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Abstract 

Turn-milling is a relatively new machining process technology offering important 

advantages such as increased productivity, reduced tool wear and better surface finish. 

Because two conventional cutting processes turning and milling are combined in turn-

milling, there are many parameters that affect the process making their optimal 

selection challenging. Optimization studies performed on turn-milling processes are 

very limited and consider one objective at a time. In this work, orthogonal turn-milling 

is considered where spindle and work rotational speeds, cutter (tool-work axes) offset, 

depth of cut and feed per revolution are selected as process parameters. The effects of 

each parameter on tool wear, surface roughness, circularity, cusp height, material 

removal rate (MRR) and cutting forces were investigated through process model based 

simulations and experiments carried out on a multi-tasking CNC machine tool. Tool life 

and surface roughness are formulated including cutter offset for the first time in this 

present work. Also, for the first time, turn-milling process is defined as a multi-

objective problem and an effective method is proposed to handle this optimization 

problem. Minimum surface error, minimum production cost and minimum production 

time are aimed at the same time, and results are generated for selection of optimal 

cutting process parameters. After optimal parameter sets are found, they are compared 

with the parameters proposed by tool suppliers in machining tests. In addition, 

orthogonal turn-milling process is compared with conventional turning process 

comprehensively in order to demonstrate the process advantages.  

 

Keywords: Turn-milling, Multi-objective optimization, Cutting parameter selection, 

Cutter offset, Circularity, Material removal rate (MRR)  
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FREZEYLE  TORNALAMA S¦RE¢LERĶNĶN KESME PARAMETRELERĶ 

SE¢ĶMĶ Ķ¢ĶN MODELLENMESĶ VE ENĶYĶLENMESĶ 

 

Mehmet Emre Kara 

End¿stri M¿hendisliĵi, Y¿ksek Lisans Tezi, 2015 

Tez Danēĸmanē: Prof Dr. Erhan Budak 

¥zet 

Frezeyle tornalama teknolojisi, takēm aĸēnmasēnē ºnemli ºl­¿de azaltan dolayēsēyla 

y¿ksek takēm ºmr¿ saĵlayan, iyi bir son y¿zey sunan ve y¿ksek ¿retkenliĵin m¿mk¿n 

olduĵu gºrece yeni bir talaĸlē imalat s¿recidir. Frezeyle tornalama, iki geleneksel 

yºntemin bir araya getirilmesi ile oluĸtuĵu i­in s¿reci etkileyen parametre sayēsē da 

geleneksel yºntemlere gºre fazladēr. Bu y¿zden, s¿reci eniyi leyen kesme parametreleri 

se­imi zorlu bir hale gelmektedir. Frezeyle tornalama s¿re­leri ¿zerinde yapēlan 

eniyileme ­alēĸmalarē ­ok kēsētlē olmakla birlikte, yapēlan ­alēĸmalarda sadece tek bir 

ama­ gºz ºn¿nde bulundurulmaktadēr. Bu ­alēĸmada dik frezeyle tornalama s¿reci ele 

alēnarak iĸ mili ve iĸ par­asē dºnme hēzlarē, takēm-iĸ par­asē eksen farkē, kesme derinliĵi 

ve eksenel yºndeki ilerleme s¿recin kesme parametreleri olarak se­ilmiĸtir. Her bir 

parametrenin takēm aĸēnmasē, y¿zey p¿r¿zl¿l¿ĵ¿, yuvarlaklēk, p¿r¿z y¿ksekliĵi, 

malzeme kaldērma hēzē ve kesme kuvvetleri ¿zerine olan etkileri, benzetime ve ­ok 

ama­lē CNC tezgahēnda yapēlan deneylere dayalē modellere gºre incelenmiĸtir. Takēm-

iĸ par­asē eksen farkē gºz ºn¿nde bulundurularak takēm aĸēnmasē ve y¿zey p¿r¿zl¿l¿ĵ¿ 

ilk kez bu ­alēĸmada matematiksel olarak form¿le edilmiĸtir. Ayrēca ilk defa frezeyle 

tornalama s¿reci ­ok kriterli eniyileme problemi olarak modellenmiĸ ve bu problemin 

­ºz¿m¿nde kullanēlabilecek yºntemler araĸtērēlmēĸtēr. Minimum y¿zey hatasē, minimum 

maliyet ve minimum ¿retim zamanē aynē anda hedeflenmiĸ ve s¿reci eniyileyen kesme 

parametreleri setleri elde edilmiĸtir. Eniyileme sonucu elde edilen kesme parametreleri 

ve takēm tedarik­isinin ºnerdiĵi kesme parametreleri kullanēlarak iki farklē deney 

y¿r¿t¿lm¿ĸ ve bir karĸēlaĸtērma yapēlmēĸtēr. Ayrēca s¿re­ avantajlarēnē gºrmek adēna, 

frezeyle tornalama s¿reci, geleneksel tornalama s¿reciyle kēyaslanmēĸtēr. 

