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ABSTRACT   
 

The turn-milling process is a relatively new process in the manufacturing technology, where both the 
workpiece and the tool are given a rotary motion simultaneously. This new technology opens up new ranges of 
applications in the manufacturing processes. This paper presents the effects of tangential turn-milling method on 
the surface roughness of the cutting parameters as cutter speed, workpiece speed, axial feed rate, helix angle of 
cutting tool and depth of cut in the machining of MS58 brass material. Taguchi design method was carried out 
for experimental design. The analysis of experimental results using analysis of means and analysis of variance 
has been discussed in detail.  
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Introduction 

 
The brass is widely used for applications where low friction is required such as locks, gears, bearings and 

valves and used for plumbing and electrical applications and extensively in cartridge cases, plumbing fixtures, 
valves and pipes, screws and musical instruments. In recent years, with increasing competition in many areas of 
industry, ways of shortening efficient production time has been investigated. Similar developments can be seen 
in the manufacturing sector too. The integrated manufacturing methods have gained a momentum by developing 
former and new production techniques. One of these methods is the turn-milling. 

 
1.1. Turn-milling: 

 
These methods in the processing of eccentric shaft, snails or any other non-coaxial parts have been used in 

later years. Turning milling method has shown rapid development in recent years. In this method, multi-edged 
cutting tools are used and the workpiece makes rotational and feeding motion at the same time along its own 
axis. This new method can be considered as a combination of two metal removal methods. These methods are 
grouped together with the view of contact shapes of the cutting tool and workpiece axes. As shown in Figure 1, 
orthogonal, parallel to the axis and tangential to be divided into three groups. 

 
 

Fig. 1: Turn-milling method’s mechanisms. 
 
The advantages of these methods can be listed as follows: 
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 In the metal removal process done with turning can be continuous or mass, but in this method occurs only 
the short chip. 

  Instead of turning, milling and drilling operations, the processes in the turn milling methods can be 
performed in a single machine  
 Processing costs are lower in mass production and manufacturing time is shortened. 
 IV The surface roughness is close to grinding quality. 

 
Turn-milling methods are more complex from chip removal methods that can be done in the same machine 

as milling, turning and drilling operations. 
Joshi et al. made the cutting process using cutting tool self-rotating for a composite material (Al/SiC).They 

determined that turn-milling method was better and chips in orthogonal turn-milling were the shorter than other 
methods (Joshi, S. S., 1998). Choudhury, S.K. and Bajpai, J.B. investigated the effect on the surface roughness 
of workpiece speed, cutting tool diameter and cutting depth in the orthogonal turn-milling. According to the 
milling process of the orthogonal turn-milling process were determined that a better surface roughness was 
created (Choudhury, S.K. and Bajpai, J.B., 2005). Weili Liang  et al. designed a simulation system for turn-
milling center by VRML and Java/JavaScript based on Distributed Virtual Reality (DVR) (Weili Liang  et al., 
2009). 

LID Zhibing and WANG Xibin carried out micro orthogonal tum-milling experiments for Aluminum alloys 
using  numerical characteristic parameters and mathematical statistics functions  such as ADF (Amplitude 
Density Function) and  PSD (Power Spectral Density) (LID Z. and WANG X., 2009).Wei Yuan et al. 
investigated error analysis and error compensation of turn-milling process in the reconfigurable machine 
tools(Wei Yuan., 2009). Savas, V. and Ozay, C. also optimized the effect of cutting parameters on surface 
roughness using genetic algorithms in the tangential turn-milling method. Optimum cutting parameters were 
determined (Savas, V. and Ozay, C., 2008 ). A suitable program on the mechanical design of turn-milling 
system and engine parameters chosen to solve the problem of virtual prototype technology with the processing 
system kinematics and dynamics simulation were performed (Zhu L., Tang, L., 2008) With this program, before 
producing prototypes, for the mechanical systems of motor control compliance, eligibility check of the 
production time and costs were aimed to reduce. Zhu L. et al. developed a three-dimensional simulation 
program to design a turn- milling machine. The model motion system of the turn-milling method with this 
program and were appeared (Zhu L., Su, C., 2008). Sabahudin et al. compared to the effect on the surface 
roughness of traditional turning with high speed turn-milling method. They determined that high speed turn-
milling method is better traditional turning. (Sabahudin E, Begovic, E., 2007) 

 
Taguchi desing method: 

 
Taguchi design method, developed by Dr. Genichi Taguchi, is an experimental design method. This method 

has begun to be used widely in the industry of Europe and America after 1980’s. With this method, the design 
was applied in many areas of industry, optimization of the long and expensive experiments in determining of the 
factor effects, less experimental plans in determining the effectiveness of these parameters according to the 
method of full factorial as well as reduce the duration of the experiment and the costs is reduced.  

