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ABSTRACT: The role of machining is to generate surfaces that must meet the requirements

imposed by the designer through the execution drawing of the part.

During machining, a continuous process of transporting material from the tool faces

takes place which causes changes in the mass and geometry of the active part and which

constitutes the wear process of the cutting tool. In the case of cutting, the wear of the cutting tools

is favored by the particularly high pressures in the tool-chip-part system (which can be 300 ÷ 400

times higher than in mechanical joints), by the conditions of dry or semi-dry friction on the

contact surfaces. As a result, the wear of the cutting tool is much more intense than the similar

process in the case of general-purpose machine parts.

The study aims to analyze how the wear of the cutting face of the cutting tool evolves

with the variation of the functional seating angle.
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INTRODUCTION.

Regardless of their type and

destination, the tools used within the limits of

normal cutting regimes are worn only on the

face of placement or simultaneously on the

face of placement and clearance.

Wear on the seating face is manifested in the

form of a bevel of height.

Wear on the release face occurs

under the abrasive action of the flow chips

and manifests itself in the form of a hole,

being placed approximately parallel to the

main cutting edge, the length of this hole is

equal to the active length of the edge. when

working, there may be a distance between the

edge of the edge and the notch formed by the

release force.

The form in which the wear of a tool

is manifested is influenced by the nature of

the processed material, the size of the feed,

and the cutting speed, so when processing

brittle materials only wear on the placement

surface because fragmented chips erode the

clearance.

When cutting tenacious materials,

both forms of wear are possible.

The degree of wear of a tool can be

expressed by linear or mass parameters.

The variation of wear over time can be

represented by the so-called wear

characteristic curve which is obtained by

measuring the wear parameters at different

time intervals.
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Figure 1. Factors influencing the wear of the

cutting tool.[10]

WEAR FORMS AND PARAMETERS.

In the cutting process, the tool wears

out due to the mutual interaction with the

semi-finished product: the tool cuts the semi-

finished product and it, together with the chip,

subjects the tool to a wear process. Wear of

the cutting tool has a negative influence on

the development of the cutting process, on the

dimensional and surface precision of the parts,

as well as on the material consumption. The

realization of high quality parts, the

establishment of more productive cutting

regimes as well as the rational and efficient

use of cutting tools require the knowledge of

their wear behavior.

Wear occurs mainly on one of the

active surfaces of the cutting tool, or on both

surfaces, under the following conditions:

➢ wear only on the face of the placement

occurs, in generally, in the case of cutting

with low speed and small thickness of the

chip, because the specific mechanical

work of the friction forces on the seating

face increases;

➢ wear only on the face of the release

occurs, in

generally, for high cutting speed and high

chip thickness, because the mechanical

work of the friction forces on the clearing

face is higher;

➢ wear on the seating and clearing faces

occurs in medium cutting conditions and

is the most common case.[3],[4],[9]

The evolution of wear over time

represents the characteristic curve of wear

(fig.3). This evolution has the same allure for

wear on the release and placement faces of the

tool.

The characteristic curve is built on

the basis of experimental data, processing a

certain material, under given cutting

conditions (tool geometry, cutting regime,

etc.) and measuring at certain moments (t)

tool wear on the seating surface (eg VB) or on

compared to the release (eg KS).

The greatest influence on the

machining precision has the wear of the tool

in a direction perpendicular to the machined

surface (figure.4).

this wear is called radial wear

(dimensional).Radial wear depends on the

length of the detached chip, ie the path

traveled by the cutting edge of the tool in the

machined material.

