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Abstract 

The prime attempt in any production process is to produce an acceptable component at the minimum possible cost without 

affecting the surface finish or overall quality of the component. In order to achieve this objective in metal cutting or metal 

machining, many attempts have been made in several different ways; such as optimizing the tool life in order to minimize the 

production cost, maximizing the production rate to reduce the production cost, etc. but no single effort has been found fully 

successful because of the numbers of complexities involved in the process. For example, if cutting speed is reduced in order to 

enhance the tool life, the metal removal rate is also reduced and therefore, the production cost increased. A similar effect is 

observed if the efforts have been made to increase the production rate by increasing the cutting speed, feed and depth of cut, if 

we increase the above cutting parameters it will affect the surface quality adversely. A balance is therefore required to be stuck 

between the above parameters or there should be a new technique which will enhance the productivity without affecting the 

surface finish of the component. One such technique is introduced in this research work in which two single point cutting tools 

works simultaneously on the single work piece for improving the production rate at optimum surface finish.  

Keywords: Surface finish, production rate, multi tool turning etc 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Turning is a machining process in which a cutting tool, typically a non-rotary tool bit, describes a helical tool path by moving 

more or less linearly while the work piece rotates. The tool’s axes of movement may be literally a straight line, or they may be 

along some set of curves or angles, but they are essentially linear (in the non-mathematical sense). Usually the term “turning” is 

reserved for the generation of external surfaces by this cutting action, whereas this same essential cutting action when applied to 

internal surfaces (that is, holes, of one kind or another) is called “boring”. Thus the phrase “turning and boring” categorizes the 

larger family of (essentially similar) processes. The cutting of faces on the work piece (that is, surfaces perpendicular to its 

rotating axis), whether with a turning or boring tool, is called “facing”, and may be lumped into either category as a subset. 

Turning can be done manually, in a traditional form of lathe, which frequently requires continuous supervision by the 

operator, or by using an automated lathe which does not. Today the most common type of such automation is computer 

numerical control, better known as CNC. (CNC is also commonly used with many other types of machining besides turning.) 

When turning, a piece of relatively rigid material (such as wood, metal, plastic, or stone) is rotated and a cutting tool is 

traversed along 1, 2, or 3 axes of motion to produce precise diameters and depths. Turning can be either on the outside of the 

cylinder or on the inside (also known as boring) to produce tubular components to various geometries. Although now quite rare, 

early lathes could even be used to produce complex geometric figures, even the platonic solids; although since the advent of 

CNC it has become unusual to use non-computerized tool path control for this purpose. 

The turning processes are typically carried out on a lathe, considered to be the oldest machine tools, and can be of four 

different types such as straight turning, taper turning, profiling or external grooving. Those types of turning processes can 

produce various shapes of materials such as straight, conical, curved, or grooved work piece. In general, turning uses simple 

single-point cutting tools. Each group of work piece materials has an optimum set of tools angles which have been developed 

through the years. 
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Fig. 1: Turning process 

II. LITERATURE REVIEW 

1) Manish Kumar Yadav, “A comparative study of surface roughness in multi tool turning with single tool turning through 

factorial design of experiment” International Journal of Scientific and Engineering Research Vol. 3, issue 8, August 2012. 

Surface finish obtained at low cutting feeds is better than higher cutting feeds.  Higher depth of cut gives less surface finish 

with respect to at lower depth of Cut.  There is fluctuation in surface roughness with cutting speed. Surface finish Obtained 

at higher cutting speed is better than lower cutting speed.  Surface finish obtained at low shear plane area is better than 

higher shear Plane area.  

2) S. B. Chikalthankar, “Investigation and optimization of various machining parameters affecting the effectiveness of 

turning” International Journal of Engineering Research and Technology Vol. 3, issue 5, May 2014. 

From pre experimentation it is observed that the feed rate is the most influencing parameter affecting on surface roughness. 

