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Abstract. The big sized milling cutters are expensive tools and are not 

appropriate for small batches production. Making these tools more 

versatile, able to fit to different kinds of processes and shapes of the parts 

to be machined is a must. As well, cooling the cutting area is very 

important. The existing end-mill cutters are designed to feed internally 

with coolant only the teeth on the front side. The paper presents a concept 

of a modular tool, made of elementary disk cutters, able to be reconfigured 

to get different shapes and sizes. The main element of novelty the paper 

claims is the inner cooling system of the complex tool. The special design 

of the elementary milling cutters and of the shaft they are mounted on 

make the tool able to lead jets of coolant to every insert, no matter where 

they are placed, on the cylindrical or on the front side of the milling cutter. 

A network of channels drilled in the shaft and in the body of elementary 

milling cutters make this possible. The capability to splash with coolant 

under high pressure all the cutting edges do not depend on the number of 

teeth of the tool. Being delivered from inside the cutting tool, the coolant 

splashes directly on the contact surface between the inserts and workpiece, 

which makes cooling more efficient. 

1 Introduction  

Cooling is a key-point in cutting processes. It plays an important role in reducing cutting 

tool wear, prevents part dilatation, which causes a lack in dimensional precision, and may 

contribute to chip forming, detaching it from the part, and removing it from the cutting 

area. Special cooling methods and means are studied by scientists. Their research are 

focused to different directions: new coolant with high cooling capacity, dry cooling, and 

delivering coolant to cutting area by spraying it, minimum quantity lubrication, and others. 

A brief survey of the literature reveals some studies and achievements of the research on 

the subject of cooling applied to machining, as follows. 

Some studies were carried on the influence of cooling on the quality of machined 

surface [1], and an alternative way to remove the chips from cutting area in the special case 

of milling composite materials [2].  Some different methods of cooling the part and tool 

when machining (milling) metals are discussed as well, namely electrostatic atomization 

lubrication [3], electrostatic spraying [4], and cryogenic cooling [5]. Dry cooling is the 
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method that uses only air jets for cooling the cutting area. A model of heat distribution in 

the cutting area is presented, and the benefits such a model can offer are emphasized [6]. A 

special machining is micro milling: the collision force of the classic cooling jet might be as 

big, so it affects the cutting tool that is very slender. In such case, alternative cooling 

methods are needed, e. g. the hybrid ones [7], or atomization [8]. An intensive studied 

subject is that of minimum quantity lubrication  (MQL) [9-13]. In essence it is about using 

special means and methods of delivering coolant, so the cooling good performance is 

obtained even using a reduced quantity of coolant. However, MQL has in turn, some 

disadvantages, as well, revealed in [3]. Another aspect approached in the studies is the 

negative impact on health and on the environment of the mineral oils used as lubricant, and 

the need to find alternative cooling fluids (e.g. the biological originated ones) [14,15]. 

Some solutions are proposed in the cited papers: a yeast-based solution, and vegetable oil, 

respectively. An alternative cooling system is the inner one. It brings the coolant to the 

cutting area through the cutting tool itself. A comparative study between the cutting forces 

occurred at zig-zag milling with inner and outer cooling system has been carried [16]. Inner 

cooling system was studied for different machining operations: milling [17, 18] and 

grinding [19]. In [20] are presented some researches on the influence of inner cooling on 

wearing of the cutting tool. An optimisation of cooling was tried for multijet system: three 

different jets of coolant are sent towards the cutting area. One has a fixed direction, and the 

other two are variable. The angle of these two jets is determined to get the best cooling 

[21]. The present paper deals, as well, with multijet cooling system, but from a different, 

original perspective. The particularity of the cooling system presented here consists of that 

the coolant jets come from inside the cutting tool, and there is a jet for every insert. These 

two features make the proposed system very effective since all the cutting area is splashed 

with coolant, regardless the shape of the part to be machined, or the number of inserts 

engaged in the workpiece. 

2 A new concept of inner cooling system 

Authors of the paper have dealt for a long time with modular milling cutter, and they 

already have some achievements in this domain: they have published some scientific papers 

[22, 23] and issued some patent proposals [24,25]. The results described in the paper 

represent an enhancement of those presented in [26] and were materialized in a patent 

proposal [25]. The main novelty in [24] consisted of a particularly shaped shaft, able to 

increase the capacity to transmit torque to the elementary cutters, which have, as well, 

specially shaped reaming. The modular cutting tool had a new cooling system, an outer one, 

able to distribute the coolant along the entire surface of the complex cutting tool. The paper 

presents a modified modular milling cutter: the outer cooling system was turned into an 

inner one, with clearly brings some advantages.  

3 Results 

The new inner cooling system consists in fact of some channels drilled in the shaft and in 

the modular cutters. The rigorous positioning of the elementary cutters on the shaft ensure 

the strict correspondence of the holes in the shaft to those in the elementary disks, so all the 

channels form a continuous network from the source of the coolant to the neighborhood of 

each insert. In Figure 1(a) is presented the shaft and the holes drilled in it [25]. Figure 1(b) 

shows a 3D view of the shaft with the chamber of coolant and the channels emphasized in 

red colour.  
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Fig. 1. Shaft with channels drilled axially and radially. (a) section and views: (b) 3Dview [25]. 

                                 (a)                                                                 (b) 

Fig. 2. Elementary milling cutter with its particular shaped reaming, and the holes that lead the 

coolant to the inserts. (a) 2D views and sections; (b) 3D section [25]. 