 

Anahtar kelimeler: Frezeyle tornalama, ¢ok kriterli eniyileme, Kesme parametreleri 

se­imi, Takēm-iĸ par­asē eksen farkē, Yuvarlaklēk, Malzeme kaldērma hēzē 
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CHAPTER 1 INTRODUCTION  

Manufacturing is the process of transforming raw materials into finished goods to use 

them functionally. Basically it is a value-adding activity, where the conversion of 

materials into products adds value to the original material. Thus, the objective of the a 

company engaged in manufacturing is to add value and do so in the most efficient 

manner, using the least amount of time, material, money, space, and labor. 

Manufacturing processes are often grouped into four basic ñfamiliesò, as casting, 

deformation, consolidation and material removal processes. Casting processes exploit 

the properties of a liquid as it flows into and assumes the shape of a prepared container, 

and then solidifies upon cooling. Deformation processes exploit the ductility or 

plasticity of certain materials, mostly metals, and produce the desired shape by 

mechanically moving or rearranging the solid. Consolidation processes build a desired 

shape by putting smaller pieces together. Included here are welding, brazing, soldering, 

adhesive bonding, and mechanical fasteners. The material removal processes remove 

selected segments from an initially oversized piece. Traditionally, these processes have 

often been referred to as machining, a term used to describe the mechanical cutting of 

materials. The more general term, material removal, includes a wide variety of 

techniques, including those based on chemical, thermal, and physical processes.  

Machining (e.g. turning, milling, drilling) is the most widespread metal shaping process 

in mechanical manufacturing industry. It is the process of removing unwanted material 

from a work piece in the form of chips to obtain desired geometry where tight 

tolerances and finishes are required. To perform the operation, relative motion is 

required between the tool and work. This relative motion is achieved in most machining 

operations by means of a primary motion, called the cutting speed, and a secondary 

motion, called the feed. The shape of the tool and its penetration into the work surface, 

combined with these motions, produces the desired geometry of the resulting work 
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surface. The predominant cutting action in machining involves shear deformation of the 

work material to form a chip; as the chip is removed by using cutting tool that is harder 

and stronger than work piece material, a new surface is exposed. Conventional 

operations, turning, milling, broaching, drilling, grinding and non-traditional operations, 

EDM, LBM, EBM are the basic metal cutting operations. 

Turning is a machining process in which a cutting tool, typically a non-rotary tool bit, 

describes a helical toolpath by moving linearly while the work piece rotates. When 

turning, a piece of relatively rigid material (such as metal, plastic or wood) is rotated 

and a cutting tool is traversed along 1, 2, or 3 axes of motion to produce precise 

diameters and depths.  In Figure 1.1 simple external turning operation can be seen. 

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. 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 longitudinal turning, profile turning, face turning and 

external grooving. In general, turning uses simple single-point cutting tools. Turning 

processes can produce cylindrically symmetric materials such as straight, conical, 

curved, or grooved work piece. 

 

Figure 1.1: Longitudinal turning process. 

Several cutting processes and machine tools are capable of producing complex shapes 

typically with the use of multitooth cutting tools. Milling is one of the most versatile 

machining processes, in which a multitooth cutter rotates along various axes with 
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respect to the work piece. Milling includes a number of versatile machining operations 

that use a milling cutter, a multitooth tool that produces chips. The type of milling 

operations such as slab milling, face milling, end milling are some of the examples for 

milling operations. Face milling operation can be seen in Figure 1.2. 

 

Figure 1.2: Face milling process. 

1.1 Problem Definition 

Turn-milling is a promising method for machining of cylindrical and non-coaxial 

(eccentric) parts with improved productivity. This method consists of turning and 

milling operations. Essentially it is a turning operation carried out using a milling 

cutter. In turn-milling cutting tool and work piece rotate around their own axes 

simultaneously. Owing to these special aspects, turn-milling offers several advantages. 

First of all, due to rotational movements of both tool and work piece, high cutting speed 

can be achieved in turn-milling operations. This is an important advantage particularly 

for parts with large diameter which cannot be rotated at high speeds. Furthermore, 

because of the interrupted cutting in turn milling, chips are broken and cutting 

temperature reduces which in turn decreases tool wear and increases tool life. Lower 

cutting temperatures make also higher cutting speeds possible. Additionally high 

surface quality and low cutting forces can be obtained in turn-milling [1,2]. 
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Turn-milling is a relatively new concept in manufacturing technology, where in both, 

the work piece and the tool, are given rotary movements simultaneously. After 1980ôs, 

as products become increasingly complex and ever-increasing demands of production 

efficiency, shapes have become more intricate, and precision, efficiency and other 

requirements have become more sophisticated. In many cases, conventional processes 

may not meet these requirements. Conventional manufacturing processes, e. g. turning 

or milling, often approach their limits with regard to technology and economy 

especially in manufacturing of difficult parts either due to their shape, size, material or 

quality requirements. For example, in turning the rotational speed is limited by the 

centrifugal forces particularly for parts with large diameter. Turn-milling which is a 

combination of these two processes opens new ranges of application in the 

manufacturing. The productivity could be much greater in comparison to the 

conventional turning. 

