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Surface Machining



About this course Objectives of the course Upon completion of this course you will be able to: - Identify and use the Surface Machining workbench tools - Define 3-Axis Surface Machining operations - Define Probing Operations - Create a Machining Area before performing the operations - Define a Rework Area - Analyze and modify the Tool Path



Targeted audience NC Programmers



Prerequisites
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Students attending this course should have knowledge of CATIA V5 Fundamentals and Numerical Control Infrastructure workbench. 16 hours
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Table of Contents (1/5) Introduction to Surface Machining About Surface Machining Accessing the Workbench Workbench User Interface Process Product Resources Model Manufacturing Terminology General Process for Surface Machining
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How to Use This Course To assist in the presentation and learning process, the course has been structured as follows: Lessons: Lessons provide the key concepts, methodologies, and basic skill practice exercises. The goal of each lesson is to present the necessary knowledge and skills to master a basic level of understanding for a given topic. Master Exercises: Master Exercises provides a project where an industry type parts are used to assist you in applying the key knowledge and skills acquired in the individual lessons as they apply to real world scenarios. The master exercises also highlight the process and steps for completing industry parts.
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Recap Exercises: Recap Exercises are provided along with Master Exercise Steps.



Note: According to preference, the Master Exercise individual steps will be completed after an individual lesson containing its key concepts.
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Introduction to Surface Machining In this lesson, you will learn fundamentals of Surface Machining
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About Surface Machining Accessing the Workbench Workbench User Interface Process/Product/Resources (PPR) Model Manufacturing Terminology General Process
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Surface Machining



About Surface Machining Surface Machining offers the technology to generate Tool path for 3-Axis Machining Operations. This helps you to upgrade from 2 and 2.5-Axis operations. The key issues in milling of complex shapes are: 1) Accuracy and finish of the part 2) The machine time required to complete the operation 3) The time spent for preparing and validating tool paths for machining. It is of paramount importance that the tool paths are correct and that the tool does not gouge the part or leave material in unexpected portions.
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CATIA Surface Machining features include: A full set of 3-Axis milling and drilling operations for accurate tool path definition, including support of High Speed Milling technology. Automated detection and reworking of unmachined areas during roughing or finishing. Flexible management of tools stored in file-based tool catalogs or in external tool databases. Tool path verification by material removal simulation. Associativity with CATIA design parts for efficient Change Management. Surface Machining is very much useful for manufacturing of Molds, Dies and Prototypes in all types of industry.
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Accessing the Workbench You will learn three methods to Access the Surface Machining Workbench. A



Start Menu Anywhere from A- Start menu or B- File menu + New or C- Workbench Icon



C



Blank Manufacturing CATProcess to start
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B



See Tools + Customize + Start menu for the content of this Welcome Box
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Workbench User Interface (1/6) Manufacturing Tree



CATProcess file extension



Manufacturing Items
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3-Axis Surface Machining Items



Prompt Zone Standard Tools



Instructor Notes:



Copyright DASSAULT SYSTEMES



12



Surface Machining



Workbench User Interface (2/6)
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Icon



Name



Definition



Part Operation



Links all the operations necessary for machining a part based on a unique part registration on a machine.



Manufacturing Program



Describes the processing order of the NC entities that are taken into account for tool path computation: Machining and Auxiliary Operations.



Geometrical Zone



List of inputs which are used for the Machining/Slope area definition and inside the operations.



Machining/Slope Area



Machining/Slope areas can be used to define different zones on a part.



Rework Area



Defining a rework area allows you to focus only on the areas where there is residual material.



Offset Group



Contains one or more offset areas which are groups of faces with an offset value (with respect to the original part).



Machining Pattern



Shows how to create a machining pattern, then use it by referencing it directly in a drilling operation.



Manufacturing Views



Using Manufacturing View, you can visualize Features, Patterns, Machining Operations.



Roughing, Plunging & Sweep Roughing These operations machine the part roughly either by vertical or horizontal planes. Operations
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Workbench User Interface (3/6)



Icon



Name



Definition



Sweeping Operation



Used for finishing and semi-finishing work. The tool paths are executed in vertical parallel planes.



Pencil Operation



Used for rework at intersecting surfaces.



ZLevel Operation



Machines the part by parallel horizontal planes those are perpendicular to the tool axis.



Contour-driven Operation



Machines the part using a contour as a guide.



Isoparametric Machining



It is an operation which machines along with isoparametrics of the faces.



Spiral Milling Operation



It is an finishing operation that automatically detects surfaces that are considered to be horizontal with respect to an given angle.
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Profile Contouring The Flange command allows you to add material around divided bodies at the mating face. Operation Axial Operations



These axial machining operations can be created on a single point or on a pattern of point.
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Workbench User Interface (4/6)



Icon



Name



Definition



Holes/ pins Probing



It measures the diameter and the centre of holes or pins.



Slots/ Ribs Probing



It measures the width and the middle of a slot or a rib.



Corner Probing



It measures the internal or external corner.
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Multi-Points Probing It defines the points to probe and their direction. Tool Change



It is a control function in Auxiliary Operation and may be interpreted by a specific Post-processor.



Machine Rotation



It is a control function in Auxiliary Operation and may be interpreted by a specific Post-processor.



Machining Axis or Origin



It is the reference axis or origin for the machining of part.



Post-processor Instructions Copy Transformation Instruction



It references user parameters created in a design part, and output the result in the APT source when it is processed. Allows to duplicate tool path by applying a transformation on it.
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Workbench User Interface (5/6)



Icon



Name



Tool Path Replay and Simulation



Definition



Animates tool path display of a machining operation and simulates the material removal by photo or video.



Generate NC Code It is a output at the end of the NC programming. Allows to generate APT, CLF, NC Code or CGR file Batch Queue Cycle Ability to generate output file (ISO, APT, CLFILE).It is either Batch mode or Interactively. Computing Generate Documentation Screen Capture
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Auto Sequence



Generates HTML documentation for shopfloor. Associates a JPEG image to an activity (that is, part operation, manufacturing program, machining operation, and so on). Allows to automatically sequence machining operations within the NC program.



Rules Manager



Used to visualize the administrator's sequencing rule settings



Creates rough stock



Explains how to create a rough stock for a roughing operation or a simulation.



Inserts a STL file



Shows how to insert STL files into Surface Machining session.



Creates a stock by Explains how to create a stock as an offset of the part, for a roughing operation or a simulation offset
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Workbench User Interface (6/6) Icon



Name



Points Creation Wizard Limit Lines Projection Wizard



Definition



Explains how to create explicit points for machining on the fly. These points can be grouped in a polyline or a join to be used as limit line or engagement points in machining operations.



Limit Lines Creation Wizard
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Generate Transition Paths Delete Transition Paths Update Transition Paths Machining Processes Application



Transition paths can be generated between operations in a program. transition path can include one or more linear transitions and machine rotations. Transition paths can be generated, deleted and updated using the commands of the Transition Path Management toolbar. Applies all the machining processes of a catalog on a set of selected features.



Standard Drilling



Inserts a Drilling operation in the program with a pre-selected tool according to the selected geometry.



Axial process for design hole



Applies a generic drilling process dedicated to all design holes with operations according to the hole type.



Compute Tool gage How to compute tool gage on assembly and save the associated report. on assembly
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Process Product Resources Model The Process Product Resources (PPR) model is shared by all the Manufacturing applications (such as NC, Robotic, Welding, Painting, Inspection, etc) and can be accessed by a Process Planning Management tool.



Process: Part Operations
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Product: Parts or Products used for Manufacturing: Design Parts, Fixtures, Stock, Manufacturing elements, etc



Process is the place where all the NC entities will be created by the user



Resources used in the Process are automatically listed in the Resources list and are available for the others Manufacturing applications and for a Process Planning Management tool



Resources: Machines & Tools



With Product and Resources Assignment, links are made and managed between the Design World (Product), the Manufacturing World (Process) and the Resources World.
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Manufacturing Terminology Part Operation: A Part Operation (or PO) links all the operations necessary for machining a part based on a unique part registration on a machine. The Part Operation links these operations with the associated fixture and set-up entities. Manufacturing Program: A Manufacturing Program describes the processing order of the NC entities that are taken into account for tool path computation: Machining Operations, Auxiliary Operations
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Machining Operation: A Machining Operation (or MO) contains all the necessary information for machining a part of a work piece using a single tool. (Such as Roughing, Sweeping, Drilling)



Auxiliary Operation: A control function such as Tool Change or Machine Table/Head Rotation. These commands may be interpreted by a specific Post-processor.
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General Process for Surface Machining 1 Part designed using 3D Wireframe or Solid geometry



If needed, Sequence the operations



4



2



Create Wireframe elements necessary for manufacturing (Safety Planes, Axis, Points, etc )



Create Machining Operations and simulate them



Define Part Operation necessary to machine all the part



3



5



2
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Generate Auxiliary Operations



6



3



Generate APT Source or ISO Code
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Creating Geometrical Elements In this lesson, you will see how to manage Geometrical Elements.
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General Process Creating Rough Stock Inserting an STL File Creating a Stock by offset Points Creation Wizard Limit Lines Projection Wizard Limit Lines Creation Wizard
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Surface Machining



Creating a Geometrical Element: General Process You can use Geometrical Elements in the definition of machining operation. The general process to create a Geometrical Element for creating a Rough Stock is explained below. 1



2



Click the Geometrical Element icon



The geometrical element dialog box appears to define it



3



2



3



Define the involved geometry and parameters using the dialog box
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1



Click OK to create the Geometrical Element



4



The Geometrical Elements available in ‘Geometry Management’ toolbar are Creates rough stock, Inserts an STL file, Creates a stock by offset, Points Creation Wizard, Limit Lines Projection Wizard and Limit Lines Creation Wizard.
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Creating Rough Stock You can create automatically, a rough stock for a roughing operation. You can give Maximum or minimum values in X, Y or Z direction to create a box around a part. 1



Select the destination part (where the stock will be created)



2



Select the part in the 3D Viewer



3



You can change the axis system for the containment box computation (optional)



4



You can change the stock dimensions, if necessary



5



Click OK to create the rough stock



1 3



2



4
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5



The axis system can be changed by clicking on ‘Select’ button and then choosing either An axis in the other system A plane or A planar surface
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Inserting an STL File This functionality helps you to open an STL file in the current Surface Machining session. 1



Select the destination part (where the STL data will be added)



2



Use the Browse option to locate the file



3



Open the file



1 2
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3



1 The part from the opened STL file can be machined in SMG after inserting the file in it.
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Creating a Stock by Offset (1/2) You can use this functionality to create a stock as an offset of the part. It is useful for machining of castings with constant allowance all over.



2



Select the destination part (where the stock will be added) Select the reference part



3



Define the offset value



4



Define the part set-up (optional)



5



Click Preview button to visualize the result



6



Click OK to create the stock by offset



1



1 2 3
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4



6 Stock by offset



5
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Surface Machining



Creating a Stock by offset (2/2) You can select the Limited stock option to reduce the stock offset. This option has been provided for reducing the number of unnecessary passes along the vertical walls.
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According to the part too many passes are generated



Using Limited stock option, the stock and the tool path are limited.
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Points Creation Wizard (1/2) You can use this wizard to create explicit points. These points can then used for machining on the fly. The created points can be grouped in polyline. These points can also be used to form a closed polyline between them which further can be used as a limit line in machining operations. 1



Select the destination part (where the Points will be added)



2



Select the support (surface/plane on which Points are to be created)



3



Select the creation mode option



4



Click OK to terminate the point creation



1 2 3



4
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You can switch to another creation mode during the creation of points.



Created points can be directly used in plunge milling where the tool plunges at defined points.
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Surface Machining



Points Creation Wizard (2/2) To define the creation mode, you have three options:
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Points



Polyline between points



Closed Polyline between points



Created Points
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Limit Lines Projection Wizard Using this wizard, you can create limit lines by projecting a sketch or a polyline on the part body. 1



Select the destination part (where the polyline will be added)



2



Select the Part body on which the polyline will be projected



3



Select the sketch or polyline to project



4



Define the projection axis, if necessary



5



Preview the result & then click OK.