In experimental studies in traditional design methods, only one level of a parameter in the experiment is 
being changed and the other parameters are kept constant, but in the Taguchi method, the multiple level 
parameters can be changed (John, R., Jegaraj, J., 2007). Palanimukar investigated the cutting parameters of the 
particle reinforced composites (LM25 Al/SiC) with the turning using the method of Taguchi experimental 
design and surface response method. Palanimukar determined to the relationship the between the surface 
roughness and the metal removal ratio (Palanimukar, K., and Karthikeyan, R., 2006 ).  

In the Taguchi method the loss function in calculating deviations is used between the experimental values 
and the desired values. This loss function is achieved by converting the signal / noise ratio of the experimental 
results. S/N ratio for a good quality of machining provides the measure characteristic for the different level 
operations both controllable and uncontrollable factors. S/N ratio, both at different operation levels of the 
controllable factors or the quality of processing characteristics can be measured sensivetely. In general, the 
quality characteristics used can be expressed in below (Ross P. J., 1996)  

 
The smallest, the best: 
 

                                       (1) 

 
The biggest, the best: 
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                                      (2)    

 
The Nominal, the best 
 

                                    (3)  

                                                     
Where; n is Observation number, yi is Observation value, s is the value of the targeted. The determination of 

optimum levels of each parameter is provided with S / N ratio. The largest S / N ratio represents a level 
parameter for the optimum level. In addition, these S / N ratios, in determining of variance analysis of the 
experimental work, have a major role. S / N ratio is used for F value and the calculation of the percentage 
distribution while making the analysis of variance sum of squares. The effect of factors used in the method and 
determination of errors occurred in experimental studies are provided using the variance analysis method. 

Julie Z. Zhang et al. investigated in the surface roughness at the milling process using the Taguchi design 
method and revealed that compared to the full factorial methods. This method is more effective. The optimum 
Parameters for production costs and activities were determined (Julie Z. Z., Joseph, C., 2007). Yildiz and Gur 
surface AISI 1030 stell coated with high chromic FeCrC in different atmospheres with the PTA method.  They 
were investigating the wear behavior surface plate by Taguchi design method. They were using optimized with 
the lowest-the best control characteristic experimentally and theoretically according to L8 (1*4, 2*2) mixed 
level orthogonal array, and the results were analyzed with graphical methods. (Yıldız, T., Gür, A.K. 2011) 

Ramesh,S., using Taguchi’s orthogonal array and analysis of variance (ANOVA), developed a surface 
methodology to minimize the surface roughness in machining titanium alloy and determined cutting parameters 
such as cutting speed, feed, and depth of cut under different cutting conditions using tools coated CVD (TiN–
TiCN–Al2O3–TiN) (Ramesh, S.,) Uday A. Daba et al. using a cutting tool self-rotating at the milling have 
examined the shapes of the chip cross-section and the effect on the surface roughness of cutting parameters in 
the manufacturing. They have performed to experimental studies using ANOVA analysis (Uday A. Daba., 
2003). Mohammadi, A., et al. the studied factors are some of mechanical property of initial blank, forming 
tools, and deep drawing process parameters. In this research, the effectiveness and significance of the six 
different factors on the least final thickness of parts produced through deep drawing operation of symmetrical 
and asymmetrical pieces has been assessed using a robust design based on the Taguchi technique. (Mohammadi, 
A., Qolam,  H.M., 2011) Rafai et al. studied the effect on the cutting parameters of the surface roughness with 
turning the without coolant. They used the Taguchi method and analyzed to the experimental data with ANOVA 
(Rafai, N.H., and Islam, M.N., 2009). Gür A.K. et al. produced AlMgSi, AlMgSi+ SiC(5 %) and AlMgSi+ SiC 
(10 %)  reinforced AlMgSi+ SiC composite with powder metallurgy method and while evaluating the adhesive 
wear resistance of the composite material, he used the Taguchi design and investigated the factors affecting the 
wear resistance of the composite experimentally and theoretically according to L9 orthogonal array (Gür A.K. 
Çaligulu U. Taskin M. 2010). 

