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Introduction

During the last decade, the demand for composite materials increased significantly. They have been widely used in building equipment for aircraft industry since they provide high strengthto-weight ratio, good damage tolerance, and excellent resistance to fatigue and corrosion.

However, the expanding development in the aerospace field urges engineers to come up with other materials in order to improve their mechanical properties. Stacked materials (metal/composite) have been proposed for this purpose because they provide an effective method for improving bending rigidity and enhancing global mechanical properties. Carbon fiber reinforced polymer (CFRP) combined to titanium alloys (Ti) is a typical stack composite configuration of a new hybrid material. Other combinations could also be found as GFRP/Al or GLARE. Some examples of application concern doorframes, formers and reinforcement profiles within the construction of the new generation of aircrafts such as Boeing 787

Dreamliner and Airbus A350 XWB, [1].

Despite their widespread applications, machining such stack configurations still represents a most challenging task due to the disparate properties of each constituent and their poor machinability. For instance, the CFRP layer shows anisotropic behavior, and abrasive nature, which may cause poor machined surface quality and severe induced damage in machining processes, [START_REF] Shetty | A review on finite element method for machining of composite materials[END_REF][START_REF] Teti | Machining of Composite Materials[END_REF]. For the metal phase, the titanium alloy exhibits low thermal conductivity and strong chemical affinity, which result in high heat generation and premature tool wear during machining, [START_REF] Calamaz | Approche expérimentale et numérique de l'usinage à sec de l'alliage aéronautique TA6V[END_REF][START_REF] Ezugwu | Materials Titanium alloys and their machinability[END_REF]. Several authors showed that the machinability is strongly influenced by the tool geometry, cutting conditions and induced cutting damage. Omanath et al. [START_REF] Pawar | Analysis of hole quality in drilling GLARE fiber metal laminates[END_REF] found that for the four drill bits studied only two fluted and four faceted drills are suitable for drilling GLARE laminate since they give zero delamination. Piotr et al. [START_REF] Tyczynski | Drilling of CFRP, GFRP, glare type composites[END_REF] highlighted the requirement to modify the standard drill geometry to match the properties of each phase under drilling process. Galal et al. [START_REF] Mohamed | Blast resistance and damage modelling of fibre metal laminates to blast loads[END_REF] showed that GLARE is a possible blast reduction structure since aluminum plate dissipate all the energy as a plastic deformation while glass fiber contributes to enhance the blast attenuation due to its positive strain rate sensitivity. Concerning the effect of cutting conditions on machinability, knowledge of the cutting tool behavior has proven to be the key to optimizing the cutting process. Mozammel et al. [START_REF] Mia | Intelligent optimization of hard-turning parameters using evolutionary algorithms for smart manufacturing[END_REF] proposed an intelligent optimization of hard-turning machining by modifying the cutting parameters, the cutting process can be optimized to achieve the intended results.

Zitoune et al. [START_REF] Zitoune | Experimental and numerical analysis on drilling of carbon fibre reinforced plastic and aluminium stacks[END_REF] analyzed the drilling operation of FRP and aluminum stacks and observed that the machining quality is mainly influenced by the feed rate parameter f. When f equals approximately 0.15mm/rev, the maximum size of CFRP/Al interface delamination is found to be around 0.38µm. Montoya [START_REF] Montoya | Optimisation du perçage de multi-matériaux CFRP / Titane et / ou Aluminium[END_REF] addressed the WC tool operating parameters when drilling Ti/CFRP/Al stacks, thrust force was found by the author to be lowest in the CFRP (44-190 N)

followed by Al (135-342) and Ti (285-600N) resulting in a principal damage of titanium plate rather than aluminum or CFRP.

The most used machining operations for the composite metal assemblies is drilling. Drilling operation is considered as oblique configuration for which the tool has at least three cutting angles. In this case, machining quality and more especially the induced defects in the manufactured part are the critical points that have to be considered. During machining holes, the composite-metal stacks are drilled together to join the requirement of assembly precision and improved productivity, [START_REF] Luo | Investigation on the interface damage in drilling low-stiffness CFRP/Ti stacks[END_REF][START_REF] Alonso | Influence of flute number and stepped bit geometry when drilling CFRP/Ti6Al4V stacks[END_REF], although each material requires different cutting parameters, [START_REF] Vijayan | Comprehensive Review on Drilling of Multimaterials Stacks[END_REF]. To ensure the structural integrity of the part, it is important to reduce damage at the CFRP/Ti interface and interactions influenced by stacking sequence between CFRP and Ti materials, [START_REF] Xu | Numerical and experimental study of machining titanium-composite stacks[END_REF].

It is believed that the fundamental analysis of cutting mechanisms and chip formation process of metallic and composite materials can help increasing the machining efficiency. Compared to drilling process (with complex tool geometry and cutting kinematic), orthogonal cutting can be a simple and helpful machining operation to understand the cutting process of composite metal assemblies. In this configuration, the cutting edge of the tool is perpendicular to the direction of the tool motion.