 

Figure 1.3: Orthogonal turn-milling operation. 

Even though turn-milling offers many advantages, its use is not widespread. This is 

primarily caused by implementation of turn-milling operation is complicated and 

relatively difficult than other methods. In addition, the process consist more cutting 

parameters but there is no proposed method for the selection of these parameters. In 

order to overcome this lack of knowledge, process must be described comprehensively 

and an appropriate cutting parameter selection method should be provided for turn-

milling processes. Moreover, to obtain all the benefits of this new machining approach, 

optimization studies must be carried out within parameter selection process. 
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1.2 Literature Survey 

At the end of the 1800s Tilghman [3] used milling cutter instead of turning tool to 

reduce temperature at the contact zone. Academic studies on turn-milling, on the other 

hand, started in 1990s. Schulz et al. [4] stated that by integrating conventional turning 

and milling machine tools with each other in the creation of new machine tools, in 

particular setup time is reduced and it is possible to shorten production time and reduce 

costs. Schulz [5] divided turn-milling operations into two groups: orthogonal and co-

axial. In the study, plain bearing half liners are machined and it is showed that better 

surface roughness is achieved in comparison to turning operation. In another study of 

Schulz [6] kinematic conditions and its influence on the tool wear and surface 

roughness are handled. 

Recent studies on turn-milling have mostly focused on experimental investigation of the 

surface quality. Kopac and Pogacnik [7] investigated effects of tool position according 

to the work piece and vibrations on the surface quality. In same study, they indicated 

eccentricity (tool-work axes offset) effect on surface roughness in orthogonal turn-

milling. Choudhury et al. [8] studied effects of spindle speed and feed rate for different 

work piece materials for orthogonal turn-milling and compared the surface roughness 

with those obtained by conventional turning. They claim that 10 times better surface 

quality can be achieved by turn-milling compared to turning. In a later study, 

Choudhury et al. [9] continued their work on the surface roughness in orthogonal turn-

milling this time including effects of work piece rotational speed, cutter diameter and 

depth of cut. They indicated that the surface roughness in turn-milling is also better than 

the conventional milling. Neagu et al. [10] researched the kinematics of orthogonal 

turn-milling based on circularity, cutting speed and tool geometry. As a conclusion they 

claimed that turn-milling can achieve up to 20 times higher productivity than turning. 

Savas and Ozay [11] investigated effects of cutting parameters on the surface roughness 

in tangential turn-milling which is a new method developed by them. As a result of their 

studies, they observed that the obtained surface roughness is close to the grinding 

quality. Filho [12] studied orthogonal turn-milling by using a five axis machining center 

to measure cutting forces and compared them with the analytical model predictions. Cai 

et al. [13] carried out orthogonal turn-milling experiments with different machining 

parameters and obtained conclusions about cutter wear and work piece roughness. Zhu 

et al. [14] described surface topography in orthogonal turn-milling, and proposed 
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mathematical models to describe theoretical surface roughness and topography of 

rotationally symmetrical work piece. 

Previous researches [15] in machining process optimization have focused on 

mathematical modeling approaches to determine optimal cutting parameters with regard 

to various objective functions. Also the latest techniques for optimization include ant 

colony technique, particle swarm optimization (PSO), genetic algorithm (GA), Taguchi 

technique and response surface methodology (RSM) are being applied successfully in 

industrial applications for optimal selection of process variables in the area of 

machining. Three main objectives have been recognized mostly as part of the single-

objective optimization problems: 1) minimizing surface roughness [16-27]; 2) 

minimizing production or machining cost [28-47]; and 3) maximizing production rate 

or minimizing cycle time [48-55]; or a combined criterion based on a weighted sum of 

these [56-63]. 

Beside these ones, researchers have begun to include more than one objective into their 

studies to make the problem more realistic by using multi-objective optimization 

approaches for cutting parameter optimization. Multi -objective optimization (MOO) 

addresses the issue of competing objectives using concepts first introduced by 

Edgeworth [64], then expanded and developed by Pareto [65], the French-Italian 

economist who established an optimality concept in the field of economics based on 

multiple objectives. A Pareto front [66] is generated that allows designers to trade-off 

one or more objectives against another. The fi rst application of evolutionary 

algorithms in finding multiple trade-off solutions in one single simulation run was 

suggested and worked out in 1984 by David Schaffer [67]. That fi rst method was 

developed on selection, crossover and mutation operations. But the field was not 

attracted researchers until 1989 when David Goldberg [68] suggested a non-dominated 

sorting method in his book about genetic algorithms in 1989. Further developments on 

multi-objective evolutionary algorithms were happened starting from 1993 and still 

continues to develop today.  