In this study we were using Taguchi design method, the effects on the surface roughness of the cutting 
parameters for MS58 Brass material in the tangential turn-milling method were investigated. In experimental 
studies, cutting parameters cutting speed, workpiece speed, feed rate, depth of cut and helix angle of cutter is 
used. Then, the surface roughness values obtained from the best quality characteristics based on the smallest S / 
N ratio of the converted. Experimental results were analyzed by ANOVA analysis of variance.  

 
Experimental Setup: 

 
Tangential turn-milling experiments were conducted in CNC JHONFORD machine as shown in the Figure 

2. Experiments were performed on the table of the CNC milling. A chuck revaluated in different spindle speed 
and a tailstock in order to support the work piece was placed with the center. 
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Fig. 2: Tangential turn-milling set up mechanism 
 
In this experiment, on the one hand mechanism rotates workpiece around its own axis, the table of the while 

the table of the CNC milling is feeding to the rotating cutting tool linearly. The cutting tool is rotated itself axis 
around. The cutting tool and workpiece contact each other in the tangential position. Position of contact between 
the cutting tool and the workpiece shown in figure 3a. In the experimental studies, MS58 brass parts having 
dimensions as 40 mm diameter and a length of 100 mm were used. Mechanical and chemical properties of the 
specimens are given Table 1 and 2.  

 
Table 1: Chemical composition of MS58 Brass material (% weight) 

Cu Zn Pb Sn Fe Ni Al Other 
56,83 39,13 2,94 0,3 0,3 0,3 0,05 0,15 

  
Table 2. Mechanical properties of MS58 Brass material 

Tensile strength  (MPa) Yield strength (MPa) Elongation % Hardness HB 
445 152 46 123 

 
HSS end milling cutting tools having 20 mm diameter with helix angle of 20, 30 and 40 degrees were used. 

The surface roughness of cylindrical workpieces was measured by MITUTOYO SJ 210 brands profilometer 
with a precision surface roughness 0.01μm. Surface roughness measurements of figure 3b as shown in 
mechanism was designed. The average surface roughness was determined by taking arithmetic averages from 
the five different points on the cylindrical workpieces. 

 

  
Fig. 3. a: Position of contact between the cutting tool and workpiece,  

     b) Surface roughness measuring apparatus 
 

Experimental Design By Taguchi Design Method: 
 

In the Experimental studies, five different control factors such as revolution of cutting tool and workpiece 
(rev/min), axial feed speed (mm/min), machining depth (mm) and helix angle of cutting tool were used. Three 
different levels within each factor were selected. Their levels and parameters used in this study were also given 
in Table3. 
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Table 3: Experimental parameters and levels used in study 
Symbol Cutter parameter Level 1 Level 2 Level 3 
A Cutter speed  (rpm) 750 955 1150 
B Workpiece speed (rpm) 280 450 710 
C Depth of cut (mm) 0,1 0,5 1,0 
D Feed rate (mm/min) 3,2 7,9 12,6 
E Helix angle of cutter (º) 20 30 40 

 
An orthogonal array shows the control factors used for the experiments and how the levels of these factors 

in the each will be used. While is planned 243 tests in total using the method of full factorial experiments. The 
total number of experiments in the Taguchi method of experimental design is also 27 experiments performed 
using L27 orthogonal index of the control factors determine the impact on average surface roughness. Because of 
three level numbers and five the parameter numbers used in planning of experimental work done, in this study 
were used the standard L27 (3

5) orthogonal arrays.  
 

Results And Discussions 
 

Using L27 orthogonal arrays and in the light of experimental studies, average surface roughness measured 
through workpiece and S/N ratio are given in Table 4. In the Taguchi method, the signal to noise ratio is used to 
determine the deviation of the quality characteristics from the desired. S/N ratios for the average surface 
roughness given in Table 4 were calculated according to the smallest best performance characteristic. 