Some remarkable research work on orthogonal cutting has been found through the literature study but many physical phenomena, responsible for the poor quality of machining, have remained unanswered. Understanding chip formation mechanisms of composite and metallic parts continues to be a vital part in research. There are some remarkable differences of these mechanics between metallic and composite materials whereas the case of composite materials remained left behind. The chip formation process of composite materials is affected by many parameters. Koplev et al. [START_REF] Koplev | The cutting process, chips, and cutting forces in machining CFRP[END_REF] mentioned that the chip formation in machining fiber reinforced polymer (FRP) materials is critically controlled by the fiber orientation and the cutting edge rake angle. Other authors explained that during the chip formation, there are four modes of failure that occur in a composite structure which are matrix cracking, fiber-matrix shearing, fiber failure, and delamination, [START_REF] Ilyas | Damage modeling of carbon epoxy laminated composites submitted to impact loading[END_REF]. The damage of different components like fiber, matrix, and fiber matrix interface, simultaneously progress until the complete chip formation process, [START_REF] Florent | Etude de la coupe en perçage par le biais d'essais élémentaires en coupe orthogonale[END_REF].

In metal cutting, the chip formation depends on the local conditions of stress at the tool-chip interface (contact pressure and frictional stress), sliding velocity, cutting temperature and local properties of the tool-work material. Consequently, a fundamental understanding of the thermomechanical behavior of the machined material is needed to prove the quality of the machined surface. Several authors summarized that during the chip formation, the energy dissipation comes from three main deformation zones: (i) the primary shear zone where the flow direction change of the removed work material occurs. (ii) the secondary shear zone which is in contact with the tool rake face and (iii) the tertiary shear zone which is in contact with the tool clearance face, [START_REF] Atlati | Thermomechanical modelling of the tool-workmaterial interface in machining and its implementation using the ABAQUS VUINTER subroutine[END_REF].

To address some physical aspects observed during the machining of CFRP/Ti stack composite, experimental investigations have been performed. Isbilir et al. [START_REF] Isbilir | Comparative study of tool life and hole quality in drilling of CFRP/titanium stack using coated carbide drill[END_REF] studied the influence of drilling parameters on the thrust force, torque, burr formation and delamination phenomenon when drilling the CFRP/Ti6Al4V stacks. The results were compared to those of drilling thses materials separetly. They found that the feed rate was a predominant factor on the thrust force magnitude. Drilling stacked materiel causes a growth in the torque force by 44.5% in Ti and 83.5% in CFRP compared to single CFRP or Ti. The extent of delamination in CFRP is however much smaller in the CFRP/Ti stack compared to drilling the CFRP alone.

This was explained by the presence of the titanium backup plate.

A recent experimental study on drilling CFRP/Ti stacks was conducted by Xu et al. [START_REF] Xu | Experimental study on mechanical drilling of carbon/epoxy composite-Ti6Al4V stacks[END_REF] for four drilling trails including individual CFRP and Ti drilling and CFRP/Ti stacks with and without cooling. The results show that elevated cutting temperature causes an increase in the tool wear level, and significantly affects the hole quality by increasing the cutting force. Thus, the cooling process reduces temperature and contributes to a better chip ejection, which has a significant impact on the delamination inside the CFRP material.

In orthogonal cutting, detailed damage comprehension in composite phase nor the appropriate chip formation in the Ti-phase were found in previous study, [START_REF] Xu | Cutting modeling of hybrid CFRP/Ti composite with induced damage analysis[END_REF]. In composite material, the lack of physical meaning of damage criteria of Hashin or Tsai Hill makes it difficult to properly predict the fiber/matrix damage progression. A strong influence of fiber orientation on the direction of crack generation and propagation in composite laminates has been found by Blanchet et al. [START_REF] Florent | Etude de la coupe en perçage par le biais d'essais élémentaires en coupe orthogonale[END_REF]. Pramanik et al. [START_REF] Pramanik | An FEM investigation into the behavior of metal matrix composites: Tool-particle interaction during orthogonal cutting[END_REF] reported that rupture is generated due to debonding of particles (case of glass-fiber and matrix debonding) in front of the tool. Whereas Shchurov et al. [START_REF] Shchurov | SPH-Simulation of the Fiberreinforced Composite Workpiece Cutting for the Surface Quality Improvement[END_REF] argued that the main reason for this fact is the high strength of fibers in comparison with the matrix one. To understand this physics in detail, it is more reasonable to focus on the damage mechanism of a composite part in the assembly. According to Lasri et al.

[25], damage mechanisms in CFRP composites include four types of failure modes: transverse matrix cracking, fiber-matrix interface debonding, fiber rupture and inter-ply delamination.

The authors carried out simulations with different stress criteria and found that in cases of Hashin and Maximum stress criteria, fiber-matrix interface debonding is the first damage developed in the composite structure during the chip formation process. Matrix failure starts and progresses in the same way as fiber-matrix interface failure before complete debonding, then continues to propagate in depth until completion of the chip formation. But in case of maximum stress criteria, matrix failure initiates late and then gradually progresses in the vicinity of the cutting tool edge. The fiber breaking is the last failure that occurs during the chip formation process in both Hashin and Maximum stress criteria.

Machining process of hybrid stacks made of CFRP and Ti alloy is a complex task that requires long and expensive trials. At the same time, experimental investigations only, cannot completely reveal the cutting process of the different phases and interface region, and it is impossible to observe the formation process of the subsurface damage at the interface zone.