As the feed rate is low the surface finish obtained is good as compared to higher feed rate. Feed rate causes the chatter 

marks on surface produced. At higher feed rate there may be chances of wear of the tool or in some cases the tool may get 

break. At high feed rate the cutting force, power required for machining is also high. For most tests, cutting speed did not 

show a significant effect on surface roughness for both dry and wet machining conditions. The effect of the cutting speed is 

negligible. However further detailed experimentation is to be carried out for precise prediction of behaviour of above said 

variable parameters and to formulate the mathematical model of the same.  

3) Y B Kumbhar, “Tool life and surface roughness optimization of PVD TiAlN/TiN multilayer coated carbide inserts in semi 

hard turning of hardened EN3 alloy steel under dry cutting condition” International Journal of Advance Engineering 

Research and Studies. 

From the analysis of the results in the turning process using the conceptual signal-to-noise (S/N) ratio approach, analysis of 

variance (ANOVA), regression analysis and Taguchi’s optimization method, the following can be concluded from the 

present study: 

- Statistically designed experiments based on Taguchi methods were performed using L9  orthogonal arrays to analyse the 

tool wear and surface roughness as response variables. Conceptual S/N ratio and ANOVA approaches for data analysis 

drew similar conclusions. 

- Maximum Tool Life is obtained at a cutting speed of 180 m/min, a moderate feed rate of 0.10 mm/revolutions and a depth 

of cut of 0.7 mm. 

- Highest surface finish (lowest Ra) is obtained at a cutting speed of 180 m/min, a moderate feed rate of 0.10 mm/revolutions 

and a depth of cut of 0.9mm. 

The improvement of the surface roughness from the initial machining parameters to the optimal machining parameters is 

about 280%, whereas the tool life is improved by 161%. 

- Interaction plots for Tool life and surface roughness show that speed and feed interactions effect the most to the machining 

performance of TiAlN coated carbide cutting tool inserts in turning hardened EN31 alloy steel in dry conditions. 

- The results of ANOVA for Tool life show that feed rate is most significant parameter  contribution 59%) which affects the 

Tool life than other cutting parameters. The cutting speed is the next contributing factor whose contribution is 35.86 % and 

lowest contribution from depth of cut which is 2.39 %. 

- The results of ANOVA for surface roughness show that feed rate is most significant parameter (contribution 87 %) which 

affects the Tool life than other cutting parameters. The cutting speed and DOC are least significant parameters. 

4) Meenu Sahu, “Optimization of Cutting Parameters on Tool Wear, Work piece Surface Temperature and Material Removal 

Rate in Turning of AISI D2 Steel” International Journal of Advanced Mechanical Engineering. ISSN 2250-3234 Volume 4, 

Number 3 (2014), pp. 291-298. After the study has been made the authors reach to the following conclusion- The results 

showed that depth of cut and cutting speed are the most important parameter influencing the tool wear. The minimum tool 
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wear was found at cutting speed of 150 m/min, depth of cut of 0.5 mm and feed of 0.25 mm/rev. Similarly low w/p surface 

temperature was obtained at cutting speed of 150 m/min, depth of cut of 0.5 mm and feed of 0.25 mm/rev. Whereas, at 

cutting speed of 250 m/min, depth of cut 1.00 mm and feed of 0.25 mm/rev, the maximum MRR was obtained. 

III. MULTI TOOL TURNING METHOD 

As we have seen that it is the desire of every machining industry to have the rate of production as high as possible in order to 

acquire high profit by reducing the production cost per component. But one cannot just go on increasing the cutting speed, feed 

rate and /or depth of cut to achieve high production rate because of the reasons mentioned below.  

In order to increase the material removal rate (MRR) the cutting speed should be as high as possible, so in order to improve 

the rate of production one will just increase the cutting speed keeping all the remaining parameters constant. But the major 

problem in the increasing the cutting speed is that at higher cutting speed the life of the tool may reduce as the tool gets 

overheated during the operation also from the literature it can be revealed that at high cutting speed the surface roughness is 

affected. So the cutting speed should be selected in order to enhance the rate of production at the same time with optimum tool 

life of the tool. 