The variation mode of the radial wear is

represented in figure 2, in which:

Ur - is radial wear; VB - is wear on the face of

the seat;[3],[4],[10]
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Figure 2. Wear of the cutting tool.[10]

Figure 3. Characteristic wear curve.[4]

On the characteristic wear curve

(figure 3)

observe three distinct areas:

➢ running-in period (or priming zone

OA), in

which, in a relatively short time, tA, wear

increases very quickly, especially by

smoothing the roughness of the tool surface;

➢ period of normal wear (zone AB), in

which wear increases much more slowly over

time from tA to tB, having an approximately

linear variation and corresponding to the

normal working regime;

➢ period of destruction wear (or

catastrophic),

which occurs after a time tB and in which

there is a sudden increase in wear.

Three areas can be highlighted on the curve:

I - the period of initial wear;

II - the period of normal wear and tear;

III - period of accentuated wear (catastrophic).

The first period corresponds to a

chip length of approximately 1000-1500m,

when wear increases rapidly, due to the

cutting of microasperities resulting from

sharpening.

The normal wear period II, takes

place during the realization of a chip length of

about 10000 - 30000m, when the wear

increases almost proportionally with the

length of the detached chip. Due to the linear

character of the wear in this stage, the wear

can be characterized by means of an indicator

called the normal wear intensity (I), which is

determined with the relation:

Wear occurs with a certain intensity

or speed, I, whose value can be determined at

each point of the curve with the relation:

T

u

lS

ABr

uu
d

d

TT

uu

T

u
tgI =

−
−

====
2

        (1)

50



where:

- Iu, vu- intensity (speed) of wear;

- uB - maximum allowable wear;

- uA -wear corresponding to break-in wear;

- TS- the time required to reach the allowable

value of tool wear;

- T1- the time required to reach the value of the

running-in wear.

- T- the durability of the cutting tool

In many cases, the nature of the

wear variation is indifferent, but it is enough

if its size is known at some point. In such

situations the wear speed is considered

constant and the average intensity (speed) of

wear can be defined with

the relationship:

S
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medumed
T

u
tgI ==                               (2)

The criterion for assessing the wear,

represents the sum of the factors (or a decisive

factor) that determine the interruption of the

cutting process when one of the sizes VB, KT,

KM, have reached an admissible value. The

optimal value for the respective criterion

represents the wear corresponding to the

durability T of the cutting tool.

[3],[4],[10]

WEAR CRITERIA.

Depending on the specific

processing conditions, the maximum

allowable wear size is different: at roughing,

the maximum allowable wear size can be very

close to the beginning of destruction wear,

and at finishing it is much smaller.

The amount of wear at which it is

necessary to stop work and re-sharpen the tool

is called allowable wear, and the

corresponding durability is called allowable

durability.

The quantitative expression of the

permissible wear is called the wear criterion.

In practice, several wear criteria are used.

The criterion of glossy stains or

braking is used only for roughing, in the case

of machining with high-speed steel tools.

According to this criterion, the tool must be

resharpened when glossy stains appear on the

machined surface (for steels, because dark

stains appear for cast irons). This

phenomenon is explained by the fact that the

tool, reaching the value of destruction wear,

no longer penetrates the material of the part, it

being crushed. At the same time, there is a

sudden increase in the cutting pressures,

especially of the Fp and Ff components, an

increase that can be used as a separate

criterion for assessing tool wear.

The chip shape criterion applies to

metal carbide inserts and is based on changing

the shape of the chip as wear progresses.

When cutting with tungsten carbide

plates, the chip initially has the shape of a

strip because the crater has not formed on the

clearance face. As the plate wears out, the

chip acquires a spiral shape, with smaller and

smaller radii of curvature. When the plate is

completely worn, the chip comes off in the

form of short spirals or separate pieces.

When cutting with titanium and tungsten

carbide inserts, the chip takes a wavy shape

when the tool is completely worn.

The technological criteria express

the admissible wear of the tool depending on

the precision conditions imposed on the

machined surface: permissible tolerance Tp or

roughness surface Rz.

