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When simulation and verification software is loaded, a simple menu is displayed. There exist four buttons on this menu. “About CNC Simulator” button opens a window that shows the information about the developer of the software. “New Workspace” is used create a new workspace, “Load Workspace From File” is used to load a workspace from a file, “Cancel” exists from the menu. The term workspace refers all the simulation and verification components created, visualised and executed during the run of the program. This includes; machine geometry, machine setup, workpiece geometry, tooling and NC Code information.


Pressing “New Workspace” button expands a new menu as shown in Figure B.1. There exist 5 buttons in this menu. “Use Hitachi Seiki Setup With OD Chuck” and “Use Hitachi Seiki Setup With ID Chuck” buttons provide standard machine setup of Hitachi Seiki machine. This setup includes geometries of machine components. Only difference between two buttons is the type of chuck. According to the selection, it may be ID or OD chuck. “Load Machine Setup” button is used to load an existing machine setup previously saved. “Workspace Setup Wizard” executes a group of user interfaces that provide, machine, machine parameters, raw material, tooling and NC Code setups. “Cancel” Button is for exiting this menu.
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Figure B.1. Startup Window

b.1.Workspace Setup Wizard

The term wizard is used in various softwares that provide a user friendly interface to do a certain task step by step. Workspace Setup Wizard provides such an interface for defining all of the simulation and verification related information. User can go forward and backwards over the steps. The first step of defining a workspace is Machine Setup. When Workspace Setup Wizard is opened, Machine Setup window appears first. This window includes several steps also. First step is for defining machine body. Machine body geometry can be loaded from external files which are drawn from other CAD softwares. This step also includes an option to create Hitachi Seiki body. The dimensions of created or loaded machine body can be seen at this step which is shown in Figure B.2.
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Figure B.2 Machine Body Setup

Pressing “Next” button moves the user to second step. Turret tool holder is defined here as shown in Figure B.3.. Turret tool holder is the machine component that carries tools. It can be moved in 3 dimensional space during cutting operation. The tool at the bottom side of turret tool holder is used in cutting operation. The other tools mounted on this component are can be used by rotating turret tool holder. Geometry and capacity of turret tool holder is defined in this step. The geometry of turret can be loaded from external files . Also standard Hitachi Seiki Setup is also available here. The buttons “Next” and “Back” are used to move forward and backwards in this setup process. 
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Figure B.3 Turret Tool Holder Setup


The next step is Turret Vertical Base setup. Turret vertical base is the component of turret that carries out vertical motions. Following that, Turret Horizontal Base setup is done. Turret Horizontal Base carries vertical base. It makes horizontal motion parallel to spindle rotation axis. Vertical and horizontal base setup windows are shown in Figure B.4 and Figure B.5 respectively. 

[image: image4.wmf]
Figure B.4 Turret Vertical Base Setup
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Figure B.5 Turret Horizontal Base Setup


The next step is used to define spindle geometry. Following that, Chuck setup can be done which are shown in Figure B.6 and Figure B.7 respectively. Chuck setup cannot be loaded from external files. However a detailed setup interface provides a good definition of chuck geometry. 
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Figure B.6 Spindle Setup
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Figure B.7 Chuck Setup

At last tailstock is defined as shown in Figure B.8. Tailstock geometry should be loaded from external files. Or standard Hitachi Seiki Tailstock can be used. Pressing “Next” button closes Machine Setup window. User can save the created setup to a file at this step
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Figure B.8 Tailstock Setup

Machine Parameters Setup is displayed at the end of Machine Setup as shown  in Figure B.9. There exist different machine parameters. A small information is displayed at the bottom of the window to inform the user about these parameters. “Apply Changes” button is used to apply the change in parameters. Without pressing this button, no parameter change occurs. 
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Figure B.9 Machine Parameters

User now can press “Next” button to go into the raw material setup as shown in Figure B.10. The geometry and chucking of raw material is defined in this window. User should first select the type of workpiece geometry. Some standard cross sectional shapes are provided to the user. More than that, externally created objects can be used as raw material by loading them in this window. The dimensions of material is displayed to the user. After completing the creation of raw material, chucking should be done. User can move, rotate and scale the material to mount it on the chuck as shown in Figure B.11. A tool alignment utility is available in this step. User can align the raw material using this utility as shown in Figure B.12   The chuck jaws can be opened, closed and rotated for mounting as shown in Figure B.13. At last tailstock can be adjusted in this window as shown in Figure B.14
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Figure B.10 Raw Material Creation
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Figure B.11 Raw Material Modification