Therefore, numerical simulations and theoretical modeling can be very helpful tools to overcome these limitations arising from the experimentation.

In the literature of this field of research, only little scholar research has been conducted on the cutting process and damage formation of hybrid CFRP/Ti stacks machining. Xu et al. [START_REF] Xu | Cutting modeling of hybrid CFRP/Ti composite with induced damage analysis[END_REF][START_REF] Xu | Numerical Modeling and FE Analysis of CFRP/Ti Stack Orthogonal Cutting[END_REF] developed under orthogonal cutting configuration a two-dimensional finite element model to simulate machining the CFRP/Ti stack. The results showed that the cutting sequence can have a significant influence on the machined quality and induced damage in the interface region. Zitoune et al. [START_REF] Zitoune | Experimental and numerical analysis on drilling of carbon fibre reinforced plastic and aluminium stacks[END_REF] established a numerical model to simulate the drilling process of CFRP/Al alloy stack composite. Their study indicated that the stacking sequence has a significant impact on the push-out delamination. However, in the case of machining CFRP/Ti stack, three typical cutting stages can be involved, the Ti alloy cutting, CFRP cutting, and the interface (the contact boundary of Ti and CFRP) cutting. Giasin et al. [START_REF] Giasin | 3D Finite Element Modelling of Cutting Forces in Drilling Fibre Metal Laminates and Experimental Hole Quality Analysis[END_REF] developed a threedimensional finite element-drilling model to simulate glass fiber aluminum reinforced epoxy GLARE stack composites. The aim of their study was to understand the mechanism of the process and to predict cutting forces. The results show, first , that the thrust force and torque were overestimated at low feed rates and high spindle speeds. On the other hand, no delamination was identified on the internal surfaces for the used cutting parameters.

The above literature has provided a better comprehension of the physical phenomena in cutting CFRP/Ti-CFRP/Al stacks composites. Whereas, the key activated factors, i.e., the interactions between two stacked materials on affecting the subsurface damage of the interface region are still not investigated. Nevertheless, a detailed damage comprehension in neither the composite phase nor the appropriate chip formation in the Ti phase were found in the previous studies. In composite material, the damage criteria such as Hashin, Tsai Hill or puck criteria make it very difficult to properly predict fiber/matrix damage progression.

Therefore, in this work an elastoplastic behavior coupled with damage is considered to realistically simulate all physical aspects that govern the machining process of composite.

Johnson-Cook model is used in the metallic phase as the model has proven its ability to simulate the chip separation and thus, is being widely used in machining problems. Finally, to study interface behavior cohesive elements approach is adopted. The model based on a traction-separation cohesive law, allowing for representation of both initiation and evolution of the failure process. Each model is presented in the following section.

Finite Element Model

In the chosen configuration of orthogonal cutting of the hybrid composite, we have two main parts: tool and workpiece. The tool is considered as a rigid part and the workpiece is composed of CFRP phase, interface and Ti phase. To consider the different aspects previously cited, a FE model is proposed for modeling the machining process of a hybrid CFRP/Ti stack.

It is based principally on three sub-models: The metallic model, which allows to predict the titanium behavior, the composite model to predict the CFRP behavior and the joint model, to predict the interface behavior between CFRP and Ti.

The constitutive damage law and the physical set up of the 2D FE model is explained in details in the following sections.

Metallic model

In the titanium phase, the built-in Abaqus/Explicit Johnson-Cook constitutive model [START_REF] Johnson | A-constitutive-model-and-data-for-metals-subjectedto-large-strains-high-strain-rates-and-high-temperatures[END_REF] was used because it can reflect the metal constitutive behavior under high strain, high strain rate and high temperature. The model dissociates plastic, viscous and thermal aspects in three independent terms as follows:

(

where is the equivalent plastic stress, is the equivalent plastic strain, is the equivalent plastic strain rate, is the reference strain rate, A is the initial yield stress, B is the hardening modulus, C is the strain rate dependence coefficient, is the dynamic temperature of materials, is the room temperature and is the material melting temperature. n and m are work hardening exponent and thermal softening coefficient, respectively. The first term describes an isotropic strain hardening behavior, the second describes strain rate sensitivity and the third term describes a thermal softening behavior.

To take into account the stiffness drops after a certain value of plastic deformation, Nasr et al.

[29] compared two damage modeling approaches in metal cutting using finite element simulations; (i) the Johnson-Cook shear failure model and (ii) the progressive damage model. They found that the use of JC damage model evolution is suitable to accurately predict the different process parameters such as cutting forces, shear angle, chip thickness and contact length. That is why, the JC damage law given by Equation ( 2) is adopted in this study. To allow the simulation of chip formation, a damage parameter is defined in Equation (3).

The failure is reached in the material once the parameter is equal to 1.

(

) ( 2 
) 3 
where and are the equivalent plastic strain increment and the equivalent plastic strain corresponding to the failure respectively, is the triaxiality rate, with (i= 1, 2, 3, 4, 5) are the JC damage parameter, , and are dynamic temperature of materials, room temperature and material melting temperature respectively.

