ME363  PROJECT 1

Due:  Oct. 16

END MILLING PROCESS SIMULATION ASSIGNMENT


As a manufacturing engineer working for a major aerospace company you are responsible for developing efficient process plans for producing airplane components.  A process plan typically contains the following information:  sequence of operations (machining, welding, assembly, etc.) required to transform raw material into the final shape established by design, the machine tools on which the operations must be performed, processing conditions, fixturing method, tooling, etc.


Your present task is to develop a process plan for an airframe component made of 7075-T6 aluminum that requires a significant amount of machining.  The initial workpiece shape consists of a 12 inch long by 12 inch wide by 2-inch thick slab.  You have identified end milling as one of the operations suitable for machining a step feature along one edge of the slab as shown in the figure below.  The cutting tool available for the operation is a coated carbide end mill with a bending strength of 45 Kpsi.  The geometry of the end mill is as follows:  0.75 inch diameter, 4 teeth, 30 degree helix angle, 10 degree radial rake angle, 3.625 inch projection length.  The axial depth of cut and spindle speed are fixed at 0.5 inch and 1000 rpm, respectively.  The width of the step (the total radial depth of cut) to be generated is 0.5 in.  Down milling is chosen as the milling mode.


Note that the end mill deflects elastically under the action of cutting forces (similar to cantilever beam acted upon by a lateral force).  The amount of deflection varies along the axis of the end mill and is typically largest at the free end of the cutter.  The deflection causes less material to be removed than intended and gives rise to surface form error on the workpiece.  This is illustrated in the figure below.  In view of this, the final maximum surface form error (SEmax) not exceed 0.0015 inch.  Use the End Milling Simulation (EMSIM) program (follow instructions on the next page) to determine the minimum number of tool passes required to produce the step feature within the required tolerance and without breaking the cutting tool.  Assume that only the feed per tooth and radial depth of cut can be varied to achieve the above objectives.  For productivity reasons the lowest allowable feed rate per pass of the cutting tool is 0.012 inch/rev (0.003 inch feed per tooth) while the upper limit is governed by the bending strength of the cutting tool.  The feed per tooth and the radial depth of cut for each tool pass should be selected so as to maximize the material removal rate.

Note:  The cutter fails when the bending stress induced in the cutting tool exceeds the given bending strength of the cutter material.  If you think you will need multiple cutter passes (e.g., roughing followed by finishing) to produce the step feature, make sure that the maximum surface error (SEmax) for the roughing pass does not exceed 0.004 inch.
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Figure 1:  End milling of a workpiece.

Steps to Access the EMSIM Program Via the World Wide Web (WWW)

· Use an Internet browser such as Netscape or NCSA Mosaic to access EMSIM.  If you are using a PC with Windows use the Netscape program.  If you have access to a MAC or a unix workstation, you can use either Netscape or NCSA Mosaic.  The EMSIM program is part of a Software Test bed facility for machining process simulation being developed at the Agile Manufacturing Research Institute that Purdue has participated in.
· In the File menu of the browser program, choose Open Location (Open URL in NCSA Mosaic) and enter the following address to reach the Software Testbed Menu:
http://mtamri.me.uiuc.edu/testbeds/testbed.intro.html
· Scroll down and click on Software Testbeds.  Select Introduction to EMSIM from the Software Testbeds Menu.
· After reading the introduction return to the Software Testsbeds Menu page and click on AN EMSIM 
Tutorial.
· Read carefully Sections I, II, III, IV, and V.  This will give you the background on how the End Milling process has been modeled in the simulation program.  You do not have to go through the

Additional Reading/References sub-section.

· Once you are done with the Tutorial sections, go BACK to the page where you found the link to An EMSIM tutorial.

· Scroll down and click on Running the EMSIM Program.

· Enter your details in the Pre-Simulation User log.

· Click on the EMSIM button to begin entering data for simulation.

· At this point you should ensure that settings on preferences for your browser are okay.  In particular, you need to make sure that the Verify Document setting under the Cache and Network option is selected as Every Time.  If you are using Netscape you can do this by selecting Preferences from the Option menu followed by Cache and Network (from the Set Preferences On Item).  Then select Every Time for the Verify Documents option.  Save the selected options.  NCSA Mosaic also has such an option.

· Choose the New Simulation option.

· Read the information about Static and Dynamic models and proceed by clicking on the highlighted line at the bottom of the page.  Remember:  the simulation runs you will be executing will all be Static.

· You will now have to enter the inputs for Workpiece Material, Cutter data, and Cutting Conditions.  You can use the default values for Runout Parameters and Simulation Parameters.

The simulation outputs of interest for this assignment are as follows:

· Plots of Resultant Force vs. Cutter Rotation Angle

· Plots of Bending Stress vs. Cutter Rotation Angle

· Plots of Surface Form Error

· Summary of Results

Since the software testbed facility is still under development, you may face some problems.  Some of these are given below.

· Although the program should allow you to save the values you input and the results you obtain for comparison with future runs, this feature may not work.  It is therefore advisable to either write down the results for each run and make hard copies of the relevant plots.

· You may be unable to access the EMSIM program due to network problems and then try accessing the program at a later time.

WHAT YOU NEED TO SUBMIT

· A two page (maximum) typed report.  Attach all relevant plots for each milling pass you determine necessary to machine the feature.  Divide the report into the following sections:  Problem Statement (in your own words), Solution Procedure, Results and Discussion, Conclusions.  Attach a table listing the machining passes determined by you with the corresponding feed per tooth and radial depth of cut values.
· It is very likely that each one of you will arrive at a different result.  So make sure that you turn in your own work.  You are however encouraged to discuss the problem among yourselves. 
· Also include a short write-up (on a separate page) on whether this simulation exercise helped you to better understand and appreciate the material on machining processes.  You can also include any suggestions/comments about the exercise itself.  If you wish to keep your comments anonymous, do not write your name on this sheet.
Note:  You cannot save input file and therefore get a hard copy printout.  
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