[image: image12.wmf]
Figure B.12 Raw Material Alignment
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Figure B.13 Chuck Adjustment
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Figure B.14 Tailstock Adjustment


At last user can go into the Tool Setup window as shown in Figure B15. Tool setup is used to define geometry of tools and tool holders used in turning. There exist some standard turning tools and tool holders provided to user. Giving simple dimensions is enough for defining the tool geometry of standard tools and tool holders. When tool setup window is first opened, “Add New” button should be pressed to create a new tool and associated tool holder. When required dimensions are edited, “Ok” button should be pressed to confirm the dimensions to create the tool and tool holder. The tool offset window appears by pressing “Ok” button. The offset values of created tools can be set up here. The created tools are not loaded to anywhere in the machine. Tool Setup Number is given to each created tool and tool holder. To mount a tool and tool holder on turret or ATC, first the Tool Setup Number is selected to determine which tool and tool holder is to be mounted. This can be done by slider on the top left position of the window. Then the location on Turret or ATC is selected by corresponding sliders. “Load to Turret” or “Load to ATC” buttons are pressed to mount the tool and tool holder. A tool information box is placed on the right side of the window to show the information of the tool also. Using Tool Setup No slider changes the selected tool and displays the information about it. When tool setup is completed, “Next” button is pressed.
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Figure B.15 Tool Setup

If the standard tools and tool holders are not enough for defining the geometry, “Custom” tool and tool holders can be defined as shown in Figure B.16 and Figure B.17 respectively. In custom tool setup, user can visualise 3D display of tool. “Open Tool Editor” button opens a new window for defining custom geometry. The tool object is composed of Body and Cutter. Body is the holder of cutter. The body geometry can be created, loaded and modified in this window. Modification includes, translation, rotation and scaling. The cutter design is more sophisticated. End points of circumference lines of cutter are defined in 2D. Each point has Z and X values. 3 and more points define a 2D region which also defines the cutter shape. Width is the width of cutter and offset is the distance of cutter surface from Y=0 axis. The 2D points are displayed on the left hand side of cutter setup controls. When cutter shape is obtained “Update Cutter in Display” button is pressed to show the cutter in 3D display. In 3D display, the cross sign shows the connection point of the tool to the tool holder. When cutter and body are completed, “Create Tool” button is pressed to copy the information to Tool Setup window.  In Custom Tool Holder Editor window tool holder geometry can be loaded from external files. Loaded geometry can be modified like moving, rotating and scaling. An important feature of the tool holder is its connection points. Tool holder is connected to turret and tool. The 3D distance and position of these points can be defined in this window. The 3D display also shows these points by crosses. The orientation of connected tool can also be defined here. An check box is used to specify whether the tool holder is a rotatable one or not. When tool holder is completed, “Create Tool Holder” button is used to copy this tool holder to the tool setup window. 
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Figure B.16 Custom Tool Cutter Setup
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Figure B.17 Custom Tool Holder Setup


By completion of tool and tool holder setups, tool offsets are to be defined by using Tool Offset window as shown in Figure B.18 An additional utility called “Offset Assistance” is used to define tool offsets easier as shown in Figure B.19.
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Figure B.18 Tool Offset Window
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Figure B.19 Offset Assistance Window


After the completion of tool setup, NC Code Editor window appears as shown in Figure B.20. NC Codes are edited in this window. The code lines can be deleted or modified in this window also. 
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Figure B.20 NC Code Editor
b.2.Simulation

When NC Code is completed, several windows appear in the screen as shown in Figure B.21. Simulation window is used to start, pause and stop the simulation task. It shows the machining information like turret position, coolant condition and active tool number. The collision checks to be executed during simulation are also determined in this window. There is a Workpiece View window at the bottom right. This window shows the geometry of the workpiece during simulation. The “Refresh” button  refreshes the geometry of workpiece. If “Refresh Realtime” check box is selected, the geometry of workpiece is updated continuously. The cross sectional view of the workpiece is also available by using corresponding check box. Simulation is started by pressing “Run Code” button. When an error occurs, a message box is displayed and shows the cause of error. To stop the simulation “Stop Code” button is used. Simulation process can be paused at any time by using “Pause Code” button.

[image: image21.wmf]Figure B.21 Simulation View
