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ABSTRACT 
 

The paper presents turning with helical cutting edge employing the edge of twist drill and develops 
the special method of turning and its impact on the quality of machined surface. Finding the 
approach how to improve the surface quality and optimizing the machining time performance, the 
theoretical relation among the average maximum height of the machined surface profile Rz, the 
feed f and the radius of the tool tip rε is known. Increasing the feed f, the surface roughness Rz 
increases quadratically. On the other side, increasing rε, the surface roughness Rz decreasing 
hyperbolically. The limiting case is rε = ∞. The specification of such tool function is the cutting edge 
inclination angle λs. Another option is to use helical cutting edge. In such case, rε is curvature angle 
of helical edge. The experiments applied on different materials (dural and titanium alloys, brass) 
were performed to confirm the thesis of surface roughness quality improvement by use of helical 
cutting edge and moreover the significant increase in the productivity of turning were achieved 
regarding possibility to use several times larger feed rates. 
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1. INTRODUCTION  
 
The surface roughness and mechanism of its 
formation are analyzed and examined by the 
various methodologies and strategies that are 
adopted by manufacturers and researchers in 
order to predict surface roughness. The 
manufacturing process nature of the surface 
roughness formation mechanism along with the 
numerous uncontrollable factors that influence 
pertinent phenomena, make almost impossible a 
straightforward solution. [1] Moreover, the 
fishbone diagram with the parameters that affect 
surface roughness is elaborated in [1]. The 
concept of machining by helical cutting edge is 
used for example in turn-milling machining with 
end milling cutter [2]; furthermore, some 
producers of cutting inserts have developed 
inserts with helical cutting edges geometry that 
provide high productivity enabling cost savings 
and longer tool life comparing with conventional 
edge inserts.  
 
The searching for non-traditional geometries of 
cutting tools (more in [3,4]) can lead to 
considerable increase of the quality of machined 
surface or reducing the machining time and at 
the same to obtain the high quality of machined 
surface. 
 
The known theoretical relation among the 
average maximum height of the machined 
surface profile Rz, the feed f and the radius of 
the tool tip rε according to [5-11] is: 
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In 1972 Ladany [12] has already published the 
results of production finishing turning with a tool 
with helical cutting edge. He used a twist drill that 
was positioned regarding the workpiece 
according to Fig. 1. 
 
The basis of method is the use of unutilized                    
side edge of the twist drill for slide                           
turning of continual cylindrical surfaces. The 
utilization of undamaged side edge of                    
damaged twist drills is secondary benefit of 
presented method. The experimental tests have 
shown that the optimal inclination angle of the 
drill axis λ regarding the workpiece axis is about 
50° [3,12]. 

 
 
Fig. 1. Twist drill setting for turning with side 

cutting edge 
 

Sztankovics and Kundrák [9,13] applied a similar 
helical tool which rotates against the direction of 
workpiece rotation. Further, Ladany derived a 
relationship for average maximum height of the 
machined surface profile in the following form: 
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where d is the workpiece diameter, mm, λ is 
inclination angle of drill axis regarding workpiece 
axis, ω is helix angle, rε is curvature angle of 
helical edge.  
 
Considering the fact that considerably large 
portion of cutting edge is engaged, the 
mentioned method is suitable for finishing turning 
by a large feed and small cut depth. The worn 
cutting edge can be replaced by moving into 
a new position in a clamping fixture. It can be 
supposed that this method of turning is suitable 
mainly for turning light metals, wood, titanium 
alloys which require small cutting forces.  
 
The paper presents the results of experimental 
tests of turning of selected materials.  
 
2. EXPERIMENTAL DETAILS  
 
In Fig. 2 a helical drill made of high-speed steel 
with helix angle ω = 20° attached to a clamping 
fixture under the angle λ=45° with the possibility 
to change position in case of worn cutting edge is 
shown. The actual cutting edge inclination angle 
is:  λs= λ-ω= 25°. 
 
Placing the cutting edge to workpiece axis level 
the tool has optimal geometry. Displacing above 



 
 
 
 

Vasilko and Murčinková; ACRI, 3(4): 1-6, 2016; Article no. ACRI.24801 
 
 

 
3 
 

the workpiece axis, the working face angle 
increases and under the workpiece axis it 
decreases. Therefore, the turning is possible to 
be performed from the right to the left and vice 
versa. This change of working angles can be 
used for turning materials of various material 
properties. For every workpiece material, the 
different suitable cutting speed was determined, 
for aluminium alloy 141 m/min, for titanium alloy 
44 m/min and for brass 31 m/min. The 
experiment goal was to find out how the helical 
tool behaves when turning the various materials 
as aluminium, titanium alloys and brass. 
 