1 2 3



4



5
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Projected polyline



Selection of ‘Joins polylines’ enables to put all the polylines in a join.
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Limit Lines Creation Wizard Using this wizard you can create limit lines from the projection of the picking positions onto the support body along the normal to the screen. If a point is picked outside the support body, the projected polyline starts at the intersection between the support and the line between the first and the second pick. 1



Select the destination part (means where the points will be added) Select the Part body on which the line will be created



3



Click OK to create the limit line
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2



1 2



3



Created Limit line
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Creating a Machining Feature In this lesson, you will see how to use Machining Features.
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General Process Geometrical Zone Machining/Slope Area Rework Area Offset Group: General Process
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Surface Machining



Creating a Machining Feature: General Process Machining Features are the different areas which you need to define on a part so that you can perform surface machining operations on them. 1



Click Machining Feature icon



1



2 2



The new Machining Feature is created in the Manufacturing View. The Machining Feature dialog box displays. 3



3



Define the involved geometry and parameters in the dialog box



4



Confirm Machining Feature creation
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4



You can create different zones in advance, which you can further use to perform specific operations on them. You can also define an area for rework which is used to remove the excess residual material on the part. You can apply specific offset on an area of a part or a group of varied offsets on a part using the machining feature.
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What is a Geometrical Zone? Geometrical Zone is a list of inputs which can used for the Machining/Slope area definition inside the machining operations. You can recall these inputs inside the machining operation using the Select Zone option available in the contextual menu.
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Line Type geometric zone



All geometrical zones that you create can be used in any number of operations. The Hide/Show option in the contextual menu does not work for geometrical zones.
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Geometrical Zone: General Process 1



Select the type of the Geometrical Zone.



2



Type the Name of the geometrical zone. (optional, because a default name is given by the system)



3



Select the geometrical element using sensitive item of the dialog box.



4



Click OK to create the geometrical zone.



2 1



3
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4



Check the created geometrical zone using the Manufacturing feature view icon
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Geometrical Zone: Domain Definition (1/2) To define a geometrical zone, you have four options as follows: Definition by selecting Points



Definition by selecting Planes



A



A
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A



Select sensitive item in the dialog box. Using contextual menu you can remove or analyze the selected entities.
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Geometrical Zone: Domain Definition (2/2)



Definition by selecting Areas



Definition by selecting Lines



A



Select sensitive item in the dialog box. Using contextual menu, you can Remove and Analyze the selected entities or select the contour by boundary of faces.



B



Select sensitive item in the dialog box. Using contextual menu, you can Remove and Analyze the selected entities or select bodies.
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A



B
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Machining/Slope Area: General Process In Area-oriented Machining, you can use machining areas to define different zones on a part. First you can define the machining/slope areas and then the specific machining operations can be assigned to each of them. 1



A machining area can be defined by selecting a whole part, by selecting faces on the part or by selecting area with a limiting contour.
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1



Type the Name of the Machining or Slope Area. (optional because a default name is given by the system)



2



Select the machining area using Part sensitive item of the dialog box



3



Select the Check entities using Check sensitive item of the dialog box. (optional)



4



Select the Limit line using Limit line sensitive item of the dialog box. (optional)



5



Click OK to create the machining area



4 2 3



5



Check the created machining area using the Manufacturing feature view icon.
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Machining/Slope Area: Domain Definition To define the machining area you have three options:



Definition by selecting the whole part



Definition by selecting faces



Definition by selecting Limiting Contour



C1 A B1
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A



Click Part sensitive item in the dialog box and select whole part in 3D viewer.



C2



B2



B1



Right-click part sensitive item & click ‘Select faces’.



C1



Click/Right-click Limit line sensitive item in the dialog box.



B2



Select faces on the part in 3D viewer.



C2



Select edges or faces on the part. You can also select an existing contour in 3D viewer.
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Machining/slope Area: Check Entities Definition You can define the Check entities either by selecting body(ies) or by selecting faces on the part.
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A1



A1



Click Check sensitive item in the dialog box.



A2



Select faces on the part in 3D viewer.



B



A2



B



Right-click Check sensitive item in the dialog box and select the whole body or bodies in 3D viewer.



zone selected as check entity Geometrical zones can be used as Check Entities by right-clicking on sensitive item.
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Machining/slope Area: Slope Area Definition (1/4) To define the slope area parameters, you have to select the slope area item in the geometry tab page. This activates Define and Operations tabs in the dialog-box. A



Tool axis definition: You can define tool axis orientation using different modes.



B



Tool definition: You can recall one of the resource list or you can define your own tool.



C



Tolerance definition: This parameter is used to smooth the area on the part. You can specify the offset to use on the machining area



D



Overlap definition: This parameter is used to define a 3D overlap between each areas.



E



Angles define three types of area on the part: Blue color defines horizontal areas Yellow color defines sloping, transitional areas between vertical and horizontal,



A



B



C D E
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Red color defines vertical areas. ‘Lower’ defines the lower limit of the sloping area and ‘Upper’ the upper limit. For example, here surfaces that are considered to be horizontal go from 0°to 5°, sloping surfaces from 5°to 45°and vertical surfaces from 45°to 90°. These angles are calculated with respect to the tool axis.
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Machining/slope Area: Slope Area Definition (2/4) The three different types of areas (Vertical, Intermediate, Horizontal) are displayed on the part after Slope Area Computation and are listed in the dialog box.
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By default, they are all displayed. To hide one or several areas, select the corresponding area/s in the dialog box and right-click. A contextual menu appears. Select it to change the visibility status of the area/s.
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Machining/slope Area: Slope Area Definition (3/4) Full display of area: Selection of the check box provides full display of all areas which enables you to see overlapping of the areas.
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Small Area: Selection of check box allows you to fix the minimal surface of the areas to merge in the greater ones. If at the time of calculation, one finds areas whose surface is lower than the value given and if these areas are included in areas of higher surface then they are automatically merged. Small area can be defined either by 1. Selecting contour by the selection arrow or 2. Typing surface area value below which any area will be merged with greater area. Small Area
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Machining/slope Area: Slope Area Definition (4/4) Slope Area Editor provides modification of slope areas (subsets), if necessary. 1. To edit the areas, locking of them required to be done using ‘Lock and edit’ button. 2. ‘Edit’ tab becomes active and the areas now can be modified. (‘Geometry’ and ‘Define’ tabs are locked. Those tabs can be assessed, but cannot be edited.) 3. The ‘Full display of area’ check box must be clear, otherwise message will display that modification is not possible. 4. The following editing commands are enabled after selecting a line of subset.



1



2



4



3
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Deactivate Contours: Using this icon, the set of selected contours among the displayed subset disappears of viewer. Remove Details: The icon enables to remove a portion of the contour by defining two points around it. New closed contour is computed and displayed. If other contours share same portion, then system proposes to remove another portion of contour. Activate Contours: The icon allows to activate the contours that have been deactivated. The activated contours are then displayed in the initial subset.
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Machining/slope Area: Operations Association You can assign different operations to each of the computed machining areas using ‘Operations’ tab. A



Insertion Level definition: The place where the operations will be inserted. The Assign Operation parameters are displayed now. A



B
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C



List of computed machining areas Click each of the areas one after the other and use the ‘Assign’ box to assign: A spiral milling or a sweeping operation to the horizontal and/or sloping areas, A ZLevel operation to the vertical areas.



D



Stepover definition: You can set the stepover value or automatic step over is possible by clicking on ‘Auto’ button.



E



Click OK to instantiate all the operations in the PPR tree.



The ‘Insertion Level’ can be an operation, a tool change or a manufacturing program.



B



C D



E
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Rework Area: General Process After machining a part, the residual material may be observed in some areas due to previous tool of bigger diameter or incorrect definition of certain machining parameters. These areas can be identified as Rework areas and can be defined. Thus you can do the reworking on these areas only and machining time will be saved. 1



1



Type the Name of the Rework Area. (optional because a default name is given by the system)



2



Define the machining area or recall an existing machining area



3



Define tool characteristics



4



Compute the unmachinable area



5



Click OK to create the Rework Area



2
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3



5 Check the created rework area using the Manufacturing feature view



4
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Rework Area: Domain Definition To define the rework area you have three options: Definition by selecting faces



Definition by selecting the whole part



A



Definition by recalling an existing machining area



B1 C



B2
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A



Click Part sensitive item in the dialog box and select whole part in 3D viewer.



B1



Right-click part sensitive item & click ‘Select faces’.



B2



Select faces on the part in 3D viewer.



C



Recall an existing machining area



Instructor Notes:
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Rework Area: Parameters Definition ‘Load from’ button: Using this button you can recall all the parameters of a cycle previously computed.



‘Tool’ tab: You can define or recall tool’s characteristics according to the diameter, the corner radius and a cutting angle. You can also define the tool axis. Part area can be restricted by defining Limiting Contour. ‘Other’ tab:
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Tolerance is the machining tolerance that you want to use for the rework area. Overlap is the distance that you allow the tool to go beyond the boundaries of the rework area and is defined as a percentage of the tool radius. Part offset is the offset that is computed for the rework area with respect to the part.



Instructor Notes:
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Rework Area: Edition To edit the computed rework area, you must define some criteria. You may define a width criteria or an angle plus length criteria. 1



Select your criteria



2



Click the ‘Compute cutting’ button to split the computed rework areas



3



Define new subset elements (optional)



1 2



Add/Remove from selected subset Divide by Points selected subset Create a subset 3
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Delete Non-updated subset Remove cutting points



Instructor Notes:
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Rework Area: Operation Association You can assign different operations to each of the computed rework areas using ‘Operations’ tab. The operations need to be assigned according to their suitability. A B



Insertion Level definition Reference tool used during the rework computation: All the tools used in existing operations are available from the Tool Reference list.



C



List of computed rework areas



D



Click each of the rework areas one after the other and use the Assign box to assign: A Contour-driven or a sweeping or a pencil operation to the horizontal areas, A ZLevel operation to the vertical areas.



A



B



C



D E
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F E



Stepover



F



Tool axis definition



G



Click OK to instantiate all the operations in the PPR tree



G



Instructor Notes:
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Offset Group: General Process One or more offset areas form an Offset Group. Offset area is created with an offset value to original part and can be identified with separate color. You can edit or remove the Offset groups once they have been created. 1



Select the Offset group icon, type the Name of the Machining Offset Group area (optional because a default name is given by the system). With Offset Global item in the dialog box, you can define a global offset.



2



Select the offset value and associate a color.



3



Select the offset area using Part sensitive item of the dialog-box.



4



Click Apply button to create the offset area.



1



2



3



4
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Repeat steps 2 to 4 if you want to add other offset areas.



Offset groups can be used to machine upper and lower dies using a single set of geometry.



Instructor Notes:
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Renfort 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.



Instructor Notes:



According to preference, the Master Exercise individual steps may be completed after an individual lesson containing its key concepts and methodologies.
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Renfort 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



Instructor Notes:
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Creating a 3-Axis Machining Operation In this lesson, you will learn how to create a 3-Axis Machining Operation
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Introduction General Process Geometry Tools Tool Axis Management Feeds and Speeds Macros Various 3-Axis Surface Machining Operations



Instructor Notes:
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Introduction to 3-Axis Machining Operations 3-Axis Machining Operations provide you the facility to machine the complex parts with maximum accuracy and with high productivity. 3-Axis Machining Operations are dedicated to the machining of 3D geometry work parts. 3- Axis Surface Machining gives you the freedom to choose the working methods that best suit your needs. You can select the machining option whether ‘operation oriented’ or ‘area oriented’.



Copyright DASSAULT SYSTEMES



3- Axis Surface Machining offers functions for: Defining operations you want to perform or defining the areas you want to machine Rough machining either by vertical or horizontal planes Semifinishing and finishing by Sweeping, Zlevel, Contour-driven, Pencil Operations. Selection of tools/ assemblies from catalog or creation of new tool/ assembly Detecting and reworking unmachined areas Tool path verification and material removal simulation Shop floor document generation



Instructor Notes:
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How to Create a 3-Axis Machining Operation Click 3-Axis Machining Operation icon



1



2



2



The Operation dialog box displays to define its parameters



3



Define the Operation geometry and parameters in the dialog box



4



Replay the Tool Path



5
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1



Confirm Operation creation



3



4 The Operation is created in the PPR tree with a default tool. This capability can be removed by customizing the NC Manufacturing options.



5



Instructor Notes:
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3-Axis Machining Operation: General Process 1



Type the Name of the Operation. (optional because a default name is given by the system ‘Type_Of_Operation.X’)



2



Type a line of comment (optional)



3



Define operation parameters using the 5 tab pages



1 2 3



Strategy tab page Geometry tab page Tool tab page Feeds & Speeds tab page
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Macros tab page 4



Replay and/or Simulate the operation tool path 4



Instructor Notes:
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3-Axis Machining Operation: Geometry Geometry Parameters: You can select Part, Stock, Check, Limit line, Limit planes, Offsets using ‘Geometry’ tab. Part autoLimit If you activate Part autolimit, the tool will not go beyond the edge of the part Limit Definition Side to machine defines which area of the part is used: Inside defines the area inside the limit line, Outside defines the area outside the limit line. Stop mode defines which part of the tool is considered at the Stop Position, i.e. whether it is the contact point or the tool tip.
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Offset is the distance by which the tool will be either inside or outside the limit line depending on the Stop Mode that you chose.