 
Table 4: Experimental results obtained from studies of surface roughness and S/N ratios 

Experiment 
numbers 

A B C D E Ra(μm) S/N ratio 

1 750 280 0,1 3,2 20 1,02 -0,172 
2 750 280 0,1 3,2 30 0,84 1,51441 
3 750 280 0,1 3,2 40 0,91 0,81917 
4 750 450 0,5 7,9 20 1,11 -0,90646 
5 750 450 0,5 7,9 30 0,93 0,63034 
6 750 450 0,5 7,9 40 1,02 -0,172 
7 750 710 1 12,6 20 1,48 -3,40523 
8 750 710 1 12,6 30 1,32 -2,41148 
9 750 710 1 12,6 40 1,4 -2,92256 
10 955 280 0,5 12,6 20 1,22 -1,7272 
11 955 280 0,5 12,6 30 1,08 -0,66848 
12 955 280 0,5 12,6 40 1,16 -1,28916 
13 955 450 1 3,2 20 1,07 -0,58768 
14 955 450 1 3,2 30 0,84 1,51441 
15 955 450 1 3,2 40 0,95 0,44553 
16 955 710 0,1 7,9 20 1,11 -0,90646 
17 955 710 0,1 7,9 30 0,94 0,53744 
18 955 710 0,1 7,9 40 1,02 -0,172 
19 1150 280 1 7,9 20 1,22 -1,7272 
20 1150 280 1 7,9 30 1,1 -0,82785 
21 1150 280 1 7,9 40 1,17 -1,36372 
22 1150 450 0,1 12,6 20 1,05 -0,42379 
23 1150 450 0,1 12,6 30 0,89 1,0122 
24 1150 450 0,1 12,6 40 0,97 0,26457 
25 1150 710 0,5 3,2 20 1,09 -0,74853 
26 1150 710 0,5 3,2 30 0,94 0,53744 
27 1150 710 0,5 3,2 40 1,01 -0,08642 

 
The mean S/N ration for each level of the cutting parameters is summarized and called the mean S/N 

response table for surface roughness in the Table 5. Separately the total mean S/N ratio for the 27 experiments is 
calculated. Total mean S/N ratio for this process was calculated as -0.4872 Db. 

 
Table 5: S/N ration  for the processing factors in each level  

Cutter  parameters Mean  S/N ratio 
Level 1 Level 2 Level 3 

Cutter speed -0.7806 -0.317 -0.3641 
Workpiece speed -0.6047 0.1975 -1.0546 
Depth of cut 0.2748 -0.4827 -1.2540 
Feed rate 0.3692 -0.5453 -1.2857 
Helix angle of cutter -1.1783 0.2043 -0.4878 
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In the Figures 4, Cutting tool speed values selected as a control factor, speed values of the workpiece, 
machining depth, axial feed speed values and the effect of helix angle factor of cutting tool over  influence of S / 
N ratios, are seen. S/N ratio has a maximum and this has the best factor level. Cutting tool and workpiece speed 
values have given the best results in the second level. 

 

 
Fig. 4: The effect of the S/N ratios over processing parameters 

 
The effects of cutting parameters on surface roughness experimental studies were performed using Minitab 

program. Figure 5. a-b-c shows the effects of cutting parameters on surface roughness. The speed values derived 
from the formula of cutting speed used in metal removal method are the same with the speed values in this level 
values. When the factor of depth of cut and axial feed rate increase,  the surface roughness increases. The value 
of the surface roughness decreases while helix angle of cutting tools increases to the second level. Then, It is 
observed that as the helix angle of cutting tool increases, the surface roughness increases. The effect on the 
surface roughness is similar the one of the work by Nee et al. done. In this study similarly to the second level, 
the best results were obtained. (Nee, A.Y.C., 1978) 

 

 
 

Fig. 5. a: Surface roughness effect of the cutter speed and cutting tool helix angle 
    b)  Surface roughness effect of the Workpiece speed and Depth of cut 
    c)  Surface roughness effect of the Workpiece speed and feed rate 
 
ANOVA method was used to determine the effects of the control factors used in experimental studies on 

the surface roughness and detection of the errors. The variance analysis was performed by using S/N ratio 
values from Table 6. Variance analysis results were made on the effects of surface roughness factors are 
calculated numerically. ANOVA was performed using equations 4–14.  
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                                             (4) 