 
 

Fig. 2. Experimental tool clamped in a holder 
 
3. RESULTS AND DISCUSSION 
 

3.1 Machining of Aluminium 
 
The often used aluminium alloy – dural 
(AlCu4Mg1) was selected for experiments. The 
samples were turned at the same cutting 
conditions. The problem of machining aluminium 
alloys lies mainly in considerable adhesion 
between machined and cutting tool materials 
resulting in „sticking“ of material on the cutting 
wedge that leads to worsening of machined 
surface micro-geometry. Therefore, the 
conditions of free cut are needful to be created. 
Fig. 3 provides the photo of tool (twist drill) 
position regarding the workpiece. 
 
An experimental dependence Rz = f(f) obtained 
at turning by classical tool and a tool with helical 
cutting edge is shown in Fig. 4. As can be seen 
when the classical tool of rε=0.4 mm is used, the 
Rz values increase rapidly with the feed rate of 
0.1 mm, which is consistent with the equation (1). 
The graph curve of helical tool with λ=45° rises 
very slightly. For example, to achieve Rz = 12 
µm, we need f = 0.1 mm using classical tool. 

When using helical tool, the same Rz value can 
be achieved by f = 0.9 mm. This is a significant 
reduction in machining time. 
 

 
 
Fig. 3. Position of tool cutting edge regarding 

the workpiece 
 

 
 
Fig. 4. Experimental dependences Rz = f(f) for 

both tools  
 

A visible difference of machined surface                      
quality can be seen in Fig. 5. It illustrates an 
example of machined surface micro-geometry 
records after turning by both tools                                        
under the same cutting conditions with the feed 
of 0.69 mm. While turning by classical tool, Rz 
sharply increases with the feed except for the 
feeds smaller than 0.1 mm. The curve for helical 
tool rises very mildly. Rz does not reach the 
value of 15 µm even at the feed of 0.9 mm. For 
turning with a classical cutting tool, the record 
shows a visible size of a feed. It is not possible to 
identify the feed on the record on upper record. 
Only micro-irregularity of cutting edge 
transformed into machined surface can be 
visible. 



 
 
 
 

Vasilko and Murčinková; ACRI, 3(4): 1-6, 2016; Article no. ACRI.24801 
 
 

 
4 
 

 
 

Fig. 5. Record of the profile of machined 
surface by helical cutting edge tool (up) and 

by classical tool with tip radius (down) 
 
3.2 Machining of Titanium 
 
Titanium (VT 4-1) is the material with high 
stiffness and toughness, low heat conductivity, 
high friction coefficient with other metals as well 
as with machined material [14].  
 
Tests of turning with a classical tool made of 
high-speed steel (HS-12-1-2) with tool tip radius 
rε=0.4 mm and a tool with helical cutting edge 
with helix angle ω=20° were performed. The 
results, as well as the dependence of Rz - f are 
shown in Fig. 6. 
 
The upper curve presents a classical 
dependence corresponding to equation (1). 
However, it does not reach zero. The                                
influence of cutting edge radius is visible if the 
feed f is smaller than 0.1 mm and then                          
Rz slightly rises. The other part of the curve has 
parabolic course, i.e. Rz rises rapidly with the 
increase of the feed. The turning by a helical tool 
provides considerably higher quality of surface in 
whole range of used feeds. The slope of the 
curve is controlled by the relationship (2)                         
and is almost linear. If we want to obtain, for 
instance Rz = 30 µm, a feed rate cca 0.15 mm is 
necessary for turning by classical tool.                      
Identical Rz value can be obtained by a helical 
tool at the feed of 0.8 mm, i.e. 5-times larger 
feed. It means there is a massive reducing of 
machining time. 
 
Fig. 7 presents machining process by used 
broken twist drill welded to the holder. The 
difference in the quality of machined surface can 
be seen in Fig. 7. 
 

 
 
Fig. 6. Experimental dependences Rz = f(f) for 

both tools 
  

 
 
Fig. 7. View of machining process of turning 

titanium alloy 
 
The left section of the workpiece has been turned 
with a classical tool of tool tip radius 0.4 mm. The 
tool marks of different feed rates are visible. The 
right section represents turning by helical tool. 
The surface has mirror-like shine. The chips 
shape corresponds with typical free cut. In Fig. 8 
there is a view of formed chips. Chips are of 
considerable width that corresponds with the 
length of engaged cutting edge and the thickness 
corresponds with used feed. 
 