Stop position defines where the tool stops: Outside stops the tool outside the limit line, Inside stops the tool inside the limit line, On stops the tool on the limit line. Limit line



Outside



The part specified at Part Operation can also be selected for part definition.



Offset



On



Inside



Instructor Notes:
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3-Axis Machining Operation: Tool (1/2) Selection of Tool or Tool Assembly plays a vital role in performing a 3-Axis Machining Operation. You can select the Tools from the catalog or you can define the tools as per your requirement. 1



Select the tool type available for the current operation



2



Type the name of the Tool.



3



Type a line of comment (optional)



1 2 3 4



Specify a tool number that does not already exist



5



Use the 2D Viewer to modify the parameters of the tool. The 2D Viewer is updated with the new values
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Click More to expand the dialog box to access tool ’s all parameters such as Geometry, Technology and compensation



4 Select the icons to access the Search Tool dialog box to query a tool in a Catalog



5



For the following capabilities: Create a new tool Select an already existing tool from the current document Select another tool in a catalog by means of a query Refer ‘Tool Management’ lesson in NCI.



Instructor Notes:
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3-Axis Machining Operation: Tool (2/2) The different types of tool you can use to perform the 3- Axis Machining Operation



B



A
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C A



Ball end tool. If you activate this option, the system automatically fits the corner of the tool do the diameter to get a ball end.



B



Select a tool already used in the document



C



Select a tool from a catalog



Catia support Conical tools in SMG for the following operation: Sweep Roughing, Sweeping, Pencil, Zlevel, Contour-driven, Spiral milling, Profile Contouring.



Instructor Notes:
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3-Axis Machining Operation: Tool Axis Management Tool axis and Machining Direction Definition:



Tool Axis



Machining Direction Definition You can change the machining direction by rightclicking on the arrow. Tool Axis Definition You can change the tool axis by clicking on the arrow or rightclicking on the arrow and then ‘Select’, which will display a dialog box where you can choose one of the following options: Feature-defined: Select a 3D element such as a plane that will serve to define the best tool axis. Selection: Select a 2D element such as a line or a straight edge that will serve to define the tool axis Manual: Type the XYZ coordinates Click to orient tool axis normal to the screen direction
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Points in the view: Click two points anywhere in the view to define the tool axis. You can select the tool axis by rotation around a main axis. Angle 1 and Angle 2 are used to define the location of the tool axis around the main axis that you select. Main Axis can be: X+, Y+, Z+, X-, Y- or Z-.



Instructor Notes:
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3-Axis Machining Operation: Feeds and Speeds Feedrate is the distance traveled by the cutting tool or workpiece in unit time and Speed is number of revolutions of the cutting tool or workpiece per unit time. A



B
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C



Define the Feedrate values for Approach Feedrate: This feedrate is used by default during approaches motion Machining Feedrate: This feedrate is used during Machining motion Retract Feedrate: This feedrate is used by default during retract motion Transition Feedrate: This feedrate is used during transition motion, if checkbox is activated. Define the Spindle Speed value according to the unit Linear (m/mn) or Angular (turn/mn) This Spindle Output is optional, you can remove this information from the output by deactivating the check box Spindle Output



A



B



C



Rough or Finish quality of the operation and the tool data are taken into account for computing the feeds and speeds from the current tool catalog.



Instructor Notes:
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3-Axis Machining Operation: Macros (1/8) Macro Motions are the tool motions outside the material required to be machined. The NC Macro option provides features that enhance productivity. You can control the non-working motions using macros. Thus the tool idle time in machining is reduced. 1
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2



According to the list, choose the Approach, Retract, Linking, Between passes or Clearance macro, if you want to modify it. Under Mode item, you can choose predefined macros among: Along tool axis (Approach/Retract) Along a vector (Approach/Retract) Normal (Approach/Retract) Tangent to movement (Approach/Retract) None Back Circular Box Prolonged movement Build by user Ramping up to plane



3



According to your definition, you can modify the default parameters by double-clicking on the values.



4



If you want, you can recall your macro from a catalog or store it inside a catalog



1



4 2



3



Instructor Notes:
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3-Axis Machining Operation: Macros (2/8) Macro definition using the Graphic method



Macro definition using the Build by user graphic method



Macro definition using the Numeric mode
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Switch from Graphic to Numeric mode



It is a default mode and does not require definition of the parameters. Value can be changed by double-clicking.



The user can define his own macro out of available ones.



The mode is not available with Build by user and with definition of parameters.



Instructor Notes:
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3-Axis Machining Operation: Macros (3/8)
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Macro motions are schematically shown with numbers.



Between Passes has been split into Between passes and Between passes Link. Between passes Link corresponds to the highlighted portion of the path.



Instructor Notes:
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3-Axis Machining Operation: Macros (4/8) Build by user Capabilities:
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A



B



C



D



E



F



G



H



I



J



K



L



A



Tangent



I



Back motion



B



Horizontal



J



Circular within a plane motion



C



Axial



K



Box motion



D



Circular



L



Prolonged motion



E



Add PP word list



M



High Speed Motion



F



Perpendicular to a plane



N



Keep machining feedrate



G



Distance along a line



O



Remove all motions



H



Normal motion



P



Delete selected motion



M



N



O



P



Instructor Notes:
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3-Axis Machining Operation: Macros (6/8) Back motion: the tool doubles back like an arrow above the cutting tool path. You can either define this type with two lengths or a length and an angle. The parameters that you can modify are: The length (1) The height (2) The ramp angle (3)



Box motion: the tool moves across the diagonal of an imaginary box, either in a straight line or in a curve (Linking mode). The Length(4) is the distance that the tool will move in once it has crossed the box.



Back



Copyright DASSAULT SYSTEMES



The box is defined by three distance values: The distance along the normal axis (1) The distance along the tangent (2) The distance (can be a negative value) along the tool axis (3) The direction of the box diagonal is defined by whether you want to use the normal to the left or the right of the end of the tool path. Left or right is determined by looking along the tool path in the direction of the approach/retract. In the image, it is the right side that is used. Box



Instructor Notes:
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3-Axis Machining Operation: Macros (7/8) Circular with plane motion: The tool moves towards/away from the part in an arc. The parameters that you can set are: The length (1) The angle (2) The radius (3) Prolonged motion: The tool moves in a straight line that may slant upwards.
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The movement is defined by: The engagement distance(1) The length of the prolongation (2) A safety distance (3) The slant angle between the cutting path and the path prolongation (4)



Circular



The advantage of this mode is that collisions are automatically detected. In the event that a possible collision is detected, the angle will be adjusted to avoid collision. If the angle cannot be adjusted (because of the shape of the part, for instance), the length of the prolongation will be automatically adjusted to avoid collision.



Prolonged motion macro is only available for Sweeping, Sweep roughing, Zlevel, Spiral milling and Contour driven operations.



Prolonged section



Instructor Notes:
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3-Axis Machining Operation: Macros (8/8) Add PP word:



1



1. You can insert a PP word on a point of the macro by clicking on the icon in build by user mode. 2. To insert a PP word, you can also right-click the green cross and select ‘PPword list’ 3. You can type a PP word directly in PP Words Selection dialog box, using your own syntax. 4. PP word list can be used if you have defined PP word table on machine in Part Operation. 2
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In Z-Level, macro motions are transformed in case of collision: HSM mode (3 motions) is transformed to circular mode (3 motions) Circular mode (3 motions) is transformed to prolonged movement mode (2 motions) Prolonged movement mode is transformed to ramping mode (2 motions) Ramping mode is transformed to axial mode (1 motion)



3



4



PP Table access capability: Possibility to select Major/Minor words and predefined syntaxes



Instructor Notes:
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Various 3-Axis Surface Machining Operations You have learned how to create 3-Axis Machining Operations by defining Geometry, Tools, Tool Axis, Feeds & Speeds and Macros. Now you will learn the fundamentals of various 3-Axis Machining Operations and how to perform them. 3-Axis Surface Machining covers full design-to-manufacture processes offering Roughing,Semi-finishing and Finishing operations are as given below:



Copyright DASSAULT SYSTEMES



Sweep Roughing Operation Roughing Operation Sweeping Operation 4-AxisContour Sweeping Operation Pencil Operation ZLevel Operation Contour-driven Operation Isoparametric machining Operation Spiral milling Operation Profile Contouring Operation



Instructor Notes:
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3-Axis Roughing Operations In this lesson, you will learn details of the following Roughing Operations in 3-Axis Surface Machining. Sweep Roughing Operation Roughing Operation Plunge Milling
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Roughing Operation



Sweep Roughing Operation



Plunge Milling



Instructor Notes:
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Sweep Roughing Operation: Introduction Sweep Roughing is an operation which allows you to rough machine a part by vertical planes. The material will be removed in one or several cuts along the radial and axial directions. If the part is having vertical offset, then it does not work very well to remove excessive material directly with semifinishing operations. You can remove the excessive material with a sweep roughing operation prior to any semifinishing operation.
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The area is machined with: ZOffset, ZPlane or ZProgressive roughing type, Zig-Zag, One way Next or One Way Same tool path style



Instructor Notes:
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Sweep Roughing Operation: Strategy (1/3) The three Roughing types for a Sweep Roughing Operation are:



ZOffset
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The tool path is offset from the part



ZPlane



The part is machined plane by plane



ZProgressive



The part is machined by interpolating the tool path between the part and the top of a theoretical rough stock.



Instructor Notes:
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Sweep Roughing Operation: Strategy (2/3) Machining Parameters: Tool path style The tool path style can be: Zig-zag: The tool path alternates directions during successive passes. One-way next: The tool path always follows the same direction during successive passes and goes diagonally from the end of one tool path to the beginning of the next. One-way same: The tool path always has the same direction during successive passes and returns to the first point in each pass before moving on to the first point in the next pass. Zig-zag
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One-way next Machining Tolerance Value of the maximum allowable distance between theoretical tool path and the tool path computed



One-way same



Instructor Notes:



Copyright DASSAULT SYSTEMES



73



Surface Machining



Sweep Roughing Operation: Strategy (3/3) Radial/Axial Parameters:



Radial Strategy: Definition of the distance which is the width of the overlap between two successive passes
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Axial Strategy: Definition of the maximum depth of cut



Instructor Notes:
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Roughing Operation: Introduction Roughing is an operation which allows you to rough machine a part by horizontal planes. The material will be removed in one or several cuts along the radial and axial directions.



The area is machined with: Outer part and pocket, By plane, Pockets only or Outer part machining mode Zig-Zag, One Way Next, One Way Same, Helical, Contour only or Concentric tool path style
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Roughing operation machines only the remaining material if it is used after any other operation such as profile contouring operation. The operation automatically recognizes the input stock.



Instructor Notes:
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Roughing Operation: Strategy (1/8) Machining Parameters (1/5): Tool path style: One-way next: The tool path always has the same direction during successive passes and goes diagonally from the end of one tool path to the beginning of the next. One-way same: The tool path always has the same direction during successive passes and returns to the first point in each pass before moving on to the first point in the next pass. Zig-zag: The tool path alternates directions during successive passes. Helical: The tool moves in successive concentric passes from the boundary of the area to machine towards the interior. The tool moves from one pass to the next by stepping over.
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Contour only: Machines only around the external contour of the part. Concentric: The tool removes the most constant amount of material possible at each concentric pass. The tool is never directly in the heart of material. It also respects the given cutting mode in all cases. The approach mode with this style is always Helix.



One-way next



One-way same



Zig-zag



Spiral & Helical



Concentric



Instructor Notes:
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Roughing Operation: Strategy (2/8) Machining Parameters (2/5): Tool path style: Spiral: The tool moves in successive concentric passes from the boundary of the area to machine towards the interior. The tool moves from one pass to the next by stepping over. The difference between Spiral and Helical style is most obvious when using high speed milling options. Spiral has a rounded tool path in the corners of pockets whereas a Helical tool path will form loops. The cutting mode (Climb/Conventional) is respected on the contouring tool passes generated by the Helical tool path style.
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Spiral and Helical



Spiral HSM



Helical HSM



Instructor Notes:
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Roughing Operation: Strategy (3/8) Machining Parameters (3/5): Tool path style: By Offset on part with One-way & By Offset on part with Zig-zag: With these two Tool path styles, the part is machined by contouring passes, offset from the part, with high speed milling capability. This is useful for: Progressive milling from stock to part, Island machining in high speed milling, Optimized contouring tool path. These styles are available for Outer part areas only. Therefore, when the Machining mode is set to Outer part and pockets, the Distinct style in pocket option is automatically selected.