For example, in the case of round

parts (figure 4), the permissible radial wear of

the tool, wa, must meet the condition

2

P

a

T
w                                                           (3)

in which :

T-p represents the tolerance of the piece;
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Substituting  wa = VBa ×tg  , the permissible

value of wear on the seating face is obtained
(VBa)

tg

T
VB P

a 


2

(4)

Figure 4. The influence of wear on

dimensional accuracy.[4]

The optimal wear criterion allows to

establish the wear value for which the

maximum total working time of a tool is

obtained. The maximum total working time

tmax is calculated by setting the maximum of

the function., depending on the number of

possible reloads ij for various durability

values.

Tj, t = ij ×Tj  [min].

The permissible wear values are established,

in particular, for wear on the seating surface,

based on the following considerations:

➢ wear on the face of the settlement

occurs more faster than wear on the

release face;

➢ the wear of the seating face has, from

the moment its appearance, a negative

influence on the development of the

cutting process and on the quality of

the processed surface;

➢ wear on the seating face is measured

more Easy .

The reduction of the wear intensity,

respectively the increase of the effective

durability of the cutting tools, can be obtained

in several ways:

➢ improvement of tool materials;

➢ constructive improvement and tool

geometry optimization;

➢ improving the quality of surfaces tool

assets;

➢ use of cutting fluids (de cooling-

lubricating).

➢ Elimination of

vibrations.[3],[4],[8],[10]

The current moment in the

development of the production of cutting tools

is the manufacture of tools coated with thin

hard layers, a technique that allows the

favorable combination of the properties of the

basic material of the tool with those of the

coating material, resulting in a tool that

ensures high toughness, thermal stability and

hardness.

The processing of surfaces by

cutting is the basic technological process for

obtaining parts in the machine building

industry. In order to be able to obtain parts in

compliance with the imposed quality

requirements, it is necessary to use cutting

tools with an optimal geometry during

machining. The projected geometry of the

cutting tools refers to the constructive

geometry, but over time for machining the

constructive geometry becomes a functional

one. Thus, the functional geometry of the

tools is the one that greatly influences the

process of processing the parts and implicitly

the quality of the obtained parts. At present,

special attention is paid to the constructive

geometry of the cutting tool without taking

into account the fact that the functional

geometry of the tool depends on the following

parameters: cutting speed, feed speed,

dimensions of the machined part.

The misunderstanding of the

differences that appear between the

constructive geometry and the functional

geometry of a tool can determine the

appearance of differences between the real
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results that appear in the machining process

and those obtained in the modeling stage of

the process.

Unlike the constructive angles,

which define the cutting tool as an

independent geometric body, serving for its

representation on the execution drawing, for

adjusting technological devices, machine tools

and tools of order II, when processing active

surfaces, functional angles define the cutting

tool in its interaction with the workpiece,

taking into account the instantaneous speed of

the relative movement, as well as the angle of

inclination.

The presence of high values for the

component of the cutting speed V respectively

of the longitudinal feedrate Vf, determines a

considerable deviation of the direction of the

instantaneous resulting speed Ve in relation to

that of the main direction V, figure 5.

Figure 5. Variation of the functional seating

and clearance angle in the case of turning with

transverse feed.

.

From those shown in Figure 5 it is

observed that the functional placement angle

αf is smaller than the constructive one and
may take exaggeratedly low values, may

cancel or become negative, cases in which the

cutting process becomes impossible due to

interference between tool seating surface and

cutting surface.

Also, the functional clearance angle γf
is larger than the constructive one and can

take exaggeratedly high values, which can

fundamentally influence the machining

process.

ANALYSIS OF FUNCTIONAL

GEOMETRY OF TOOLS.

The main purpose of the need to find out the

values of the effective geometric parameters

of a cutting tool is to know if the tool will

have the appropriate angles during cutting,

especially in cases where the trajectory of the

tool is not very simple (circle or straight line).

