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The use of sandwich structures based on composite and/or metallic honeycomb core has grown considerably these last years, especially for aeronautic, aerospace, naval and automotive fields. The proposed work deals with the analysis of milling Nomex® honeycomb core that usually generates poor machined surface quality and problems in assembling parts. The performance of milling process and obtained surface quality are strongly influenced by the honeycomb material properties and cutting parameters. The composite nature of the Nomex® paper forming the honeycomb structure, the thin wall thickness and its alveolar shape make the use of conventional parameters of quantifying the surface quality (as roughness) inappropriate.

In this study a new method of measurement of the surface quality has been developed. This innovative approach allows simultaneously the identification and quantification of induced machining defects, as well as the evaluation of the performance of the obtained surface. A new quality criterion was then carried out to obtain the best compromise between high surface quality and optimal cutting conditions. This will improve the use of honeycomb materials in sandwich assemblies for industry.

Introduction

Recent development projects for Airbus A350 or Boeing 787 Dreamliner confirm the increasing use of the honeycomb materials for aeronautic fields, [START_REF] Cognard | Collage des composites -Secteur aéronautique[END_REF]. The research activities on honeycomb core material are currently going through a new transition phase. Thus far, material properties and mechanical and thermal behavior have been the dominant topics in this area of research.

With increasing applications, the production techniques of sandwich structures are subjected to constraints and very high requirements from manufacturers. An important aspect of production technology is honeycomb core machining. Honeycomb is the most popular core for sandwich materials. It is chosen for its low density (about 5% compared to classical materials) and its good mechanical performance. For these reasons, the core of rotor-blade for helicopters is manufactured mainly by honeycomb materials, [START_REF] Bitzer | Honeycomb Technology[END_REF]. There are two wide variety of honeycombs, metallic (aluminum or steel) and composite (Nomex® with glass fibers or carbon fibers). The choice of honeycomb material depends on properties and the specific benefits of each material.

Nomex® honeycomb is the most non-metallic honeycomb core used in aerospace applications, it is composed by phenolic resin impregnated aramid paper, [START_REF] Fischer | Mechanical tests for foldcore base material properties[END_REF]. Nomex® honeycomb, which combines lightweight and a good mechanical behavior, is characterized by high out-of-plane compression, shear properties and outstanding energy absorption characteristics. Also, various studies have been conducted on mechanical properties of Nomex® honeycomb cores to determine their behavior, [START_REF] Foo | Mechanical properties of Nomex material and Nomex honeycomb structure[END_REF][START_REF] Kim | Compressive mechanical properties of the nomex/thermoset honeycomb cores[END_REF][START_REF] Zinno | Experimental characterization of phenolicimpregnated honeycomb sandwich structures for transportation vehicles[END_REF][START_REF] Aminanda | Experimental and numerical study of compression after impact of sandwich structures with metallic skins[END_REF]. These structures are characterized by their specific geometry.

The side length of honeycomb cell and its thickness are the most important geometric parameters because they decide determine the mechanical behavior of the honeycomb material, [START_REF] Hu | Dynamic crushing strength of hexagonal honeycombs[END_REF][START_REF] Wang | Mathematical modelling of energy absorption property for paper honeycomb in various ambient humidities[END_REF][START_REF] Papka | Biaxial crushing of honeycombs Part I : Experiments[END_REF].