By Offset on part with One-way



By Offset on part with Zig-zag



The user Start point is not used as an imposed start point but is taken into account to define the path start point.
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Finish passes are done after rough passes, and finish passes on islands are done before those on sides. The Cutting mode is respected for: Each pass in By Offset on part with One-way mode, The last pass (side finish pass if it exists) in By Offset on part with Zig-zag mode. The option Always stay on bottom is not available for these styles.



Instructor Notes:



Copyright DASSAULT SYSTEMES



78



Surface Machining



Roughing Operation: Strategy (4/8) Machining Parameters (4/5): Machining mode: By plane: The whole part is machined plane by plane. By area: The whole part is machined area by area. Outer part: Only the outside of the part is machined.



Always stay on bottom: This option becomes available when the tool path style is set to Helical. When this option is checked, the linking path between two areas remains in the plane currently machined.



Pockets only: Only pockets on the part are machined. Outer part and pockets: The whole part is machined; external area by external area and pocket by pocket.
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Machining tolerance: Value of the maximum allowable distance between theoretical tool path and the tool path computed



Part contouring: This option becomes available when the tool path style is set to Zig zag or Helical. When this option is checked, the tool moves around the outside contour of the part and then follows the tool path style. The machining time required is more after selecting this option.



Cutting mode: The cutting mode can be Climb or Conventional



Climb



Conventional
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Copyright DASSAULT SYSTEMES



79



Surface Machining



Roughing Operation: Strategy (5/8) Machining Parameters (5/5): Fully engaged tool management: Full material removal is detected in roughing of hard material, where the stepover is not always respected. This can be achieved by ‘Trochoid’ motions or by adding more machining planes using ‘MultiPass’. Hence there is no danger of damage of tool. The parameter is available for Tool path style ‘Helical’, ‘Concentric’ and Offset on Part. Full material engagement is detected when: 1. Tool diameter engaged in material is more than 75% or 2. More than 120 degrees of tool is in contact with the material.
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Trochoid: It provides trochoid motions where stepover is not respected and full material engagement is detected. ‘Minimum trochoid radius’ value is in the percentage of tool diameter, manages the trochoid motion. MultiPass: It adds machining planes where the stepover is not respected and full material engagement is detected. ‘Maximum full material cut depth’ value gives the distance between additional planes. A warning is displayed in previews and replays, if ‘Maximum full material cut depth’ is greater than the Maximum cut depth. Radial first: It allows you to reduce air cut by using a radial strategy first. Roughing of hard material is possible without tool damages and full machining performances are reached.



Instructor Notes:
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Roughing Operation: Strategy (6/8) Axial/ Radial Parameters: Radial Strategy: Definition of the distance which is the width of the overlap between two successive passes. You can define either an overlap or a stepover.
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Axial Strategy: Definition of the maximum depth of cut or variable cut depths



Instructor Notes:
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Roughing Operation: Strategy (7/8) Zone Parameters: Small pass filter: The functionality allows you to filter out areas that you consider to be too small (in % of the tool section) to be machined.
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Pocket filter: The functionality allows you to filter out pockets that you consider to be too small to be machined. Everything is computed according to the “non cutting diameter”defined as a tool parameter. Not all pockets will be machined if there is not enough depth for the tool to plunge. A null value means that tool is allowed to plunge in pockets. The size of the smallest pocket is given below the data field.



Tool parameters



Instructor Notes:
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Roughing Operation: Strategy (8/8) Bottom Parameters: Automatic horizontal areas detection: You can use this option to automatically detect horizontal areas on the part and to apply a different offset on these areas.



HSM Parameters:
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With this option you can set the High Speed Milling capability. You can also set a value for the corner radius. Corner radius on part contouring is only available for Helical tool path style. Using this value, you can specify a different corner radius for the finishing path. This value must be less than Corner radius value.
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Copyright DASSAULT SYSTEMES



83



Surface Machining



Roughing Operation: Geometry (1/2) Geometry Parameters: Tool/Rough Stock Position defines where the tool center stops: Outside stops the tool outside the rough stock. Inside stops the tool inside the rough stock. On stops the tool on the rough stock. Offset defines the distance that the tool can overshoot the position. It is expressed as a percentage of the tool diameter. This parameter is useful in cases where there is an island near the edge of the part and the tool diameter is too wide to allow the area behind the island to be machined. This parameter can only be used if the Position is inside or outside. Limit line



Outside



Limit Definition defines what area of the part will be machined with respect to the limiting contour(s). It can either be inside or outside. Offset group can be used in this operation.
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Offset



On



Inside



Minimum thickness to machine is the quantity of material that must remain, either horizontally or vertically. Using this parameter you can define whether or not to rework small cusps on the part.



Ignore holes on stock: It allows to ignore holes which are on the rough stock. The holes under diameter value will be ignored. Compute with tool holder: It allows to compute the tool path along with tool holder to avoid collisions with it.



CGR and STL files can be used as rough stock.
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Roughing Operation: Geometry (2/2) Geometry Parameters: Imposed Plane Definition: If you want to use all of the planar surfaces in a part as imposed surfaces, use the Search/View option in the contextual menu to select them. When searching for planar surfaces, you can choose to find either: All of the planar surfaces in the part, or Only the planes that can be reached by the tool you are using.
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Zone Order Definition: Gives the possibility of setting the order in which the zones on the part can be machined.



Instructor Notes:
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Roughing Operation: Macros A.



According to the list, choose if you want to modify the pre, or post motion or the approach/retract macro.



B.



Under Mode item, you can choose among: Plunge: the tool plunges vertically, Drilling: the tool plunges into previously drilled holes. You can change the drilling tool diameter, angle and length Ramping: the tool moves progressively down at the ramping angle, Helix: the tool moves progressively down at the ramping angle with its center along a (vertical) circular helix of Helix diameter. Radial only: When drilling holes exist, define start points and use Radial only to avoid any plunge or ramping macros.
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B.



According to your Approach mode, you can modify the default parameters Using Optimize retract button, you optimize tool retract movements. This means that when the tool moves over a surface where there are no obstructions, it may not rise as high as the safety plane because there is no danger of tool-part collisions. The result is a gain in time. The parameter Optimize Retract takes the rough stock left by the previous operation into account The Axial safety distance is the maximum distance that the tool will rise to when moving from the end of one pass to the beginning of the next. Circular approach creates circular engagements from external zones. Engage from outside creates engagements from external zones for open pockets.



A



C



B



In addition to the automatic macros, you can insert pre-and postmacros using the Build by user graphic mode.
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Plunge Milling: Introduction Plunge milling operation is used to rough machine a part by plunging the tool into the material. The operation is useful to easily machine deep cavities and the machining time is drastically reduced. The plunge cutter approaches the material from above, penetrates to maximum depth, and withdraws to step over for the next plunge. The main cutting forces on the tool and machine spindle are axial. No side forces to bend the tool. Hence the machine can maintain high speeds and feeds straight to the bottom of deep cavities.
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Special Plunge tools or Plungers are used to perform the Plunge Milling Operation. Plunge Milling offers: High material removal rate. Principally Z-axial cutting force reduces power consumption due to lower cutting forces. System extremely efficient in all roughing operations and deep cavities. Process minimizes tool deflection and side forces.



Plunge milling can be the only possible solution for long tool overhangs and unstable conditions. It is a highly productive method for internal milling of deep cavities and milling externally along deep shoulders.



Care must be taken that there is a clear path for chip takeaway as the chips will build up fast.



Instructor Notes:
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Plunge Milling: Strategy (1/5) The four Grid types are: Points



Contours It enables to select points in the 3D viewer with the selection trap. ‘Renumbering’ and ‘Automatic ordering’ of selected points is possible by contextual menu.



Rectangular



By Offset
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It gives access to the edge selection wizard. Each contour is taken into account and can be reoriented. Grid Center selection gives access to the selection of a point which will be taken into account to define the grid position. Machining Tolerance Value of the maximum allowable distance between theoretical tool path and the computed tool path



By Offset gives computation of several contours by the offset value from the selected contour.
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Plunge Milling: Strategy (2/5) Axial parameters: Axial safety distance: It is the distance from which the tool starts approaching the stock. The start point of the plunging is derived from the value of this distance. Distance after first cut: It is the distance at which the tool starts plunging in the stock. The plunge feedrate is taken into account for this distance.
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Distance before bottom: It is the distance at which the tool moves with plunge feedrate to reach the bottom. Thus it gives facility to use lower feedrate at the end of plunging for finishing. Lateral retract distance: It is the lateral distance by which the tool retracts from the material after completion of plunge operation. The tool moves in both X & Y directions as per the values. Raise distance: It is the distance by which the tool retracts in Z direction. The tool moves with retract feedrate. Axial corner radius: It is the radius which gives better control on the movement of the retract motion. A larger Axial corner radius will remove more material on the bottom.
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Plunge Milling: Strategy (3/5) Grid parameters: Maximum cutting progress: It is a maximum cutting progress distance in transverse direction. Longitudinal step: It is a tool stepover distance in longitudinal direction. Grid is formed with definition of maximum cutting progress and longitudinal step values. The tool moves to the points of the grid for plunging.
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Starting from the Grid center, the grid is computed along a Longitudinal direction. The tool moves first in order to machine a groove and then reach each of the points of the grid with a constant fixed order defined by a machining style. Default groove width value is the tool diameter. If groove width is greater than twice the tool diameter, then Zig-zag machining style must be used.
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Plunge Milling: Strategy (4/5) Grid parameters: The two Machining styles are: Zig-zag
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The tool path alternates directions during successive passes.



One-way



The tool path always has the same direction during successive passes and goes diagonally from the end of one tool path to the beginning of the next.



‘Left’ or ‘Right’ Machining side gives side for the start of next tool path step. Material is on the selected side.



A set of contours is defined and may be ordered or not, closed or not. Using Maximum cutting progress i.e. discretization step, the contact points are computed from the contours.
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Plunge Milling: Strategy (5/5) Grid parameters: Finished cutting progress: It is the step on the initial groove along the direction of the contour. Plunge on the contour: It allows to plunge on the contour. Contour Number: It specifies the number of contours. It should be at least one.
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Machining Direction: It specifies the direction for milling i.e. inward or outward.



Offset It specifies the value of offset between number of contours specified.



You can visualize the plunging points before the computation of the operation.
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Plunge Milling: Geometry Geometry parameters: Part to machine (mandatory) Offset on bottom (horizontal area), side (vertical area) or check element (usually clamp). Rough stock (optional): If the rough stock is not defined, the rough stock defined at the PO level is taken into account to compute the remaining material after all the operations performed before this operation. Thus operation uses the rework technology. Top: All machining above this plane will not be taken into account.
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Bottom: The plunging movement will stop at this level, if reached before the part. Safety plane: The tool rises to this plane at the end of the tool path. Thus tool collision with the part is avoided. Limiting Contour: It is used in case of rectangular grid selection in order to keep the points situated inside the limiting boundary.



Don’t forget to select ‘Force Replay’ button to update the ‘actual stock’ if needed.



Instructor Notes:
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Plunge Milling: Tools Plunge milling cutters are designed for high metal removal rates. Center cutting plungers:



Plunge milling in pockets without drilled hole is possible only with Centre cutting plungers. The inserts mounted at the tip of the tool allows the tool to move same as a drill.
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Side plunging milling cutters: Side plunging milling cutters are used for plunge milling in external areas. Inserts mounted on periphery withstands high axial loads. Chip evacuation is effectively done.
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Plunge Milling: Feeds and Speeds In ‘Feeds and Speeds’ tab, feedrates for approach, plunge retract, machining and finishing can be specified. Machining spindle speed also can be defined. These Feedrate and Spindle Speed values can be defined either in Linear or Angular units. The feedrates values of Plunge, Machining, Retract and Finishing are taken into account in the definition of Axial parameters.