It results that in the design stage of the tool it

is possible to know, only under certain

conditions, the trajectory of the cutting point

at each moment and thus an analysis of the

effective geometry can be made and then the

constructive values will be written on the

drawing of the cutting tool. effective

geometry. In these conditions it is indicated

that from the design stage to consider the

establishment of the connection relations

between the geometric parameters from the

effective reference system in the constructive

one of the cutting tool. Given the above, it

follows that in order to analyze the actual

geometry of a cutting tool, the following steps

will have to be completed:

- identification of the work plan of the tool (it

contains the main speed and the advance

speed, therefore their resultant);

- determining the direction of the effective

speed (angle η between the main and the
effective speed);

- construction of the effective reference plane,

perpendicular to the effective speed in the

current considered point, (implicitly of the

other planes of the effective system);

- determining the effective parameters in the

found system;

- comparing them with the constructive ones

and passing on the execution drawing of the

tool the determined constructive parameters.

Since the value of the effective

geometric parameters of the cutting tool
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depends on the trajectory of the tool during

cutting, it results that for their determination

the movements performed by the tool or the

semi-finished product should be known, ie to

know the kinematics of the operation. This is

also necessary to assess whether there are

critical points on the trajectory where the

actual parameters could have unacceptably

large variations and to take appropriate

measures to solve the problems. A second

cause of the change in the values of the

effective parameters compared to the

constructive ones results from the incorrect

positioning of the tool on the machine tool, in

which case the analysis must be done with the

help of the kinematic reference system

without taking into account the feed

rate.[3],[6],[7].

INFLUENCE OF PARAMETERS

GEOMETRY OF THE CUTTING TOOL

ON WEAR AND DURABILITY

COMPLEX THEREOF.

Clearance angle .

By increasing the value of the

clearance angle  the plastic deformations, the

cutting forces, the friction forces and the

temperature of the tool decrease, which

determines the increase of the tool durability.

The increase over a certain value of the angle

γ leads to a decrease of the tool durability, as

a result of the decrease of the thermal and

mechanical capacity of the tool (figure 6,

a).[4],[10]

Figure 6. The influence of α and γ angles on
tool durability.[10]

For  = 0, the contact between the

clearing face and the chip is made at a

distance of 0.170 mm from the edge. The

normal and tangential stresses have values of

200-300 MPa. The wear crater is formed on

the clearance face. In order to reduce the

contact pressure, a channel will be made from

the beginning on the clearance face, which

leads to the increase of the angle  and

increases the chip-tool contact surface (figure

7).

The dependence of durability-angle

of release can be expressed by a relation of

form:

[min]                 (5)

where y is positive up to Tmax and still

negative.

Setting angle .

Influences the size of the VB wear

face on the seat face. Based on some strictly

theoretical arguments, the increase of the

placement angle leads to the increase of the

tool durability, as an effect of the friction

reductions between the tool placement face

and the material to be processed (figure 7).
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Figure 7. Duct shape for reducing contact

pressure.[10]

In order to achieve the same VB

value, in the case of >  the volume of

material removed by wear is reduced

according to the relation:

(6)

Where: W1, W2, represents the surface of the

cross section of the wear corresponding to 
and  respectively

When the value of  increases exaggeratedly,

there is a decrease in durability due to the

decrease in the thermal and mechanical

capacity of the tool (figure 6, b).

The dependence of durability-angle

of placement can be expressed by a relation of

form:

[min]                    (7)

where y is positive up to Tmax and still

negative.[3],[4],[10].

The main angle of attack r

relatively much influences the durability of

the tool. Increasing the main angle of attack

leads to an increase in the unit energy load, as

the chip thickness increases and the width

(length of the active edge) decreases. The heat

released will be distributed in a smaller

volume of material, which leads to an increase

in tool temperature, so to a decrease in

durability.

The dependency relationship has the

following form:

[min]                                            (8)

The radius at the top of the tool r.

