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Abstract: For the machining of superalloys, unconventional methods such as electroerosion, electrochemistry and others are 

frequently used due to the hardness of the material. Although, for some other operations, theconventional machining is 

essential. Because of their high hardness and improved mechanical properties, these superalloys require specific materials 

means such as machines and tools. To get an idea of the behavior of such a material in particular fields such as gas turbines, 

nuclear reactors, the industrialists have been interested for many years in the development and characterization of new 

materials to optimize the wear of the cutting tools and produce at a lower cost. In this context, the study of the tribological 

behavior of the cobalt-based superalloy FSX-414 standard 9001F in contact with the TiAlN-coated carbide inserts provides 

important information in the case of the turbine blade industry. The article discusses the productivity of gas turbine blades of 

the thermal power plant electricity production. The material to be machined is a superalloy which requires a carbide tool with 

adequate coating (TiN, TiC, TiAlN, TiCN...). This research eté preceded by an article about the couple material / tool (FSX-

414 / TiN coated carbide). A comparison of results has been made to optimize the cutting process and start production with 

lower cost. The lifetime of the cutting tool is mainly related to the development of two types of wear: flankwear of the sidewall 

and crater wear. This phenomenon of wear seems to be progressive, it develops during the cutting, which affects the quality of 

the machining, the productivity, and in particularly it may lead to the destruction of the tool in case of excessive wear. For the 

measurement of wear, an indirect method is used by coupling a Touptek photon camera to a microscope and capture the image 

to be processed by Toupview analysis software. It has been shown that the coating is the most influential parameter, followed 

by the sliding velocity. In this context, a focused research on the wear of TiAlN-coated Platelets in contact with this superalloy 

which is resistant to wear at high temperature has been developed. 
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1. Introduction 

This research comes after a work carried out in a previous 

step [1]. In order to compare the results and confirm the 

behavior of the friction coefficient obtained in the previous 

work [2], series of tests are necessary to confine these results. 

Wear is a complex mechanism that is difficult to interpret, 

causing debris emission with loss of weight, size and shape 

transformation and behind it is accompanied by a physical 

and chemical surface transformation. Cobalt-based alloys 

have a better resistance to high temperature corrosion than 

nickel based alloys. They are more expensive and more 

difficult to machine because of their wear resistance.  

Several surveillance methods of the wear of cutting tools 

have been applied to satisfy the productivity needs. The 

exploitation of different kinds of parameters during 

machining such as signals, cutting forces, acoustic emission 

and vibration is used to extract the information needed for 

effective monitoring using indirect techniques that describe 

the roughness of the workpiece, the cutting power and 

vibration generated during processing [3]. In the same way, 

other indirect methods in parallel monitor the development of 

the wear at the machining site. There is always a quite small 

scale on which they are measurable and their description 

does not date from yesterday [4, 5]. This tribological wear 

phenomena appears to be progressive, develops during 

cutting, which affects the quality of the machining, 

productivity and particularly, it may lead to the destruction of 

the tool after an excessive wear [6]. For these reasons, the 
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careful selection of cutting parameters is necessary, even 

indispensable for successful productivity. Increasing 

productivity with good quality requires Agile methods [7]. 

The picture carries more information about this topic and its 

interpretation is simpler [8]. Tribometers designed to respond 

to the question of development of friction coefficient and 

wear as function of cutting time, does not propose real results 

of wear and its shape, particularly during a sudden fracture 

[9]. Measuring the sizes with better software enables one to 

have a very high accuracy. These problems which are mainly 

of tribological nature vary considerably from steels nuance to 

another. The characterization of materials is essential in 

developing new steel products [10-12], more efficient and 

responsive to industrial requirements. The low friction 

coefficient allows the machining of abrasivematerials such as 

cast steel, aluminum alloys, tool steels or nickel alloys [13]. 

Among the many factors influencing the tribological system 

in metal cutting, the tool performance is mainly affected by 

temperature and the coefficient of friction µ (Tool Interface / 

piece) [14]. Developed to be used at high temperature, 

superalloys which are based on alloys containing iron, nickel 

or cobalt have high mechanical properties at high 

temperatures and low chemical reactivity (inoxidability). The 

moving fins of the turbine, due to the high mechanical stress 

to which they are subjected, are almost made of nickel 

superalloy. Cobalt superalloys are mostly used for fixed 

blading [15]. 