A



B



C



B
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A C



Feeds and speeds of the operation can be updated automatically according to tooling data and the Rough or Finish quality of the operation.
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Plunge Milling: Macro For Start and End Points, Approach and Retract Macros need to be defined. Clearance macro can be used to define the horizontal path between two machining positions. You can modify the feedrate of the clearance macro through contextual menu. Type Of Motion



Mode



Type Of Macro



Icon



Image Elaborating Macro



Add Tangent Motion



Approach



Add Horizontal motion Build by user



Add Axial motion Add PP word list



Retract
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Add motion perpendicular to a plane Add distance along a line motion Optimized



Optimized



Clearance Along tool axis



Along tool axis
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Roughing Operations 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



Instructor Notes:
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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 Plunge milling operation
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3-Axis Semi-finishing and Finishing Operations In this lesson, you will learn how to create a 3-Axis Semi-finishing and Finishing Operations. Sweeping Operation 4-Axis Curve Sweeping Operation Pencil Operation ZLevel Operation Contour-driven Operation Sweeping Operation
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Contour-driven Operation Pencil Operation



4-Axis Curve Sweeping Operation ZLevel Operation
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Sweeping Operation: Introduction Sweeping operation machines the part and is used for finishing and semi-finishing work. The tool paths are executed in vertical parallel planes. The tool makes passes along a surface of any contour, making the finished cut. For the stepover definition, you can now define an axial and radial stepover. For the definition of the Machined Zone, you have the choice between different capabilities like: All, Frontal wall, Lateral walls, Horizontal zones.
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The area is machined with: Zig-Zag, One way Next, One way Same tool path styles.



It is not advisable to use Sweeping Operation for rough machine a part.
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Sweeping Operation: Strategy (1/7) Machining Parameters: Tool path style: A



One-way next: the tool path always has the same direction during successive passes and goes diagonally from the end of one tool path to the beginning of the next.



B



One-way same: the tool path always has the same direction during successive passes and returns to the first point in each pass before moving on to the first point in the next pass.



C



Zig-zag: the tool path alternates directions during successive passes.
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A button allows you to reverse the tool path direction. For some surfaces, such as flat surfaces, the tool path can suffer from a lack of points. By setting the Maximum Discretization distance, the gaps will be filled by the exact surface points resulting in a better distribution of points, a smoother tool path and then a better machining quality.



A



B



Machining tolerance Value of the maximum allowable distance between theoretical tool path and the tool path computed C
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Sweeping Operation: Strategy (2/7) Machining Parameters: Plunge mode: Plunges can only be defined if you select a One-way sweeping mode in the Tool path style. Plunges modes can be: No check: the tool can plunge and rise with the surface, No plunge: the tool cannot plunge,
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Same height: the tool does not plunge but will not stop when it encounters a peak.
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Sweeping Operation: Strategy (3/7) Radial Parameters (1/2): Radial Stepover Definition: For the Radial Stepover you have the choice between: Constant has a constant stepover distance defined in a plane and projected onto the part. You can modify the stepover distance. Via scallop height has a stepover which depends on the scallop height that you choose. You can also define the maximum and minimum distances that can exist between passes with the scallop height that you defined. Maximum distance is the stepover distance if you have selected Constant as the value or the maximum stepover distance if you chose Via Scallop Height as Mode.
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Minimum distance is the minimum stepover distance if you chose Via Scallop Height as Mode. Scallop height is a value that you define. The Stepover side can be Left or Right and is defined with respect to the machining direction. Scallop height



Constant
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Sweeping Operation: Strategy (4/7) Radial Parameters (2/2): View direction:



View direction has two options: Along tool axis, Other axis. The plane used with Along tool axis to compute the tool stepover is perpendicular to the tool axis.



Along tool axis The plane used with Other axis to compute the tool stepover is perpendicular to the direction given by the user. The result is more regular machine paths that are more evenly spaced.
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‘Collision check’ activates only after selection of other axis view direction.



‘Other axis’ view direction works only with Ball-end tool. Other axis
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Sweeping Operation: Strategy (5/7) Axial Parameters: Mode of input: The Axial tab allows you to define: Number of levels, Maximum cut depth per level and Total Depth of the multiple pass operation. Only two can be selected at a time, you can select any two via the input mode choice. Number of levels The example below was obtained with 3 levels at a cut depth of 5mm, but could just as easily have been obtained by:



Max. cut depth
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A cut depth of 5mm and a total depth of 15 mm, or Total depth of 15 mm and 3 levels.



1 2 3 4



Total depth
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Sweeping Operation: Strategy (6/7) Zone Parameters: The Zone option lets you decide which parts of the part or machining area you want to machine: All: all of the surfaces are machined, Frontal walls: frontal surfaces of the part are machined, Lateral walls: lateral surfaces of the part are machined,
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Horizontal zones: horizontal surfaces of the part are Machined.



A



Min. frontal slope gives the minimum angle between the tool axis and the part surface normal for the surface to be considered to be a frontal wall.



B



Min. lateral slope gives the minimum angle between the tool axis and the part surface normal for the surface to be considered to be a lateral wall.



A



B C



Max. horizontal slope gives the maximum angle between the tool axis and the part surface or the surface to be considered to be a horizontal area.



C
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Sweeping Operation: Strategy (7/7) Island Parameters: Island skip is the distance for intermediate approaches and retracts, i.e. those that link two different areas to machine and that are neither at the beginning nor at the end of the tool path. Direct: With Direct checked, the tool is not allowed to rise on intermediate approaches and retracts.
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Feedrate length is the distance beyond which tool path straight lines will be replaced by intermediate approaches and retracts. Feedrate length is active only if the Direct option is checked.



Without Island skip option



With Island skip option



With Island skip option and Feedrate length
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4-Axis Curve Sweeping Operation: Introduction 4-Axis Sweeping operation is a finishing and semi-finishing operation that machines the part along a planar guide. The tool paths are normal to the guide. The tool makes a series of passes along a guide in a machining direction, controlled by a given Stepover. The guide selection is mandatory and important. The guide can be oriented by Machining direction, Tool axis direction and stepover side. The stepover is computed on the guide. The tool axis is constant in each machining plane and normal to the guide.
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The area is machined with: Zig-Zag and One way tool path styles.



The operation is suitable for styling parts.
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4-Axis Curve Sweeping Operation: Strategy (1/3) Guide selection: You must select a guide for this operation. The guide should be planar and continuous and not the straight line. The guide can be constrained by limit points (start and end points). You can click on the sensitive icon and then select in 3D viewer or right-click on point in sensitive icon and select On guide. A red dot displays on the guide which can be dragged anywhere on the guide. The guide can be oriented by three directions M: Machining direction, tangent to the guide at one of its ends. A: Axis direction of the tool, normal to the guide in its plane. S: Stepover side, to define where the first pass starts.
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After selecting the guide, you can reverse the directions using Starting Directions dialog box by clicking



to display the tool in the 3D viewer
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4-Axis Curve Sweeping Operation: Strategy (2/3) Machining Parameters: Tool path style: A



Zig zag: the machining direction alternates during successive passes.



B



One way : the machining direction has the same direction during successive passes and the tool goes diagonally from the end of one tool path to the beginning of the next.
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A



B



Machining tolerance Value of the maximum allowable distance between theoretical tool path and the computed tool path
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4-Axis Curve Sweeping Operation: Strategy (3/3) Radial Parameters: Distance on guide: The distance between successive paths on the guide.



Stepover side: You can set the side for the stepover to Right or Left of the machining direction. Max. plunge distance: The maximum distance up to which the tool will plunge. This distance prevents the unwanted machining paths, especially when machining in a hole.



Tool Axis Parameters:
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Lead angle: The angle in the direction of motion



HSM Parameters: Corner radius: The radius of the rounded corners enables a smoother path and a faster machining.
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Pencil Operation: Introduction A pencil operation is a reworking operation wherein the tool remains tangent in two places to the surface to be machined during the cycle. It is often used to remove crests along the intersection of two surfaces that were left behind by a previous operation. For the Axial strategy, you have the choice between: Up, Down and Either option, For the Radial strategy, you have the choice between:
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Climb, Conventional and Either



Generally Pencil operation uses the tools having the radii as per the design part.
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Pencil Operation: Strategy (1/2) Machining Parameters: Machining tolerance: It is the value of the maximum allowable distance between theoretical tool path and the computed tool path. The strategy tab concerns the tool movement, you can select the Cutting mode, Axial direction, Minimum change length and Minimum size for areas to machine. The Axial direction defines whether cutting is effected in an upward or a downward direction or whether either of the two may be used. Minimum change length is the minimum distance for a change of axial direction or cutting mode, i.e. if a portion of the pass is shorter than this value, the tool will ignore it and continue in the same direction or mode.
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The cutting mode can be:



Axial direction



Up



Conventional where the back of the advancing tool cuts into the material first,



Down



Either



Cutting mode



Climb where the front of the advancing tool cuts into the material first, Either where either of the two possibilities may be used.



Conventional



Climb



Either
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Pencil Operation: Strategy (2/2) Axial Parameters: Mode of input: The Axial tab allows you to define: Number of levels, Maximum depth of cut per level and Total depth of the multiple pass operation. Only two can be selected at time, you select which two via the input mode choice. Number of levels The example below was obtained with 3 levels at a cut depth of 5mm, but could just as easily have been obtained by: A cut depth of 5mm and a total depth of 10 mm, or Total depth of 10 mm and 3 levels.



1 2 3 4



Total depth Max. cut depth
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Sequencing: It gives the sequence for machining either By Zone or By Level. By Zone: All the levels are machined on first zone and then second, third.. etc zones are machined. By Level: The upper level is machined on all zones first and then second level, third.. etc is machined on all zones.



By Zone



By Level
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ZLevel Operation: Introduction ZLevel operation is finishing or semi-finishing operation that machines the part by parallel horizontal planes that are perpendicular to the tool axis. It is a Z-contouring operation. ZLevel operation is used to make series of horizontal finishing passes in Z direction, controlled by a given Stepover. Vertical areas can be machined effectively with ZLevel operation. For the stepover definition, you have the choice between: Constant and Scallop height option,
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The area is machined with: Outer part and pocket, By plane, Pockets only or Outer part machining mode
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ZLevel Operation: Strategy (1/3) Machining Parameters: Machining mode: By plane: the whole part is machined plane by plane, Pockets only: only pockets on the part are machined, Outer part: only the outside of the part is machined, Outer part and pockets: the whole part is machined; external area by external area and pocket by pocket.
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Machining tolerance: Value of the maximum allowable distance between theoretical tool path and the tool path computed. Pass overlap: It is the width of the overlap of the end of a pass over its beginning. Offset on tool path You can add an offset value on the tool path in the machining plane. The value is always positive. Cutting mode: The cutting mode witch can be either Climb, Conventional or Either. Reverse Machining Conditions command inverts Conventional and Climb modes.



Climb



Conventional



Either



Use the tool as an End Mill tool: This option is available when you use T-Slotter as a tool.



The check box is not selected



The check box is selected



Offset on tool shank: The distance within which the tool is considered to be in collision. The option is available when T-Slotter is used.
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ZLevel Operation: Strategy (2/3) Axial Parameters: Stepover Definition



For the stepover you have the choice between: Constant has a constant stepover distance defined in a plane and projected onto the part. You can modify the stepover distance.
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Via scallop height has a stepover which depends on the scallop height that you choose. You can also define the maximum and minimum distances that can exist between passes with the scallop height that you defined. Maximum distance is the stepover distance if you have selected Constant as the value or the maximum stepover distance if you chose Via Scallop Height as Mode. Minimum distance is the minimum stepover distance if you chose Via Scallop Height as Mode. Scallop height is a value that you define.



Distance on contour has a stepover, defined along a contour.
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ZLevel Operation: Strategy (3/3) Zone Parameters: Max. horizontal slope: You can define the maximum angle that can be considered as horizontal. The angle is measured perpendicular to the tool path. This option is not available with T-Slotter. Remove portions of pass in undercut: You can remove the portions of pass which are in undercut situation.
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The check box is not selected



Minimum length to remove: Allows to define the minimum length of portions of passes to remove, which are in undercut situation.



The check box is selected



Set undercut criterion to the distance between pass: It is the minimum distance between the tool and the part to consider that the portion of pass is in an undercut situation. When the option is selected, the undercut criterion value is set automatically to that of the distance between pass: Distance between pass when Stepover is set to ‘Constant’ Max. distance between pass when Stepover is set to ‘Via scallop height’ Distance on Contour when Stepover is set to ‘Distance on contour’ When the option is cleared, you must type a undercut criterion value.
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ZLevel Operation: Macros (1/3) A



According to the list, choose if you want to modify the approach, retract, Linking, between passes or clearance macro. Under Mode item, you can choice predefined macros among: Along tool axis (Approach/Retract) Along a vector (Approach/Retract) Circular (Approach/Retract) Circular or ramping (Approach/Retract) Ramping (Approach/Retract) Prolonged movement (Approach/Retract) Build by user



B



According to your macro definition, you can modify the default parameters by double-clicking on them. A
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The Macro tab defines the tool approach, retract and plunge data. For the clearance motion, the user can choose an optimize retract distances. This means that if no obstacle is detected between two passes, the tool will not rise to the safety plane (because it is not necessary) and the operation will take less time. Approach distance is the engagement distance for plunge mode. Safety distance is the distance that the tool moves horizontally before it begins its approach.



