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It is a well-known fact that during cutting there occurs an extremely high degree of chip plastic deformation 
[1,4,5,11] These deformation structures require attention as they influence technical and economical results of 
cutting (cutting forces, quality of machined surface, tool wear, cutting temperature) [8,9,15,21]. The paper analyses 
the options of influencing the deformation field in chip with the aim to improve cutting proces. 
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 Introduction 

In Fig. 1 there is a metallographic thin section of the 
zone of chip creation when cutting carbon steel C45.  

 
Fig. 1 Metallographic thin section of chip creation. Ma-
terial C45, 1- external friction between the tool face and 
chip, 2 – intercristalline friction, 3 – internal cristalline 
friction. φ  - angle of „slide plane“, 

1φ - angle of texture 

in chip. 
nγ = -60, vc=120 m.min-1 

 
Three areas of friction can be characterised.  
Intensiveness of outer friction on the surface 1 de-

pends on the size of friction coefficient between the cut 
and cutting materials. It is a source of heat which warms 
up the tool and the chip, it causes the decrease of hardness 
of tool cutting wedge and its wear on face. The friction 
along the slide line 2 , inclined under angle ϕ takes place 
primarily along grain borders, it takes place cold and is in 
fact the reason why the chip is formed in given configu-
ration. The heat which is created there spreads into the 
chip and cut-off layer which changes into the chip. The 
friction along line 3, oriented under texture angle ϕ1 takes 
place inside metal grains under the conditions of high 
temperature, probably with small coefficient of internal 
friction. The result is the texture of elongated metal grains 

in the chip and much larger thickness of chip h1 than the 
thickness of cut-off layer h. It can realistically be suppo-
sed that in this area, the cut material provides the least 
resistance against deformation. This fact leads to the 
suggestion to transfer the area of plastic deformation into 
the zone of internal friction in the grains of cut material. 
The next chapter presents the way into realistic form. 

 Project to influence the character of plastic 
deformation inside chip 

It is possible to limit the outer friction between the 
chip and tool face by the adjustment of tool geometry ac-
cording to Fig. 2 [20]. The basics of the adjustment is 
shortening of active surface of tool face to value lc, close 
to the thickness of cut-off layer h. The surface is inclined 

against the basic plane by angle loγ . 

 
Fig. 2 Metallogarphic thin section of the area of chip 

formation when cutting with a tool with shortened face. 
h-thickness of cut-off layer, h1-chip thickness, lc – width 

of shortened surface of tool face, lcγ - angle of shor-

tened face surface, 
nγ - angle of tool face in standard 

plane. vc = 100 m.min-1 
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As it can be seen, outer friction between the tool face 
and chip is considerably limited by this adjustment. Inter-
nal friction is limited into the slide zone (2) and inter-
cristallic friction (3). On shortened face area, there was a 
plastic layer made of cut material formed which moves in 
small or zero (right after the contact with the tool) speed 
along the tool face. The speed of elements towards the 
chip increases until they reach the speed of chip leaving, 
which is defined as follows [10,18,]. 

 
1

cc .

h

hv

k

v
vt == , (1) 

where h is the immediate thickenss of cut-off layer, 
mm, 

       h1 – mean thickness of cut-off chip, mm, 

       k =
h

h1 - chip compression. 

 
Experimentally it has been found out that at higher va-

lues of angle 
nγ there gradually occurs a limited contact 

of the chip with tool face. In Fig. 2 the angle of the face 
is straight 50. When this angle increases to 300 ,  a situ-
ation according to Fig. 3 occurs.  

It can be seen that the chip freely slides along the tool 
face. The contact of the cutting edge with the transfer area 
of the workpiece is limited also from the side of the tool 
rear because the material slides along the plastically bro-
ken off metal layer. This provides a precondition to limit 
the tool wear on the rear because the „plastic tip“ over-
passes the position of the cutting edge. The size of lc pro-
bably has influence on the mechanism of cutting. There-
fore, experiemental tests of cutting with different values 
of lc have been performed. 

 
Fig. 3 Metallographic thin section of the area of chip 

creation when cutting with a tool with face angle =nγ  

300 

 
Experimental verification of the influence of value lc 

on tool durability 
The result of experimental tests of cutting shown as 

a dependence of tool wear on the back on machining time 
at different values of lc  is presented in Fig. 4. 

