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This paper presents the results of chip formation studies in the processing of 30KhGSA steel by thermofriction 
turn-milling. When studying the process in this work there are presented the results of studying chip formation when 
the processing of chip formation there is used the metallographic method. Chip root area investigated.The depen-
dence of the chip shrinkage coefficient on the cutting speed and feed was also investigated. It is established that with 
increasing supply S the value of the chip shrinkage coefficient K decreases. The higher the chip shrinkage factor, the 
more work will be required to cut the chips and the more complex the processing process.
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INTRODUCTION

The most important conditions of increasing the com-
petitiveness of products are increasing productivity, de-
creasing expenses and improving quality in their produc-
tion. When turning difficult-to-machine materials, one of 
the main reasons effecting the quality and productivity of 
cutting is formation of flow chips of various form and di-
mensions. With developing multipurpose lathes supplied 
with the tool head with the own drive there has appeared 
the possibility of implementing the operation of turn-mill-
ing that eliminates the mentioned difficulties [1,2].
Within performing the grant subject: 2162/GF4 "Devel-
oping designs of a special machine permitting to feed 
pulse cooling and to replace the cutting tool made of a 
hard alloy by the tool made of constructional steel in ther-
mo-frictional cutting metal billets" there has been studied 
the method of thermo-frictional turn-milling with the use 
of a special cutting tool: a frictional mill [3,4,5,6,7].
One of the main differences of the developed way is the 
use of a special frictional mill made of non-instrumental 
material instead of standard face mills.
Studying the process of chip formation has both scientif-
ic-theoretical and practical value. It is especially import-
ant when developing new ways of machining where the 
results of studying chip formation can lead to improving 
structural elements of the cutting tool, as well as per-
mits to explain and to use correctly in practice power and 
strength dependences. In this regard the work aimed at 
studying the mechanism of chip formation and strained 
state of the material when machining by thermo-frictional 
turn-milling is an urgent task.

METHODOLOGY AND EQUIPMENT FOR CARRYING 
OUT THE STUDY

The tasks stated in the work have been solved exper-
imentally and theoretically. In theoretical studies there 
have been used basic provisions of the theory of cutting 
materials, theories of plasticity and elasticity, the theory 
of chip formation, technology of metals, materials sci-
ence. In pilot studies there has been used metallograph-
ic method by microsections of chip roots.
The studies have been carried out with the use of the 
equipment of the Laboratories of Engineering Profile 
(LEP) and the MC of Karaganda Technical University.
In Figure 1 there are presented the photographs of the 
used equipment.

(a) (b) (c)

(d) (e)
Figure 1: The used equipment photographs:  

CitoPress-1 press (а), LaboPol-5 automatic machine 
tool for samples grinding and polishing (b), automatic 

device for electrolytic polishing amd etching of  
metallographic samples (c), universal metallographic 

microscope Аltami МЕТ 5Т (d), metallographic  
microscope LOMO METAM RV-21 (e)
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EXPERIMENTAL STUDY AND DISCUSSION

When studying the process of cutting by the metallo-
graphic method there is carried out studying the slices of 
the chip roots and the machined surface [8]. The method 
permits to define changes of the chip structure and the 
structure of the layer adjacent to the machined surface. 
Observing changes of grains in the course of cutting, it is 
possible to gain an impression of the plastic deformation 
value in this or that area, the direction of the material 
stream, direction of shears. By means of this method 
there are revealed phase transformations happening in 
the chips and on the machined surface.
The studies show that the chip shapes (element or step) 
at the first stage of formation represent flow chips but 
variously deformed at the last stage. It is known that the 
extent of chops deformation depends on the properties 
of the machined material, the mode of cutting and geom-
etry of the cutting tool. In the course of cutting the most 
intense zone and the zone of the largest pressure and 
intensive heat generation is the chip root zone where 
there is a contact of the cutting tool with the chips and 
with the machined part [9,10,11,12]. Cutting efforts, cut-
ting heat, the cutting tool strength, the quality of the ma-
chined surface and other important factors shall have an 
immediate connection with the processes proceeding in 
the chip root zone [13,14]. Therefore studying the matter 
is of scientific and practical interest. In Figure 2 there are 
presented the photographs of chips obtained when ma-
chining 30HGSA steel with various modes of cutting [7].