In the area of machining, Karpat and Ozel [69] studied three objective optimization 

problem based on surface roughness, machining time and material removal rate and 

they introduced a procedure to formulate and solve optimization problems by particle 

swarm optimization technique. Abburi and Dixit [70] used GA and sequential quadratic 
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programming (SQP) methods to minimize total production time with constraints of tool 

life, surface finish, cutting force and machine power. Yang and Natarajan [71] achieved 

to obtain optimal set of machining parameters for minimum tool wear and maximum 

material removal rate in turning process using elitist non-dominated sorting genetic 

algorithm (NSGA-II) approach. Another studies about application of multi-objective 

optimization methods on machining processes can also be found in the literature [72-

78]. 

Optimization studies on turn-milling started with Pogacnik and Kopac [79]. This 

experimental study presents guidelines on how to avoid dynamic instability by using 

optimum entry-exit conditions which can be achieved through a proper set-up of the 

process parameters. As a result, they proposed a decision diagram.  Savas and Ozay 

[80] performed a study of cutting parameter optimization to minimize surface 

roughness in tangential turn-milling process using genetic algorithm based on 

experimental results. 

1.3 Organization of the Thesis 

This thesis is divided into 7 chapters.  

After this introductory Chapter 1, fundamentals, configurations and parameters of turn-

milling processes are presented in Chapter 2. 

In Chapter 3, objectives of the optimization process are presented. In order to define 

tool life and surface roughness objectives completely some experiments are needed 

which are also given in this chapter.  

Chapter 4 is dedicated to multi-objective optimization methods which are discussed 

extensively in this chapter. 

In Chapter 5, the proposed optimization methods are applied into our problem and 

results are presented. Optimization procedure and results are discussed. 

In Chapter 6, conventional turning process is compared with orthogonal turn-milling 

process in all aspects. Some experimental results are also given.  

In Chapter 7, conclusions obtained from this study are presented. Results are 

summarized and future work is outlined in this area. 
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1.4 Summary 

In introduction chapter, information is given about machining processes and turn-

milling. Problems encountered in turn-milling processes are also defined. Due to 

rotation of the work piece and tool at the same time, turn-milling has relatively complex 

geometry and as a result there are more cutting parameters to be selected. An overview 

of previous studies on turn-milling processes is given in here. Detailed literature survey 

is also provided on optimization of machining processes and solution methods. In 

addition, optimization studies in turn-milling are also mentioned. Finally layout of the 

thesis is given at the end of this chapter.  
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CHAPTER 2 TURN-MILLING PROCESSES 

2.1 Fundamentals of Turn-Milling Process  

Conventional manufacturing processes, e.g., turning or milling, often approach their 

limits with regard to technology and economy. In turning operations, high cutting 

speeds are limited due to the centrifugal stress of the clamping chuck. In milling, the 

limitation is due to the centrifugal forces acting upon the tool. These limitations can be 

overcome if the rotation of the work piece is combined with the motion of the rotating 

tool.  

Turn-milling is a relatively new concept in manufacturing technology, where in both, 

the work piece and the tool, are given a rotary movement simultaneously. In order to 

understand this new process, turning and milling must be known thoroughly. On multi-

tasking machines many operations such as turning, milling and drilling can be 

performed, although limited operations can be carried on turning or milling machines.  

In general, as an advanced technology turn-milling is widely used in machining of 

crankshafts, cams and other complex parts. With the help of multi-teeth tools, it has the 

ability to obtain high surface-quality with high production rate. It offers an ability to get 

flat and also cylindrical shapes. It has several advantages compared to conventional 

turning and milling however, it has more complex geometry than these other methods.  

2.2 Mill -Turn Machine Tools 

Despite all advantages, turn-milling requires integrated mill-turn machining centers. 

That is an obstacle in spreading this technology over areas with lower economic power. 

Yet, there is also possible approach to make this technology closer to metal cutting 

industry by combining turning centers with live tooling. This combination might be 

done in an acceptable manner and can be effectively performed on universal lathes. 
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Mill -turn centers are machines that are capable of both rotating-work piece operations 

(turning) and rotating-tool operations (namely milling and drilling). Generally these 

machines are based on lathes. The machine is typically recognizable as a horizontal or 

vertical lathe, with spindles for milling and drilling simply available at some or all of 

the tool positions. The function of mill-turn machines is similar to the combination of 

the 3-axis NC lathe, the 4-axis NC mill and the drill machine [82]. The turrets on mill-

turn machines are equipped with common turning cutters and live tools. Live tools 

provide milling, drilling, counterboring, slotting, rolling, sawing, deburring, broaching, 

and even thread cutting within the same setup. With a machine such as this, a part 

requiring a variety of operations can be machined in one setup, particularly if a sub-

spindle allows the part to be passed from one spindle to another during machining 

[82,83]. 

More recently, introduced mill-turn machines depart from the lathe design into 

something much more like a hybrid machine. Many shops have discovered that, even 

though these machines developed from lathes, they are not necessarily limited to round 

parts. Various non-round parts can be machined on the same platform as efficiently. 

