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Abstract - In this study, the machinability of vanadis 30 steel with coated and uncoated CBN cutting tools was investigated. 
The turning tests were carried out through turning at four cutting speeds (125, 175, 225, 300 m/min), four feed rates (0.05, 0.1, 
0.15 and 0.20 mm/rev) and at a constant depth of cut (0.25 mm). The results showed that increasing cutting speed decreases the 
cutting force. It was observed that increasing cutting speed decreases the surface roughness but increasing feed rate increases 
the surface roughness. It was also observed that increasing cutting speed and feed rate increase the resultant cutting force. The 
lowest cutting force was obtained in the experiment performed with a cutting speed of 225 m/min and a feed rate of 0.05 
mm/rev.  
 
Index Terms - Vanadis 30, machinability, CBN tool, surface roughness, taguchi method,.  
 
I. INTRODUCTION 
 
Surface roughness is the most important criterion 
affecting the quality of the parts produced by 
machining. Surface roughness is one of the basic 
factors that should be considered when determining 
the machinability of the materials. Turning is the basic 
machining operation in most of the industrial 
production processes and the finished surface of the 
turned parts is an important indicator of the product 
quality. Surface roughness is a main quality indicator 
widely used for classifying the production quality and 
many technical requirements in the production. 
Obtaining the desired surface quality is a very 
important requirement for the parts to function 
properly. Powder metallurgical steels have many 
advantages and they are hoped to be used for industrial 
products. These steels have been popular in 
automotive sector and tool production for their high 
mechanical strength, wear resistance and production 
properties near final (net) shape. The mechanical 
properties of powder metallurgical steels depend on 
the combination of carbides embedded to hard matrix 
which allows high functional performance of the parts 
and it also affects the machinability significantly [1]. 
Machinability of the powder metallurgy parts is tested 
for each machining operation with tools having 
different geometry and under different cutting 
conditions. Although there is no partially standardized 
test methods for powder metal steels, drilling and 
turning are widely used cutting operations for 
machining PM parts[2].  
There are different studies on the machinability of PM 
steels. Some researchers have investigated the 
machinability of PM steels by conventional machining 
methods like turning, milling and drilling, while others 
have looked for machinability by electroerosion 
method. Some other studies investigated the effects of 
heat treatment properties of PM steels on the 
mechanical properties of material such as; 

microstructure, wear and toughness.  
Some studies conducted on conventional machining 
tools are given below. Two different PM high speed 
steels are machined by different machining parameters 
and cutting edge shapes and are characterized. Results 
show that the porosity of the material along with the 
carbide size and shape plays an important role in the 
wear mechanism and machining of these materials [3]. 
Most automotive parts are made of hardened PM steels 
which makes that hard to machine. PCBN cutting tools 
with cutting fluid cooling are used in conventional 
turning PM steels since the machinability of the 
hardened parts is poor and they have high surface 
roughness. Using these cutting tools increase the 
machining cost. To overcome the problem, cryogenic 
fluid cooled ceramic cutters are used for machining. 
Results showed that cryogenic cooled ceramic cutters 
have a longer using life than CBN cutters, and there is 
also some improvements in the workpiece surface [4]. 
The effect of cutting speed and cutting tool quality on 
the machinability of PM steel is tested by facing. 
Quality of two types of tool is compared by machining 
sintered tool steel and observed that the machinability 
at 900 rpm cutting speed is better than that of 1400 
rpm [5]. Vanadis 4E tool steel with 58 HRC hardness 
is machined by CBN and Binderless cBN as rough 
turning under dry conditions, and cutting temperature 
is measured. It was determined that high CBN content 
tool and PCBN tool have high heat conductivity 
during the machining [6]. Wear characteristics of the 
powder metallurgical cold work tool steel (Vanadis 4E 
and Vancron 40) hard milled by PCBN tool containing 
high CBN is investigated. Results show that flank 
wear and crater wear is controlled by continuous wear 
caused by tribochemical reactions, medium friction 
wear [7]. 
There are also some studies on electroerosion. Taguchi 
method is used to determine the optimum surface 
roughness of the PM cold work tools (Vanadis 4E) 
machined by electroerosion [8]. Another study 
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investigates the surface integrity after sequential 
multi-pass cutting [9], and another study deals with the 
improvements in surface roughness and residual stress 
in a seven-pass machining.  
There are also some studies about the heat treatment of 
PM steels. The performance of Vanadis 4E cold work 
tool steel samples which are passed through cryogenic 
process is investigated by slide wear test [11]. The 
effects of undersurface heat treatment on the wear 
resistance, fracture toughness and microstructure of 
Vanadis 6 tool steel is investigated [12]. 
 