B



Using T-Slotter, if a collision occurs, the macro motions are transformed to Axial + Radial motions without collision.
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ZLevel Operation: Macros (2/3) High speed milling parameters are available for the Between passes motion: Transition radius is the radius of the arc that joins successive passes Discretization angle is a value which, when reduced, gives a smoother tool path. Safety distance is the clearance distance that the tool over at the feedrate in order to disengage the tool from cutting between passes.



The linking pass (i.e. the means of moving from the end of one pass to the beginning of the next one) can be:
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Along tool axis: the tool moves along the tool axis, Ramping: the tool follows a slope defined by the ramping angle, Circular: the tool describes a circle defined by the value of Radius, Circular or ramping: the tool uses either circular or ramping mode depending on whichever is best adapted to the part being machined. Prolonged movement: the tool moves in a straight line that may slant upwards. In certain cases, notably where there is a risk of collision with a circular linking pass, you must choose Circular or ramping rather than simply Circular in order to ensure that your tool path will be produced.
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ZLevel Operation: Macros (3/3) Build by user Capabilities:
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A



B



C



D



E



F



G



H



I



J



K



A



Axial



G



Circular or ramping



B



Add PP word list



H



Ramping motion



C



Perpendicular to a plane



I



Prolonged motion



D



Distance along a line



J



Remove all motions



E



Add motion to a point



K



Delete selected motion



F



Circular
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Contour- driven Operation: Introduction Contour-driven operation is a operation which machines the part using a contour as a guide. There are three types of machining included in this task: Parallel contour where the tool sweeps out an area by following progressively distant (or closer) parallel offsets of a given guide contour. Between contours where the tool sweeps between two guide contours along a tool path that is obtained by interpolating between the guide contours. The ends of each pass lie on two stop contours.
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Spine contour where the tool sweeps across a contour in perpendicular planes.
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Contour- driven Operation: Strategy (1/10)
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The three guiding strategies for a Contour-driven Operation are:



Between Contour: The tool sweeps between two guide contours along a tool path that is obtained by interpolating between the guide contours. The ends of each pass lie on two stop contours.



Parallel Contour: The tool sweeps out an area by following progressively distant (or closer) parallel offsets of a given guide contour.



Spine Contour: The tool sweeps across a contour in perpendicular planes.



For Parallel Contour strategy, the guides can be defined by boundary of faces, as guiding points or as guiding axes through contextual menu.
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Contour- driven Operation: Strategy (2/10) Machining Parameters: Tool path style: One-way next: the tool path always has the same direction during successive passes and goes diagonally from the end of one tool path to the beginning of the next. One-way same: the tool path always has the same direction during successive passes and returns to the first point in each pass before moving on to the first point in the next pass. Zig-zag: the tool path alternates directions during successive passes. Machining tolerance: It is the value of the maximum allowable distance between theoretical tool path and the computed tool path.
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A button allows you to reverse the tool path direction. A Max. Discretization parameter has been introduced for a better distribution of points. The distribution mode Shifted/Aligned is only available for Constant and Scallop height stepover.



Select 4 open contours if you want to use the guide and stop contours to define the area to machine. These contours can be selected in any order you choose. When you select 4 points on a closed contour, the sensitive icon is slightly different. Choose four points on a closed contour to define the area you want to machine. You must select four points and you must also select them in the order stipulated in the sensitive icon.
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Contour- driven Operation: Strategy (3/10) Radial Parameters: For the Radial Stepover you have the choice between: Constant 2D has a constant stepover distance defined in a plane and projected onto the part. You can modify the stepover distance.



Via scallop height has a stepover which depends on the scallop height that you have set. You can also define the maximum and minimum distances that can exist between passes with the scallop height that you defined.
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Constant 3D is a stepover that has a constant distance on the part relative to tool tips. Constant 3D is available with Parallel contour and Between contours. Maximum 3D is a stepover that is limited to a maximum distance on the part relative to tool tips. Maximum 3D is only available with between contour strategy
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Contour- driven Operation: Strategy (4/10) Radial Stepover Parameters(1/3): Constant 2D parameters: Maximum distance is the stepover distance if you have selected Constant 2D as the value.



In Between contours, you can apply an offset on the guide in order to increase/decrease the area to be machined.



Constant 2D



Tool Offset with respect to the guide contour. With a negative value the tool path will start outside the guide contour, with a positive value it will start inside the guide contour.
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You can also select the way you would like to stop (position) on this guide.



Guide element



By selecting the Same offset on stops checkbox, you can define the same offset on stops which is set on guides.



Outside



On Inside Offset



Instructor Notes:
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Contour- driven Operation: Strategy (5/10) Radial Stepover Parameters(2/3): Scallop height parameters: Maximum distance is the maximum stepover distance witch is used during the computation of the tool path.



Minimum distance is the minimum stepover distance witch is used during the computation of the tool path.



Scallop height is a value that you define for the definition of the scallop height.
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According to these parameters, SMG computes a stepover between Minimum & Maximum distance which respects the Scallop height parameter.



Scallop height parameters



Instructor Notes:
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Contour- driven Operation: Strategy (6/10) Radial Stepover Parameters(3/3): Constant 3D and Maximum 3D parameters: Distance between path is the constant distance between two successive passes, Sweeping strategy, i.e. where you want to start machining and where you want to end, the possibilities are:
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From guide 1 to guide 2: starts at guide 1 and ends at guide 2 From guide 2 to guide 1: starts at guide 2 and ends at guide 1 From guide to zone center: starts at guide1 and works towards the center of the zone then goes to guide 2 and works towards the center of the zone From zone center to guide: starts at the center of the zone and works towards guide 1 then comes back to the center and works towards guide 2 From guide to zone center (spiral): starts at guide 1 and spirals towards the center From zone center to guide (spiral): starts at the center and spirals towards the guide contours



Reference: It indicates whether the tool end or the tool contact point is used for the computation.



Instructor Notes:
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Contour- driven Operation: Strategy (7/10) Radial Parameters: View direction has two options: Along tool axis, Other axis. The plane used with Along tool axis to compute the tool stepover is perpendicular to the tool axis.



The plane used with Other axis to compute the tool stepover is perpendicular to the direction given by the user. The result is more regular machine paths that are more evenly spaced.



Along tool axis
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‘Collision check’ activates only after selection of other axis view direction.



‘Other axis’ view direction works only with Ball-end tool. Other axis



Instructor Notes:
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Contour- driven Operation: Strategy (8/10) Axial Parameters: Mode of input: The Axial tab lets you define: Number of levels, Maximum cut depth per level, Total depth of the multiple pass operation. Only two can be selected at time, you can select any two via the input mode choice. Number of levels The example below was obtained with 3 levels at a cut depth of 5mm, but could just as easily have been obtained by:



Max. cut depth
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A cut depth of 5mm and a total depth of 10 mm or Total depth of 10 mm and 3 levels.



1 2 3 4



Total depth



Instructor Notes:
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Contour- driven Operation: Strategy (9/10) Strategy Parameters: These folder parameters are only available for Between Contours and Parallel Contour. The first dialog box displayed is the one used by Parallel Contour, the second one corresponds to Between Contours.
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Parallel Contour dialog box The tool sweeps out an area by following progressively distant (or closer) parallel offsets of a given guide contour. The parameters for parallel contours are: Offset on contour, Maximum width to machine, Stepover side: the side of the guide contour to be used for machining. Strategy side: One side, Both sides of contour with same or opposite direction. The side is defined by Stepover side parameter. Direction, i.e. whether the parallel contours will be directed towards or away from the guide contour. Initial tool position: whether it will start on the guide contour, before the guide contour (to) or beyond the guide contour (past)



Guide contour



Past



On To



Pencil rework allows you to start an automatic pencil operation (defined with a set of default parameters) at the end of the contour driven operation.



Instructor Notes:
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Contour- driven Operation: Strategy (10/10) Island Parameters: Island skip is the distance for intermediate approaches and retracts, i.e. those that link two different areas to machine and that are neither at the beginning nor at the end of the tool path. Direct: With Direct checked, the tool is not allowed to rise on intermediate approaches and retracts.
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Feedrate length is the distance beyond which tool path straight lines will be replaced by intermediate approaches and retracts. Feedrate length is active only if the Direct option is checked.



Without Island skip option



With Island skip option



With Island skip option and Feedrate length



Instructor Notes:
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Renfort 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



Instructor Notes:
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Isoparametric Machining Operation In this lesson, you will learn how to create a Isoparametric Machining Operation by defining different strategies, geometry and tools.
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Introduction Strategy Geometry Tool



Instructor Notes:
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Isoparametric Machining Operation: Introduction Isoparametric machining is an operation which allows you to select strips of faces and machine along with their isoparametrics.



You can use Isoparametric Machining Operation to machine the adjacent surfaces within a area which is bounded with 4 defined endpoints. The Isoparametric Machining Operation enables high-speed milling operations due to its full collision checking function on part and check surfaces.
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In SMG, the tool axis is fixed for performing the Isoparametric Machining Operation.



It is always advisable to use this operation for machining of parts which are shallow or having drafts. Otherwise, there is a danger of fouling the tool body to the part. Otherwise you have to use T-slot tool for machining.



Instructor Notes:
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Isoparametric Machining Operation: Strategy (1/2) Machining Parameters: Tool path style Zig-zag: The tool path alternates directions during successive passes. One-way: The tool path always has the same direction during successive passes and returns to the first point in each pass before moving on to the first point in the next pass.



Machining tolerance: Value of the maximum allowable distance between theoretical tool path and the tool path computed
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Max discretization step: Value of the maximum length between two consecutive computed points



Max discretization angle: Maximum angle between two consecutive points that the machine is able to achieve.



The Maximum discretization step and Maximum discretization angle influence the number of points on the tool path.



Instructor Notes:
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Isoparametric Machining Operation: Strategy (2/2) Stepover Parameters: Radial strategy Scallop height: You can define the radial strategy by scallop height, you set the value of the required scallop height in the dialog-box.. Distance between paths: You can define the radial strategy by the distance measured between paths on the part. Number of paths: You can define the radial strategy by the number of passes that the tool makes on the part. Skip path You may also choose to skip the first or last pass or both in all three of the radial strategies.



Start extension
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Start Extension & End Extension Specifies the length of an additional machined area located before/after the first path on a part. This value can be either positive (the global machined area is extended) or negative (the global machined area is shrunk).



End extension



Instructor Notes:
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Isoparametric Machining Operation: Geometry (1/2) Geometry Parameters: Caution:



You must select only adjacent faces. They must have only one common edge between each other. The main isoparametric direction is from point 1 to point 2.



Part to machine definition



Choice of points to drive the first tool path direction
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Resulting Tool Path



Instructor Notes:
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Isoparametric Machining Operation: Geometry (2/2) Geometry Parameters: Collision checking: Collision checking can be performed on check and part elements with the tool assembly ( the complete cutter plus its holder) or the cutting part of tool (red part of following tools) To save computation time you must use tool assembly only if the geometry to be checked which can interfere with the upper part of the cutter.
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Accuracy: defines the maximum error to be accepted with respect to the part or the check with its offset. Setting this parameter to a correct value avoids spending too much computation time to achieve unnecessary precision.



cutting part of tool



Allowed gouging: It allows maximum cutter interference with the check (fixture) during"linking passes"(including approach and retract motion).



Allowed gouging



When you are using this parameter with part option, it must be set to a non- zero value, otherwise a “Nothing to Mill” message may be displayed. Cutter positions



Instructor Notes:
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Isoparametric Machining Operation: Tool Supported tool types For this operation, in SMG Catia supports:



Facing tools End mill tools Conical tools
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T-Slotter tools



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



Instructor Notes:
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Spiral Milling Operation In this lesson, you will learn how to create a Spiral Milling Operation by defining different strategies.
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Introduction Strategy



Instructor Notes:



Copyright DASSAULT SYSTEMES



142



Surface Machining



Spiral Milling Operation: Introduction Spiral milling operation is a finishing operation that automatically detects surfaces that are considered to be horizontal with respect to a given angle. Spiral machining gives you a good machined surface without using a specific small tool. It gives you particularly good results for areas that are relatively flat (horizontal). Using Spiral milling operation you can detect the horizontal area automatically or you can manually select the area using contours. You can perform Spiral milling operation on different areas either zone-by-zone or by level-by-level using
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Helical or Back and forth tool path style. Spiral Milling operation can be effectively used to optimize machine time by reducing the stepover.