Nevertheless, this material presents a forming challenge because of the geometric properties of honeycomb structures. First of all, the uses of honeycomb material in sandwich composites is limited by the difficulty of forming structures with complex geometries. Indeed, the two existing methods for the manufacture of honeycomb allow to have only structures with parallelepiped shape, [START_REF] Suwannarungsri | Test production of honeycomb structure using simple practical equipment[END_REF][START_REF] Composites | Honeycomb Attributes and Properties, A comprehensive guide to standard Hexcel honeycomb materials, configurations, and mechanical properties[END_REF]. Thus, a forming step by machining is necessary to obtain complex geometrical shapes making the use of honeycomb materials possible in various fields. For example, the shape of rotor blade of helicopter is so complex that the machining is the only way for obtaining complex shapes on honeycomb material, [START_REF] Dessarthe A | Usinage des composites[END_REF]. However, there are some factors limiting honeycomb machining, particularly the weakness of local bending stiffness of the cell walls and the low density of honeycomb material itself. This shows the fragility of each cell-wall of the honeycomb, which influences the quality of the obtained surfaces after the machining process, [START_REF] Nasedkin | Cutting of aramide fiber-reinforced plastics by Co2 laser[END_REF]. To overcome this problem, Norvilie et al. [START_REF] Norvilie | Process for machining expanded honeycomb[END_REF] have used another material to filling cells of honeycomb. They have used a frozen liquid to solidify the structure, [START_REF] Nilsen | Method and apparatus for machining and for holding during machining honeycomb material[END_REF]. Thus, for non-metallic honeycomb, it is possible to use resin or expanses foam for the same goal. But, these method require a long and intensive preparation, [START_REF] Norvilie | Process for machining expanded honeycomb[END_REF][START_REF] Nilsen | Method and apparatus for machining and for holding during machining honeycomb material[END_REF][START_REF] Griffith | Method of machining honeycomb core[END_REF][START_REF] Carl | Three-dimensional honeycomb core machining apparatus and method[END_REF][START_REF] Hirayama | Method for cutting honeycomb core[END_REF][START_REF] Thiagaraj | Method of repairing, splicing, joining, machining, and stabilizing honeycomb core using pourable structural foam and a structure incorporating the same[END_REF].

Several machining defects are observed when cutting Nomex®. Because of its composite nature, uncut fibers is the most well-known machining defect [START_REF] Nasedkin | Cutting of aramide fiber-reinforced plastics by Co2 laser[END_REF][START_REF] Jaafar | A 3D FE Modeling of Machining Process of Nomex® Honeycomb Core: Influence of the Cell Structure Behaviour and Specific Tool Geometry[END_REF]. Qin et al. [START_REF] Qin | Burr removal from measurement data of honeycomb core surface based on dimensionality reduction and regression analysis[END_REF] described this defect by burr defect, they classified it in three categories according to their location and their origin: (i)-Lumpy burr, (ii)-threadlike burr and (iii)-dotted burr. The same authors proposed then an approach to remove burr data from scanning maps of each cell wall based on dimensionality reduction and regression analysis. But these machining defects influence the behavior of Nomex® in sandwich materials and their simple removal from the scanning maps does not reflect the real existing machining defects. The poor quality of machined surface affects the assembly of the sandwich materials, more precisely their presence generates a bad formation of adhesive meniscus which has the role of the maintenance between the honeycomb and skins. Indeed, a meniscus is created on both sides of the honeycomb, the latter ensures the proper assembly of the sandwich material. A poor honeycomb surface quality causes dissymmetry of this meniscus and the inclusion of air bubbles which cause peel failure of the whole sandwich structure [START_REF] Grove | An investigation of the skin/core bond in honeycomb sandwich structures using statistical experimentation techniques[END_REF][START_REF] Heimbs | Sandwichstrukturen mit Wabenkern: Experimentelle und numerische Analyse des Schädigungsverhaltens unter statischer und kurzzeitdynamischer Belastung[END_REF][START_REF] Tchoutouo | Adhesiveless honeycomb sandwich structure with carbon graphite prepreg for primary structural application: a comparative study to the use of adhesive film[END_REF].

The malformation of meniscus causes adverse effects on the sandwich material, [START_REF] Davis | The importance of failure mode identification in adhesive bonded aircraft structures and repairs[END_REF]. According to Rion et al. [START_REF] Rion | Prediction of the adhesive fillet size for skin to honeycomb core bonding in ultra-light sandwich structures[END_REF], the optimum height of the adhesive meniscus is about 300 μm. This meniscus height ensures a better maintenance of the assembly sandwich structure. Thus, the machining defect must not exceed 300 μm to ensure that the cell-walls are completely between the meniscus adhesive.

In this study, the treated issue concerns the machining operation by milling tool of a honeycomb material. The use of ordinary cutting tools for machining honeycomb core usually generates a poor surface quality or the impossibility of cutting walls of the honeycomb, [START_REF] Mendoza | Development of a new milling cutter for aluminium honeycomb[END_REF]. These tools produce generally tearing of fibers and delamination of cells. Subsequently, these cause a reduction of bond strength between the skin and the honeycomb core, and thus a weaker joint for composite sandwich structures. However, given the increasing use of this type of materials in the industry, manufacturers have developed a specific tools for different machining operations of the honeycomb core (grooving, surfacing, trimming, and drilling).

