Tab. 5 about number of drilled holes have to 

be presented in the form of: Time-Life (TL) of total 
lenght summary depth of drilles holes (TLLENGTH) – 
equation (3), and total working time of effective wokr 
expressed in minutes (TLTIME) – equation (4). The de-
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tailed values of mentioned equations above are pre-
sented in the Tab. 6. In the mentioned table is consi-
dered two modes taking into account the thickness (t). 
Considering of two modes is related with listed mate-
rials: reinforcing steel and PVC profiles. The first 
mode take to consider summary thickness (tPVC+steel) 
of drilled holes and the second mode take thickness 
only for steel (tsteel). These distinctions of material 
thicnkess are related to hardness of machined mate-
rials and dull the edge (decrease sharp cutting edge). 

The rationale behind this is that the hardness PVC 
profiles is several orders of magnitude lower than steel 
and influence on cutting edge is insignificant – in the 
effect the PVC is easier material to process in terms of 
tool wear. 

 �� !"#$% =  '(% ∙ *  (3) 

��$,-! =  
$ ./0123 ∙ 4555

67
=

$ ./0123 ∙ 4555

89 ∙ :
 (4)

Tab. 6 The detailed data – summary of measure microhardness from surface cutting tools. 

DESCRIPTION 
B C 

PPC=25% PPC=100% 
Percentable Wear dependent from microhardness 

(PWμHV) 
[%] 46 85 

Time-Life (TLLENGTH) – summary 
length of depth drilled holes 

tsteel+PVC 
[m] 

0.82 3.28 
tsteel 0.40 1.60 

Time-Life (TLTIME) – summary time 
of drilling 

tsteel+PVC 
[min.] 

7.74 30.66 
tsteel 3.77 15.09 

 
In reference to Tab. 6 visible is almost two-fold di-

fference of TLLENGTH and TLTIME. The main reason of 
these values is lenght of the hole. The difference of 
thickness between materials taken to calculations is 
equal to 2.1 mm – however, it does not bring signifi-
cant differences in the results, which allows us to state 
that the thickness of the steel has a predominant influ-
ence on the length of the tool's operation, in relative 
to the PVC profle. Therefore, when considering the 
Time-Life (TL) of HSS drills and the similar thickness 
of the materials mentioned, the thickness of the PVC 
profile may be ignored. In summary, the most reliable 
measurement for this type of calculation is to assume 
a constant thickness – in this case 4.1 mm with dis-
tinctions on tsteel and tPVC and to state the number of 
made holes. 

The experimental examinations were focused on 
the drill bit cutting edge and applied to its microstruc-
ture. Microstructure of brand-new drill bit (A) is pre-
sented in Fig. 5. This microstructure is constituted of 
martensite with unevenly distributed visible carbides 
of different size in the form of bright individual spots 
with globular-like shape. The next results of material 
examination (drill bits B, C) are shown in Fig. 5-6. Pre-
sented results of microstructure changes arisen in ef-
fect of drilling holes. According to the results pre-
sented in [29, 30, 31], it can be assumed that locally on 
a small surface area of drill bits B and C – in the Fig. 
5-6 is noticeable color changes in the relation to new 
drill bit (A). The changes are caused primarily by tem-
perature effect and heat generated during tool opera-
tion. Microstructure (B) presented in Fig. 5 (micro-
scopic image) reveals local slight changes related to the 
presence of tool overheating zones (dark blue colour). 
Dark blue islands form small clusters on the micro-
structure surface (drill bit B). The next microstructure 

(drill bit C) presented in Fig. 6 shows more distinct 
presence of overheating zone. This results from 
longer drill operating time, thus greater amount of 
heat generated.  

A special case is the misused drill bit D because of 
quite different nature of the obtained microstructure. 
During test drilling, the drill bit was slightly deformed 
at the cutting zone, thus indicating a very high working 
temperature. The revealed microstructure for drill bit 
D (Fig. 7) according to description contained in [32] 
represents ferritic microstructure with primary and 
secondary carbides mainly precipitated at the ferrite 
grain boundaries. 

For the measure of microhardness of cutting sur-
faces the worth of observe is the increase the micro-
hardness in evry in each of the following stages (B, C, 
D) in the relation to microhardness of the new drill 
(sample A). The smallest differences between each 
other concern tools marked as A-B and C-D. Alt-
hough small amount of data, based on the mentioned 
results it can attempt approximate the maximum value 
of Percentable Wear dependent from microhardness 
(PWμHV) dependent on the Production Cycle (PPC). 
The Fig. 9a contains trend line of logarithmic function 
with good fitted to experimental which describe R-
squared value. Due to the inability designate a trend 
line for x=0, value of Percentage of Production Cycle 
(PPC) was set as 0,125% which corresponds to first 
drilled hole. In the Fig. 9b presented approximate re-
sults to obtain maximum tool wear limit value of 
PWμHV – which is result of sample D. The computa-
tions indicate the value of PPC=327% – which corre-
sponds to the value 2616 drilled holes (drill bit D). For 
information, it can be indicated that the approximated 
value for PPC=25% is PWμHV=54% (drill bit B) and for 
PPC=100% is PWμHV=79% (drill bit C). The absolute 
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value of the difference for mentioned approximatly re-
sults versus experimental results are following: 

PPC=25% is 8% (drill bit B) and for PPC=100% is 6% 
(drill bit C).