Figure 2: Photographs of the chips obtained when  
machining 30HGSA steel

For studying the chip texture there have been obtained 
chip samples of  identical dimensions that makes fixing 
in automatic holders simple and convenient for the fol-
lowing stages. For this purpose there is carried out hot 
press fitting of chip samples on the CitoPress-1 press 
(see Figure 1 a) in which the sample, together with spe-
cial pitch for press fitting is located in the press fitting 
cylinder.
In Figure 3 there are shown chip samples obtained after 
press fitting.

Figure 3: Chip samples obtained after press fitting

After press fitting chip samples there is performed grind-
ing. Grinding is the most important operation in manufac-
turing techniques of samples. For grinding  pressed sam-
ples there is used the grinding and polishing LaboPol-5 
machine tool (see Figure 1b). Abrasive materials used 
when grinding are classified by the size of particles [15].
In the grinding process there is at first used the most 
fine-grained material and each subsequent operation of 
grinding has been followed by reducing the applied abra-
sive granularity. To improve the structure of the polished 
samples surface there has been used the electrolytic 
method of etching. This method of etching gives not only 
a brilliant smooth surface without formation peening or 
an amorphous layer, but it also reveals structural defects 
(pores, inclusions, etc.). 
All the operations have been performed on the automatic 
device LectroPol-5 for electrolytic polishing and etching 
of metallographic samples (see Figure 1 c).
In Figure 4 there are shown the photographs of the chip 
samples texture obtained on the metallographic micro-
scope LOMO METAM RV-21 (see Figure 1e).

(a) (b)

(c) (d)
Figure 4: Chip samples texture photographs

In Figure 5 there are shown microphotographs (with 50X 
magnification) of the chip samples texture. They have 
been obtained on the universal metallographic micro-
scope Altami МЕТ 5Т (see Figure 1d).
From the texture microphotograph it is seen that the tex-
ture lines are parallel to the forward surface and there 
are absent structural transformations when cutting. This 
is explained by the facts that such a short period is insuf-
ficient for structural transformations since in the course of 

Figure 5: Microphotographs of the chip samples texture 
(with 50X magnification)

(a) (b)

(c) (d)
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thermo-frictional turn-milling the tool and the billet rotate 
simultaneously. The material in the contact layers keeps 
its initial phase state and undergoes changes only ow-
ing to plastic deformation. To obtain broader ideas of the 
process of chip formation in thermo-frictional turn-milling 
it is necessary to study the chip roots.
The chip roots are the direct proof of these or those pro-
cesses happening in the zone of chip formation and in the 
contact zone. The studies are to cover a wide range of 
cutting speeds, only then it is possible to understand the 
transformation of mechanisms and processes in the cutting 
zone with changing the temperatures and speeds of de-
formation and to draw appropriate conclusions. Obtaining 
chip roots has happened at semi-fair turning of 30HGSA 
steel when feeding S=30÷100 of mm/min; the depth of cut-
ting t=1.5÷2.5 mm; nsp=2000 rpm; vsh=250 m/min.
In Figure 6 there are shown microphotographs of chip 
roots obtained when cutting 30HGSA steel.
It is known [16,17,18] that the basis of chip formation is 
mainly a simple shear. The direction of plastic shear is 
defined by the angle β1 and the texture direction by  the 
distortion of grains owing to relative shear turning them 
from spherical into ellipsoidal, and in a flat section from 
circles into ellipses.