Advantages of using mill-turn machines include significantly higher tolerances and 

lower machining cycle times since a work piece can be completely machined from raw 

stock to finished part on the same machine in a single setup [81].  

2.3 Configurations of Turn -Milling  

Basically there are three types of turn-milling operation depending on the rotation axes 

of cutting tool, work piece and contact area between them. First, orthogonal and co-

axial turn-milling processes were introduced in 1990 by Schulz [5], after, in 2007 Savas 

and Ozay [11] developed a new method which they called tangential turn-milling. 

Movement systems and contact conditions of these methods are shown in Figure 2.1. 
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Figure 2.1: Turn-milling types and motion systems. 

The position of the tool determines whether it is orthogonal, co-axial or tangential. 

Depending on the type, the chip formation differs but as common in all three types the 

chip is formed by combination of two motions: work piece rotation and feed in axial 

direction. As a result of this we have two different feed rates, circumferential and axial 

feed rates. Circumferential feed includes relative motion of tool and work piece 

rotations where degree of penetration is related to the ratio of tool and work piece 

rotational speeds. For the axial feed, the mechanism is similar to conventional milling 

where tool radius and feed are important for the engagement limits. 

2.3.1 Orthogonal Turn -Milling  

Orthogonal turn-milling operation can be seen in Figure 2.2 schematically. In 

orthogonal turn-milling the cutting tool is perpendicular to the work piece rotation axis. 

That's why in orthogonal turn-milling the chip is formed by the action of side and 

bottom part of the cutting tool. In orthogonal turn-milling, cutting motion comes from 

tool rotation and feed motion comes from work piece rotation with tool movement 

which is parallel to axis of the work piece.  
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Figure 2.2: Orthogonal turn-milling. 

In this type of turn-milling, it is possible to offset the tool in Y-axis however as result of 

this chip thickness changes. Parameter that defines this arrangements between work 

piece and tool is called tool Y-axis compensation or shortly eccentricity or cutter offset. 

When cutting tool rotation axis and work piece rotation axis intersect, operation is 

called concentric orthogonal turn-milling, otherwise if there is no intersection, operation 

is called eccentric orthogonal turn-milling. These two cases are shown in Figure 2.3. 

 

 

Figure 2.3: Cutter offset in orthogonal turn-milling. 

Eccentric orthogonal turn-milling 

Concentric orthogonal turn-milling 
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Cutter offset is a peculiar parameter in orthogonal turn-milling. This compensation in 

orthogonal turn-milling causes change in chip formation whereas offset value increases 

only side of the cutting tool is involved in the chip formation. 

Figure 2.4 shows the procedure to obtain the uncut chip geometry. The uncut chip 

geometry is a basic information needed in process modeling, and can be obtained by 

considering the initial and the final positions of the tool within one tool revolution.   

 

Figure 2.4: a) Orthogonal turn-milling operation b) Uncut chip geometry in orthogonal 

turn-milling [84]. 

2.3.2 Co-Axial Turn -Milling   

Co-axial turn-milling is operation that axis of cutting tool and work piece are in the 

same direction. It enables to machining of inner and outer surface of the work piece. 

However in this type of turn-milling, total machining length is limited by the cutter 

length. Configuration of this type of turn-milling process is shown in Figure 2.5. 
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Figure 2.5: Co-axial turn-milling. 

Figure 2.6 describes the procedure for determining the uncut chip geometry for co-axial 

turn-milling. Unlikely the orthogonal turn-milling there are no line boundaries in co-

axial turn-milling, the chip geometry in this case is formed by arcs.  

 

Figure 2.6: a) Co-axial turn-milling operation b) Uncut chip geometry in co-axial turn-

milling [84]. 
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2.3.3 Tangential Turn-Milling  

Tangential turn-milling is another type of turn-milling operation in which cutting tool is 

tangent to the work piece. This process is more suitable for using end milling cutters.  In 

this type of turn-milling the chip formation mechanism is different from orthogonal 

turn-milling.  

 

Figure 2.7: Tangential turn-milling. 

Unlike in the case of orthogonal turn-milling, in this case the chip is formed by only 

periphery of the cutting tool as shown in Figure 2.8a. The procedure for determining the 

uncut chip geometry in Figure 2.8b is similar to the case of orthogonal turn-milling. 

 

Figure 2.8: a) Tangential turn-milling operation b) Uncut chip geometry in tangential 

turn-milling [84]. 
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2.4 Process Geometry and Parameters 

Turn-milling has a complex geometry due to rotational motions of both cutting tool and 

work piece. Figure 2.9 illustrates the geometry of orthogonal turn-milling and the 

parameters in the process.  