To estimate the damage evolution, Abaqus software provides two laws (linear and exponential form) based on the energy dissipation during the process. These laws take into account the characteristic length of the element to overcome the mesh dependency of the results. Once the damage initiation criterion is reached, the linear form assumes that the damage variable increases with plastic displacement (or equivalent plastic strain) according to:

where , and represent the equivalent plastic displacement at failure, the equivalent plastic displacement and the characteristic length of the element, respectively. The exponential form of the damage variable is given as:

(

where is the fracture energy, and it's a key factor in the chip formation morphology [START_REF] Yaich | Numerical analysis of constitutive coefficients effects on FE simulation of the 2D orthogonal cutting process : application to the Ti6Al4V[END_REF][START_REF] Atlati | Développement d ' une nouvelle approche hybride pour la modélisation des échanges thermiques à l ' interface outil-copeau : application à l ' usinage de l ' alliage d ' aluminium aéronautique AA[END_REF]. The fracture energy needs to be inputted into the FE model and according to the study of Mabrouki et al. [START_REF] Mabrouki | Numerical and experimental study of dry cutting for an aeronautic aluminium alloy (A2024-T351)[END_REF] this energy depends on Young's modulus E, Poisson's ratio ν, Mode-I (II) stress intensity factor ( ) :

(6)

Composite model

In the CFRP phase, the proposed model is based on a combined elastoplastic damage constitutive law [START_REF] Zenia | Numerical analysis of the interaction between the cutting forces , induced cutting damage , and machining parameters of CFRP composites[END_REF]. Considering the case of a ply under plane stress and in 2D, the strain energy density can be written as: [START_REF] Tyczynski | Drilling of CFRP, GFRP, glare type composites[END_REF] where are the elastic modulus in the longitudinal (fiber direction) and transverse directions, respectively, and are the shear modulus and the Poisson's ratio, respectively. , and are the damage variables in the longitudinal, transverse and shear directions, respectively. The symbol <■> + is the Macaulay brackets it refers to the positive part of "■". To describe the initiation and progression of degradation mechanisms, the thermodynamics forces are computed using the following expression:

The damage variable , associated with the brittle fracture of the fibers decomposes into two failure modes: tensile and compression. In case of a tensile stress, the brittle fracture of the fiber is met when the value of reaches the critical value . In case of a compression stress, the fiber break, when the value of the force reaches the critical value . The damage variable, , is given as: [START_REF] Mia | Intelligent optimization of hard-turning parameters using evolutionary algorithms for smart manufacturing[END_REF] To compute the damage variables, transverse and shear , an equivalent force that governs their initiation and evolution, is defined: [START_REF] Zitoune | Experimental and numerical analysis on drilling of carbon fibre reinforced plastic and aluminium stacks[END_REF] where is a coupling term between the transverse and shear damage.

The transverse and shear damage variables are defined as: [START_REF] Montoya | Optimisation du perçage de multi-matériaux CFRP / Titane et / ou Aluminium[END_REF] where , and are the limit strength for damage, the threshold strength for initiation of damage and a coupling term between the transverse and shear damages, respectively.

To limit the maximum damage rate and avoid numerical localization of damage, regularization parameters, and , are introduced and the damage variables are corrected as below: [START_REF] Luo | Investigation on the interface damage in drilling low-stiffness CFRP/Ti stacks[END_REF] The same constants, and are taken for the three damage evolution laws. For this model with delay effects, the variations of the forces, do not lead to instantaneous variations of the damage variables, . There is a certain delay defined by the characteristic time .

Therefore, from the above model, a brittle behavior was suggested in the fiber direction under traction or compression and a plastic behavior in the transverse and shear direction. Hence, the plasticity is given by a quantity called load function (where flow threshold function), as which delimits a multiaxial domain between two elastic and plastic zones as follows: [START_REF] Alonso | Influence of flute number and stepped bit geometry when drilling CFRP/Ti6Al4V stacks[END_REF] where is the equivalent stress given by and represents the updated elastic limit as a function of the cumulative plastic strain p given by: [START_REF] Vijayan | Comprehensive Review on Drilling of Multimaterials Stacks[END_REF] where c is a coupling parameter, is the initial yield stress, and are hardening coefficients. The plastic deformation rate combined with the effective stress are calculated by: (15)

Joint model

The cohesive element provided by Abaqus is used to model delamination of the interface phase directly in terms of traction-separation law. The model assumes that the behavior is initially linear elastic followed by the initiation and evolution of damage. The elastic behavior is written in terms of an elastic constitutive thickness that equals to one if tractionseparation response is specified, this condition ensures that the nominal strain is equal to the separation (i.e., relative displacement of the Ti and the CFRP faces). The nominal strain can be defined as. [START_REF] Koplev | The cutting process, chips, and cutting forces in machining CFRP[END_REF] where and are the components of the relative displacement between the left and the right of the cohesive element, and is the original thickness. The elastic behavior can then be written as: [START_REF] Ilyas | Damage modeling of carbon epoxy laminated composites submitted to impact loading[END_REF] where is the nominal traction stress vector, consisting of three components (the normal, the first and the second shear ) and is the elasticity matric.

The initial response of the cohesive element is assumed to be linear as discussed above.