The literature review showed clearly that surface quality is one of the most important issue of machining honeycombs. Due to the alveolar shape of honeycomb structures, the classical measurement of the surface quality is not possible. The roughness for example cannot be measured due to the lattice structure of honeycombs. In this paper, a new criterion was developed to evaluate the surface quality for these kind of materials. A correlation between surface quality and cutting conditions can then be made to optimize the cutting process of honeycombs. Moreover, it is possible to carry out an in-depth analysis of the cutting conditions influence as the feed rate and the spindle speed on the quality of obtained surfaces by machining process. The final objective of this study is to understand the evolution of the honeycomb materials machinability and the quantification of the induced cutting deflect.

Experimental procedures

Description of the workpiece and cutting tool materials

The workpiece material chosen for this study is Nomex® honeycomb with thin cell walls. The Nomex ® honeycomb is made from aramid paper, it is produced from aramid fibers dipped in phenolic resin (see Figure 1-a). The aramid fibers are distributed randomly in the Nomex® walls, Figure 1-b. To form the honeycomb geometry of the honeycomb structure, the walls are impregnated with phenolic resin. The honeycomb cores are made of continuous corrugated ribbons of foil glued together in the direction L, Figure 1-a. The purpose of such a method is to create a structure enabling to combine lightness and rigidity due to the hexagonal geometry of the formed cells. Figure 2 summarizes the geometric characteristics of the honeycomb core. For our study, the milling cutters are provided by our partner 'EVATEC Tools' Company. The main geometrical characteristics are described in Figure 3. 

Experimental set up of milling tests

All experimental milling tests showed in this paper were carried out on a three-axis vertical machining center Realmeca® RV-8. The main technical specifications of this machine are a maximum spindle speed of 24000 rpm, a power spindle motor of 30 KW, a maximum cutting feed of 20 m/min and a worktable area of 800 x 600 mm² (see Figure 4).

For assessing the performance of the machining process of Nomex® honeycomb, it is essential to monitor and measure the cutting forces generated during cutting. Therefore, the cutting forces were measured during the milling operation using Kistler dynamometer model 9129AA. The Kistler table is mounted below the Nomex® honeycomb sample to measure the three components of the machining force. Furthermore, during forces measurements, the x-axis of the dynamometer is aligned with the feed direction of the milling machine and the longitudinal direction of the workpiece (parallel to core ribbons and the direction of honeycomb double wall). To identify the influence of cutting conditions on the milling operation, several parameters were chosen. Milling conditions are summarized in Table 1. To study the quality of the machined surface and its relationship with the machining conditions, four spindle speeds combined with four feed rates were chosen. As mentioned above, only few studies of honeycomb core machinability have been found in the literature. So, there is no indication for the selection of optimal cutting conditions. This study was then firstly focused on the identification the most influencing cutting conditions which allow to obtain the better machined surface quality. Feed rate f (mm/min) 150 1000 1500 3000

Results and discussion

Analysis of induced cutting defects

The milling operation may involve damage around and in depth of the machined area such as tearing of fibers, delamination of the walls, thermal degradation (overheating), torn wall and uncut fibers, etc. As mentioned above, the quality of the surfaces is of crucial importance. The bad machining of Nomex® honeycomb materials is characterized by the appearance of tearing in the cell walls and uncut aramid fibers. These defects constitute all the shape defects.

The shape defect is a first-order defect of a size ranging from a few tens micrometers to few millimeters. The determination of this defect is of paramount importance to validate the use of this type of material as being the core material of sandwich materials. This defect has a direct effect on maintaining the assembly of the sandwich structure and its appearance often causes anomalies during the formation of adhesive menisci on both sides of the honeycomb walls, [START_REF] Rion | Prediction of the adhesive fillet size for skin to honeycomb core bonding in ultra-light sandwich structures[END_REF].

These menisci maintain the assembly of the sandwich material. Thus, the defects observed during the machining of Nomex® are qualified as flatness defects.