The cylindrical surface of work piece results from the interaction of two rotational 

motions. First motion is made by the work piece, with the number of revolutions nw, and 

the second is made by the tool, with the number of revolutions nt, respectively. Speed 

ratio is defined as rn where ratio of nt/nw. In addition, there are two different feeds in 

turn-milling; axial and circumferential feeds. Axial feed is the translation motion of the 

cutting tool along the work piece similar to conventional milling; on the other hand, 

circumferential feed is defined as the tool rotational motion around the work piece 

which is a result of the work piece rotation and axial feed. Here, ae is the feed per 

revolution in the axial direction. The combined motions of two feed rates result in a 

helical tool path and feed per tooth in this path is indicated as fz. Moreover ap, Rw, Rt 

represents depth of cut, radius of tool and radius of work piece respectively. 

 

Figure 2.9: Process geometry and parameters in orthogonal turn-milling [17]. 

Figure 2.9 also tells us that turn-milling can be defined by an analogy to conventional 

milling operation. If one assumes that the work piece is stationary and the tool moves 

around it, the circumferential feed corresponds to the feed rate in conventional milling 

where axial feed (ae) defines the radial depth of cut.  
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2.5 Summary 

In this chapter, basics of turn-milling and machine tools which are suitable to carry out 

turn-milling are given. Then, types of turn-milling are introduced and their 

configurations demonstrated visually. Because of uncut chip geometry is important to 

analyze cutting force, temperature and stability, the tool-work piece contact area is 

shown and chip geometries are introduced for orthogonal, tangential and co-axial turn 

milling. Process parameters of turn-milling are also handled within this chapter. 
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CHAPTER 3 FACTORS THAT AFFECT PARAMETER SELECTION 

STRATEGY IN TURN -MILLING  

Intelligent manufacturing achieves substantial savings in terms of money and time if it 

integrates an efficient automated process-planning module. Process planning involves 

determination of appropriate machines, tools for machining parts, cutting fluid to reduce 

the average temperature within the cutting zone and machining parameters under certain 

cutting conditions for each operation of a given machined part.  

Turn-milling is a relatively new concept in manufacturing technology. Itôs an advanced 

cutting approach that can meet the demand of dimensional accuracy, surface roughness 

and residual stress of the work piece. Turn-milling is not bound by the limitations of 

both turning and milling. However, parameter selection is quite important for process 

efficiency.  

The machining economics problem consists in determining the process parameter. In 

orthogonal turn-milling process; cutting speed, work piece rotational speed, tool Y-axis 

compensation, axial feed and depth of cut are desired to find optimally. A number of 

objective functions by which to measure the optimality of machining conditions 

include: minimum surface errors, minimum unit production cost and minimum 

production time. These are actually defined with tool life, surface roughness, circularity 

and material removal rate. Several cutting constraints that should be considered in turn-

milling process include: cutting force constraint, power, stable cutting region constraint, 

chip-tool interface temperature constraint and roughing and finishing parameter 

relations. 

In this section these criteria for turn-milling are handled one by one. These factors or 

criteria are especially important because they form the basis of optimization study in 

turn-milling. 
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3.1 Tool Wear and Tool Life 

Tool life improvement is crucial to reduce the cost of production. Cutting tools have a 

limited life due to inevitable wear and consequent failure, and ways must be found to 

increase tool life. Cutting tools fail either by gradual or progressive wear on cutting 

edges or due to chipping or plastic deformation [85]. The change of shape of the tool 

from its original shape, during cutting, resulting from the gradual loss of tool material is 

called tool wear [86]. Generally a tool wear criteria is defined as a threshold value of the 

tool life. 

Tool wear is a process which depends on time. As cutting proceeds, the amount of tool 

wear increases gradually. But tool wear must not be allowed to go beyond a certain 

limit in order to avoid tool failure. The most important wear type from the process point 

of view is the flank wear as can be seen in Figure 3.1, therefore the parameter which has 

to be controlled is the width of flank wear land, VB. This parameter must not exceed an 

initially set safe limit. The safe limit is referred to as allowable wear land (wear 

criterion), VB as shown in Figure 3.2. The cutting time required for the cutting tool to 

develop a flank wear land of width VB is called tool life, T (min), a fundamental 

parameter in machining. 

 

 

Figure 3.1: Wear on flank face of the tool. 
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Figure 3.2: Flank face of the tool. 

Parameters, which affect the rate of tool wear in turn-milling are as follows [2]; 

¶ cutting conditions (cutting speed V, cutter offset e, and depth of cut ap) 

¶ cutting tool geometry 

¶ work material 

¶ cooling conditions (dry, with fluid or MQL) 

It is well known that from these parameters, cutting speed is the most important one for 

tool life [85]. As cutting speed is increased, wear rate also increases, so the same wear 

criterion is reached in less time. Taylor [87] approximated this by the following well-

known equation: 

CVTn =                (3.1) 

where n and C are constants whose values depend on cutting conditions, work and tool 

materials and tool geometry. In order to construct tool life equation for turn-milling 

process, these case dependent constants should be determined first by conducting some 

experiments.  