However, once a damage initiation criterion is met, material damage can occur according to a user-defined damage evolution law. Fig. 1 shows a typical Traction-Separation response with a failure mechanism.

Fig. 1. Traction-separation law for cohesive material

In Fig. 1 represents the peak value of the nominal stress when deformation is either purely normal to the interface or purely in the first or the second shear direction, respectively.

, and are the initial and failure displacement. The superscript, 0 or , represents damage initiation or failure moment. The triangle area is the corresponding fracture energy of mode I, II and III, .

To model the damage initiation of the interface, a quadratic nominal strain criterion is used.

Damage is assumed to initiate when a quadratic interaction function involving the nominal strain ration reaches a value of one as described as: [START_REF] Florent | Etude de la coupe en perçage par le biais d'essais élémentaires en coupe orthogonale[END_REF] The scalar damage indicator d monitors the progression of damage, it initially has a value of 0 and evolves from 0 to 1 which indicates the complete decohesion of the interface .The indicator d affects the stress components of the Traction-Separation law according to the following equation: [START_REF] Atlati | Thermomechanical modelling of the tool-workmaterial interface in machining and its implementation using the ABAQUS VUINTER subroutine[END_REF] where i=n, s and t represent the interface strength under mode I, II and III respectively. This equation also implies that the damage is not accrued when (i.e., under compressive stiffness).

A power law of the energy required to cause failure governs the evolution of damage in our model. The dependence of the fracture energy under mixed mode is defined by the following linear interaction criterion:

(20)

Orthogonal cutting configuration

Numerical Set up

The numerical modeling of the orthogonal cutting process, of CFRP/Ti hybrid composite, is essential to investigate generated cutting forces, induced damage, and chip formation. As reported previously, the FE model has three main phases: composite (CFRP), interface (composite/titanium) and titanium (Ti). Geometry and boundary conditions are presented in Fig. 2. The tool is considered as a rigid body and tool geometry was defined in the work of Xu et al. [START_REF] Xu | Numerical and experimental study of machining titanium-composite stacks[END_REF]. The ISO reference for this tool is TCMW16T304FLPCD10 as shown in Table 1. The model was developed using the Abaqus/Explicit code with Lagrangian formulation to simulate the cutting process and analyze the chip formation mechanisms in both phases Ti and CFRP. Regardless of distortion problems in finites elements that can be generated using the lagrangian approach, it can still be an effective way to simulate composite chip morphology.

Fig. 2. Mesh generation, boundary conditions and geometry of the tool-workpiece

Adaptive meshing method can overcome distortion problems and leads to accurate results as it has been pointed by Wan et al. [START_REF] Wan | On material separation and cutting force prediction in micro milling through involving the effect of dead metal zone[END_REF] who adopted this method for predicting cutting force in micro milling process. However, this method can only be applied for ALE (Arbitrary Lagrangian-Eulerian) approach.

A regular and structured two-dimensional solid element with 4-node were chosen for the workpiece to meet the "share nodes" contact conditions between cohesive elements and the surrounding phases [START_REF]Abaqus Documentation Version 6.14 Dassault Système Simulia[END_REF]. The workpiece is meshed with roughly 17085 elements and the tool of about 134 elements. The CFRP phase is introduced into Abaqus code as an equivalent material (EM), considering plane stress assumption and using continuum solid elements CPS4R including automatic hourglass control and with reduced integration. A coupled temperature-displacement in a plane strain assumption is considered for the titanium phase and the element type CPE4RT is used. No separation zone is used in the JC damage model and therefore only one fracture energy is defined for the whole titanium phase. In fact, a separation zone is used to simplify the numerical analysis [START_REF] Shchurov | SPH-Simulation of the Fiberreinforced Composite Workpiece Cutting for the Surface Quality Improvement[END_REF][START_REF] Xu | Numerical Modeling and FE Analysis of CFRP/Ti Stack Orthogonal Cutting[END_REF][START_REF] Park | Tool wear in drilling of composite/titanium stacks using carbide and polycrystalline diamond tools[END_REF]. As for the cohesive bonding surface, a small thickness of the cohesive element (5 µm) was used. The material properties of the three phases can be found in Table 2. Table 3 shows the values of damage parameters as those chosen by [START_REF] Xu | Numerical and experimental study of machining titanium-composite stacks[END_REF][START_REF] Atlati | Développement d ' une nouvelle approche hybride pour la modélisation des échanges thermiques à l ' interface outil-copeau : application à l ' usinage de l ' alliage d ' aluminium aéronautique AA[END_REF]. 

Mechanical and thermal contacts

One of the important aspects that control the chip formation process is the interaction between the workpiece and the cutting tool. This interaction mainly depends on the mechanical and thermal contact properties, such as the coefficient of friction and the coefficient of conduction [START_REF] Yaich | Numerical analysis of constitutive coefficients effects on FE simulation of the 2D orthogonal cutting process : application to the Ti6Al4V[END_REF]. In the machining process of a hybrid CFRP/Ti stack, the contact properties of body surfaces that could potentially be in contact are difficult to characterize. In this study, there are mainly three interactions to manage effectively and correctly: tool-CFRP, tool-interface and tool-Ti.

