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Surface Machining Student Notes:
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Recap Exercise: Machining Features
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Surface Machining Student Notes:



Table of Contents (2/2) Do It Yourself
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Surface Machining



Renfort



Student Notes:



Master Exercise Presentation 140 min



In the exercise you will learn Surface Machining fundamental concepts by machining a part from the 3D model. This process includes the creation of the Part Operation, all necessary machining operations and auxiliary operations.
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You will also generate the NC code and manage associativity when the design part is modified. Master Exercise is split in 3 steps. The end result of one step is the start for the next step. Respective Master Exercise Step will have to be performed after completion of each lesson.
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Surface Machining



Design Intent – Renfort Machining



Student Notes:



Start from the 3D solid part Create the dedicated geometry for manufacturing Define the Part Operation Create a 3-Axis Surface Machining operation (for example: Roughing)
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Minimum Tool Length Computation and Tool path edition
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Surface Machining



Renfort



Student Notes:



Step 1- Create a New Part Operation (PO) and Machining Feature 20 min



In this step you will learn how to: Define a new Part Operation Create a machining area corresponding to the whole part
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For this you will: Select a machine Define the part to machine Design the stock Assign the stock to the part operation Define a machining area corresponding to a whole part
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Surface Machining



Create a new PO and a Machining Feature (1/2)



Student Notes:



Open Renfort.CATPart Main points of this exercise: Recall the part Define the stock by containment box of the part Associate the part to the Part Operation Associate the Stock to the Part Operation



Stock definition by containment box of the part



Machine definition
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Recall of the part
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Part association with the Part Operation Stock association with the Part Operation
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Surface Machining



Create a new PO and a Machining Feature (2/2)



Student Notes:



Selection of the part
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Definition of a machining area corresponding to the whole part



Definition of the machining area: Definition of a machining area corresponding to a whole part. Selection of the part Save the CATProcess as Step 1 result
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Surface Machining



Roughing Operations



Student Notes:



Recap Exercise 30 min
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In this step you will learn how to use: Imposed planes option in a Roughing Operation Zone ordering in a Roughing Operation Limit definition in a Roughing Operation
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Surface Machining Student Notes:



Do It Yourself (1/2) Open Start_Pocket_Ordering_in_Roughing.CATProcess Computing a first Roughing operation: Create Select Pocket only option Select offset on part = 0mm Select a bull-nose tool diameter 10 rc2 Select 2mm for the axial strategy Compute a first roughing operation Check pocket ordering using tool path animation
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Computing a second Roughing operation: In the same operation, select Zone order in the dialog box, Change the pocket ordering. Compute a second roughing operation Check that pocket ordering has been changed using tool path animation Computing a third Roughing operation: In Add in the current operation a Limiting contour, Select in NC_geometry part the Sketch.2 contains inside the Geometrical Set.1 Compute a third roughing operation, Check that the limit line has been taken into account using tool path animation
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Zone order definition



Third roughing result
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Surface Machining



Do It Yourself (2/2)



Student Notes:



Open Start_ImposedPlanes_in_Roughing.CATProcess



Copyright DASSAULT SYSTEMES



Computing a Roughing Operation: Create a new roughing operation Right-click imposed plane item and select “Search/View” option In the ‘Imposed planes search/view dialog-box try “All planes” & “Reachable planes” option Switch the planes from “Not selected” to “Selected” Click in the 3D viewer to check the selected planes. Right-click imposed plane item and select “Offset” option Set the Offset to 1mm Set the Axial strategy to 1mm Compute a tool path Use Zipmill Photo to check the computed tool paths Click the planar area to check that the offset on imposed planes has been taken into account
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Surface Machining Student Notes:



Renfort Step 2- Create a Sweep Roughing Operation, A Roughing Operation and A Plunge Milling Operation 70 min



In this step you will learn how to define the machining operations and how to check the results: Sweep roughing operation: Tool selection Tool path computation Checking of the tool path quality using Photo Checking of the tool path quality using Video
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Roughing operation: Tool path computation Checking of the tool path quality using Photo/Video Roughing rework computation



Sweep roughing operation



Roughing operation



Plunge Milling operation: Tool path computation Checking of the tool path quality using Photo/Video
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Plunge milling operation
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Surface Machining Student Notes:



Step 2A: Create a Sweep Roughing Operation Use Result of Step1 or Open Start_RoughingOperations.CATProcess



Operation definition: recall of an existing Machining Area
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Compute a Sweep roughing operation: Recall of an existing Machining Area Machining tolerance =0.5 Max depth of cut = 10mm Distance=10mm Tool choice Replay of the operation



Toolpath computation



Tool choice/definition



Check the quality of the computed toolpath: Use Photo simulation Use Video simulation



Photo Simulation Video Simulation



See Result in End_SweepRoughing.CATProcess
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Surface Machining Student Notes:



Step 2B: Create a Roughing Operation Use Result of Step1 or Open Start_RoughingOperations.CATProcess
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Recall of the Machining Area



Compute a Roughing operation: Recall of an existing Machining Area Machining tolerance= 0.5 Max depth of cut= 4mm Path overlap= 65% Roughing rework definition and computation



Check of the quality using Photo simulation



Roughing rework result



Save the CATProcess as Result of Step 2B
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Surface Machining



Step 2C: Create a Plunge Milling Operation



Student Notes:



Use Result of Step1 or Open Start_RoughingOperations.CATProcess Create a Plunge Milling Operation Define Geometry: Select Part: Recall ‘Whole part’ machining area Set offsets as shown Define Strategy: Grid type: Rectangular Machining Tolerance = 0.3 mm Axial safety distance = 15 mm Grid parameters as shown
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Define Tool as shown: Create tool ‘T1 Plunger D 66 Rc1’ Define Macros: Approach Macro: Axial = 50 mm Retract Macro: Axial = 100 mm Replay the operation Save the CATProcess as Result of Step 2C
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Surface Machining



Renfort



Student Notes:



Step 3 - Create a Slope Area, a Sweeping, a ZLevel, a Pencil and a Contour-driven Operation 75 min
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In this step you will learn how to create: A Slope area A Sweeping operation A Zlevel operation A Pencil operation A Rework area and A Contour-driven operation
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Surface Machining



Create a Slope Area, a Sweeping, a Zlevel and a Pencil Operation



Student Notes:



Use Result of Step 2B: Roughing Operation or Open Start_SlopeArea_SweepingZLevelPencilOperations.CATProcess



Result of Sweeping operation Result of Zlevel operation
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Slope area creation: Use of the whole part Upper angle =Lower angle =20 Tool: Ball-nose diameter 10 Vertical area =Zlevel Intermediate area =None Horizontal area = Sweeping Zlevel and sweeping operation: Default parameters given by the application Pencil operation: Machining tolerance = 0.05 Axial strategy: UP Cutting mode: Climb
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Result of Pencil operation
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Surface Machining



Create a Rework Area, a Zlevel and a Contour-driven Operation



Student Notes:



Use Result of previous operation or Open Start_ReworkArea_ZLevelContourDrivenOperations.CATProcess



Rework area computation.



Rework Area Milling Feature definition: Computation of the Remaining material for a D05 Ball-nose tool



Finishing of the horizontal areas using a between Contour operation
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Contour driven finishing operation definition: Type =between CR Only finishing off the horizontal area



Zlevel finishing operation definition: Finishing of the vertical area



Finishing of the vertical areas using a Zlevel operation



See Result in End_MasterEX_Renfort.CATProcess
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Surface Machining



Isoparametric Machining Operation



Student Notes:



Recap Exercise 30 min
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In this exercise you will learn how to create an Isoparametric machining operation
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Surface Machining Student Notes:



Do It Yourself Open Start_IsoparametricMachining.CATProcess



Isoparametric machining computation



T-Slotter tool definition



Isoparametric machining definition:
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Rework of the undercut with a T-Slotter tool of diameter 35mm & corner radius 5mm For the strategy use One-way mode Try also ball nose option Material removal simulation of the Isoparametric machining operation



See Result in End_IsoparametricMachining.CATProcess
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Surface Machining



Spiral Milling Operation



Student Notes:



Recap Exercise 30 min
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In this exercise you will learn how to create a spiral milling operation.
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Surface Machining Student Notes:



Do It Yourself Open Start_SpiralMilling.CATProcess



Check the result using Photo mode



Spiral milling computation
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Spiral milling definition: Machining tolerance = 0.05 Tool diameter 6mm See Result in End_SpiralMilling.CATProcess
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Material removal simulation of the last machined operation
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Surface Machining



Machining Features



Student Notes:



Recap Exercise 30 min
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In this step you will learn how to use: NC Geometry Slope area Rework area editor
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Surface Machining Student Notes:



Do It Yourself (1/3) Open Demorasa.CATPart Create the stock inside SMG workbench: Change the Zmax coordinate to 53 Create a Geometrical Zone with area sub-option: Select the whole body



Copyright DASSAULT SYSTEMES



Create a Roughing Operation: Use a bull-nose tool of diameter 25 radius 5 Use HSM option Compute the tool path Close the roughing dialog-box. Insert a tool change instruction. Use a diameter 16 ball-nose tool Use a Slope Area: Use Select zone in the geometry tap page to recall the geometrical element Click Slope area button Select Ball nose diameter 16 as reference tool for the slope area computation. Click Compute button (The areas are displayed by color on part)
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Geometrical area definition



Slope area definition
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Surface Machining Student Notes:



Do It Yourself (2/3)



Slope area: operations definition
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Use a Slope Area (continued): Select Operations tab Select insertion level item and click the Tool change.2 in the PPR tree (the dialog box is updated) Click OK button in the dialog box (the operations are automatically instantiated under the tool change) Select Manufacturing program.1 and in the contextual menu select Compute tool path Close the dialog box Insert a tool change instruction. Use a ball-nose tool of diameter 3mm
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Surface Machining Student Notes:



Do It Yourself (3/3)
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Rework Area Definition: Click rework area definition icon Recall Ball-nose diameter 16 tool from the list Click compute button Switch to edit tab-page Set the angle to 30 and click split icon Switch to Operations tab Select insertion level item and click the Tool change number 3 in the PPR tree (the dialog box is updated) Select the tool witch will be used by the rework operations (ball-nose diameter3) Click OK button in the dialog box ( the operations are automatically instantiated under the tool change ) Select Manufacturing program.1 and in the contextual menu select Compute tool path.



Rework area: edition



Rework area: definition



Rework area: operation association



See Result in End_RecapEX_GeometricalElement_MachiningFeature.CATProcess
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Surface Machining



Profile Contouring Operation



Student Notes:



Recap Exercise 30 min
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In this exercise you will learn how to create a Profile Contouring operation: Contouring of the part Use of the check entities
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Surface Machining



Do It Yourself



Student Notes:



Open Start_ProfileContouring.CATProcess
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Compute the tool paths:



See Result in End_ProfileContouring.CATProcess
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Surface Machining



Analyze and Modify a Tool Path



Student Notes:



Recap Exercise 20 min
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In this step you will learn how to use: Compute tool gage on assembly Tool path editor Create geometry on tool path
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Surface Machining Student Notes:



Do It Yourself (1/4) Open Start_ToolpathEditor.CATProcess Minimum tool gage computation: Select Compute tool gage on assembly icon Select in the dialog box select all Click Compute all button We can see that the current tool length is not enough for Zlevel.1 and Sweeping.1



Minimum tool gage definition
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Tool attributes modification: Double-click T3 Ball nose D10 in the resource list Change the cutting length up to 60mm Recompute Zlevel.1 and Sweeping.1 according to the modifications
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Surface Machining Student Notes:



Do It Yourself (2/4) Create a new machining operation: Create a new manufacturing program Define a new sweeping operation using a ball-nose diameter 10 tool with a cutting length of 10mm Set the machining tolerance to 0.3mm and the radial constant stepover to 1.5mm Compute this operation
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Split the points in collision inside the tool path: Lock the sweeping operation In the contextual menu, select “Split on collision points”item In the dialog box select the T3 tool Ball-Nose diameter 10 Click Apply in the dialog box to cut the tool path A new copy-transformation operation is created. This operation is linked to T3 tool.
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Split of points in collision
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Surface Machining



Do It Yourself (3/4)



Student Notes:



Close Copy-Transformation.1 tool path:
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Lock the Copy-Transformation operation Select Copy-Transformation.1 tool path Click ‘Connection’ icon Use “Selection by polyline” icon for the selection inside the dialog box Select the area on the part Change the distance definition from 10mm to 20mm. Click Apply in the dialog box to modify approach/retract motion
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Surface Machining



Do It Yourself (4/4)



Student Notes:



Create geometry on tool path:
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Close Connect Tool Path dialog box Select Copy-Transformation.1 tool path Click ‘Create Geometries’ icon In the dialog box select create “First point”option For the type of element select “Tools” Play/try the other capabilities Define the Destination as NCGeometry_part1 Reselect “First point”option Click Apply. You will see this new item created in the PPR tree. Use measure between capability to check the distance between the created tool and the surfaces.



See Result in End_ToolpathEditor.CATProcess
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Surface Machining



Connecting Rod



Student Notes:



Master Exercise Presentation 60 min



In this exercise you will create various 3-Axis Surface Machining Operations to machine a die for connecting rod. To do so, you will have to:
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Create the Roughing operations to rough machine the part. Create the Semi-finishing operations after roughing. Finally, create Finishing operations to finish the part to match with design specifications.
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Surface Machining Student Notes:



Connecting Rod - Design Process (1/2) 1



Create a Roughing Operation 2 Create a ZLevel. 1 & 2 Operations



3 Create Spiral Milling.1 Operation



4



Create a Sweeping Operation
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Create Contour-driven.1 Operation



5
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Surface Machining Student Notes:



Connecting Rod - Design Process (2/2) 6



Create a Zlevel.3 Operation 8 7



Create Spiral Milling.2 Operation



Create Contour-driven.2 Operation



9 Create Contour-driven.3 Operation



10



Finished Part
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Create Contour-driven.4 Operation
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Surface Machining



Connecting Rod



Student Notes:



Creating the Roughing Operation 10 min
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In this step you will create a Roughing operation.
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Surface Machining Student Notes:



Roughing Operation Open Start_MasterExercise_SMG.CATProcess Create a Roughing.1 Operation Define Geometry: Select Full Part Select Imposed planes (except top) by Search/View => Reachable Planes. Offset on part & check = 0.2 mm Define Strategy: Tool path style = Spiral Stepover: Overlap Ratio = 70 Maximum cut depth = 1.5 mm Define Tool: T1 End Mill D10Rc2.5 as shown.
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Define Feeds and Speeds as shown. Define Automatic Macro: Mode: Ramping Check ‘Optimize retract’ Axial safety distance = 2 mm Ramping angle = 4 deg Replay the operation
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Tool- End Mill D10Rc2.5



Feeds and Speeds
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Surface Machining Student Notes:



Connecting Rod Creating the Semi-finishing Operations 20 min



In this step you will create Semi-finishing operations: ZLevel.1 Operation (1) ZLevel.2 Operation (2) Spiral Milling.1 Operation (3) Contour- driven.1 Operation (4) 1
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2
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3
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Surface Machining Student Notes:



ZLevel.1 Operation Use result of Step1 Create a ZLevel.1 Operation after Roughing.1 operation Define Geometry: Select Full Part Select boundary as a ‘Limiting Contour’ Select Imposed planes (except top) by Search/View => Reachable Planes. Offset on part & check = 0.15 mm Clear ‘Part autoLimit’ Define Strategy: Machining tolerance = 0.07 mm Stepover: Constant, Distance between pass = 1.1 mm Define Tool: T2 End Mill D8Rc1 as shown.
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Define Feeds and Speeds as shown. Define Macros: Ramping 5 deg & 2 mm- for Approach, Retract & Between passes Clearance: Distance = 1 mm Replay the operation
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Tool- End Mill D 8Rc1



Feeds and Speeds
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Surface Machining Student Notes:



ZLevel.2 Operation Copy/paste ZLevel.1 Operation for defining ZLevel.2 operation Define Geometry: Edit Imposed planes as shown. Offset on part & check = 0.1 mm Select ‘Part autoLimit’ Define Strategy: Machining tolerance = 0.05 mm Stepover: Constant, Distance between pass = 0.7 mm Define Tool: T3 Ball Nose D6 as shown.
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Define Feeds and Speeds as shown. Replay the operation
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Tool- Ball Nose D6