Instructor Notes:
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Spiral Milling Operation: Strategy (1/3) Machining Parameters: Helical movement Inward: The tool path will begin at the outer limit of the area to machine and work inwards. Outward: The tool path will begin at the middle of the area to machine and work outwards. Machining tolerance: Value of the maximum allowable distance between theoretical tool path and the tool path computed Always stay on bottom: The tool will remain in contact with the pocket bottom when moving from one domain to another. This avoids unnecessary linking transitions.



The options are available with Helical tool path style only
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‘Reverse tool path’ check box allows you to reverse the tool path direction.



‘Horizontal zone selection’ enables you to detect the horizontal areas either automatically or by means of guide contours.



Cutting mode The cutting mode witch can be Climb or Conventional



Climb



Conventional



Instructor Notes:
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Spiral Milling Operation: Strategy (2/3) Radial Parameters: Max. distance between pass: It allows you to define the maximum distance between successive passes in the tool path. Contouring pass: It adds a contouring pass at the end of the back and forth path.



Axial Parameters: Mode of input: The Axial tab lets you define: Number of levels Maximum depth of cut per level Total depth of the multiple pass operation
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Only two options can be selected at a time, you select which two via the input mode choice.



The example below was explained with 3 levels at a cut depth of 5mm, A cut depth of 5mm and a total depth of 10 mm or Total depth of 10 mm and 3 levels. By Zone



By Level
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Spiral Milling Operation: Strategy (3/3) Zone Parameters: Max. frontal slope: You can define the maximum angle that can be considered as horizontal. The angle is measured perpendicular to the tool path. This option activates when ‘Horizontal zone selection’ is set to Automatic.



HSM Parameters: If you choose to perform high speed milling, you can define the corner radius to round the ends of passes. The ends are rounded to give a smoother path that is machined much faster.
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With HSM and helical mode, the corner radius must be less than half the stepover distance.



Instructor Notes:
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Spiral Milling Operation Recap Exercise 30 min
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In this exercise you will learn how to create a spiral milling operation.



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



Instructor Notes:
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Profile Contouring Operation In this lesson, you will learn how to perform Profile Contouring Operation by defining different strategies, geometry and Feeds & Speeds.



Copyright DASSAULT SYSTEMES



Introduction Strategy Geometry Feeds and Speeds



Instructor Notes:



Copyright DASSAULT SYSTEMES



149



Surface Machining



Profile Contouring Operation: Introduction A Profile Contouring Operation involves in cutting material along a hard boundary. The hard boundary may be either open or closed. Along axial direction, you can remove the material from the top to the bottom in one or several cuts.



hard boundary



Along radial direction, you can remove the material by approaching the hard boundary in one or several parallel paths.
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The area can be machined in One-way or in Zigzag style. You can perform the Profile Contouring Operation: between two planes between two curves or between a curve and surfaces



Instructor Notes:
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Profile Contouring Operation: Strategy (1/6) The Tool path styles for a Profile Contouring Operation are: Zig - zag: The tool alternatively machines in one direction and then in opposite direction.



One way: The tool machines always in the same direction.
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Helix: The tool machines maintaining constant tool contact with the part.



Instructor Notes:
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Profile Contouring Operation: Strategy (2/6) Machining Parameters: Direction of Cut Climb: The front of the advancing tool cuts into the material first Conventional: The back of the advancing tool cuts into material first Machining Tolerance Value of the maximum allowable distance between theoretical tool path and computed tool path Fixture Accuracy Local machining tolerance for fixtures Type of Contour:
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Circular: The tool pivots around the corner point, following a contour whose radius is equal to the tool radius Angular: The tool does not remain in contact with the corner point, following a contour consists of line segments Optimized: The tool follows a contour derived from the corner that is continuous in tangent Forced Circular: The tool follows a near-circular contour consists of line segments



Circular Angular Optimized



Instructor Notes:
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Profile Contouring Operation: Strategy (3/6) Machining Parameters: Close tool path: Option to machine the complete contour of a closed area.



Tool position ON guide: Specifies the position of the tool tip on the guiding elements.



Percentage overlap: When « close tool path » is active, this is the overlap at the end of the tool path, expressed as a percentage of the tool diameter.
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Compensation output: Allows you to manage the generation of cutter compensation (CUTCOM) instructions in the NC data output in Between Two Planes machining mode. A



B



For Helix tool path style, ‘Close tool path’ and ‘Percentage overlap’ options are deactivated. Compensation: Number of the tool compensation. It must be a number available on the tool used for the operation. Compensation application mode: You have to choose if compensation is applied on the tool output or guiding point. Compensation output A Tool



B



2D radial tip: In the generated code, the toolpath is defined by the tool tip trajectory 2D radial profile: In the generated code, the toolpath is defined by the contact point trajectory



Offset on contour



Instructor Notes:
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Profile Contouring Operation: Strategy (4/6) Stepover Parameters: Sequencing: Radial first



Axial first



Radial Strategy: Distance between paths: It is the distance between two radial paths.



Number of paths: It is the total number of radial paths.



Axial Strategy: Number of levels The number of levels from the top to the bottom
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Max depth of cut The maximum distance between two levels



Number of levels without top The bottom, the number of levels and the depth of cut.



Maximum ramping angle (for Helix) You can specify multiple radial passes with control of maximum ramping angle & depth of cut. Automatic draft angle Incremental increase of thickness on flank (not available with Helix) Breakthrough Only in soft bottom. It is an offset in order to specify a virtual bottom.



Instructor Notes:
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Profile Contouring Operation: Strategy (5/6) Side Finish Pass mode: At last level: Activate a radial finish pass only at last level.



A



A



B At each level: Activate a radial finish pass at each level (not available for Helix tool path style.)



C B



Bottom Finish Pass mode:



Bottom Finish Path style: Defines the bottom finish path style: Available only for Zig zag or One way This option is deactivated for Helix.
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At bottom: Specify the thickness used for the bottom finish pass C



Spring Pass: Duplicates last finish pass to compensate the spring of the tool.



The Finishing Feedrate will be used to cut the material on the Side and Bottom finish passes



Instructor Notes:
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Profile Contouring Operation: Strategy (6/6) HSM Parameters: HSM is a capability to round corners in the tool path. Cornering for HSM is available for Roughing and Finishing passes in the following guiding modes: Between two planes, Between curve and surfaces and Between two curves. Cornering applies to inside corners for machining or finishing passes. It does not apply to: Outside corners (for example, produced by angular or optimized contouring mode). Macros or default linking and return motions. Cornering: Specifies whether or not cornering for HSM is to be done on the trajectory. Corner radius: Specifies the radius used for rounding the corners along the trajectory of a HSM operation. Value must be smaller than the tool radius.
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Cornering on side finish path: Specifies whether or not tool path cornering is to be done on the side finish path. Corner radius on side finish path: Specifies the corner radius used for rounding the corners along the side finish path of a HSM operation. Value must be smaller than the tool radius.



Cornering Corner radius



Instructor Notes:
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Profile Contouring Operation: Geometry (1/2) This tab includes a sensitive icon dialog box that allows the selection of: A



Bottom Plane



B



Top Plane (for Multi-Levels operations only)



C



Guiding Elements Discontinuous contours is possible, allowing to machine several contours in one single Operation thus providing better support of thin wall finishing



D



Check Elements (Optional)



E



Limiting Element (Optional)



Offsets can be applied on the Top Plane, Bottom Plane, Contour, Check and Limiting Elements.



D



B C A



E
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To remove the bottom, click



To start (or Stop) out of the part, click it with contextual menu



Instructor Notes:
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Profile Contouring Operation: Geometry (2/2) The Profile Contouring Operation Modes are:



Between Two Curves



By Flank Contouring
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Between Curve and Surfaces



Machining can be restricted to a specific zone by specifying Minimum depth and Maximum depth values. Available with ‘Between Two Curves’ and ‘Between Curve and Surfaces’.



Instructor Notes:
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Profile Contouring Operation: Feeds and Speeds Feedrate Reduction in Corners: You can reduce feedrate in corners encountered along the tool path depending on values given in the Feeds and Speeds tab page. Feed reduction is applied to corners along the tool path whose radius is less than the Maximum radius value and whose arc angle is greater than the Minimum angle value. For Pocketing, feedrate reduction applies to inside and outside corners for machining or finishing passes. Corners can be angled or rounded, and may include extra segments for HSM operations.
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It does not apply for macros or default linking and return motions.



Instructor Notes:
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Profile Contouring Operation 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



Instructor Notes:
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Probing Operations In this section, you will find out what are Probing Operations.
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Introduction Create a Probing Operation Strategy Geometry



Instructor Notes:
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Introduction to Probing Operations The Probing Operations are used to check the part setups, set tool offsets and to perform in-process or final inspection. Using probing operations, you can measure a parameter values of entities such as a hole or a pin, slot, or corner. Then these values will be compared with a predefined design values and accordingly the compensation register will be updated. The result of this process will be a tool path that will be generated in the form of a video and you will be able to check collisions taking place between the part and the tool.
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In these operations there is no removal of material and also collision checking is not activated in the probing feedrate.



The following Probing Operations are available: Hole or Pin Probing: measures the diameter and the centre of several holes or pins. Slot or Rib Probing: measures the width and the middle of a slot or a rib. Corner Probing: measures the internal corner or external corner. Multi-Points Probing: You can define the points to probe and their direction.



Instructor Notes:
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How to Create a Probing Operation 1



Click the Probing operation icon



1 2



2



3



The Operation dialog box displays to define its parameters



Define the operation geometry and parameters in the dialog box



4



Replay the Tool Path 5



Confirm Operation creation
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3



4 5



Instructor Notes:
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Probing Operation: General Process 1



Type the Name of the Operation. (Optional because a default name is given by the system ‘Type_Of_Operation.X’)



2



Type the text of comment (optional)



3



Define operation parameters using the 5 tab pages



1 2 3



Strategy tab page Geometry tab page Tool tab page Feeds & Speeds tab page Macros tab page Replay and/or Simulate the operation tool path
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4



4
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Probing Operations: Strategy (1/2) Strategy tab Probing Tolerance: It is used in the computation of tool path. Depth of contact: The depth of position of the stylus on the part. Number of Probes: Number of probing points. It must be greater than 0. Safety Distance: The distance above the top. Depth: The depth distance at which probing is required. Security Distance: The distance before contact with part to change the feedrate in probing federate. Return by the middle: If this option is activated, after each probe, the retract goes through the middle of the hole or the pin. Return by the top plane: When this option is activated, after each probe, the retract goes through the top plane.
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Distance of first point : It is the distance between the corner and the first probing specified point. Distance of second point : It is the distance between the first and the second probing points that are specified for corner probing.



Instructor Notes:
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Probing Operations: Strategy (2/2) User Parameters tab For strategy panels of all probing operations, you can add your own parameters. The types of the user parameters that can be added: String Boolean Integer Real Angle Length Add: adds an user parameter
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Edit: edits the selected user parameter



Remove: deletes the selected parameter



These options are available through contextual menu



Instructor Notes:
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Hole/ Pin Probing Operation: Geometry You will learn how to select a Geometry for a Hole Probing Operation. This Geometry Tab Page includes a sensitive icon dialog box that allows the selection of: A



A



Probing Side: Probe Inside To probe a Hole



Probe Outside To probe a Pin



E



B C



D
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F



B



Points



C



Top plane



D



Part



E



Offset on part



F



Diameter



You can select points (center of holes or pins to probe) or guides (contour of holes or pins) as a geometry for the probing operation.



You can modify these values if geometry is modified and then the associativity can be restored.



Instructor Notes:
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Slot Probing Operation: Geometry You will learn how to select a Geometry for a Slot Probing Operation. This Geometry Tab Page includes a sensitive icon dialog box that allows the selection of: A



A



Probing Side: Probe Inside To probe a Slot



Probe Outside To probe a Rib



E B



C



G
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D B



Faces



C



Top plane



D



Part



E



Offset on part



F



Width



G



Planes



You need to select two faces to define a slot.



F



You can modify this values if geometry is modified and then the associativity can be restored.
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Corner Probing Operation: Geometry You will learn how to select a Geometry for a Corner Probing Operation. This Geometry Tab Page includes a sensitive icon dialog box that allows the selection of: A



A



Probing Side: Probe Inside To probe an inside corner



Probe Outside To probe an outside corner



E B



C
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D



B



Faces



C



Top plane



D



Part



E



Offset on part
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Multi-Points Probing Operation: Geometry You will learn how to select a Geometry for a Corner Probing Operation. This Geometry Tab Page includes a sensitive icon dialog box that allows the selection of: A



Points to probe & their direction C



B



Part



C



Offset on part



D



Projection of Points on Part



E



Selected points & their direction



A



B
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D E You can edit, remove and reorder the points



Instructor Notes:
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3/5-Axis Converter In this lesson, you will learn how to modify the tool axis of a tool path and how to avoid collision, without changing its contact point.
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Introduction Strategy Macros



Instructor Notes:
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3/5-Axis Converter: Introduction 3/5- Axis Converter allows: the modification of the tool axis of the computed tool path without changing its contact point, either by converting a 3-axis tool path into a 5-axis tool path or by modifying a 5-axis tool path the collision checking of the tool or the tool assembly with a different strategies to avoid the collisions.