The objective of this work is to search the optimized 

pellets coated with TiAlN, as well as the cutting time. This 

study has been preceded by a similar research but using 

pellets coated with TiN. The piece used as a specimen in our 

tests is a fixed fin of 5001 nuance of a gas turbine subjected 

to high loads and at a temperature above 1000°C. 

2. Experimental Procedure 

The tests have been carried out in the numerical control 

workshop of the MEI company (Sonelgaz) of M'Sila 

(Algeria) and in mechanical engineering department at the 

University Med Boudiaf M'Sila. 

The purpose of this research is to measure the flank and 

crater wear at the same cutting inserts in milling operations 

of a single material with constant cutting parameters, the 

cutting time is different. The superalloy used in this work is 

based on cobalt, commercially known as FSX-414 with is 

characterized with the following mechanical characteristics: 

an average hardness of 60 HRC, a yield strength 0.2% of 850 

N / mm2, an ultimate tensile max strength of 1160 N / mm2, 

a Young’s modulus of 225x103 N / mm2. The chemical 

composition of this superalloy is given in Table 1 below. 

Table 1. Chemical composition of the superalloy FSX-414 (Weight %, fixed 

fin 1 Floor 5001). 

Co Ni Cr W Fe C Sb Ag Mo Mn Ti V Sn Nb 

56,89 14,68 16,8 8,03 2,52 0,25 0,01 0,05 0,35 0,3 0,04 0,05 0,01 0,056 

The platelets used during the machining are made from 

metal carbide coated with titanium nitride and aluminum 

(TiAlN). The high performance coating provides a surface 

hardness which can reach 80 HRC. It retains its hardness at 

high temperatures with the formation of an alumina layer 

characterized by poor heat conductivity, which allows to 

evacuate up calories by propagating in chips rather than in 

the tool itself. 

It is possible to reach very high cutting speeds with very 

little coolant, or even without lubrication, which is the case in 

the present work. 

These tests have been carried out on a 5 axis CNC milling 

machine (model DMG MORI DMF 180), using a removable 

cutter surfacing R217 / 220.29 type of round inserts coated 

with titanium aluminum nitride (TiAlN) by PVD process 

(RPHT1204M0T-M08 F40M reference). 

The cutting conditions are as follows: 

Rotation speed n = 400 r / min, Vc = 150 m / min, feed 

rate Fz = 0.075 mm / tooth; 

Cutting depth ap = 0.5 mm. 

Inthe first operation, an inclined face surfacing at 45° is 

used, followed by a flat surface as shown in figure 1. 

 

Figure 1. The three surfaces for machining tests on the fixed fin at the first 

stage fin 5001. 

The tests have been conducted with greatest precaution. The 

general approach of different operations is shown in figure 2. 

Launching of the machining program is as follows: 

� Face milling Side 1 (copying tool with round insert of 

Ф50); 

� face milling of the inclined face 2 (copying tool with 

round insert Ф 50); 

� face milling of face 3 (planning, grooving and shaping 

tools Ф 16). 

 

Figure 2. The surfacing operations (side 1 and 2) by copying cutter Φ50. 
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In order to avoid errors on the infeed depth, the diameter 

before and after machining has been measured according to 

figure 3: 

� Disassembling of the platelets; 

� Periodic visual observation of the utilized platelets 

(cutting face and the flank face); 

 

Figure 3. Periodic Visual observation of platelets after the end of each pass. 

� Observation and geometric measurement of the 

different parameters of the platelet (flank wear and 

crater wear) using a microscope at the end of the last 

pass; 

� Computer processing of data; 

� Results analysis. 

Both wear criteria adopted in accordance with ISO 3685, 

whose diagram is shown in figure 4. 

 

a) KT: crater wear; 

 

b) VB: flank wear 

Figure 4. Diagram of wear criteria used by the ISO 3685 standard. 

The insert used in this case has a cutting angle equal to 

16°. The cutting position is changed twice on the same insert; 

one for the first operation and the other for the second 

operation, this is done on two identical specimens so as to 

remove the same quantity of material for each machined face. 

For the measurement of the wear, a direct technique was 

adopted, using an optical binocular microscope (Euromex). 

The zoom magnification is twice the actual size with a 

magnifying glass (10 times). It is equipped with a Phonotic 

Touptek camera coupled to a Toupview capture software and 

image analysis to measure the wear of the cutting edges of 

the flanks as shown in figure 5. 

 

Figure 5. Interface wears measurement (optical binocular microscope, 

camera and laptop). 

A preliminary calculation of the dispersion of the 

measured values using the following equation (1): 
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Where: xi = measured values; xm = average values; n = 

number of measured values. 