II. EXPERIMENTAL METHOD 
 
A. Material 
The material used in the experiment is Uddeholm 
Vanadis 30 Powder Metal cold work tool steel, 
provided by Assab Korkmaz company, which is a 
powder metallurgical high speed steel containing high 
amount of cobalt. Existence of cobalt has an 
insignificant effect on the wear resistance since it does 
not form cobalt carbide. Wear resistance is equal or 
more than that of the steels having base and containing 
no cobalt. This material, with its high compressive 
strength, hardness up to 67 HRC and good abrasive 
wear resistance, is an alternative to AISI M42 or other 
alloyed HSS steels for cold work applications and 
cutting tools. Chemical composition of these materials 
are given in Table 1. Machinability tests are performed 
on a Ø50x300 mm sample with 56 HRC hardness.  
 

Table 1: Chemical composition of Vanadis 30 material 

 
 
B. Machine Tools, Cutting Tool and Cutting 
Parameters 
Machinability tests are performed on 10KW, Johnford 
TC–35 CNC turning machine having FANUC control 
unit. CNC lathe work shaft has stepless variable speed 
and can be increased up to 4000 rpm.  CBN series 
coated and uncoated commercial quality cutting tools 
produced by Mitsubishi are used as the cutting tool. 
Uncoated cutting tools are the form of SNGA1204008 
and at MB8025 quality while the coated cutting tools 
are the form of SNGA120408G2 and at GBi03 quality. 
Approach angle of cutting tool is designed as 95º and 
mechanically tightened onto tool holder of PSBNR/L 
2525 M12 metric form. Fig. 1 gives the cutting tools 
and their specifications used in the experiments. 
Vanadis 30 powder metal cold work tool steel is tested 
in the experiments following the recommendations of 
the material and cutting tool suppliers. Table 2 gives 

the parameters used in the experiments and their levels. 
Cutting depth in the machinability is chosen as 0,25 
mm and coolant fluid is not used to perform surface 
roughness measurements more accurate.  
 

 
Figure 1. Cutting tip geometry and tool holder. 

 
Mahr Perthometer M1 type surface roughness 
measuring device is used to measure the roughness of 
the machined surfaces. Sampling length and 
evaluation length are taken as 0.8 mm and 5.6 mm 
respectively for the measurements. Measurements are 
taken from different region of the workpiece which are 
parallel to the workpiece axis and determined by 
rotating for 120° after each measurement. Mean 
surface roughness values (Ra) are calculated by taking 
the arithmetic mean of the measured values.  

 
Table 2. Cutting Parameters and Levels 

 
 