 

Fig. 9 Percentable production cycle (PPC) versus Percentable Wear dependent from microhardness (PWμHV) for: a) designation of 
trend line with R-squared value; b) Approximated results for maximum PWμHV dependent by the PPC

 Conclusions 

The discussion of obtained results as well as litera-
ture review allow the following conclusions related to 
the obtained results in the form of parameters of cut-
ting process, microstructure images and microhard-
ness of drill bits under investigation.  

The drill bit wear rate and type (e.g. dulling, build-
up edge formation, chipping) affected by hole drilling 
process parameters (e.g. cutting speed). Proper se-
lection of said parameters decides also on proper 
drilled hole quality. In turn, the degree of drill bit wear 
has an effect on both drilled hole quality and drilling 
process efficiency. Therefore, attention should be paid 
to that the use of worn-out drill bits lest a detrimental 
impact on economic aspects, thus resulting in higher 
production costs. 

The tested drills bits (HSS) are used for drill holes 
in rigid PVC profiles reinforced by hot-dip galvanized 
steel channel section. Their Time-Life drills is depend-
ent of thickness steel reinforcement, which cause main 
wear of tool. The decisive factor in this case is the steel 
hardness value, which is several orders higher than 
that of the PVC profile. The values of these hard-
nesses are incomparable – they cannot be compared 
with each other. Additionally, it has to be indicated 
that the thicknesses of the machinning materials are 
very similar. Generally, for the presented variant, it can 
be assumed that at what PVC thicknesses its influence 
on the degree of wear can be neglected. 

It has been assumed that, the number of drilled 
holes cause rising of temperature. In the effect the 
generated heat cause changes in microstructure on its 
cutting edges. The research conducted shows that the 
drill bits under consideration have the different micro-
structures in various phases of tool usage and wear, 
thus confirming that drill bit microstructure alters with 
increasing degree of wear. 

In the area of research interest also remains the is-
sue of tool microhardness changes in different stages 
of wear. Carried out experimental tests indicate that 
the tool hardness increasing with a Production Cycle. 
Probably, together with properly supplied amount of 
heat precipitation of secondary carbides can locally 
affect (due to its hardness) slower tool wear rate. This 
phenomena is visible in the Fig. 9a between points of 
experimental tests. The sudden wear is progressive in 
the first stage of value PPC between from 0 to 25%, 
and slow down from 25% to 100%. As a result, it can 
be assumed that the greatest dulling of the drill occurs 
in the first phase of the process. Then, the unfavorable 
changes of geometry blades are fixing by the increa-
sing of microhardness. The deformed cutting surface 
begins to "slide" on the surface more than cutingt it – 
as a result, the temperature of the process and the 
amount of generated heat increases, which negatively 
affects into changes in the microstructure and prope-
rties of the tool material. 

The approximated results indicate on the very slow 
process od degradation tools after the excidding PPC 
100%. For mentioned result the PWμHV is 85% (drill 
bit C). The assumptions made show that the value 
PWμHV=100% can be reach at PPC=327% – what is 
2616 numbers of drilled holes (drill bit D). 

Another issue to be considered is determination of 
the percentage of different carbides present in various 
stages of drill bit wear. A detailed  theoretical analysis 
could enables us to estimate the percentage of carbides 
and determination of the percentage of carbide types 
in a given phase of wear while considering electron 
affinity of elements – conditioned by an accurate 
knowledge of the complete chemical composition of 
the cutting tool. Perhaps this is the explanation of the 
obtained values of the standard deviation. 

These researches includes only HSS tools. Other 
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materials used in cutting tools may have a different be-
haviour with respect to the mode of wear and 
microstructural changes. This results for, e.g. proper-
ties shaped indi-vidually during manufacturing pro-
cess of the tool intended for dedicated cutting opera-
tions (turning, milling, etc.). An important aspect is to 
determine the tool wear limit at which it loses its per-
formance. This translates in-to deterioration of drilled 
hole quality in the form of dimensional errors, rou-
ghness parameters as well as other economic, techno-
logical and toughness aspects. Failure to ensure a pro-
per predefined surface rough-ness level may affect 
mating of parts. This may lead to premature wear and 
jamming of machine parts. Thus, it is necessary to de-
termine when the tool reaches the wear limit to decide 
on tool selection with regard to its sufficient quality. 
An appropriate solution seems to be developing a mo-
del in which based on specified input values it will be 
possible to find an answer regarding the tool wear li-
mit. Feedback will then enable to determine the last 
phase of allowable wear and the time when the tool is 
taken out of service. Potencial possibility of extending 
the working time of the tool based on the use cooling 
fuild – this solve effectively dissipates heat, but not 
eleminate totally dulling process, however delays the 
wear. 

Summarizing, the conducted research is helpful for 
keeping a rational tool management in a manufactu-
ring plant regarding, for example, worn-out tool remo-
val and regeneration or the purchase of new ones (in 
a plant or corporation), whichever is cost-effective. 
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