Description of the surface quality quantification

The quality of the machined surface depends on several parameters (cutting conditions, tool geometry, vibration of the machine-tool, etc.). Composite materials are characterized by the appearance of uncut fibers, tearing of the material particles or debris and the resin thermal degradation, [START_REF] Geng | Rotary ultrasonic elliptical machining for side milling of CFRP: Tool performance and surface integrity[END_REF][START_REF] Khairusshima | Effect of chilled air on tool wear and workpiece quality during milling of carbon fibrereinforced plastic[END_REF][START_REF] Zitoune | Tribo-functional design of double cone drill implications in tool wear during drilling of copper mesh/CFRP/woven ply[END_REF][START_REF] Haddad | Study of trimming damages of CFRP structures in function of the machining processes and their impact on the mechanical behavior[END_REF][START_REF] Saleem | Investigating the effect of machining processes on the mechanical behavior of composite plates with circular holes[END_REF][START_REF] Teti | Machining of Composite Materials[END_REF]. Generally, the machining defect is quantified by measuring the roughness.

In our case study, the measurement of the roughness gives erroneous results of the surface quality for two reasons, the first reason is due to the thin walls of the honeycombs and the second is caused by the important number of uncut fibers on the machined surface. The calculated roughness then represents the roughness of the surface of uncut fibers. If the quality is poor (uncut fibers and tearing) but the surface of fibers is smooth, we will obtain low roughness which does not represent the real quality of the machined surface. Hence the implementation of a more reliable method is strongly needed to characterize and quantify these defects.

The qualification and quantification of the machined surface quality was realized through programming on Matlab software. During the implementation, the key technical steps are the (i)-3D scanning of the machined surface, (ii)-the implementation of a least squares plane and (iii)the determination of planarity defects. All these steps will be specified in the following paragraph.

The first step is to digitize the machined surface and extract the cartesian coordinates of each point (xi, yi, zi) with i = 1 to n (n is the number of measured points). The digitization of the machined surface is performed with the 3D interferometer equipment, see Figure 7.a. The measurement technique of the 3D optical microscope profilometer is based on the principle of white light interferometry. This is a non-contact measuring system that offers many advantages for morphological characterization via three-dimensional (3D) images, with rapid acquisition, and unequaled data richness (profiles, surface conditions, ...). This equipment makes it possible, in the case of our work, to produce topographies of 3D surfaces with high resolution. The 3D 13 interferometer was used in this study to perform three-dimensional measurements quickly and easily on machined surfaces with extreme vertical resolution (<0.1 nm), depending on the objective and a good lateral resolution. This measurement makes it possible to obtain the 3D distribution of the various surface defects in the space and locate them well through clouds of points in the cartesian coordinate system (x, y, z), Several methods are standardized to quantify unevenness. Among these methods we can find: (i) the association by a plane passing by three points, and (ii) the association by a least squares plane. the second method was used in this study which consists in determining the plane of the least squares of the surface points to be measured, it is the plane closest to all the points of the surface. After having determined this plane, it possible to identify the distance separating this plane at the two distant points on either side of this same plane, Figure 8. This method is considered as the most accurate method. The least squares plane is defined by an equation (Eq. ( 1)) of a plane in the same cartesian reference frame :
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The error or the deviation calculated between the desired plane f(xi, yi) and a point on the scanned surface zi is defined by Eq. ( 2) :
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with i=1 to n (n is the number of measured points). Thus, the goal is to minimize the function S.

S is the sum of the squares of the deviations calculated for each set of points (xi, yi), S is a polynomial of degree 2 : 
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The system of equations below (Eq. ( 4)) can then be solved to determine the parameters (a, b, c)
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A least squares plane is determined for each machined surface. Thus, the distance between the least squares plane and each point of the measured surface is calculated (di sup : distance between the least squares plane and a point located above; di inf : distance between the least squares plane and a point located below). The defect of flatness P is then determined through the following equation:
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The method presented above was carried out on Matlab® software. It allowed to determine the flatness defect for each machined surface with high precision.

Analysis of the chip formation process when milling honeycomb structures

During the material removal in machining operations, the chip formation process involves strong interactions between the cutting tool and the material being machined. Chip formation is directly conditioned by the behavior of the material and the geometry of the cutting tool, and by the selected cutting conditions (rotational speed, cutting speed, feed rate, …). To study the interactions between the tool and the structure during machining, fast video camera (Phantom V1212) was used to follow the chip formation process at different stages, Figure 9. In general, there is a low level of effort generated during milling of the Nomex® honeycomb.