The coolant is delivered by the inner cooling system of the machine tool to the main 

room in the cutting tool shank. From here it is spread through the axial and radial channels 

in the shaft to the elementary milling cutters. In the body of the elementary milling cutters 

are drilled some holes that lead the jets of coolant to the inserts. These holes are highlighted 

in magenta in Figure 2(a), and 2(b). As well, some particular sections through an 

elementary milling cutter show more details about the network inside it. It is crucial the 
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correct axially positioning the elementary cutters on the shaft, to ensure the correspondence 

of the holes in the shaft and the radial groove that divides the reaming of the cutters into 

two sections – the profiled and the smooth ones. This groove, yellow in Figure 2(a), is an 

intermediary passage of the coolant between the holes in shaft and in cutter. The correct 

axial position of the cutters is given by the distance between the holes in shaft and the 

strictly controlled width of the elementary disks. To every tooth of the elementary milling 

cutter corresponds two channels, which lead the jets to the insert along two different 

directions. This ensures providing with coolant both the insert, and the machined surface. 

An assembled milling cutter with inner cooling network is presented in Figure 3. 

 
                           (a)                                                    (b) 

Fig. 3. Assembled milling cutter. (a) side view: (b) 3Dsection.[25] 

In Figure 3(a) can be seen that depending on the way the elementary cutters are 

mounted on the shaft, the general direction of the side cutting edges can be controlled –left 

in the lower half, and right in the upper half [26]. In Figure 3(b) the section through the 

ensemble reveals both the channels in shaft and in elementary milling cutter. In the same 

picture are shown the central screw, which being screwed in the tool-holder, keeps by 

means of its flange, all the parts together.  

Even if the edge length of the insert is bigger than the width of the body of the 

elementary milling cutter, this does not pose any problem in mounting the adjacent 

elements: the inserts extent over the width of the body, take space in the gap between the 

teeth of the next elements, due to their rotated position.  

Some seals complete the set of parts. Their role is to prevent wasting the coolant 

through the gaps between adjacent parts, and force it to flow along the channels network 

towards the inserts and cutting area. 

4 Discussion 

The modular milling cutter with inner cooling network keeps all the advantages of the 

previous version, that with outer cooling system [26]. Additionally, it brings the benefits of 

inner cooling system. This is an original solution that belongs to the authors of the paper, 

and was the subject of a patent proposal [25]. The solution proposed was thought both in 

terms of a correct working of the modular cutting tool in the machining process, and from 

the perspective of manufacturing the elements of the modular cutting tool. The profile of 

the grooves on the shaft and on the reaming of the elementary cutting tools were designed 

respecting the conditions for avoiding undercuts, and to be easily manufactured, using 

common means – cutting tools and machine tools. The channels in the shaft and in the body 

of the elementary milling cutters were designed taking into account the technological 
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aspects posed by the length of some holes, and of the direction of the channels. Even if 

network of channels is a very complex shaped one, it is proved that it is a continuous one, 

able to lead the coolant from the common source to every insert of the cutting tool. For 

sure, the network can be subject of improvement, and optimization, which concerns with 

the following aspects: reducing the hydraulic loss at the sudden change of the flow 

direction; checking, and if needed modifying the diameter of some holes to ensure a 

constant speed of the coolant along the entire its route from the source to the exit from the 

body of the elementary cutters.  

The inner network of the complex cutting tool is shown in Figure 4.  

                                                    (a)                                                                              (b)                  

Fig. 4.  Inner cooling network. (a) 2D side and front view; (b) 3D view. 

The inner cooling network has, some limitations and disadvantages, as well. In this 

regard, should be mentioned: the big amount of coolant spent, the system is difficult to 

apply to classic milling cutter, it fits well mainly for modular milling cutters; the need to 

ensure the correspondence between the radial holes in the shaft and the radial groove in the 

hole of elementary cutters – this restrictions the possibility to mount milling cutters having 

different widths on the shaft. 

5 Conclusion 

The proposed inner cooling system is an original one. No any other inner cooling system 

for milling cutters, which is able to send jets of coolant to the inserts on the side of the tool 

is mentioned in literature. The main advantage it brings is that can cool the closed cutting 

area between the cutting tool and the workpiece, which is inaccessible for other cooling 

systems. Even if some difficulties might occur, the system can be extended to be applied for 

other type of cutting tools. One can appreciate that the benefits of the new solution brings 

overcome its disadvantages. The new concept of modular milling cutter with inner cooling 

system fits better for the big sized tools, which are used in machining that suppose a large 

contact area between the tool and workpiece, and when the amount of chips to be removed 

is big. 

6 Future developments 

As have mentioned before, the modular milling cutter with inner cooling system displays 

some limitations and disadvantages. Future research and developments are foreseen to 

reduce them, or even to eliminate it. A shaft manufactured by additive technologies could 

benefit from curved channels, instead of the perpendicular ones, so the loss of hydraulic 

energy could be reduced. As well, radial holes having an elongated section instead of 

circular, could extend the possibility to mount on the same shaft elementary cutters having 

different width if needed (mainly for the profiled ones, the so-called profiled gang cutters). 

The most important improvement the complex tool could benefit from, is a CFD 

analysis able to determine the diameter of the successive holes, so to ensure a constant 

5

MATEC Web of Conferences 343, 01009 (2021) https://doi.org/10.1051/matecconf/202134301009
MSE 2021



speed of the flow along its entire path from the source to the exit from the body of the 

elementary cutters. 
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