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Abstract 

 
Modern additive manufacturing (AM) processes allow us to create parts of fairly high precision and various shapes with 

diverse internal features. These possibilities are, for example, often used when designing the conformally cooled parts of 

injection moulds. However, this research is focused on applying an additive approach to the design and manufacturing of 

a standard CCMT indexable insert to improve tool life when turning Inconel 718. Machining materials such as Inconel 

or titanium alloys requires intensive cooling of the cutting edge to maximize the tool life. The system proposed in this 

paper delivers a precisely directed coolant through internal channels in the indexable insert and its holder to the cutting 

edge from the rake face as well as the flank face of the insert. This has a significant positive influence on the life of the 

tool when machining Inconel 718 and other superalloys. This paper provides an extensive overview of the problem and 

then proposes three possible approaches to manufacture said indexable insert. They are additive manufacturing out of 

tungsten carbide, AM out of steel and brazing cutting edge out of tungsten carbide or CBN and AM out of tool steel and 

thermally spraying a wear resistant layer. 
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1. Introduction 

 
Modern superalloys such as Inconel, Hastelloy or titanium alloys provide excellent properties for high demand 

applications in energy turbines and the aerospace industry. Using these advanced alloys allows for lighter and more 

efficient designs and, therefore, the environmental impact of these industries is decreased. Most of the parts for these 

applications have to be machined and the requirements for precision and surface quality are very strict. [1], [2] The innate 

properties of mentioned alloys like low heat conductivity or high strength at elevated temperature drastically decrease the 

tool life. One of the ways to increase wear resistance of a cutting tool is to increase the efficiency of cooling. This could, 

for example, be done by introducing high pressure coolant which provides better penetration of the coolant jet through 

the vapour barrier that is surrounding the area of the cut. [3] This also has a secondary positive effect for turning operations 

of breaking the chips into smaller and more manageable pieces. Modern cutting tool holders are equipped with precision 

coolant nozzles that are aimed at the cutting zone and feature a reduction in diameter to maximize the velocity of the 
coolant jet while reducing the energy required in comparison with more usual flood coolant systems. [4], [5] Moreover, 

tool life when machining superalloys such as Inconel 718 is known to be improved by spraying coolant not only from the 
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rake face but also from the flank face of the tool. This combination reduces the flank wear of the tool by 20% when an 8 

MPa flank face coolant jet is added to the conventional flood cooling. [3] 

Another option to combat the high heat in the cutting zone when machining superalloys is to use cutting materials that 

show a high abrasion resistance and strength at elevated temperatures such as ceramics and CBN. These materials can be 

generally used at higher cutting speeds and show a longer tool life, however, they are not well suitable for interrupted cut 

and their price is much higher in comparison to the more traditional tungsten carbide tools. 

Additive manufacturing (AM) provides a solution for creating parts of complex shapes with intricate internal features. 

The DMLS method of AM can work with a large variety of materials, ranging from aluminium alloys to tool steel. [6] 

For example, it is nowadays used for conformal cooling of certain parts of commercial injection moulds. [7] A similar 

idea can be applied to regular machining tools such as drills, where the body of the drill is additively manufactured and 

equipped with channels for coolant that can have unconventional shapes to maximize the cooling effect and minimize the 

loss of rigidity. [8]  

This paper proposes a combination of the methods mentioned above and their consolidation into a complex solution 

for increasing tool life and productivity when turning parts from high temperature superalloys and investigates three 

possible solutions. An increase in tool life reduces the number of insert changes in the manufacturing process and therefore 

minimizes setup uptime and the need for unnecessary manual labour, which is one of the attributes of the Industry 4.0 
concept. 

2. Proposed approach to additive manufacturing of indexable inserts 

 
As clearly stated by the current research the coolant at the rake and flank face of the insert has a large effect on the wear 

rate of the cutting edge when turning Inconel 718. When the coolant exits a coolant channel the jet naturally expands and 

loses its kinetic energy. For this reason, its penetration into the cutting zone is decreased and thus the efficiency of the 

cooling. Therefore the distance between the coolant nozzle and the area of the tool that has to be cooled is critically 

important, the further away the nozzle is located the less efficient the coolant jet becomes. For this reason, the nozzle 

should be placed as close to the cutting edge as possible.  