Analysis of the milling cutting forces

The average cutting force does not exceed 50 N, it is much lower than usual values observed for classical composite materials where the forces are of the order of 150-300 N, [START_REF] Wang | Evaluation of cutting force and cutting temperature in milling carbon fiber-reinforced polymer composites[END_REF]. This low effort can be explained by the low density of the material (about 5%) and the alveolar structure of honeycomb. This is also observed for the cutting force components Fx which is not the dominant force as for the machining of standard composite materials. The tool, during its trajectory, meets only thin walls forming the alveolar structure of the honeycomb. 

Analysis of the Nomex® honeycomb surface quality and induced damage

As said before, the degradations undergone exceed the limits of the roughness and reach the criterion of shape defect. Thus, the correct machining of Nomex® will be justified by the small size of flatness defect on the machined surface. This criterion is measured using the method presented above. It should also be noted that the defects measured on the machined cells vary between 145 µm and 1 mm. The damage generated during the machining of Nomex® exceeds the roughness defect. The smallest defect size (about 145 µm) was observed for a spindle speed of 23000 rpm and a feed rate of 200 mm/min. A saturation of surface defects was observed for all conditions beyond 1500mm/min of the feed rate. This can be explained by a saturation of the tool wear noticed for all cutting tools and under different cutting conditions.

Figure 18 presents an optical image of a machined cell under these conditions and the digital processing performed on Matlab to calculate the size of the shape defect. There are no uncut fibers nor tearing of the cell walls. A flat surface is observed with small differences between the digitized points and the plane of least squares reference of the calculation. For the same spindle speed (23000 rpm), the size of the defects increases with the feed rate to reach 751 µm with 3000 mm/min (a defect five times greater). Aramid fibers are difficult to cut because they are less fragile unlike other types of fibers used in composite materials (as carbon or glass fibers). This gives a fluffy appearance to the honeycomb cut walls. The length of uncut aramid fibers can be significant and, in some cases, can be seen with naked eyes. For more details, see Table AI1 in Appendix A in which all images related to different cases of machining honeycomb are presented.

During the manufacture of sandwich materials, the meniscus created to maintain the structure between the skin and the honeycomb can cover up to 300 μm of the walls [START_REF] Rion | Prediction of the adhesive fillet size for skin to honeycomb core bonding in ultra-light sandwich structures[END_REF][START_REF] Rion | Damage analysis of ultralight composite sandwich structures[END_REF]. This meniscus height ensures optimal mechanical behavior of the sandwich structure. Thus, if the machining defect exceeds 300 µm, there is a great risk that the assembly of sandwich material will lead to failure. The quality of accepted finish surface is that with a defect of less than 300 μm. For this, machining is recommended with a spindle speed greater than 15000 rpm and a feed rate less than 1000 mm/min. The higher the spindle speed and the lowest the feed rate, the better the quality is for use in sandwich structures.

Analysis of the tool wear and its effect on the surface quality

Several tests have been set up to highlight the tool wear modes and their evolution according to the cutting conditions. Nomex® honeycomb machining causes a yellowish powder to accumulate on the combination tool. The color of this dust indicates that it comes from the phenolic resin that coats the aramid paper. The accumulation of powder is more pronounced for high spindle speed and low feed rate. This dust consists not only of phenolic resin but also of aramid fibers cut into small fragments. A wear behavior similar to that observed during the machining of conventional composite materials was found in our study. The observed wear modes can be summarized as folow : (i)-bonding the resin to the tool, (ii)-flank wear and (iii) loss of edge sharpness [START_REF] Rawat | Wear mechanisms and tool life management of WC-Co drills during dry high speed drilling of woven carbon fibre composites[END_REF][START_REF] Faraz | Cutting edge rounding: An innovative tool wear criterion in drilling CFRP composite laminates[END_REF][START_REF] Park | Tool wear in drilling of composite/titanium stacks using carbide and polycrystalline diamond tools[END_REF]. Generally, tool wear leads to an increase in cutting forces and cutting temperatures and a deterioration of the surface quality. These cause a decrease in the precision of the finished piece, modification of the tool geometry and a tool break. Figure 24 shows a comparison between wear and the surface quality. It can be noticed that the evolution of the surface quality is proportional to that of the tool wear. When wear stagnates, the surface defect remains almost constant, thus, a plateau at the curve is observed, Figure 24 Knowing that the limit of the authorized flatness defect to have a good assembly of the sandwich structure with a honeycomb core is about 300 µm, it is not advised to machine more than 9 m with the combined tool with a spindle speed of 23000 mm/min and a feed rate of 200 mm/min.

Above this distance the flatness defect becomes greater than 300 μm.