The increase of the radius at the tip

of the tool leads to the decrease of the unit

energy load to the increase of the thermal and

mechanical capacity of the area of the tip of

the tool, therefore to the increase of the

durability. At the same time, when the peak

radius increases, there is a tendency to

decrease the durability due to the increase of

plastic deformations and frictions, a lower

tendency than the first one. This influence is

more evident in the field of small values for

the angle of attack.

The dependency relationship has the

following form:

[min]                             (9)

Radius of sharpening (rounding) of the

edge rn .

Increasing the sharpening radius of

the edge leads to an increase in the

mechanical work of plastic deformation and

the amount of heat and also increases wear on

the face of the placement. This effect is more

pronounced in finishing operations when the
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tools have small seating angles and when the

size of the radius rn is comparable to the

thickness of the chip. The influence on the

durability is dictated by the cutting-

deformation capacity of the cutting edge and

by means of the mass that takes over the heat

when cutting. The second influence is greater,

the dependency relationship has the following

form:

[min]                  (10)

The angle of inclination of the edge T.

Increasing the T by positive values

has the effect of reducing the thermal and

mechanical capacity of the tool.

Experimentally, a maximum durability is

found for a certain value of T in relation to

the nature of the material to be processed, in

practice T = 0 is preferred because the

sharpening is easier to achieve.[3],[4],[10].

EXPERIMENTAL RESULTS .

When machining the front surfaces,

the part performs the main cutting movement

(rotation) with speed Vf, and the tool, the

transverse feed movement with speed Vf,

which in this case is a rectilinear-transverse

movement (perpendicular to the axis of the

part), figure 8. Usually, the piece is fixed in

the universal. Parts of relatively long length

are fixed with one end in the universal, and

with the other they can be supported in a fixed

scope or in a special centering tip, for parts

with ordinary centering holes.

Figure 8. Frontal turning.[7]

Considering the velocity triangle we can

determine the value of the angle η in this case
as:
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where: f is the value of the working feed in

mm / rot; n, the speed of the main movement;

DM, the diameter of the current point on the

edge at which the analysis is made.
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In the case of transverse turning, the

seating angle decreases by significant values

when the cutting point approaches the center

of the part. Thus, if the DM diameter reaches

very small values, the value of the placement

angle decreases by a very large amount,

which causes the friction on the placement

surface to increase considerably and the rest

of the workpiece to climb on the tool release

face and break. . For this reason, when

sharpening the cutting knives, the value of the
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seating angle must be taken higher than usual

so that by the decrease produced during the

cutting the actual seating angle remains

positive. The geometry of the cutting tool

greatly influences the quality of the machined

surface of the part and thus the following

were found:

- the clearance angle influences the roughness

a little, but it can be noticed that by increasing

its value a reduction of the roughness can be

obtained due to the reduction of the volume of

plastic deformations, the placement angle

influences the friction between the placement

face and the processed surface. At high

values, the surface layer is less stressed, so

that the resulting roughness is slightly

reduced. By increasing the value of the

clearance angle, the plastic deformations, the

cutting forces, the friction forces and the

temperature of the tool decrease, which

determines the increase of the tool durability.

Increasing the γ angle over a certain value
leads to a decrease in tool durability, due to a

decrease in the thermal and mechanical

capacity of the tool.

- the placement angles with low values

increase the friction surface between the part

and the tool with negative effects on the

roughness size. Influences the size of the wear

side on the seat face. Based on strictly

theoretical arguments, the increase of the

placement angle leads to the increase of the

tool durability, as an effect of the reduction of

the frictions between the tool placement face

and the material to be processed. When the

values of the setting angle are exaggeratedly

increased, there is a decrease in durability due

to the decrease in the thermal and mechanical

capacity of the tool.[7],[8].