3. Results and Discussion 

Figure 6 gives an overview of on the flank wear ofthe 

platelets coated with TiAlN. The evolution of the wear 

functions of time: 

 

Figure 6(a). VB=0,50mm. 
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Figure 6(b). VB=0,45mm. 

 

Figure 6(c). Microscopic observation of flank wear on the platelets faces of 

the type RPHT XOMX coated with TiAlN. 

Figure 7 shows the flank wear VB of platelets as a function 

of cutting time. It is noticed that the wear of the inserts 

coated with TiAlN is more excessive compared to coated 

inserts with TiN. This is due essentially to the lubrication 

during machining when using platelets coated with TiN and 

using dry medium for platelets coated with TiAlN. The two 

curves show the same aspect (low wear, moderate then 

accelerated wear). One can notice that the TiN coated 

platelets resist better to flank wear than TiAlN coated 

platelets under the same cutting conditions. 

 

Figure 7. Evolution of the flank wear VB as function of cutting time, 

obtained with XOMX platelets (F40M type), FSX- 414 piece, Vc = 150 m / 

min, f = 0.075 (mm / tooth) and ap = 0.5mm. 

Figure 8 shows the crater wear of the carbide inserts with 

the two coatings TiN and TiAlN. The crater wear of TiAlN 

coating is much more pronounced than the TiN coating. The 

difference is more significant for cutting time beyond 20 

minutes.  

 

Figure 8. Crater wear Kt evolution as function of cutting time, obtained with 

RPHT platelets F40M type FSX- 414 piece, Vc = 150 m / min, f = 0.075 (mm 

/ tooth) and ap = 0.5mm. 

Figures 7 and 8 show the variation of the wear flank VB 

and crater wear KT as function of cutting time. 

The insert is under mechanical stress soon as cutting 

begins and as long as the cut lasts. The importance cutting 

forces direction cause cracks which are mainly parallel to the 

cutting edge. Temperature variations occur because the 

cutting edge is heated during cutting and it cools when it’s 

not heated. The heating and cooling effect causes thermal 

stresses which cause thermal cracks perpendicular to the 

cutting edge. 

The calculation of the flank average wear measured in this 

case is given by equation 1. It is noticed that there is a low 

dispersion for measured wear for 10 pellets for every test 

(about 8%) due to the high hardness of the material and also 

due to tribological phenomena generated by the properties 

which cause a machining difficulty. 

For the first test series (figure 7), the differences are not 

very significant. The flank wear is more remarkable. They 

sometimes reach the value allowed by ISO 3615 VB = 0.6 

mm after 27 minutes for TiAlN coatings, and after 32 

minutes for TiN coatings. In this case, the tool must be 

changed; otherwise the surface quality becomes poor. 

For the second series of tests ‘figure 8), the maximum gap 

is 0.27 mm between the two coatings TiN and TiAlN for the 

same cutting conditions. It is therefore deduced that the TiN 

coating is better than TiAlN coating. One should note that 

lubrication is important, in addition and other parameters 

may be involved in the tribological system. 

4. Conclusion 

The main conclusions which can be drawn from this work 

are: 

The most distinguished wear phenomenon is abrasive wear 

which occurs by grooving on the flank face of the tool. 

Abrasion is due to the removal of tool particles caused by 

harder particles existing in the machined material (see 

images). Various parameters have an influence on the cutting 

tools wear as function of time such as the couple tool 
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materials / material to be machined. The toughness of this 

important material needs very specific cutting parameters 

like reducing the cutting depth and the well defined feed rate 

(Fz = 0.075 mm / tooth). The crater wear is not very 

significant in our case, because it is responsible only for the 

sudden fracture of the beak of the tool. It does not affect the 

surface quality. Wear is low in the case of TiN coating than in 

TiAlN coating. 

The pellets coated with TiN show better resistance in the 

case of machining of the superalloy FSX-414. 

In fact, the influence of the substrate type on the molecular 

beam magnetic properties on the epitaxial growth of thin 

films Fe/Ag has been studied. Therefore, a comparative study 

between two substrate types: the first type is a substrate of 

single-crystal MgO (001), the second is a polycrystalline 

Silicium (Si) substrate (100) has been carried out. 

The flank wear of the main tool mechanism is the 

phenomenon that occurs during the machining of stainless 

materials. The flank wear is due to the high abradability of 

austenite grains, rubbing against the flank face of the tool. 
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