(a) (b)

(c)

Figure 6: Microphotographs of the flow chip roots when 
cutting 30HGSA steel: shearing angle (β1); structural 

line angle; η- structural angle (β2)

It is known [16,17,18] that the basis of chip formation is 
mainly a simple shear. The direction of plastic shear is 
defined by the angle β1 and the texture direction by  the 
distortion of grains owing to relative shear turning them 
from spherical into ellipsoidal, and in a flat section from 
circles into ellipses.

In our case separate elements of the chip root are de-
formed in the direction which does not coincide with the 
position of the shear plane located at the angle β1. The 
cut-off layer destruction happens in the shear plane (see 
Figure 5), and the greatest plastic deformation happens 
in the other direction, at the angle β2 to this plane. The 
structural angle η can be defined from the formula [17]:

ctgη ε= (1)
where ε is the coefficient of relative shear.
The coefficient of relative shear is defined by the formula [17]:

( )1 1ctg tgε β β γ= + − (2)

In the work by [19] Gux and Opits the results of the stud-
ies have shown in the plastically compressed material 
two directions of sliding with an angle between them 2φ 
where the angle φ is a constant of the material and there 
is the conclusion that one of these directions in chip for-
mation is the shear direction β1, and the other gives rise 
to the texture making with the first angle the η angle de-
termined by the formula:

2η φ λ= − (3)

where λ is the cutting edge dip angle.

arctgλ ε= (4)
The identity of element and flow chips in structural rela-
tion and the presence at those and other two angles β1 
and β2 (see Figure 6) and three zones concerning the 
texture nature (see Figure 5 and 6) force to think that the 
nature of different chips formation is identical. To such 
a conclusion there also lead the reasons of unity of the 
cutting process, as well as the fact that in some cases 
the same chip includes both forms [17]: on the one hand, 
it is element, on the other hand it is flow.
The increase in feeding increases the extent of deforma-
tion of the contacting chip layer with the tool, therefore, 
there increases the amount of heat that is emitted owing 
to plastic deformation and cutting temperature. There-
fore the chip material which is near the place of contact 
with the tool and is a raw material for the outgrowth is 
softened, becomes very plastic. At this the outgrowth 
won't arise, grow and become fragile to collapse, but 
will flow in a thin layer on the forward surface of the tool 
opposite to its movement aside. The outgrowth on the 
surface of the tool is in the plastic state and behaves as 
a pasty weight.
In Figure 7 there are shown the photographs of chip for-
mation.
In the provided photographs it is seen that chip formation 
in thermo-frictional turn-milling has an ambiguous char-
acter. For the detailed discussion of the obtained results 
it is necessary to consider the diagram of chip formation 
presented in Figure 8.
Implementing the process of cutting in thermo-frictional 
turn-milling is based on the contact friction between the 
tool and the billet. Intensive deformation of grains hap-
pens in the ABCD section (see Figure 8). Zone 1 is more 
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Figure 7: Chip formation photos

(a) (b) (c) (d) (e)

(f) (g) (h) (i) (k)

(l) (m) (n) (o)

Figure 8: Diagram of chip formation in thermo-frictional 
turn-milling

plastic and its dimensions and deformations of the mate-
rial grains in this zone are determined by the intensity of 
friction on the forward surface.
The process of cutting in thermo-frictional turn-milling is 
characterized not only by high intensity of deformation, 
but also by large speeds of deformation. In zone 1 in the 
most part of chips the texture goes in parallel to each 
other (see photos Figure 7 b, c, d, k, l), keeping an invari-
able configuration, however in the chips layer adjacent to 
the forward surface of the tool the texture lines lose their 
configuration (see photos Figure 7 a, g, i, n, o). 
This phenomenon is connected with the slowing-down 
effect caused by the forward surface of the tool. The 
more is the friction force operating on the forward sur-
face, the stronger is  the chip slowed-down contact layer 
and the more is bent the texture line adjacent to the for-
ward surface of the tool. 
As the process of cutting in thermo-frictional turn-milling 
is carried out in complicated thermodynamic conditions, 