The research carried out aimed at establishing

the way in which the functional geometry of

the cutting tool evolves in the case of a

turning with transverse feed. Thus, a

minimum machining diameter can be

established for which the functional geometry

of the tool largely corresponds to the cutting

conditions. For the analysis, the situation that

occurs in the case of a frontal turning of a part

made of a 50WCrV8 alloy steel with = 55

daN / mm2 was taken into account. Thus, the

case when processing a part with a diameter

of 40mm was taken into account. A frontal

lathe knife made of P10 metal carbide was

considered for processing, with the knife body

section q = 20x30 mm and having the optimal

recommended geometry:

mmr 2;5;6;45 000 ==== 
During the calculations performed, several

steps were taken into account:

- calculation of the admissible wear on the

face of the settlement;

- setting the values for the angle of the main

cutting direction, η, table 1;
- setting the values for the functional seating

angle αDe, table 1;

57



Table 1. Evolution of wear on the VBa seating face depending on the variation of the functional

geometry of the tool during the cutting process.
Advance f,mm/rot 0.50

Tp- part tolerance,

mm 0.3

Diameter ,mm

40 35 30 25 20 15 10 5 1

η 0.2270 0.2600 0.3030 0.3640 0.4550 0.600 0.910 1.820 9,0430

αDe 5.773 5.7400 5.6970 5.6360 5.5450 5.4000 5.090 4.180 - 3,0430

VBa 1,48 1,49 1,50 1,52 1,54 1,58 1,68 2,05 2,82

Advance f,mm/rot 0.70

Tp- part tolerance,

mm 0.3

Diameter ,mm

40 35 30 25 20 15 10 5

η 0.3190 0.3640 0.4250 0.5100 0.6380 0.851 1.270 2.550

αDe 5.6810 5.6360 5.5750 5.490 5.3620 5.1490 4.730 3.450

VBa 1,50 1,53 1,54 1,56 1,59 1,66 1,81 2,48

Advance f,mm/rot 0.90

Tp- part tolerance,

mm 0.3

Diameter ,mm

40 35 30 25 20 15 10 5

η 0.4100 0.4680 0.5470 0.6560 0.8200 1.0940 1.640 3,270

αDe 5.590 5.530 5,450 5.3440 5.180 4.9060 4.360 2.730

VBa 1,53 1,54 1,57 1,60 1,65 1,74 1,99 3,14

Advance f,mm/rot

1.2

Tp- part tolerance,
mm 0.3

Diameter ,mm

40 35 30 25 20 15 10 5

η 0.5470 0.6250 0.7290 0.8750 1.0940 1.4580 2.180 4.360

αDe 5.4530 5.3750 5.2710 5.1250 4.9060 4.5420 3.820 1.640

VBa 1,57 1.59 1,62 1,67 1,74 1,88 2,24 5,23

Advance f,mm/rot 1.4

Tp- part tolerance,
mm 0.3

Diameter ,mm

40 35 30 25 20 15 10 5

η 0.6380 0.7290 0.8510 1.0210 1.2760 1.7010 2.550 5.0930

αDe 5.3620 5.2710 5.1490 4.9790 4.7240 4.2990 3.450 0.9070

VBa 1,59 1,62 1,66 1,72 1,81 1,99 2,48 9,54
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CONCLUSIONS.

Following the analysis there can be drawn

the following conclusions: - angle η
increases with increasing advance and with

decreasing diameter directly influencing the

active geometry of the workpiece. This

influence results in cutting without an

optimal geometry, and this leads to the

obtaining of a surface whose roughness is

uneven, but also to the decrease of durability

of the cutting tool; - the size of the

transversal advance influences the functional

geometry of the cutting tool in the sense that

the increase of the transverse advance causes

a rapid increase of the angleηand thus the
angle of settlement becomes negative for the

diameters of the surface processed greater

than 5 mm; - it is necessary to optimize the

advance on cutting in the sense of using an

advance with the lowest values so that the

angle of settlement becomes negative for the

smallest values of the processed diameter.

Wear on the seating face increases with the

decrease of the seating angle, also this

increases with the increase of the advance

and with the increase of the angle η.
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