Feeds and Speeds
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Surface Machining Student Notes:



Spiral Milling.1 Operation Create a Spiral Milling.1 Operation after Zlevel.2 operation Define Geometry: Select Part & Limiting Contour, same as ZLevel.2 Clear ‘Part autoLimit’ Stop position ‘Inside’ Define Strategy: Zone Max frontal slope = 3 deg HSM Corner radius = 2 mm Define Tool: T3 Ball Nose D6.
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Define Feeds and Speeds, same as of ZLevel.2 Define Macros as shown. Replay the operation



Copyright DASSAULT SYSTEMES



Approach Macro



Retract Macro
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Surface Machining Student Notes:



Contour-driven.1 Operation Create a Contour-driven.1 Operation after Spiral Milling.1 operation Define Geometry: Select Full Part Define Strategy: Guiding Strategy: Parallel contour Machining tolerance = 0.02 mm Offset on contour = -1 mm



Contour



Define Tool: T3 Ball Nose D6.
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Define Feeds and Speeds: Machining Feedrate = 4000 mm_mn Machining Spindle Speed = 20000 turn_mn



Approach Macro



Define Macros as shown. Replay the operation
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Retract Macro
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Surface Machining Student Notes:



Connecting Rod Creating the Finishing Operations 30 min



In this step you will create Finishing operations:
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Sweeping.1 Operation (1) ZLevel.3 Operation (2) Contour- driven.2 Operation (3) Spiral Milling.2 Operation (4) Contour- driven.3 Operation (5) Contour- driven.4 Operation (6)
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1



2



3



5



4
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Surface Machining



Sweeping.1 Operation



Student Notes:



Use result of Step2 Create a Sweeping.1 Operation after Contour-driven.1 operation Define Geometry: Select face and Limit line as shown. Offsets on part and check = 0 mm Limit Definition Stop position = On Define Strategy: Max. distance between pass = 0.15mm Machining tolerance = 0.02 mm Scallop height = 0.1
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Define Tool: T3 Ball Nose D6. Define Feeds and Speeds: Machining Feedrate = 4000 mm_mn Machining Spindle Speed = 20000 turn_mn Replay the operation
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Surface Machining Student Notes:



ZLevel.3 Operation Create a ZLevel.3 Operation after Sweeping.1 operation Define Geometry: Select Full Part Select boundary as a ‘Limiting Contour’ Select Imposed plane at depth = - 6.524 Select Check surfaces as highlighted Offset on part & check = 0 mm Define Strategy: Machining mode: Outer part and pockets Max. horizontal scope = 0 deg Define Tool: T4 Ball Nose D4 as shown.
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Define Feeds and Speeds: Machining Feedrate = 3000 mm_mn Machining Spindle Speed = 24000 turn_mn Define ‘Circular or ramping’ Macros for: Approach, Retract & Between passes Clearance: Distance = 1 mm



Tool- Ball Nose D4



Replay the operation
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Surface Machining Student Notes:



Contour-driven.2 Operation Create a Contour-driven.2 Operation after ZLevel.3 operation Guide2



Define Geometry: Select Full Part Guide1



Define Strategy: Guiding Strategy: Between contours Select Guide1 & Guide2 as shown Radial parameters as shown. Define Tool: T4 Ball Nose D4.
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Define Feeds and Speeds: Machining Feedrate = 2000 mm_mn Machining Spindle Speed = 24000 turn_mn Replay the operation
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Surface Machining Student Notes:



Spiral Milling.2 Operation Create a Spiral Milling.2 Operation after Contour-driven.2 operation Define Geometry: Select full Part & Limiting Contour as shown Use ‘Geometrical Zone’ to select 3 limiting contours Limit Definition Offset = -2 mm Define Strategy: Clear High speed milling Define Tool: T4 Ball Nose D4.