Also in order to increase the material removal rate (MRR) the feed should be as high as possible, so in order to improve the 

rate of production one will just increase the feed keeping all the remaining parameters constant. But the major problem in the 

increasing the feed is that at higher feed rate the life of the tool may reduce as the tool gets overheated during the operation. So 

the feed rate should be selected in order to enhance the rate of production at the same time with optimum tool life of the tool.  

The same effect can be seen if we increase the depth of cut, if we want to increase the rate of production, we should increase 

the depth of cut in the turning operation but the major problem in increasing the depth of cut is that it affects adversely on the 

surface finish and the life of the tool. This means it is inversely proportional to the surface finish and tool life. So in order to 

maintain the surface finish and tool life better we cannot increase the depth of cut above certain extent. 

Generally conventional turning involves one single point cutting tool (SPCT) which moves linear to the work piece (feed 

motion) and the work piece is having a rotational motion as it is fixed in the spindle of the lathe machine. 

Turning is one of the most common of metal cutting operations. In turning, a work-piece is rotated about its axis as single-

point cutting tools are fed into it, shearing away unwanted material and creating the desired part. Turning can occur on both 

external and internal surfaces to produce an axially-symmetrical contoured part. Parts ranging from pocket watch components to 

large diameter marine propeller shafts can be turned on a lathe. The capacity of a lathe is expressed in two dimensions. The 

maximum part diameter, or “swing,” and the maximum part length, or “distance between centers.” The general-purpose engine 

lathe is the most basic turning machine tool. As with all lathes, the two basic requirements for turning are a means of holding the 

work while it rotates and a means of holding cutting tools and moving them to the work. The work may be held on one or by 

both its ends. Holding the work by one end involves gripping the work in one of several types of chucks or collets. Chucks are 

mounted on the spindle nose of the lathe, while collets usually seat in the spindle. The spindle is mounted in the lathe’s 

“headstock,” which contains the motor and gear train that makes rotation possible. 

In modern industry the goal is to manufacture low cost, high quality products in short time. So in order to full fill the above 

mentioned goal, one has to focus on such a method which will enhance the production rate by minimizing the machining time 

and at the same time will not affect the quality of the work finished. The purpose can be solved or we have tried to solve the 

above by introducing the additional tool post into the lathe machine which will consist of another single point cutting tool. We 

will try to analyze the effect of using this type of additional tool posts on the overall performance of the machine. i.e. on 

machining time, tool life and surface finish etc.  

IV. CONCEPT OF MULTI TOOL TURNING 

The concept of multi tool turning is to use two single point cutting tools rather than one for turning the same shaft. 

The second tool should be mounted on the additional tool post. The additional tool post is fitted on the same carriage, and 

mounted on the same lead screw as the first one. It is noted here that to mount the second tool post on the same lead screw is the 

most important step in the process. The following figure refers the schematic representation of the two tools working 

simultaneously on the single work piece. 

 
Fig. 2: Schematic representation of multi tool turning 
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The working model of the lathe machine after introduction of the additional tool post is shown in the following figure. 

 
Fig. 3: Working model of the lathe machine. 

V. EXPERIMENTAL SET UP 

The experimental setup for such turning operation is described in the following figure. It consists of two single point cutting tool 

mounted on the two tool posts which are located in front of one another. For the simplicity of understanding we call the first 

single point cutting tool as tool A and the second single point cutting tool as tool B. The first tool that is tool A is fixed in the 

tool post in conventional manner while the second tool that is tool B is fixed in the second tool post which is mounted on the 

same carriage but in opposite direction of the first tool post. Both the tool posts are attached or slides over the same lead screw 

with the help of single handle.  