 

                                            (5) 

       
                                      (6)  

 
                                             (7) 

 
                                                      (8) 

                                             (9) 
 

                (10) 

        

                                                    (11) 

 

                                                   (12) 

 

                                                    (13) 

 

              (14)  

 
Where SSTot is the total sum of squares, T is the sum of all S / N rates, the SSfac is any factor sum of squares 

of the DOFTot the total degrees of freedom, n is the number of experiments, kA is the number of levels, DOFAxB, 
is factor interactions degree of freedom, DOFerr is freedom of the error decrees, Vfac is factor variance, Verr is 
variance of the error, Ffac is factor of the F value, Cont(%) percentage shows the effect of factors  (Ross P. J., 
1996). 

The variance analysis results from the S/N ratio obtained from average surface roughness values in the 
machining of MS58 brass material with tangential turn-milling method are given in Table 6.  

 
Table 6: ANOVA analysis of surface roughness obtained to the processing of MS58 Brass Materials 

Cutting 
 Parameter 

Degree of 
freedom 

Sum of square Variance F Contribution (%) 

Cutter speed 2 1.151158 0.575579 15.44731 2.663086 
Workpiece speed 2 7.339083 3.669541 98.4826 17.96907 
Depth of cut 2 10.51775 5.258877 141.137 25.83159 
Feed rate 2 12.22178 6.11089 164.0032 30.04653 
Helix angle of cutter 2 8.602203 4.301102 115.4323 21.09342 
Error 16 0.596173 0.037261 - 2.396303 
Total 26 40.42815 - - 100 

 
The Ratios F of factors were calculated and compared with the statistical values of the F-ratio for a specific 

level of confidence. The statistical values of the F-ratio were 6.22 at 99% confidence levels. Since the calculated 
values of F-ratio for all factors in Table 6 did not exceed the 99% confidence level, the effects of all factors 
could be considered adequately.  

In addition, the surface roughness as a percentage of the control factor effects and error as a percentage of 
the graphical are shown in figure 6. The Experimental results of all factors having an impact on graphics are 
observed. 

The final stages of Taguchi method are experimental verification. The validations of the experiments are 
carried out using equation 15. In this study, after applying experimental verification, S/N ratio corresponding to 
these conditions and optimum level of the cutting parameters that will be used in tangential turn-milling 
verification is calculated.  

 

                            (15) 
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Fig. 6: The effect on the surface roughness of parameters at the processing of MS 58 
 
Where  ηopt is optimum S/N ratio, ηm is the average S/N ratio of the average, ηi is the ideal level of each S/N 

ratio parameter. Optimum levels of the cutting parameters in the validation experiments were found as A2 B2 
C1 D1 E2. The optimum S / N ratio in calculation made were found as 2,68.  According to the smallest and best 
quality characteristic, the optimum S/N ratio obtained from the equation was achieved by using the optimum 
equation 16 to calculate the average surface roughness. 

 

                       (16) 

 
The value of Raopt in 16 represents the optimum average surface roughness. Optimum average surface 

roughness was calculated as 0.73 μm. In other words, this value of experiment results confirms the preceding 
design and analysis for optimizing the cutting parameters. Surface roughness in the tangential turn-milling 
operations is completely improved through this approach. 

  
Conclusions: 

 
In this study, using Taguchi method in the tangential turn-milling process, the effects of cutting parameters 

on the surface roughness were investigated. Using variance analysis (ANOVA), the effects of the level 
parameters on the average surface roughness were analyzed. The results of this study are summarized as below.  

 When cutting tool speed and work piece speed is increased to second level, average surface roughness 
value decreases. After the second level, the increase at the average surface roughness values continues. 

 When axial Progress speed and depth of cut are increased, the average values of surface roughness also 
increase. 

 When helix angle of cutting tool is increased to the second level, surface roughness values decrease. 
After the second level, the increase at the average surface roughness values has continued. 

 Variance results of all the cutting parameters on surface roughness shown that Configuration analysis 
has a certain effect. 

 By Taguchi method and the optimization process, the levels A2 B2 C1 D1 E2 parameters used to 
obtain the optimum surface roughness values can be used. 

 The surface roughness in this method is very closed to cylindrical grinding. 
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