Limit contours
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Define Feeds and Speeds: Machining Feedrate = 3000 mm_mn Machining Spindle Speed = 24000 turn_mn Define Macros: Approach & Retract Along tool axis = 4mm Clearance: Distance = 1 mm Replay the operation
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Surface Machining



Contour-driven.3 Operation



Student Notes:



Create a Contour-driven.3 Operation after Spiral Milling.2 operation Define Geometry: Select Full Part Define Strategy: Guiding Strategy: Parallel contour Select Guide1 as shown Radial & Strategy parameters as shown. Define Tool: T4 Ball Nose D4.
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Define Feeds and Speeds: Clear Automatic modes of Feedrate and Spindle Speed Define Macros: Retract Along tool axis = 2mm Replay the operation
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Surface Machining Student Notes:



Contour-driven.4 Operation Create a Contour-driven.4 Operation after Contour-driven.3 operation Define Geometry: Select Full Part Define Strategy: Guiding Strategy: Between contours Select Guide1 & 2 as shown Radial parameters as shown. Define Tool: T4 Ball Nose D4. Define Feeds and Speeds: Clear Automatic modes of Feedrate and Spindle Speed
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Define Macros: Between passes link High speed milling Replay the operation



See Result in End_MasterExercise_SMG. CATProcess
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End (Finish) part
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Surface Machining



Cover



Student Notes:



Added Exercise 40 min



In this exercise you will create various 3-Axis Surface Machining Operations to machine a Cover. To do so, you will have to:
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Create the Roughing operations to rough machine the part. Create the Semi-finishing operations after roughing. Finally, create Finishing operations to finish the part to match with design parameters.



Copyright DASSAULT SYSTEMES



51



Surface Machining Student Notes:



Cover - Design Process 1



Start_MasterEX_Cover.CATProcess



Create Roughing 1 & 2 Operations



2 Create a ZLevel. 1 Semi-finishing Operation



3 4 Create Spiral Milling Finishing Operation



5



Create Sweeping.1 Semi-finishing Operation



Create Zlevel.2 Finishing Operation
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6 Create a Pencil Rework Operations
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Finished Part
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Jan 19, 2009 - Mesher, Beam Mesher, and OCTREE Triangle Mesher. - Create a new mesh .... welding connection meshes between mesh parts. ...... in two parts. Merge edges : Simplify and merge two lines into one. .... parallel but they must have ..... Pr
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Prismatic Machining 

CATIA V5 Training. Exercises. Version 5 Release 19. January 2009 ... Use Cutter Compensation (CUTCOM) in Macro. 33. Added Exercises. 34. Added Exercise: ...
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Three-dimensional quantification of machining defects .fr 

The works of E. Ballot and P. Bourdet [BAL 95] model the interactions between the parts of a mechanism, so as to predict the position and orientation variations ...
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CATIA V5 Surface Design .fr 

Aug 19, 2008 - Users familiar with CATIA V5 Fundamentals ... which you would use particular tools and methods, and illustrate the process flow to be followed for a project. ... Example page: .... assembly. ..... Select Part Arm Rest as Father. d.
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Prismatic Machining 

Jan 19, 2009 - CATIA V5 Training. Foils ... Define Prismatic Machining operations (2.5 Axis Milling) in CATIA V5 ...... an offset on the tool holder assembly.
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Prismatic Machining 

Jan 19, 2009 - Define Prismatic Machining operations (2.5 Axis Milling) in CATIA V5 .... A Master Exercise provides a project where an industry scenario part is used to ... Added Exercises are provided after execution of Master Exercise for.
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Prismatic Machining 

Jan 19, 2009 - CATIA Training. COPYRIGHT DASSAULT .... Select the tool assembly tab page ..... Close all your CATIA models: CATProduct and CATProcess ...
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Prismatic Machining Preparation Assistant 

Jan 19, 2009 - Radius. Minimum Channel. Width. Maximum Channel. Width .... you will learn how to prepare a design part for manufacturing by manual.
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Metal Machining - WordPress.com 

Introduction to Manufacturing Processes by J. A. Schey (2nd edn, 1987, New York: ... in the final manuscript being less late than it otherwise would have been. ...... typical high temperature hardnesses of the main classes of cutting tool ...... chip
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High-speed machining frequency response prediction for ... .fr 

Fiber Reinforced. Plastics. Aluminium. Bronze, Brass. Cast Iron. Steel. Titanium. Nickel-Base Alloys. Cutting Speed [m/min]. HSM Range. Transition Range.
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