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The results of the survey on the influence of tool wear on the 
cutting torque and axial force in the milling of Ti6Al4V 
titanium alloy are presented. The tests were carried out by 
selecting cutting inserts with different degree of wear. The 
influence of the wear value on the flank surface and the 
cutting speed on the value of axial force and cutting torque is 
visible. 
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Titanium alloys, due to such properties as: very high 
specific strength (strength related to specific weight), 
corrosion resistance, high temperature operation and no 
harmful effects on the human body, are quite widely used in 
industry air, armament, ship, chemical, energy and 
transplantation [7, 8]. However, the drawback of these 
alloys, apart from a fairly high price, are the difficulties 
occurring during machining. They are associated with some 
of the properties of these materials, e.g. low thermal 
conductivity and high susceptibility to consolidation. Low 
thermal conductivity and high cutting forces affect the strong 
heating of the tools, which in turn causes their intensive 
wear. 

The wear of the blades is affected by a number of 
factors. According to the authors of the work [5], the wear of 
the blades of sintered carbide inserts with which the Ti 
6242S alloy was milled depends on the technological 
parameters of machining, but is not significantly dependent 
on the coating covering the tile. 

Studies on the wear of the blades of solid carbide milling 

cutters with a diameter of 6÷20 mm during the milling of 

the Ti6Al4V alloy have shown that with the increase of the 
cutter diameter there is a marked reduction in its wear [3]. 

The durability of the cutter blades also depends on the 
structure of the cemented carbide. It was found that the 
working time of milling cutters with ultra-fine grain structure 
is several times longer than those with coarse grain 
structure [4]. 
 
 

 

 

The components of the total cutting force in the titanium 
alloy machining process have quite large values, which is 
influenced by such factors as: high strength, susceptibility to 
consolidation and high coefficient of friction. Values and 
directions of forces affecting the workpiece have a large 
impact on the accuracy of the items being made due to the 
low longitudinal elasticity of titanium alloys. 

The research of cutting force in the milling process of 
titanium alloys was most often carried out at variable 
technological parameters. In many works the influence of 
speed on the components of the cutting force was 
investigated. 

The authors of the paper [2] stated that during the milling 
of thin-walled elements from the Ti6Al4V alloy with a 
variable cutting speed in the range of vc = 60÷120 m/min, 
the resistance force Fy increases, and in the range vc = 
120÷180 m/min the impact of velocity is clearly visible. 

The study of the authors of the work [9] showed that the 
increase in cutting speed of the titanium alloy in the range of 
vc = 30÷40 m/min contributes to a decrease in the cutting 
force, and a further increase in speed to vc = 60 m/min does 
not affect the value of force. Comparative tests of the cutting 
torque during the alloying of OT4-1, Ti6Al4V, WT22 and 
WT3-1 titanium showed that WT22 alloy machining requires 
the use of the highest cutting torque. In addition, an 
increase in the cutting torque was observed along with the 
increase in feed, while increasing the cutting speed caused 
a decrease in the cutting torque amplitude [11]. 

In addition to determining the cutting force value using 
experimental methods, they can be predicted using the finite 
element method [1, 10]. Simulation tests of machining 
titanium alloys with a spherical cutter showed that there is a 
correlation between the components of the cutting force and 
the feed, while there is no relationship between these 
components and the cutting speed [1]. The comparison of 
the results of experimental and simulation studies of 
titanium alloy milling shows that the accuracy of the 
simulation tests using the finite element method depends to 
a large extent on the choice of the constitutive model of the 
processed material [6]. 

Previous studies of forces in the milling process of 
titanium alloys mainly concerned the impact of cutting 
parameters on the components of the total cutting force. 
The aim of the presentations was to assess the impact of 
the wear of the folding milling cutter on the cutting torque 
and reactive force during the milling of the titanium alloy in 
the scope of conventional and increased cutting speeds. 
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Research methodology 

 
The research experiment was carried out on the Avia 

VMC800HS vertical machining center, intended for 
machining in HSC conditions. Ti6Al4V titanium alloys with 
dimensions of 150 × 90 × 40 mm were used as the 

processed material. A two-fold cutter with a diameter of 20 

mm from Seco (symbol R217.21-1820.0-LP06.2A) with 
plates (LPHT060310ER – E05) made of sintered carbides in 
the MM4500 genre was used. Fig. 1 presents the research 
stand. 

The changing factors during the milling process were tool 
wear (wear indicator on the VBmax application surface) and 
cutting speed vc. Using a digital microscope, the 
consumption of plates was determined and plates were 
selected whose wear value on the application surface was 
VBmax: 0 mm (new plates); 0.15 mm; 0.30 mm and 0.45 mm. 

Fig. 2 shows examples of tiles with the assumed degree 
of wear. 