As can be seen from the above equation there is no cutter offset effect for tool life, to 

investigate and include this effect, some experiments also are carried on. Effect of the 

offset is expressed and included to tool life formula as a function as follows: 
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3.2 Surface Roughness  

The quality of machined surface is characterized by the accuracy of its manufacture 

with respect to the dimensions specified by the designer. Every machining operation 

leaves some characteristic marks on the machined surface. This pattern is known as 

surface finish or surface roughness. 

Surface roughness is a widely used index of product quality and in most cases there is a 

technical requirement for products. Achieving the desired surface quality is of great 

importance for the functional behavior of a part. Surface roughness value can be 

measured by analyzing roughness profile. 

 

Figure 3.3: Roughness profile. 

For orthogonal turn-milling operation theoretical surface roughness, Ra (Õm) is defined 

as follows [14]: 
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where Rt = radius of tool (mm); nw = work piece rotational speed (rpm); ae = axial feed 

(mm/rev); Rw = radius of work piece (mm); ap = depth of cut (mm); z = number of teeth; 

nt = spindle speed (rpm) and f(e) = function of cutter offset (mm). Effect of cutter offset 

on the surface roughness is also investigated experimentally and results are presented 

within this chapter. 
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3.3 Circularity  

In turn-milling process, since cutting tool and work piece rotate simultaneously, it is not 

possible to produce an ideal circle and the resulting machined part cross section is a 

polygon as shown in Figure 3.4. Polygon vertices create deviation from ideal circle 

causing circularity error. 

 

Figure 3.4: Partial cross section of work piece produced in turn-milling. 

The difference between the desired and the machined shapes can be denoted as OB-OA. 

The definition of circularity error, Ce (Õm) for orthogonal and tangential cases can be 

derived from the geometry as follows [1]: 
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This expression represents the relation between the cutting parameters and the 

circularity error. Hence, one can optimize the circumferential surface roughness through 

selection of cutting parameters. In addition, it is obvious that rn has a significant effect 



23 
 

on circularity where the depth of cut has a slight effect. As a result, it can be suggested 

that the ratio of rotational speeds should be increased in order to improve circularity. 

3.4 Cusp Height 

Cusp which is another form error in turn-milling and shown in Figure 3.5, is the height 

of remaining material during tool motion and directly associated with the tool, work 

piece diameter and step over. Step over can be defined as the size of the cutterôs 

diameter that is engaged in a cut. In conventional milling process, feed rate and cutting 

tool radius have direct effects on the cusp height. ae in turn-milling process is equivalent 

to radial depth of cut in conventional milling process. Increasing ae in order to achieve 

higher MRR, results in high cusp height. 

 

Figure 3.5: Cusp height form error in turn-milling. 

The geometrical representation of cusp height is; 
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 (3.5) 

As it can be seen from Eq. 3.5, the cusp height, ch (Õm) depends on many parameters. 

The formulation of cusp height geometry is first derived by Uysal [88], while previous 

studies considered circularity as the only form error in turn-milling. The analytical 

formulation predicts that unlike the circularity form error, cusp height is an avoidable 

case. 

ae can be increased up to the critical value, which is represented in following equation, 

without producing any cusp. By this way, MRR can be increased without sacrificing 

surface quality. aecrit represents the projected length (PL) of tool onto work piece as 
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shown in Figure 2.9. If ae is defined higher than this value, tool leaves uncut surface on 

the work piece. The peak of that uncut surface is the cusp height.  

ὥ ςϽ Ὑ Ὡ Ὑ ὥ Ͻὸὥὲ
Ј

Ͻ
        (3.6) 

3.5 Material Removal Rate (MRR) 

Manufacturing time, cost and quality of machined work pieces are affected by 

productivity. Material removal rate (MRR) is an indicator of the productivity as it 

represents the removed material volume in unit time. Although higher MRR is possible 

in turn-milling it may cause increase circularity error and cusp height formation in 

finished surface.  

The equation below represents the MRR (mm3/min) for turn-milling process [89]: 

epf aaVMRR ÖÖ=                   (3.7) 

where Vf is feed speed; 

znfV ttf ÖÖ=               (3.8) 

3.6 Cutting Forces 

In orthogonal turn-milling, using the chip thickness expression cutting forces are 

calculated including cutter offset by Karaguzel [1, 84] according to mechanistic 

modeling described in [90, 91]. Karaguzel developed and simulated cutting forces by 

oblique transformation of orthogonal cutting data and the chip thickness expressions. 

Turn-milling forces can be determined by dividing the uncut chip into elements within 

the cutting zone. Tangential (dFt, j), radial (dFr, j), and axial (dFa, j) forces acting on a 

differential flute element with height dz are expressed as follows [90, 91]: 

[ ]dzKzhKzdF tejjtcjt += ))((),(, ff  

[ ]dzKzhKzdF rejjrcjr += ))((),(, ff            (3.9) 

[ ]dzKzhKzdF aejjacja += ))((),(, ff  
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In this study, a simulation program is developed based on proposed cutting force model 

and it is used when calculating resultant cutting force. 