The check box present in Strategy tab



This functionality is available with Roughing, Sweeping, Pencil, ZLevel, Contour-driven, Spiral Milling, Isoparametric Machining and Profile Contouring operations. 3/5- Axis Converter supports following tools: All End Mill Tool (spherical and torical) TSlotter and Lollipops (TSlotter with Spherical shape)
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B



A



Strategy sub-tab: Global modification: You can change the tool axis using various tool axis modes (A), when the check box is selected (B). Right-click any arrow in (A) to select the axis direction. You can analyze the selection using Geometry Analyzer.



Instructor Notes:
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3/5-Axis Converter: Strategy (1/3) Tool axis mode: Initial tool path Modified tool path



Allows to define a fixed axis



The tool axis passes through a specified point. The tool axis can be oriented To the point or From the point



The tool orientation is controlled by a continuous geometrical curve (guide) Max discretization angle: The maximum angular change of tool axis between tool positions.
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Angle: The angle of the tool axis Frontal angle: The angle of the tool axis in a plane defined by the direction of motion. The tool axis is normal Allows to define an angle to the part. It requires between new and initial axes contact point.



The tool axis is normal to the drive surface



Lateral angle: The angle of the tool axis in a plane normal to the direction of motion.



Instructor Notes:
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3/5-Axis Converter: Strategy (2/3) Collisions checking: You can check the collisions with the part and/or the check of the operation associated, and/or with the design part selected in the Part Operation. By default the ‘Activate collisions checking’ is activated. Tool axis mode: It allows you to modify the tool axis to avoid a collision.
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None: The points in collision are removed and the tool axis is not modified.



Thru a guide



Fixed



Fixed angle



Thru a point



Normal to drive surface



You can select ‘Design Part (PO)’ and not ‘Part’ check box for a Profile Contouring operation.
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3/5-Axis Converter: Strategy (3/3) Offset on tool: It is the safety distance (offset) applied on the tool to avoid collisions. Offset on tool assembly: It is the safety distance (offset) applied on the tool assembly to avoid collisions.



You can define More>> parameters for the Tool axis mode: Max discretization angle: The maximum angular change of tool axis between tool positions. It is used to add more tool positions (points and axis) if value is exceeded. Minimum length: The minimum length required in two collision points for modification of the tool axis. Frontal angle: The angle of the tool axis in a plane defined by the direction of motion. Lateral angle: The angle of the tool axis in a plane normal to the direction of motion.
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Minimum angle and Maximum angle define the range within which the tool axis can vary. Step angle defines the computation step used to find the optimal angle to avoid collisions. The smaller the step angle, the longer the computation time.
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3/5-Axis Converter: Macros After checking collisions, the points or the portion of the tool path are removed. However, the tool path must be closed. You can use the macros to close the tool path. The macros available are: Approach: Along tool axis, Along a vector, Normal, Tangent to movement, None, Back, Circular, Box, Prolonged movement, High speed milling, Build by user. Retract: Same as Approach.
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Clearance: Optimized, Along tool axis.



Optimized



Along tool axis



Instructor Notes:



Copyright DASSAULT SYSTEMES



176



Surface Machining



Analyzing and Modifying the Tool Path In this lesson, you will see how to analyze and modify the Tool Path.
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Minimum Tool Length Computation Tool Path Editor
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Minimum Tool Length Computation: General Process Minimum tool length computation gives you the capability to compute globally, the necessary minimum tool length for all operations inside your process. The computation is useful to avoid collisions between the tool assembly and the part to be machined. 1 1



Select all operations that you would like to check 3



2



Select ‘Compute All’ button
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3



The minimum tool lengths to avoid collisions are computed and displayed in the dialog box



4



2 4



Click OK to close the dialog box
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How to Compute Minimum Tool Length Activate status: by default it is set to No. This means that the minimum tool gage will be computed from the current tool path but will not be automatically recomputed if the tool path is modified. If you set Activate to Yes, the minimum tool gage will be automatically recomputed when you recompute the tool path. Select All operations inside the current Part operation
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Use the Activate All or Deactivate All buttons to set the Activate status for all the operations or select an operation in the list and use the contextual menu to set the Activate status for one operation



The Report button let you save the information displayed in the dialog box in a text file Use the Compute All button to compute the minimum tool gage for all operations or select an operation in the list and use the contextual menu to compute the minimum tool gage for one operation
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Tool Path Editor: General Process Tool Path Editor allows you to modify or delete the portion of or the complete computed tool path. Tool Path Editor Functionalities are available using contextual menu or ‘Tool Path Management’ toolbar. 1



Select the operation. 1+2



2



Right-click on the operation and select Lock option in the list.



3



Right-click on the ‘Tool path’.



4
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3



In ‘Tool path object’ select any option in the list.



4



For performing step 4, the toolbar ‘ Tool path Management’ can also be used to access the options for Tool Path Editor. The tool path must be computed before using any of the Tool Path Editing functions.
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Tool Path Management Tool path editor functions can be accessed using a toolbar “Tool path management”. This toolbar contains following commands: Edit Tool Path: All the functions with which the tool path can be edited, are combined in ‘Edit Tool Path’ toolbar are given below: Point Modification: Point on the tool path can be moved or removed by selecting those points. Area Modification: Area of the tool path can be modified after selection of that area. Translation: Rotation:



Transformations can be applied to a tool path.



Mirror:



Reverse: Tool path can be reversed but not displayed. Approach and Retract points are exchanged. Connection: Tool path can be connected. Approach and Retract Modification: Approaches and Retracts can be added or removed from tool path. Points Display mode: Allows to hide the points on tool path display for Point modification, Area modification, Rotation.
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The functions which work on the tool path, but do not intend to modify it are: Split on Collision Points: Longer Tool path splits according to the tool.



Create Geometries: Using tool path, geometry can be previewed and/or created.



Check Tool Length: A tool path is checked to identify all the points where the tool or the tool holder collides with the part.
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Point Modification The functionality allows you to move or delete a selected point on a tool path. Multi selection of point



Reverse selection



Selection by sweep



Reset selection



Selection between two points



Cuts the current points



Selection by polygonal trap



Confirm the modification Inserting a point



Once the points are selected, you can move them: Pull the Distance arrow to the place you want the point to be in the viewer. The distance between the original position and the current position of the points is displayed as you move the arrow or



Distance arrow



Type the coordinates where they must be in the boxes. Just as above, an arrow is displayed as well as the distance from the original position of the points or
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Double-click the word Distance and type the distance in the box. Use the contextual menu on word Distance to select the translation direction.
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Area Modification (1/2) You can edit the area on a tool path. Area can be selected using several editing functionalities. Area modification is used to correct the tool path which is discontinuous or irregular. Selection between two points



Selection by one point



selected point



selected points
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Selection by contour



Selection by polyline



closed contour



polyline
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Area Modification (2/2)



Selection of collision points Reverse selection



Before cutting an area of the tool path, you can choose to copy this area in the specification tree. Select Copy transformation check box and click OK.



Cuts the current points Modify feedrate Validate the modification
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Area selection option



‘Cancel’ button in Point/Area modification and Approach & Retract Modification allows canceling all the modifications done inside the dialog box.
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Connecting Tool Paths Tool paths which are split for the modification need to be reconnected. This functionality helps you to connect tool paths to maintain the continuity. Hence gaps in the tool path are removed and gouging of tool in material is avoided. Multi-selection of point Selection by sweep Selection between two points Selection by polygonal trap Reverse selection Reset selection



Straight Connection



Straight connection
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Plane connection Safety plane connection



The safety plane must be selected either in the current operation or on the part operation.



Plane Connection
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Translating a Tool Path You can translate the tool path using this functionality. The distance by which the tool path is to be translated, can be given either using double-clicking on word distance or by dragging the distance arrow in required direction. 1. Click Translation icon. The tool path is displayed on the part. 2. You can translate the tool path by dragging from approach or retract. The contextual menu over the word Distance allows you to select the axis for translation of the tool path among: The X axis The Y axis The Z axis or The tool axis
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3. You can give the distance by which the tool path need to be translated by pulling the distance arrow. You can also double-click word Distance and specify a value in the distance dialog box that is displayed.



1



3



translated tool path 2



4. Double-click anywhere in viewer to translate the tool path.
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Rotating a Tool Path The functionality allows you to rotate the tool path by any angle with reference to a point, a edge, a plane or a face. 1. Click Rotation icon. The tool path is displayed on the part.



1



2. You can define the rotation you want with respect to: A point: this defines the origin for the rotation, An edge this defines the rotation axis, A plane: the normal to the plane defines the rotation axis or A face: the normal to the face defines the rotation axis.
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As you move the mouse over the tool path, the elements that can be used for the rotation are highlighted in red. By default the rotation is effected around the tool axis. 3. Change the angle by double-clicking on the word ‘Angle’ in the viewer (you can also drag the direction arrow in the viewer). A dialog box is displayed. Specify the number of degrees you want to rotate the tool path by. 4. Double-click anywhere in viewer to rotate the tool path.



2



3



rotated tool path
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Mirroring a Tool Path



1



The functionality allows you to mirror the tool path with respect to a plane or a face. 1. Click Mirror icon.



2. Select a plane or a face as a mirror plane.



2
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3. Double-click anywhere in the viewer to mirror the tool path.
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Changing Approach and Retract You will learn how to add, remove or modify approaches & retracts in a tool path. You can Delete: Approach Retract Linking passes Between paths from the whole tool path or from a polygon that you draw on the tool path.



Copyright DASSAULT SYSTEMES



You can Add/Modify: Approach Retract 1. Choose the Approach or the Retract tab. 2. Select the type of motion you want to use and modify the settings if necessary. 3. Click Apply. A message is displayed:



If your answer is Yes, you will add an approach or a retract motion to the whole path. If your answer No, use the Selection bar to define an area to apply the approach or retract motion. 4. When you are satisfied with the results click OK. If not, continue to make changes to the approach and retract tabs till you get satisfied.
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Splitting on Collision Point Splitting of the tool path on collision points is required when the tool length is a constraint. The tool path can be split according to the specified tool or a longer tool. 1.



Once you have set the parameters, click Apply. The points involved in the collision are highlighted in red.



2.



Select a longer tool in the New tool list. This tool length can be computed using ‘Compute tool gage assembly’ icon.



3.



Confirm the creation. A Copy-Transformation operation containing all the points involved in the collision is created in the specification tree. A tool path that is computed using the new tool is also listed under this node.
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4.



2



1



The resulting tool path will be closed if ‘Close initial toolpath’ and ‘Close split toolpath’ check boxes are selected.



3



Collision points
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Checking Tool Length This functionality explains how to check a tool path to identify all the points where the tool holder collides with the part. If you consider the tool alone, only the cutting length of the tool is taken into account. If you consider the tool with its tool holder, the tool gage and the cutting length are taken into account. 1. Once you have set the parameters, click Apply. The points in collision appear in red.



2



2. A dialog box is displayed that gives the number of collision points on this tool path, the minimum tool length that is required in order to avoid having collision points and the coordinates of the current point. 1
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Click the point gives the coordinates of the point



By this visual check, you can decide whether to select the proper length tool or to modify the tool path itself.



collision points
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Creating Geometries (1/4) This functionality enables you to preview and/or create geometry from the tool path i.e. points, vectors representing axis or tool geometry for measurement operations. This functionality is available even if the tool path is unlocked. You must have computed a tool path and selected it in the PPR making it the current entity. All the elements are created in PPR tree. You can use the created elements to analyze whether there are collisions or not between the tool and the part.



1 2



1. Click ‘Create Geometries’ icon. The tool path and dialog box are displayed. (by default the previsualization display is of points) 2. Select the destination body to create geometry in it.
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3. Select an area of the tool path. 4. Select the option for creating geometry from the tool path. Created Geometry
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Creating Geometries (2/4)



First point creation
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Last point creation
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Creating Geometries (3/4) Start Points: from the start point until a point.
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End Points: from the End point until a point
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Creating Geometries (4/4)



Between Two Points creation
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Whole Tool Path creation
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Analyze and Modify a Tool Path 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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Connecting Rod 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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Connecting Rod Creating the Roughing Operation 10 min
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In this step you will create a Roughing operation.
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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



3
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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)



1



2



3



5



4
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Cover 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.
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