The evolution of the bonding extent is done by the accumulation of phenolic resin layers on the top of each other. The accumulation of resin on the flank surface of the saw blade causes a change in the tool geometry and concentrates stresses on the tool. This weakens the cutting edge as for the built-up edge effect in the case of machining usual materials (as aluminums, CFRP composites,…). This process ends with breakage and flaking of the cutting edge, Figure 25. 

Conclusion

When machining the NOMEX® honeycomb structures, the poor surface quality is characterized by the tearing of the cell walls and uncut or fully torn fibers. Geometrical and surface roughness analyses are limited to classical materials and then they are not valid for the honeycomb structures due to their alveolar shape. To overcome this limitation, a new and innovative protocol was developed to analyze measurements of the surface parameters and to precisely evaluate the machined surface quality. This protocol allows to measure the size of defects generated by the geometric constraints of the surface. Thus, it is possible to carry out an in-depth analysis of the cutting conditions influence as the feed rate and spindle speed on the quality of obtained surfaces by machining process. It has been found that low feed rate and high spindle speed make it possible to reduce the cutting induced damage or even eliminate the surface defects of honeycombs. The quality of the surface degrades by increasing the feed rate and/or by decreasing the spindle speed. Under these conditions, there is a tearing of the walls with uncut fibers of very large size. For the tested Nomex® samples, the optimal condition is found with high spindle speed (23,000 rpm) and low feed rate (200 mm/min). 
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 2 Figure 2. Geometric characteristics of the Nomex® honeycomb structure.
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 3 Figure 3. Milling cutter for Nomex® honeycomb. Evatec tools® reference: NACNA 011.
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 5 Figure 5. Different cutting defects observed on the Nomex® honeycomb samples.
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 77 Figure 7. (a) Measuring of the machined surface quality of Nomex® samples. (b) Scanned surface using the 3D interferometer technique.
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 8 Figure 8. (a) Digitized surface using the 3D interferometer. (b) Processing the flatness error measured by inserting the least squares plane.

  minimizing the function S, we minimize the distance between the different points of the scanned surface and the plane to be constructed. It is necessary to remember the definition of the least squares plane which is the closest plane to all measured points, from where it is necessary to identify the different parameters of this plane (a, b, c) by solving these three equations:
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 111314  show some examples of the Nomex® honeycomb chips obtained after machining.
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 1516 Figure 15. Evolution of the average cutting force Fav for different cutting conditions.
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 17 Figure 17. Evolution of surface defects with the feed rate and the spindle speed during the machining of Nomex honeycomb with the combined CZ10 tool.
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 1819 Figure 18. Machined surface for N = 23000 rpm and f = 200 mm/min: (a) optical image of a cell;
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 202122 Figure 20. Topographic analysis of the bonding strip on the flank surface of the saw blade: (a) Optical image; (b) Zoom on the gluing strip; (c) 3D topography.
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 23 Figure 23 shows the evolution of the extended bonding as a function of the machining length for
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 23 Figure 23. Evolution of wear as a function of the machined length, N= 23000 rpm.
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 24 Figure 24. Evolution of the tool wear and surface quality versus machining length, N= 23000 rpm: (a) f= 200 mm/min; (b) f=2000 mm/min; (c) f = 3000 mm/min.

Figure 25 .

 25 Figure 25. Occurrence of chipping due to the sticking of the resin on the saw blade edge. The considered cutting conditions are : N = 23,000 rpm; f = 200 mm/min; machining length 13.6 m.
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  The wear is exhibited by a bonding of the phenolic resin constituting the cell walls on the flank surface of the saw blade. It was observed for high spindle speeds an increase in the local temperature which favor the bonding of the resin on the flank face of the saw blade. Adhesive layers of the phenolic resin form on the surface of the tool and contribute to its damage. This phenomenon is favored by the low thermal conductivity of the composites and therefore by the heat generated by the friction process of the tool on the cell walls. The evolution of tool wear leads to the degradation of the surface quality during machining. Thus, less frank cuts of the walls and the tearing of the fibers can be observed. Understanding of honeycomb cutting -Determination of optimal cutting conditions -Establishment of a method for measuring surface quality -Correlation between wear and surface quality Kistler dynamometer

Table 1 .

 1 Cutting conditions for milling tests.

	Spindle speed N (rpm)	2000	10000	15000	23000
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