 

 

Fig. 1. Research stand 

 

a) 

 

b) 

 

c) 

 

d) 

 

Fig. 2. Exemplary view of cutting inserts with varying degrees  
of wear body: a) VBmax = 0 mm; b) VBmax = 0.15 mm;  
c) VBmax = 0.30 mm; d) VBmax = 0.45 mm 

 
Although the PN-ISO 8688 standard suggests that when 

the wear index VBmax > 0.3 mm is exceeded, the blade 
should be qualified as worn, in industrial practice it is based 
mainly on intermediate indices, in particular with a 
technological character, such as: increase of surface 
roughness, exceeding dimensional tolerances or 

appearance of burrs on the edges of objects. Therefore, for 
tests, plates with VBmax = 0.45 mm wear were tested. In the 
case of an increase in the wear indicator during the tests 
above 0.05 mm, the plates were changed to avoid the 
impact of the increase in wear on the accuracy of the 
measurements. 

Two cutting speeds were used: 

 vc = 70 m/min – this speed for this kind of workpiece is 
identified with the range of conventional values; 

 vc = 250 m/min – corresponds to the HSC treatment of 
the hard-to-beat titanium alloy Ti6Al4V. 

A constant feed per blade fz = 0.2 mm/blade and one 
depth of cut ap = 0.5 mm was assumed. In order to avoid the 
influence of the cutting depth variable on the forces and 
cutting torque due to the non-perpendicular positioning of 
the machined surface in relation to the milling axis after the 
samples were clamped in the vice, the surface was planed 
with the head, determining the tool length with the use of a 
tool probe. 

A traditional flooding method of cooling was used. The 
Kistler 9125A force gauge was used to measure reactive 
force (acting in the tool axis) and to the cutting torque. From 
the stable force course (bypassing the input zone of the tool 
into the material and exits from it), mean values and 
amplitudes of reactive force and cutting torque were 
determined. Amplitude is presented as the difference 
between the maximum values and the mean value. The 
study was repeated five times. 

 
Test results 

 
Fig. 3 shows an example of a signal waveform during 

cutting at vc = 250 m/min with wear plates VBmax = 0.3 mm. 
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Fig. 3. Signal sequence during cutting at vc = 250 m/min with wear 
plates VBmax = 0.3 mm. 

 
Fig. 4 presents the results of tests on the impact of wear 

on the flank surface for various plates on the reactive power 
value during machining at the cutting speed vc = 70 m/min 
and 250 m/min. Significantly lower values of reactive power 
are visible when machining was carried out with new plates 
in comparison with used plates. 
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 Wear indicator VBmax, mm 

Fig. 4. Impact of wear on the reactive power value for velocity vc = 
70 m/min and 250 m/min 
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 Wear indicator VBmax, mm  

Fig. 5. Influence of wear on the value of the reactive power 
amplitude for velocity vc = 70 m/min and 250 m/min 

 

C
u
tt

in
g
 t
o
rq

u
e

, 
N

m
 

 

  

 Wear indicator VBmax, mm  

Fig. 6. Impact of wear on the cutting torque value for vc = 70 m/min 
and 250 m/min 
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 Wear indicator VBmax, mm  

Fig. 7. Impact of wear on the value of the cutting torque amplitude 
for vc = 70 m/min and 250 m/min 

 
Fig. 5 shows the influence of wear on the amplitude of 

reactive power. For the cutting speed vc = 250 m/min, higher 
values of the reactive power amplitude were compared with 
the velocity vc = 70 m/min. The amplitude of reactive force is 
characterized by quite large values in comparison with 
average values. Such large amplitude values are caused by 
the nature of the work of a two-edged cutter. 

Fig. 6 presents the results of research on the impact of 
wear on the cutting torque. As in the case of passive force, 
the smallest values were observed in the case of plates with 
a VBmax wear = 0 mm. 

Fig. 7 illustrates the effect of wear on the amplitude of the 
cutting torque. Significantly higher values of the cutting 
torque amplitude were observed during processing at vc = 
70 m/min. At higher cutting speed, and thus – rotational 
speed, the number of cutting edges entering the cutting 
zone increases, which can cause the cutting torque 
amplitude to decrease. 
 
Conclusions 
 

The impact of blade wear on reactive force and cutting 
torque during milling of Ti6Al4V titanium alloy is presented. 
The tests were carried out using new cutting inserts (VBmax 
= 0 mm) and used (VBmax = 0.15 mm, 0.30 mm and 0.45 

mm). Two cutting speeds were used: vc = 70 m/min and 250 
m/min. 

The following conclusions have been drawn: 

 During machining at vc = 70 m/min to the wear value 
VBmax = 0.30 mm, with increasing wear, an increase in 
reactive power is observed. However, when machining with 
VBmax = 0.45 mm wear plates, a decrease in the reactive 
power value was observed in comparison to the VBmax wear 
plates = 0.30 mm. 

 During machining at vc = 250 m/min, the maximum 
reactive force (F = 515 N) was observed with VBmax = 0.15 
mm, and the increase in wear caused a decrease in reactive 
power. 

 Machining with velocity vc = 250 m/min is characterized 
by higher values of reactive power amplitude in comparison 
to machining with velocity vc = 70 m/min. 

 In the range of increased wear values (VBmax = 0.30 mm 
and 0.45 mm) lower torque values were recorded at a 
higher cutting speed. 

 Significantly lower values of the breaking moment 
amplitude were observed during machining at vc = 250 
m/min compared to the lower cutting speed. 
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