C. Taguchi Test Design 
Improving quality can be achieved by decreasing the 
instability. Designing parameter is the basis of 
Taguchi method. The main objective in designing 
parameter is minimizing the variations on the product 
and decreasing the cost of the product [13]. Number of 
tests increases by the number of parameters and levels 
which significantly increases the cost of experiment. 
Number of tests can be decreased by a controlled 
experimental setup including only the parameters 
though to affect the system and levels that can cause to 
variation. Therefore, the variation in the product and 
processes can be minimized by bringing the values of 
the controlled factors to optimal levels against the 
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uncontrolled factors that cause variations in product 
and processes [14]. 
Experimental results are evaluated in Taguchi 
Experimental Design by transforming to signal/noise 
(S/N) ratio which is defined as the ratio of the mean 
value (signal) to the standard deviation (noise). Signal 
represents the actual value that system gives and to be 
measured, and noise factor represents the ratio of 
undesired factors in the measured value. Noise factors 
on the other hand, are the variables that cause the 
performance characteristics of the product to deviate 
from the targeted values. Therefore, the effect of the 
noise on the system should be minimized. Some 
assumptions are made in calculating S/N ratio. 
Although there are many assumptions, the most 
widely used assumptions are: the smallest the best, the 
nominal the best, the biggest the best. The purpose of 
these three assumption is to maximize the S/N ratio. 
S/N ratio is maximized by increasing the signal and 
decreasing the noise.  
 
The aim of this study is to minimize the surface 
roughness (Ra). Equation 1 is used to calculate S/N 
ratio in the smallest the best approach [5,6]; 
 
η= -10 log [ ∑ Yi ]        (1) 
 
III. EXPERIMENTAL RESULTS AND 
DISCUSSION 
 
A. Cutting Force Analysis  
Table 3 shows the results of Anova made to analyze 
the effect of cutting speed and feed rate, which are two 
of operation parameters, on the cutting force. 
According to the analysis results p value is 0.00<0.05, 
equal for feeding and bigger than this condition for 
cutting tool. According to these results, it can be said 
that each cutting tool and feed rate value has 
independent effects on cutting force (Fc).  
But the factor having the maximum effect on cutting 
force, which is taken as machinability parameter, is the 
cutting tool by 45.58%. The effect of feed rate is 
22.9%.  

Table 3. ANOVA results for S/N ratios of FC 

 
 

It can be understood from these results that the cutting 
tool has the most effect on roughness. Figure 2 gives 
the variation of S/N ratio of the Fc main cutting force 
for each machining parameter level.  

 
Figure 2. Main effect plot for S/N ratio of FC 

 
B. Surface Roughness Analysis 
Obtained results are also evaluated in terms of surface 
roughness which is an important machinability 
parameter. For this purpose, Anova is applied to the 
surface roughness data obtained from the experimental 
results. Table 4 gives the Anova analysis results for 
surface roughness S/N ratio, and Figure 3 gives the 
main impact plot. 
 
According to the analysis results p value is 0.00<0.05 
for cutting tool and feed rate, and is big for cutting 
speed. According to these results, cutting tool has the 
biggest effect on surface roughness by 81.59% 
followed by feed rate by 16.57%. It can be said that 
according to these results, each cutting tool and feed 
level has independent effects on the surface roughness. 
However, cutting rate has a very insignificant effect on 
the surface roughness which is taken as a machining 
parameter. The effects of machining parameters can be 
clearly seen from the main effect plot for the S/N ratio 
of surface roughness. According to this plot, cutting 
tool type is the parameter having the most significant 
effect on the variation of surface roughness.   

 
Table 4. ANOVA results for S/N ratios of Ra 
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Figure 3 shows the mean S/N ratio variation for the 
mean surface roughness Ra. From this plot it can be 
seen that cutting tool, feed and cutting speed have the 
first, second and third level significant effect on the 
surface roughness.  

 
Figure 3. Main effect plot for S/N ratio of Ra 

 
CONCLUSIONS 
 
In this study, experimental design with Taguchi 
method is applied for machining hardened Vanadis 30 
powder metallurgical steel using different cutting tools 
and machining parameters. Following conclusions are 
made from the experiment: 
  
 According to Taguchi experiment design, cutting 
tool is number one and feed rate is number two 
effective machining parameters based on cutting force 
analysis and surface roughness analysis.  
 Cutting tool (81.59%) is more effective on surface 
roughness than cutting force (45.58%).  
 The effect of feed rate on cutting force is more than 
its effect on surface roughness.  
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