the slowing-down effect by the cutting tool becomes so 
large that it leads to dense accession of a part of chips 
to the forward surface and formation of the slowed-down 
layer that is clearly visible in the obtained photos. From 
this there can be drawn the following conclusion: in the 
section of plastic contact the chip surface is so densely 
pressed to the forward surface of the tool that a part of 
chips moves not on the tool but on the slowed-down lay-
er covering the forward surface. 
It is known that the slowed-down layer is usually formed 
when cutting plastic and viscous materials. In our case 
the absence of cooling is the main reason for formation 
of the slowed-down layer in thermo-frictional turn-milling. 
It should also be noted that in work [7] there was made 
an assumption that in thermo-frictional turn-milling there 
appears a current layer owing to which there takes place 
chips sliding in relation to the current stagnant layer which 
protects the surface of the frictional mill from wear. This 
phenomenon defines the features of thermo-frictional 
turn-milling as a process. For emergence of the current 
layer there are needed certain conditions from which the 
major and defining is the appropriate temperature con-
centrating in the small dimension boundary layer. 
On the basis of the available data [20] there can be con-
sidered that the value of this temperature fluctuates with-
in the value of the temperature of recrystallization of the 
machined material. In the paper [7], the value of the chip 
shrinkage coefficient depending on the feed was calcu-
lated. Using methods of calculation according to works 
[21,22], and also based on results of experimental re-
searches schedules of influence of modes of cutting on 
value of coefficient of shrinkage of a shaving were re-
ceived (see Figure 9a, b). 
Figure 9 shows the dependence of the chip shrinkage 
coefficient on the cutting speed and feed.
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The graphs show that with increasing feed and spindle 
speed decreases the value of the chip shrinkage coeffi-
cient. The lowest chip shrinkage coefficient is observed 
at cutting modes: S=30 mm/min; nsp=630 rpm.

CONCLUSIONS

It has been established that in the course of thermo-fric-
tional turn-milling there are no structural transformations; 
the material in contact layers keeps its initial phase state 
and undergoes changes only owing to plastic deforma-
tion. 
It has been revealed that separate elements of the flow 
chip root are deformed in the direction that does not co-
incide with the position of the shear plane at the angle β1.
It has been established that in thermo-frictional turn-mill-
ing there is absent the outgrowth formation as the chips 
material which is near the place of contact with the tool 
and is the raw material for the outgrowth is softened, be-
comes very plastic and will flow in a thin layer on the for-
ward surface of the tool aside, opposite to its movement. 
It has been revealed that in the course of thermo-fric-
tional turn-milling there takes place dense accession of 
a part of chips to the forward surface which promotes 
formation of the slowed-down layer. From here there can 
be drawn the conclusion that a part of chips moves not 

(a)

(b)
Figure 9: Graphs of the dependence of the chip shrink-
age coefficient on the cutting speed and feed: graph of 

the effect of the spindle speed on the chip shrinkage co-
efficient at different feed values (a), graph of the effect 
of the feed on the chip shrinkage coefficient at different 

spindle speeds (b)

on the tool but on the slowed-down layer covering the 
forward surface preventing its wear.
The authors consider that the main reason for formation 
of the slowed-down layer when machining 30HGSA steel 
characteristic of the process of cutting plastic and vis-
cous materials, is the absence of cooling in thermo-fric-
tional turn-milling. However taking into account that the 
process of cutting in thermo-frictional turn-milling is car-
ried out in complicated thermodynamic conditions, there 
is needed a more detailed additional study of the process 
of forming the slowed-down layer.
It is established that with increasing supply S the value of 
the chip shrinkage coefficient Ksh decreases. The higher 
the chip shrinkage factor, the more work will be required 
to cut the chips and the more complex the processing 
process.
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