3.7 Experiments 

There is no general formulation for tool life as it strongly depends on work piece and 

tool materials. In order to formulate tool life for selected work piece and tool in this 

case, some experiments must be conducted to determine related constants before 

starting optimization study. Additionally, a survey has to be carried out to find how 

cutter offset effects tool life and surface roughness. 

3.7.1 Experimental Setup 

Experiments on orthogonal turn-milling are carried out on Mori Seiki NTX 2000 multi-

tasking machine tool shown in Figure 3.6a in Sabancē University, Manufacturing 

Research Laboratory (MRL).  Primary axes and milling spindle are shown in Figure 

3.6b. Tool spindle can rotate around only Y-axes but can move linearly along the X, Y 

and Z axes. As a result of this configuration; turning, milling and turn-milling 

operations can be performed easily on this machine. 

 

Figure 3.6: (a) Mori Seiki NTX 2000 multi-tasking machine; (b) Possible axes on the 

machine tool. 

Cylindrical work piece of AISI 1050 steel of ɲ 100 mm diameter and 150 mm length 

were fixed between three jaws universal chuck as in the Figure 3.7. 
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Figure 3.7: AISI 1050 steel bar, 1ɲ00 mm x 150 mm. 

AISI 1050 is a high quality structural plain carbon steel and it is very commonly used in 

manufacturing. This carbon steel is used in parts of ships, automobiles, aircrafts, 

weapons, railways, pressure vessels. The metallurgical properties of AISI 1050 are seen 

in Table 3.1. 

Table 3.1: Metallurgical properties of AISI 1050 steel. 

Element C Mn P S Fe 

Content (%) 0.47 - 0.55 0.6 - 0.9 Ò 0.04 Ò 0.05 Balance 

Density of AISI 1050 alloy is 7850 kg/m3. The mechanical properties and thermal 

properties are found in Table 3.2 and Table 3.3, respectively. 

Table 3.2: Mechanical properties of AISI 1050 steel. 

Property Metric Unit 

Tensile Strength 635 MPa 

Yield Strength 515 MPa 

Shear Modulus 80 GPa 

Bulk Modulus 140 GPa 

Elastic Modulus 190 - 210 GPa 

Poissonôs Ratio 0.27 - 0.3 

Elongation at Break 10 - 15 % 

Reduction of Area 30 - 40 % 

Hardness, Brinell 187 - 197 HB 

Impact Strength 16.9 J 
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Table 3.3: Thermal properties of AISI 1050 steel. 

Property Metric Unit 

Specific Heat Capacity 0.486 J/kg*ÁC 

Thermal Conductivity 49.8 W/m*K 

Coefficient of Thermal Expansion 11.3*10-6/ÁC 

Plain carbon steels have the best machinability properties compared to other steel types. 

Carbon content is the main affecting parameter of machinability. High carbon steels are 

difficult to cut since they are strong and they may contain carbide particles. On the other 

hand, low carbon steels are very soft such that these alloys are gummy and stick to 

cutting tool causing BUE at the tool tip with shortened tool life. 

In turn-milli ng experiments a ɲ50 mm Seco QuattroMillÈ 220.53-0050-12-4A milling 

tool with four cutting teeth was used with CVD coated MP2500 grade inserts which are 

recommended for high speed machining of steel. Minor cutting edge length of the tool 

insert is 4 mm. Cutting tool and insert used in the experiments can be seen in Figure 3.8. 

    

Figure 3.8: (a) Cutting tool; (b) Cutting insert. 

Experimental setup is given in Figure 3.9. Experiments were performed under dry 

cutting condition.  
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Figure 3.9: Experimental setup. 

3.7.2 Measurements 

Tool flank wear was measured by NanoFocus Õsurf surface metrology system. 

Measurement procedure can be seen below in  

 

  

 

 

Topography measurement device 

Placement of the worn insert 
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Surface finish was determined using MITUTOYO SJ 301 surf test instrument as shown 

in the Figure 3.11. 

 

Figure 3.11: Surface roughness measurement equipment. 

Setup that is shown in Figure 3.12 was designed after the machining process to 

determine surface roughness of the cylindrical work pieces. To precise measurement, 

detector of the instrument was attached to the spindle head of the machine tool to be 

able to gain sensitive positioning. 

 

Figure 3.10: Tool wear measurement procedure. 

 

Topography of the insert 

Measurement preparation, focusing to 

the sample 
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Figure 3.12: Surface roughness measurement setup. 

Surface roughness measurements were taken in the direction of axial feed which is 

parallel to work piece rotation axis. 

3.7.3 Tool Life Experiments 

Firstly, for the selected work-tool materials and the tool geometry, C and n constants 

were identified. In order to do this orthogonal turn-milling experiment were carried out 

at two different cutting speeds. Result can be seen in Figure 3.13. 




























































































