 
 

Fig. 8. Shape of chips obtained at turning 
titanium alloy by a helical tool 
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3.3 Machining of Brass 
 
The brass is characterised by a good heat 
conductivity, medium stiffness and elementary 
chip. It can be supposed that turning with tested 
tool can improve the quality of machined surface. 
An experimental workpiece with two visible 
sections is shown in Fig. 9. The section 
machined with a helical tool (left) is smoother; 
the size of the feed rate cannot be visibly 
identified by tool marks (grooves) as in case of 
right section made by classical cutting tool. 
 
Experimental dependences are shown in Fig. 10. 
 

 
 

Fig. 9. Machined sample - turning by helical 
tool (left) and by tool of tip radius 0.4 mm 

 

 
 

Fig. 10. Experimental dependences Rz = f(f) 
for both tools 

 
Similarly to previous materials, a helical tool 
helps to reach higher quality of                                  
machined surface. The difference in values of Rz 
rises with the increase of the feed. For example, 
at the feed of 0.65 mm, for the classical tool, Rz 
is 65 µm, for the helical one it is only 16 µm. 
Therefore this method of turning is suitable for 
large feeds. 

4. CONCLUSIONS 
 
The experimental verification of turning by helical 
cutting edge tools of selected workpiece 
materials showed the real possibility of a 
significant increase in the productivity of 
machining. For example, turning the brass                     
(Fig. 10), the average maximum height of the 
machined surface profile Rz =20 µm is possible 
to achieve at feed rate of 0.2 mm using the 
classical turning tool with tool tip radius. A same 
Rz is achieved in turning by helical edge cutting 
tool at feed rate 0.9 mm what is 4.5 times larger 
feed rate and then the 4.5 times reduce of 
machining time. In fact, the helical cutting edge 
tool dependence curve Rz = f(f) only slightly 
rises, comparing with that of tool tip cutting tool. 
It is due to the fact that the conditions of so 
called free cut are created. Moreover, the 
outgoing chip shape is different. It could 
reasonably be expected that even more 
significant results will be achieved using the tools 
of cemented carbide.  
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Benardos PG, Vosniakos GC. Predicting 

surface roughness in machining: A review. 
Int J Mach Tool Manuf. 2003;43(8):833-
844.  

2. Savas V, Cetin O. Analysis of the surface 
roughness of tangential turn-milling for 
machining with end milling cutter. J Mater 
Process Tech. 2007;186:279–283. 

3. Vasilko K, Strojný M. Progresívne metódy 
sústruženia. ALFA Bratislava; 1977. 
(Slovak). 

4. Kundrák J. Alternative machining 
procedures of hardened steels. Manuf 
Technol. 2013;13(1):32-36. 

5. Buda J, Békés J. Teoretické základy 
obrábania kovov. ALFA Bratislava; 1967. 
(Slovak). 

6. Dmochowski J. Podstawy obróbki 
skrawanijem. Warszawa; 1978. (Polish). 

7. Grzesik W. Podstawy skravanija 
materialow metalowych. Warszawa: 
Wydawnictwa Naukowo-Techniczne; 1998. 
(Polish). 

8. Kovač P, Milikič D. Rezanje metala. 
Univerzitet u Novom Sadu; 1995. 
(Serbian). 



 
 
 
 

Vasilko and Murčinková; ACRI, 3(4): 1-6, 2016; Article no. ACRI.24801 
 
 

 
6 
 

9. Sztankovics I. Theoretical value of 
arithmetic mean deviation in rotation 
turning. Műszaki Tudományos Fűzetek – 
Fiatal Műszakiak Tudományos Űlésszaka. 
XVIII:391-394. 

10. Přikryl Z, Musílková R. Teorie obrábění. 
SNTL Praha; 1982. (Czech). 

11. Vasilko K, Mádl J. Teória obrábania. JE 
Purkyně University, Ústí nad Labem 
Slovak, Czech; 2013. 

12. Ladany Sh. Die wirtschaftlichen aspekte 
des drehens mit spiralförmigem 

drehwerkzeug. Microtechnic. 1972;8. 
(German). 

13. Sztankovics I, Kundrák J. Effect of the 
inclination angle on the defining 
parameters of chip removal in                       
rotational turning. Manuf Technol. 
2014;14(1). 

14. Czán A, et al. Studying of cutting zone 
when finishing titanium alloy application of 
multificaction measuring system. Manuf 
Technol. 2013;13(4). 

 
© 2016 Vasilko and Murčinková; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited.  
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/14152 