For all interactions, the contact is defined between the workpiece node set and the tool surface using surface-to-surface built in contact algorithms, coupled to kinematic prediction contact with finite sliding formulation. The standard Coulomb friction model is adopted to model these interactions with a friction coefficient µ assumed to be constant for each phase (0.4 in CFRP phase [START_REF] Zenia | An elastoplastic constitutive damage model to simulate the chip formation process and workpiece subsurface defects when machining CFRP composites[END_REF] and 0.2 in Ti phase [START_REF] Yaich | Numerical analysis of constitutive coefficients effects on FE simulation of the 2D orthogonal cutting process : application to the Ti6Al4V[END_REF]). Tie constraint was used to link both CFRP phase and Ti phase together. During the tool-Ti machining phase, all energy generated by friction is converted to heat and governed by the following expression: [START_REF] Xu | Experimental study on mechanical drilling of carbon/epoxy composite-Ti6Al4V stacks[END_REF] where is the fraction of energy converted to heat (chosen equal to 1), is the friction stress, and is the sliding velocity.

Another source of heat is considered in contact property, which is plastic deformation heat generation, that can be expressed by: [START_REF] Xu | Cutting modeling of hybrid CFRP/Ti composite with induced damage analysis[END_REF] where is the Taylor-Quinney coefficient (equal to 0.9), and are respectively strain and stress components.

Results and discussion

Mesh density

The effect of the mesh density (or element size) on the average value of the cutting force Fc in both phases, titanium and CFRP, is shown through Fig. 3 a. Firstly, it should be noted that the average values varies slightly with the proposed meshes. However, marked differences are noticed between the minimum and maximum values of the predicted forces, revealing the presence of significant fluctuations in the evolution of Fc. These fluctuations are associated with the large amount of energy required to remove a coarse element. In fact, once the mesh element is totally damaged, a significant disturbance in the levels of contact pressure applied to the tool is obtained, leading to a sudden and important decrease in cutting forces. However, for CFRP measured cutting force the mesh size has not a significant impact. Finally, the CPU time is growing exponentially as shown in Fig. 3 The importance of minimizing computation times while maintaining an acceptable level of precision was found for element size of 10 µm × 10 µm providing not only results that are globally stable, but also a more efficient CPU time.

Cutting forces prediction

Fig. 4 and Fig. 5 represent the cutting force profiles during the machining process for the two sequences: CFRP/Ti and Ti/CFRP. The profiles show that the force required for cutting Ti phase is higher than the one required for cutting CFRP phase and distinct chip morphologies.

This is related to the material behavior and failure threshold. When the tool cuts into CFRP phase, a dusty form chips are obtained due to the anisotropic and heterogeneity of the composite. In addition, the fiber orientation of 45° does not oppose to the tool-cutting direction and smoothly removes the damaged elements. During cutting process, the transition from the composite phase to the titanium phase shows a sudden change in the level of cutting forces (increase or decrease) depending on the considered cutting sequence (CFRP-Ti or Ti-CFRP). This sudden transition is caused by the difference in the mechanical behavior between the two materials and it is accompanied by significant delamination at the interface in Ti-CFRP cutting sequence unlike CFRP-Ti sequence, no delamination was observed. This was highlighted by Xu et al. [START_REF] Xu | Cutting modeling of hybrid CFRP/Ti composite with induced damage analysis[END_REF]. In addition, this jump could lead to a premature tool wear as illustrated by Poutord et al. [START_REF] Poutord | Local approach of wear in drilling Ti6Al4V/CFRP for stack modelling[END_REF]. Finally, when the tool penetrates the Ti phase, the gap force increases, and a segmented chip is obtained due to the ductile nature of titanium alloy. Furthermore, the experimental tendency of the Ti cutting forces (Fig. 6 a) are slightly decreasing for a fixed cutting length, this was attributed to thermal softening that happens with the elevation of the cutting speed, [START_REF] Calamaz | Approche expérimentale et numérique de l'usinage à sec de l'alliage aéronautique TA6V[END_REF]. However, the numerical cutting force shows a constant evolution which suggests that the temperature rise is very localized and the effect of thermal softening due to the rise in temperature is quite small. In Fig. 7 we observe for the titanium phase and CFRP phase a linear increase in the cutting force Fc.This was expected since the increase in the cutting length or depth f is equivalent to an increase in the removed material.

Ti chip morphology dependency to fracture energy

Yaich et al. [START_REF] Yaich | Numerical analysis of constitutive coefficients effects on FE simulation of the 2D orthogonal cutting process : application to the Ti6Al4V[END_REF] studied the effect of damage parameters on chip morphology in titanium phase and predicted cutting forces in terms of damage initiation and propagation (Table 3).