The novel idea is to use AM to create an indexable insert that has internal channels for coolant and nozzles at the rake 

and flak face extremely close to the cutting edge. This should not only improve the tool life but also reduce the need for 

high coolant pressure. Meaning that the solution could be successfully implemented even to older machines that don’t 
have high pressure coolant option, moreover, additional costs and maintenance issues associated with high pressure 

coolant systems could be spared. Additive manufacturing provides a practical solution to this problem. As mentioned in 

the introduction, intricate channels can be created when additive manufacturing is used. The new freedom of design allows 

to create passageways for coolant of hydrodynamic shape and therefore minimize any energy loss when coolant medium 

flows through the channels. Directing the coolant nozzles at the cutting edge requires several bends in the trajectory of 

the channel. As shown in Figure 2, when manufacturing additively the bends can be a smooth transition and the energy 

loss should be minimal in comparison to the more conventional subtractive manufacturing method. 

 

 
 

Fig. 1. Comparison of regular circular channel cross section and cross section optimized for AM 
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Fig. 2. Comparison of coolant channels (A) Conventionally manufactured; (B) Additively manufactured; (C) Optimized 

for AM 

The design of the coolant channels has several basic boundary conditions. There has to be an inlet through which the 

coolant will flow into the insert, next there has to be a junction that will divide the single inlet channel into flank and rake 

channels. The combined surface area of the cross section of the channels has to remain the same or decrease in the 

direction of the coolant flow, this should ensure a favourable increase in velocity of the fluid. Lastly, exit nozzles should 

be aimed at the cutting as well as possible. Furthermore, when designing the internal channels, known restrictions of AM 
have to be taken into account. In this case, the minimal diameter of a hole has to be considered and the literature shows 

that the diameter should be greater than 0.7 mm when manufacturing out of tool steel. Although, this limitation depends 

on the process parameters and the orientation of the channel in space. Another aspect to consider is the surface roughness 

on the top side of a round hole when printed in the horizontal direction (see  

Fig. 3). [9], [10] This would cause unwanted turbulence in the coolant channel, cause an energy loss and in fact 

decrease the throughput of the channel. 

 

 
 

Fig. 3. Surface roughness of  holes additively manufactured in the horizontal direction [10] 

This can however be easily mitigated by using a different shape of the cross section of the channel than a circle. Shapes 

like triangles or drops that are closing at a steeper angle than a circle usually provide a significantly better surface inside 

the channel. The quality surface of the channels could be also significantly improved in the postprocessing stage by 

running an abrasive medium through them, but this step will increase the overall cost of manufacturing the insert and so 

this step would only be taken if necessary. 

Finally, the literature shows that reduction of the cross section area of the nozzle is very favourable as it increases the 

velocity of the coolant and provides a precise laminar jet (see  

Fig. 4), AM allows to easily create a nozzle with a seamless and gradual area reduction which reduces energy loss.  
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Fig. 4. The effect of nozzle diametre reduction on the jet velocity [4]  

This is the general idea of the proposed solution for improving the process of turning components made out of Inconel 

718, but there are several practical approaches one can take. Each concept will be discussed in detail in the following 

chapters. 

 

2.1. Concept 1 – AM steel inserts with carbide or CBN cutting tip 

 
The first option is to manufacture the inserts out of tool steel using a DMLS method. This process is well understood, 

reliable and creates parts of mechanical properties similar to the conventional material. There are several options to choose 

from and 1.2709 and 1.2379 tool steels seem to be the best options. The properties of these tool steels are suitable for 

form tooling and injection mould tooling, however, they are not sufficient for cutting tools. The process of machining 

generates heat and the tool has to be able to withstand it together with resisting the abrasion from various hard particles 

that are usually present in the workpiece. [6], [11] This is even more pronounced when machining Inconel 718 which 

contains various hard carbide particles and when machined generates a large amount of heat compared to, for example, 

free machining steel. For these reasons, the first concept relies on attaching a cutting tip to the insert made out of a 

different material. There will be a printed or machined pocket on the insert that accepts a cutting tip. This can be just a 

regular micro grain tungsten carbide that is suitable for machining Inconel 718. The best solution for securing the tip in 
place is probably silver brazing, this process is well understood, creates a very strong bond and can be easily automated. 