 

Fig. 4 Experimental dependence of tool (high-speed steel on the back) wear width on machining time with classical tool 
geometry and tools with different widths of shortened face
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As it can be seen from the graph, the shortening of 
tool face has considerable influence on the intenseness of 
tool wear. For value lc = 0.1mm the tool behaves like 
a standard tool with a phase on the face. On the contrary, 
the tool with area width 0.5mm is actually a tool with ne-
gative face angle. That is why both wear curves have si-
milar course.  

Tool durability steeply grows with the increase of 
shortened area to 0.2, 0.3 and 0.4mm. For instance, for 
blunting criterion VBk = 0.6mm, durability of  30mins has 
been recorded for the tool with straight face, for tool 
with lc = 0.4mm it has reached the value 210 mins, which 
presents 7-times increase of durability! The geometry of 
testing tool is shown in the right corner of diagramme. 
Weakening of cutting wedge and the occurence of stiff, 
ribbon-like chip are the negative results of using a large 
face angle. Therefore an adjustment of tool face which 
secures turning the chip into a helix has been applied. 

In Fig. 5 there is a view of the actual testing tool. 

 

Fig. 5 View of the tool with geometry according to Fig. 
3  

 
It can be supposed that cutting speed can have a great 

influence on the size of plastic „protection“ zone on shor-
tened face area.  

 Influence of cutting speed on the inteseness of 
adjusted tool wear 

The experiments have been performed by a cutting 
tool made of sintered carbid at three different cutting spe-
eds. The result is shown in Fig. 6 - 8. 

The geometry of both tools is a part of the figure. The 
result is obvious. The tool durability increases from 17 to 
62mins for blunting criterion VBk = 0.3mm. 

In Fig. 7 there is a dependence obtained at cutting 
speed 82 m. min-1.  

Similarly, at this cutting speed there occured a great 
prolonging of tool durability, e.g. at blunting criterion 
VBk = 0.3mm, tool durability increased from 30 to 
110mins. 

 

Fig. 6 Experimental dependence of tool wear on the 
back on machining time at cutting speed 114 m.min-1 

 

Fig. 7 Experimental dependence VB - sτ , obtained at 

vc= 82 m. min-1 

 
In Fig. 8 there is a dependence at vc = 58m.min-1 
The result is similar to the previous cases. An increase 

of durability from 45 to 240mins has been recorded.  
Therefore it is obvious that there occured a large limi-

tation of outer friction among the tool, chip and transfer 
workpiece area. 

In Tab.1 there is a comparison of the increase of tool 
durability with used cutting speeds for blunting criterion 
VBk =0.3mm. 
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Fig. 8 Experimental dependence VB - sτ at vc = 58m.min-1 

 

Tab. 1 Dependence of the increase of tool durability at 
different cutting speeds 

vc , 
m.min-1 

classical geo-
metry 

adjusted geo-
metry 

kl

u

T

T
 

58 43 240 5.6 

82 30 140 4.6 

114 15 60 4 

 
The increase of durability with different cutting speed 

slightly decreases, however, it is important and proves 
that there is a transformation of the area of friction from 
the contact of the chip with tool face into the broken-off, 
deformed zone inside the chip. No wear has been recor-
ded on the face of adjusted tool. 

 Analysis of cutting forces 

Cutting forces have been measured simultaneously 
with presented cutting conditions (from Fig.6) when ma-
chining with classical and adjusted tool. The result is 
shown in Fig. 9. 

As it can be seen, the elimination of tool friction aga-
inst the tool face has lead to the considerable decrease of 
all elements of cutting forces. If the force Ff is considered 
to be a friction force, mean coefficient of friction of chip 
against tool face can be determined from ratio Fc and Ff. 
Its values are presented in Fig. 9. 

 
Fig. 9 Scheme of measured three elements of cutting for-

ces when machining with classical and adjusted tool 
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 Conclusion 

Observation of the mechanism of chip creation and 
machined surface can bring positive results when consi-
dering cutting tool durability, quality of machined sur-
face, shortening of the machining times. During the 
cutting process it can be seen that a structure with extreme 
degree of deformation, which cannot be obtained not even 
during extreme shaping, is formed. This plastic field 
replaces the function of the cutting edge and under certain 
conditions, this can secure complete elimination of direct 
contact of the chip with tool face. According to performed 
experiments it can be reached at face angle 500. A very 
stiff ribbon-like chip is the problem in this case because 
it cannot be shaped. No coolant or lubricant are necessary 
during cutting, they would even have negative effect, be-
cause the friction between the plastic „pyramid“ and the 
chip must be performed when hot. It is an interesting pro-
blem from the viewpoint of material characteristics in the 
conditions of extreme deformations as well as the theory 
and practice of material cutting which deserves attention 
of further research. 
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