The arrangement is made in such a way that when we rotate the handle, both the tool post along with the tools comes close to 

each other with the same distance. The center of the tool post is not at the center of the job but a little offset is given to the tool 

posts. The arrangement is made in such a way that when we give depth of cut of say 2mm to tool A, the tool B automatically 

provides the depth of cut of 4mm on the other side of the first tool post. Also both these tools are situated at some distance from 

each other if seen from top, which means tool B starts its operating only after the tool A travels some distance on the work piece 

or after sufficient interval of time.  

It is noted here that for accomplishing the metal cutting, tool B must be placed in the inverted direction in the tool post. So the 

tool post for the second tool B is situated lower than that of tool post for the tool A in order to achieve the centers of both tools in 

one plane. The following table states the specifications of the lathe machine which has been used for the above experiment. 

 Lathe machine specifications: 

Table - 1 

Lathe machine specifications 

SN Specification Values 

1 Height of the centers 165 mm 

2 Swing over bed 320 mm 

3 Length of bed 1370 mm 

4 Range of speed 40 to 950 rpm 

5 Motor capacity 1400 rpm, 415v, 3 phase 

6 Chuck diameter 75 mm 

VI. EXPERIMENTATION 

To perform the experiment following data is selected in order to obtain the best results. The data i.e. cutting speed, depth of cut 

and the feed rate are selected based on the cutting tool and work piece material, and the work piece material is selected as per the 

availability. With the above modifications in the existing lathe machine, experimentation is carried out by considering the 

following machining parameters. For finding out the machining time, we will used the optimized cutting parameters which are 

ideally suited to give the longer tool life when machining a free machining steel with the HSS cutting tool. The machining 

parameters are taken as follows: 

Tool geometry of HSS tool used: 
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Back rake angle = 10°, Side rake angle = 7°, End relief angle = 7°, Side relief angle = 7°, End cutting edge angle = 15°, Side 

cutting edge angle = 15°, and Nose radius = 0.5 mm. 

Work piece material = Mild steel 

Spindle speed, N = 750 rpm 

Feed, f = 0.3 mm/rev 

Depth of cut, t = 0.5mm 

Length of the job, L = 100mm 

Tool overruns and approach, O and A = 15mm 

Total length of cut, Lc = L + O + A = 115mm 

Initial diameter of work, Di = 30mm 

Final diameter, Df = 22mm 

Cutting speed (velocity), V = DiL / 1000 

V = 70.66m/min ≈ 71m/min 

VII. RESULT AND DISCUSSION 

Turning operation on the specified work piece is done in the manner described above and the results were obtained, the two 

components which were turned, one by using the conventional turning technique and other by using the multi tool turning 

approach is then tested on the surface roughness tester in order to find out the quality of the surface obtained after machining. 

The fig of those two turned components is shown below. 

 
Fig. 4: Components finished 

These two components are tested for the surface roughness and the result sheet is analyzed. The result sheet clearly showing 

that the component turned using the conventional turning approach is having more Ra value i.e. Average Distance between 

highest peak and lowest valley in its sampling plane which is 1.976 as compared to the one which is obtained after examining the 

component turned using multi tool turning approach which is equal to1.462. 

So one can conclude that the surface finish obtained in the component turned using multi tool turning is more than the 

component turned by using conventional turning method. 

The following figure shows the testing report for the surface roughness. 
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Fig. 5: Report of surface roughness test 

VIII. CONCLUSION 

Multi tool turning method play significant role to improve production rate of turning operation without reducing the surface 

finish of the component. From the result and discussion it can be concluded that Multi tool turning method can give the 

approximately double production rate than Conventional turning method as number of pass required for multi tool turning 

method is exactly half than conventional turning method. Another conclusion can be drawn out from surface roughness test is 

that, in Multi tool turning, better surface finish is obtained than conventional turning job as Ra value (Average Distance between 

highest peak and lowest valley in its sampling plane) is higher for the conventionally turned job.  
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