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Introduction and motivation Machining Classical Simulation (MCS) Machining Classical Simulation (MCS) Problem definition and boundary P t Di t ti M d li Part Distortion Modeling Machining Advanced Simulation (MAS) Application Conclusion



1- Introduction and Motivation



What do we mean by  y Machining Advanced Simulation (MAS)?



MCS Machining Classical  Simulation



+



Physical Behavior  Computations i Part deflection due to the clamping or the cutting force Part/tool vibrations



Residual stresses relaxation during machining from SPRING Technologies CAD/CAM World All is assumed rigid ll i d i id Mesh is a triangulated model (stl format) Cutting algorithms are purely geometric Ætime‐ saving



Residual stresses induced by the machining process Thermal effects FEM World P t/t l Part/tool can be considered flexible b id d fl ibl Conforming mesh is necessary Cutting algorithms are physical and can be very  sophisticated Æ time‐consuming



2- Machining Classical Simulation (1/2)



MCS with Main functionalities of MCS : • • • •



NC program analysis M t i l Material removal and machine simulation l d hi i l ti Dimensional analysis Analysis and optimisation of cutting conditions (semi‐analytical  approach)



Input • •



• • •



Machine environment definition  (3D geometry, kinematic...) Tool path (trajectory and tool  definition) via ISO code or APT  de t o ) a SO code o format  Raw part (in‐process workpiece) Fixture conditions Target finished part



Output • •



Machined part Machined part Real cumulated cycle  times of machining



2- Machining Classical Simulation (2/2)



MCS positioning within the CAD/CAM/CNC chain CAD



CAM



simulation



postprocessor



machining



optimization tool path generation ti



partt design



Design D i Office



production



3D



APT / CL



ISO



Manufacturing Engineering Dpt.



validated ISO



Workshop



3- Problem Definition and Boundary



Problem definition and boundary Classically  Machined part Machine Environment



MCS  process



Distorted Machined part



NC Code  NCManager 1‐ Tool is rigid



Ω(t1k )



Tool path



Final Residual  Stresses



Ω( t ) k 2



Raw part 2‐ Part is flexible



3‐ Revolution  parts for turning



Initial Residual  Stresses



4‐ Only bulk residual stresses  relaxation is considered to take into  account the distortion of the part



4- Part Distortion Modeling (1/4)



Part Distortion Modeling Hypothesis FFocus on turning of revolution parts which may deform because of the  t i f l ti t hi h d f b f th relaxation of the bulk residual stresses induced by primary process • • • •



2D‐axisymetric modeling even if the real boundary conditions do not satisfy  revolution hypothesis P l l ti Purely elastic response of the structure f th t t Secondary surfacing residual stresses induced by the machining are ignored FEM with conforming mesh is used t co o g es s used



4- Part Distortion Modeling (2/4)



Machining Modeling (1/2) Maximal cutting edge Maximal cutting edge Maximal cutting volume Effective cutting edge



Ω r (t1k , t2k ) Ω(t2k )



Vsweep (t1k , t2k ) = Sweeping ( Γ cut (t ) ) t∈⎡⎣t1k ,t2k ⎤⎦



Ω r (t1k , t2k ) = Ω(t1k ) ∩ Vsweep (t1k , t2k )



Ω(t2k ) = Ω(t1k ) − Ω r (t1k , t2k )



4- Part Distortion Modeling (3/4)



Machining Modeling (2/2)



RS Mapping



Amp. factor =50



4- Part Distortion Modeling (4/4)



HyperMAS Service A dedicated service, HyperMAS, has  been developed for embedding the  part distortion modelling part distortion modelling. 



Pre‐treatment Template ‐ Mesh ‐ Boundary conditions ‐ Machining modelling ‐ Initial stresses ‐…



GEO



GEO



M (t2k ) RS RS Mapping



M (t2k −1 ) RS



Elastic computations can be  done by any FEA software done by any FEA software  including initial stress and  element killing technique  capabilities



•



HyperMAS in/out is displayed in  figure above. Once FE pre‐ treatment templates are treatment templates are  defined, the whole process is  fully automatic



Ω(t2k )



Ω(t1k ) Ω r (t1k , t2k )



•



RS : Residual Stresses



5- Machining Advanced Simulation (1/2)



Machining Advanced Simulation (1/2) MAS Initialisation (done by the user) MAS Initialisation (done by the user) •



NCManager



IN MAS  Initialization



MAS  process



•



MCS



Ω r (t1k , t2k ) GEO



Ω(t2k )



Beautification



B Beautification tifi ti



Ω(t1k ) Meshing



Distortion  computation



M (t2k −1 )



M (t1k ) RS



Mapping



Beautification •



GEO



M (t2k ) RS



RS



TMP



Splitting the NC program into Nr sets  (Nr is the number of requests of  deformation updating) Preparing the FE pre‐treatment  templates for HyperMAS by defining  material properties, default mesh  densities, boundary conditions… 



Rebuilding of a new “nice” CAD file (Brep, STEP) by using an in-house research on intelligent reverse engineering oriented machining



•



Detection of warnings such as di disconnected t d removed d volumes l and dust volumes.



5- Machining Advanced Simulation (1/2)



Machining Advanced Simulation (2/2) MAS process



6- Application (1/2)



Application (1/2) Objective : Play a MAS for predicting the distortion of the machined part and its  : Play a MAS for predicting the distortion of the machined part and its associated residual stress field •



Application case proposed by SNECMA in  UN2 UN2 project (Pôle j (Pôl de compétitivité d éii ié System@TIC)



• • • •



Forged and heat treated revolution disk Forged and heat treated revolution disk Upper and lower sides are machined Only turning operations are considered A Around 75% amount of materiel is removed d 75% t f t i li d



•



For each side’s machining, three requests of  deformation updating (Nr 3) are chosen deformation updating (Nr=3) are chosen Initial residual stress field was computed by  SNECMA using FORGE2 software



•



6- Application (2/2)



Application (2/2) Amplification factor = 10



MCS is performed on an  MCS i f d upgraded part (upper side ; k=2)



Residual stress field within  the initial part



Residual stress field within  the final deformed part



Total deflection is around 20% error Total deflection is around 20% error Initial residual stress field has first‐order effect Quality of mesh is crucial Constitutive law more accurate Constitutive law more accurate Fixture conditions modeling...



Æ The first and operational use can be done in Decision Aids for  p Machining of high value‐added Parts in order to reduce long and  expensive machine iterations



7- Conclusions



Conclusions • An integrated industrial-driven approach for machining advanced simulation in NCSIMUL environment has been proposed • Industrializing the discussed approach consists essentially in tooling the whole process in order to avoid wasting time in data handling and exchanging



7- Conclusions



Perspectives At short‐medium term • Extension to 3D • More realistic modeling of the fixture conditions in  HyperMAS • Automatic recognition and localization of the fixture  Automatic recognition and localization of the fixture conditions in NCSIMUL At medium‐long term • Optimization : • firstly, the cutting conditions • Secondly, the Tool path
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