The study highlighted the importance of a proper definition of the parameter describing the evolution of the damage (fracture energy G f ) because it has a dominant effect on the FE results in terms of chip segmentation and numerical forces. As for the damage initiation model, it has little effect on the accuracy of the simulated cutting process. Fig. 8 iIllustrates the morphologies obtained of chips and the average of cutting forces for five fracture energies: 20, 25, 30, 35, and 40. The analysis was carried out with a cutting speed of 50 m/min and a cutting depth of 0.2 mm. A direct relationship should be noted between the fracture energy, the chip morphology, and the cutting forces. It can be noticed that fragmented, segmented, or continuous chips can be obtained for three energy levels: low (<20), medium [START_REF] Isbilir | Comparative study of tool life and hole quality in drilling of CFRP/titanium stack using coated carbide drill[END_REF][START_REF] Xu | Experimental study on mechanical drilling of carbon/epoxy composite-Ti6Al4V stacks[END_REF][START_REF] Xu | Cutting modeling of hybrid CFRP/Ti composite with induced damage analysis[END_REF][START_REF] Pramanik | An FEM investigation into the behavior of metal matrix composites: Tool-particle interaction during orthogonal cutting[END_REF][START_REF] Shchurov | SPH-Simulation of the Fiberreinforced Composite Workpiece Cutting for the Surface Quality Improvement[END_REF][START_REF] Lasri | Modelling of chip separation in machining unidirectional FRP composites by stiffness degradation concept[END_REF][START_REF] Xu | Numerical Modeling and FE Analysis of CFRP/Ti Stack Orthogonal Cutting[END_REF][START_REF] Giasin | 3D Finite Element Modelling of Cutting Forces in Drilling Fibre Metal Laminates and Experimental Hole Quality Analysis[END_REF][START_REF] Johnson | A-constitutive-model-and-data-for-metals-subjectedto-large-strains-high-strain-rates-and-high-temperatures[END_REF][START_REF] Nasr | An Evaluation of Different Damage Models when Simulating the Cutting Process Using FEM[END_REF][START_REF] Yaich | Numerical analysis of constitutive coefficients effects on FE simulation of the 2D orthogonal cutting process : application to the Ti6Al4V[END_REF][START_REF] Atlati | Développement d ' une nouvelle approche hybride pour la modélisation des échanges thermiques à l ' interface outil-copeau : application à l ' usinage de l ' alliage d ' aluminium aéronautique AA[END_REF][START_REF] Mabrouki | Numerical and experimental study of dry cutting for an aeronautic aluminium alloy (A2024-T351)[END_REF][START_REF] Zenia | Numerical analysis of the interaction between the cutting forces , induced cutting damage , and machining parameters of CFRP composites[END_REF][START_REF] Wan | On material separation and cutting force prediction in micro milling through involving the effect of dead metal zone[END_REF][START_REF]Abaqus Documentation Version 6.14 Dassault Système Simulia[END_REF] or high (>40) respectively. The cutting forces increase with increased fracture energy. When cutting an assembled structure, one of the most recurrent defects is the interface delamination, [START_REF] Xu | Numerical and experimental study of machining titanium-composite stacks[END_REF][START_REF] Giasin | 3D Finite Element Modelling of Cutting Forces in Drilling Fibre Metal Laminates and Experimental Hole Quality Analysis[END_REF][START_REF] Poutord | Local approach of wear in drilling Ti6Al4V/CFRP for stack modelling[END_REF]. Furthermore, the arrangement of the stacking materials has a major impact on the cutting process. The main objective of the study is to predict the inter-material delamination induced by the cutting operation, and to analyze its interaction with the cutting speed, fiber orientation in the composite phase and cutting length in both CFRP-Ti and Ti-CFRP cutting sequences.

Delamination analysis

Fig. 9 and Fig. 10 show a comparative surface state after the cutting process in the CFRP-Ti and Ti-CFRP sequences respectively for a cutting speed of 50 m/min, a cutting length of 0.1 mm and a fiber orientation in CFRP phase of 45˚. It is obvious that the CFRP-Ti cutting sequence gives a much smoother surface than the Ti-CFRP cutting sequence. During cutting operation, the titanium plate serves as a support for the composite, reducing their bending and therefore significantly limiting the risk of delamination when leaving the titanium phase. In contrast, the opening between the two phases is much deeper in Ti-CFRP cutting sequence (Fig. 10) due to the ejection of the titanium chip and the pressure applied on the composite boundary which results in a crack propagation at the interface. These observations are confirmed by multiple experimental studies of composite metal stacks machining, in which researchers agree that delamination in a composite-metal sequence is minimized due to the presence of the metal layer [START_REF] Montoya | Optimisation du perçage de multi-matériaux CFRP / Titane et / ou Aluminium[END_REF][START_REF] Xu | Numerical and experimental study of machining titanium-composite stacks[END_REF][START_REF] Giasin | 3D Finite Element Modelling of Cutting Forces in Drilling Fibre Metal Laminates and Experimental Hole Quality Analysis[END_REF][START_REF] Poutord | Local approach of wear in drilling Ti6Al4V/CFRP for stack modelling[END_REF]. The evolution of the cutting force in the composite phase illustrated in Fig 12 shows how fiber orientation contributes to strengthening the CFRP. Furthermore, a small delamination depth was observed when carbon fibers are horizontal (0°) and vertical (90°). However, the largest opening was observed when the fiber orientation is equal to 45°. This might be explained by the strength of the second phase provided by the 0° and 90° orientations which prevents the interface from opening once the cutting tool passes through. Moreover, the absence of delamination in CFRP-Ti cutting sequence as explained above, shows that the behavior of the interface depends on the resistance of the second material.