As a final operation, the insert should be equipped with a coating appropriate for this application. For example, carbide 

grade IC806 from Iscar with PVD TiAlN coating would be a good choice for this application. [12] When high material 

removal rate is required the cutting tip can be made out of CBN, which can tolerate much higher temperature and thus 

cutting speed, but the price of this tip will also be significantly higher. [13] 

 

2.2. Concept 2 – AM steel insert with Stellite 6 coating 

 
The second concept is the same in its basic structure, the body of the insert would be made out of tool steel and 

equipped with coolant channels. However, there will be no pocket for cutting tip present, but the outside faces of the 

insert will be offset by a negative 0.2 mm. The next step after AM and postprocessing will be thermal spraying of a layer 

of Stellite 6. This approach is usually used to create a wear resistant bearing layer on large shafts for steam turbines, 

nonetheless, it had been demonstrated that this material can be used in machining applications as well. [14]  

A layer of approximately 0.4 - 0.5 mm of Stellite 6 would be applied on the outside faces of the 3D printed blank. The 

coolant channels will be protected with a non-stick compound. In the next step, the excess 0.2 – 0.3 mm would be removed 

by precision grinding of the insert to its final shape and dimension. The final result should be an indexable insert with an 
extremely hard and wear resistant case and a comparatively very tough core. This combination should make the insert 

very impact resistant and therefore ideal for interrupted cuts. This might be a great choice for roughing castings and 

forgings. 

 

2.3. Concept 3 – AM Carbide insert 

 
The last concept that will be discussed in this paper is additively manufacturing the indexable insert directly out of 

suitable cutting material. This should significantly simplify the whole process of manufacturing the insert and cut the 

manufacturing time. Tungsten carbide currently seems to be the best option for this application, since there already are 

many manufactures of suitable WC-Co raw powder and there was some research done in the field. Therefore, there are 

basic process parameters for AM known, however, they need to be further developed. The main problems with additively 

manufactured WC-Co are porosity, cracking and formation of foreign brittle phases (e.g. Eta-phase). However, the 
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research shows that these problems can be to a certain degree mitigated by selecting suitable process parameters for given 

raw powder composition. For example, increasing the build platform temperature minimizes the amount of cracking in 

the samples. Furthermore, additional processes like hot isostatic pressing can be used to further improve the properties of 

AM WC-Co parts. No sufficient research focused on manufacturing internal channels and cavities is present and this will 

have to be further investigated to find a suitable channel design for optimal coolant flow. [15], [16] 

3. Conclusion 

 
Machining heat resistant super alloys like Inconel 718 is certainly challenging for several reasons, and short tool life is 

one of the most significant ones. The combination of findings gained when machining these materials and cutting edge 

additive manufacturing approaches and strategies enable the development of innovative cutting tools that meaningfully 

improve the machining process. When tool life is improved, valuable time can be saved eider by increasing the cutting 
speed or by minimizing the time lost when a tool needs to be changed. Furthermore, an important benefit of this system 

is the improvement of the cooling process without the need for high pressure coolant. Accordingly, the energy expenditure 

and coolant loss due to evaporation is reduced, which has a positive effect on the environmental aspects of the machining 

process. 

This work presents three possible approaches to solving this problem and discusses the main considerations for each of 

them. This provides the necessary insight into the matter and enables one to create a practical solution. Therefore, the 

next step in this research will be to choose one of the concepts and create a physical product. Make a design suitable for 

AM, manufacture all of the necessary components and at last test the new cutting tool and measure the benefit of the 

proposed innovative cooling system in comparison with the industry standard solutions. 

 To conclude, the fast development of additive manufacturing provides new opportunities for significant innovation in 

many areas and cutting tools for machining heat resistant super alloys can benefit. The presented approach to 

manufacturing can introduce a new generation of more productive tools that will widen one of the bottlenecks of the 

aerospace and energy industry. 
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