Conclusion

In this work, the cutting of different stack sequences was investigated using a new finite element model. The chip morphology and cutting forces were examined for the two cutting sequences (i)-CFRP/Ti6Al4V and (ii)-Ti6Al4V/CFRP along with delamination at the contact boundary. The following conclusions can be drawn:

 Three cutting phases were observed during machining CFRP/Ti and Ti/CFRP combining several material removal mechanisms. A brittle fracture in the CFRP phase was reproduced leading to a dusty like chips. In the Ti-phase, segmented chips have been obtained reflecting the ductile nature of this phase.

 Interface cutting was found to be more brutal, resulting to an extreme change in the level of cutting force which can cause a premature tool wear.

 Numerical cutting forces were found to be in a good agreement with the experimental results allowing to confirm the reliability of the proposed model.

 Delamination inspection at the boundary contact between the composite phase and titanium phase shows a significant dependency to the cutting sequence.

 The resistance of the second phase when cutting an assembled material plays a key factor on the extent of interface delamination.

Finally, the present model will be rolled out to study the drilling process. In addition, the presence of thermal behavior in Ti phase demands that we readapt the current approach to include the temperature into CFRP and interface phases in order to inspect thermal influence on the global behavior. In forthcoming work, our model will be completed by experimental validations of delamination damage process and surface finish after machining.

  b. The time needed to model the same machining period goes from 13 min to 268 min in a computer with two processors (frequency = 2.20 GHz and RAM = 16 Go). This difference in CPU computing time is comprehensible, because CPU time is driven by the size of the smallest element. The excessive decrease in element size leads to an increase in mesh density leading naturally to a very high computation time.
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 3 Fig. 3. Mesh density analysis for Vc =80 m/min, f=0.2mm, θ=45˚ (a) Effect of mesh density on the cutting force F c (b) evolution of CPU time in terms of the mesh density.
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 467 Fig. 4. Generated cutting force signal with FE simulation for f=0.2mm, θ=45˚ and Vc =50 m/min with
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 8 Fig. 8. Chip morphology dependency to fracture energy for f=0.2mm and Vc =50 m/min Delamination analysis
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 910 Fig. 9. Surface quality in CFRP-Ti cutting sequence for f=0.1mm, Vc =50 m/min and θ=45˚
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 11 Fig. 11. Delamination dependency on (a) cutting speed Vc ( θ=45˚ , f=0.2mm ), (b) cutting length f (θ=45˚ and Vc=50 m/min) for Ti-CFRP cutting sequence.
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 11 Fig. 11 shows the depth of the Ti-CFRP interface delamination under diff erent cutting speeds (a), cutting lengths (b). Delamination ranged from 0.02 mm to 0.1 mm, it is minimal when Vc = 50 m/min and f = 0.05 mm, and maximal when Vc = 80m/min and f = 0.2 mm. Cutting speed does not have much impact on delamination. However, delamination increases with the increase of the cutting length. The amount of the removed material increases the pressure applied to the composite face which results in a higher extent of delamination on the interface, Fig 11.
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 12 Fig. 12. Combined Cutting force in CFRP phase and delamination dependency on fiber orientation ( f=0.2mm and Vc=50 m/min ) for Ti-CFRP cutting sequence.

  

  

  

  

Table 1

 1 Cutting parameters,[START_REF] Xu | Numerical and experimental study of machining titanium-composite stacks[END_REF].

	Rake angle α	Clearance angle γ Tool edge radius R	Cutting length f Cutting speed V c
	0°	7°	0.3969 mm	2 mm	50 m/min

Table 2

 2 

	Material parameters [15, 33]			
	Ti6A14V	CFRP T300/914	Interface	
	Young's	113.375 GPa Longitudinal	136.6 GPa	Normal	400 GPa
	modulus		modulus E 1		stiffness E nn	
	Poisson's	0.342	Transverse	9.6 GPa	Tangential	300 GPa
	ratio		modulus E 2		stiffness E ss =E tt	
	Thermal	2 x10 -9	In plane shear	5.2 GPa	Poisson's ratio	0.33
	expansion		modulus G 12			
	coefficient					
	Density	4430 kg/m 3	Poisson's	0.29		
			ratio			
	Table 3 Parameters for the constitutive and damage laws [15, 33]		
	Ti6A14V		CFRP T300/914		Interface	
	A	1098 MPa		8 MPa	60 MPa
	B	1092 MPa		0.03 MPa	80 MPa

It is obvious that the numerical results regarding Ft forces do not fit the experimental ones in both phases (titanium Fig. 6a and composite Fig. 6b) with a relative error up to 55%. This important difference was explained by several authors [START_REF] Arola | Orthogonal cutting of fiber-reinforced composites: A finite element analysis[END_REF][START_REF] Zenia | Numerical prediction of the chip formation process and induced damage during the machining of carbon / epoxy composites[END_REF][START_REF] Wojciechowski | Prediction of cutting forces during micro end milling considering chip thickness accumulation[END_REF] as a result of using a Lagrangian approach coupled with the Delete Element method and the absence of the Elastic recovery phenomena. However, it can be observed that the average value of the cutting force Fc (Fig. 6a) is relatively in good agreement with the experimental results in both phases.