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Lab 5:  CNC Drawings & Manufacture
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Laboratory Goals

· Review findings of Lab 4

· What can be improved?

· Verify PMBs are functionally setup with entries made from Lab 4.

· Any vital data shall be entered by the end of this laboratory

· Verify that student is able to modify the Title Block structure in AutoCAD

· Student Teams are to design “Tolerance Test Blocks” and document those designs in AutoCAD in a format that can be exported to CAM software.

· Create CNC Tool Operation sheets for each Block to be manufactured

· Extra Credit:  Create a CNC Programming Sheet for one of the Blocks

· Simulate the manufacture of each developed Block

· Begin manufacture of one (1) of the Blocks if time permits

· Post-Lab Assignments

Pre-lab / lab reading

· AutoCAD:  Review techniques for making drawings
· Modifying Title Block structure
· Working within layers
· Making 3D drawings
· Hiding layers
· Exploding line segments
· Saving drawings as *.dxf
· Review the lab content below carefully and document your insights in the PMB under Lab 5.  Saving time in this Lab is crucial, which means each Team member needs to anticipate what needs to be done and be prepared.
Equipment needed

· Computer with network access & AutoCAD available

Parts needed

· none

Lab safety concerns

· none

1.  Creation of Title Block in AutoCAD for Tolerance Specifications
This exercise is intended just to make sure that each student understands how to modify the structure of a Title Block template.

· Open AutoCAD

· Open the SIPI standard Title Block

· Ensure Title Block meets the standards for specification of Tolerancing

· Save the Title information and tolerancing on a layer different than the object

· Save this new Title Block as a template

2.  Develop “Tolerance Example Blocks” and document them in AutoCAD
· The following table lists all of the “Tolerance Example Blocks” to be produced:
	00: Position
	06: Symmetry
	12: Total Run out

	01: Straightness
	07: Diameter
	13: Profile of Line

	02: Flatness
	08: Circularity
	14: Profile of Surface

	03: Parallelism
	09: Concentricity
	15: Max Material Condition

	04: Perpendicularity
	10: Cylindricity
	

	05: Angularity
	11: Circular Run out
	


Table 1: Number & Tolerance type of each Block to be designed and machined
· In Teams of three (3), use your developed understanding of how each tolerance in Table 1 is measured, and design a “Tolerance Example Block” for each:

· All Blocks will be designed and drawn during this lab

· Document in all drawings that the Block is to be manufactured from 
a 1” x 1” x 3” aluminum billet
· Ensure that the designs allow enough cut clearance for measuring instruments to take measurements without binding

· Ensure cuts are deep enough that measuring instruments will fit, but not so deep that excessive time is required for machining

· Engrave the number associated with the tolerance type from the table above (example: 09 to identify concentricity) 
· using ½” high numbers 
· using a 2 mm slot cutting tool
· ½” from the left end of each Block
· 0.1 mm deep
· top of numbers closest to end of stock
· end of stock oriented to the left

· As an agreement amongst ALL TEAMS, determine a common Font to be used (limit this decision to no more than 2 minutes)

· Use standard tolerance symbols and save each design in separate AutoCAD drawings (*.dxf)
· Before saving

· hide all layers except the object outline

· Select ALL line segments

· EXPLODE the object segments

· Save the drawing

· This will set up the drawing for export into the CAM software

Team Effort 
· RECORD THE TIME “USED” FOR ACCOMPLISHING ALL TASKS

· Record the time when the Teams first meet to develop a strategy
· The total time will be compared with previous class efforts

· Summer 2008 – data not available

· Fall 2008

· Spring 2009
· The teams will be producing ALL of these Blocks on the CNC Vertical Mills in Lab 6

· If the Teams are unorganized, or do not act with focus, they may not finish the Blocks in the time allowed

· Because this is a TEAM effort, it is a TEAM grade

· Acting without thinking will not get the job done

· If milled incorrectly, the Block will need to be remanufactured

· If the design for the tolerance to be measured is faulty, then a redesign will be required, and the newly designed Block manufactured

· What can be done to coordinate all of the Teams to simplify this total effort?  Simplifying the effort means less time needed overall.

· Document your findings in your PMB under Lab 5.

· Share your concepts amongst all teams

· A 10 minute Team meeting, followed by a 10 minute “ALL Teams” meeting can help bring these issues forward

· Having more time to complete a lab means:

· Less stress

· More accurate results

· In industry, more dollars per hour

· Think in terms of eliminating a duplication of efforts

· Think in terms of an assembly line

· Think in terms of sharing information

· Think in terms of ONLY cutting what is necessary to generate the desired block

· Consider revising a design if it requires less cutting to produce a Block that provides for the same purpose

· Teams should be taking advantage of cooperative team efforts in the design, and drawing, of these “Tolerance Example Blocks”.
· Do NOT DUPLICATE efforts

· When one Drawing border and the 1” x 1” x 3” block has been drawn, distribute it to ALL teams

· So only one team should be creating the initial rough drawing

· The other teams should be developing the individual designs

· Collectively, determine which teams are going to be responsible for producing which of the Block designs 
· Record the assignments in the PMB under the Lab 5

· Limit this decision to no more than 5 minutes in team effort
· If the distribution of effort hasn’t been decided within 5 minutes, than sequentially assign each team entries out of Table 1

· Have one or more 10 minute (or less) meetings and discuss methods of accomplishing the development of each Block assigned to your Team; work quickly and accurately.

· There is no penalty in this exercise for sharing information.

· Record each of the Meeting Minutes (highlights) in your PMB under Lab 5.

· Record any resulting Action Items cited in your PMB after the Meeting Minutes
· Only after ALL of the Blocks assigned to your team are designed on graph paper

· Get the Drawing Border template from the team with that assignment

· Each team member individually transfer the developments assigned to their team from graph paper to AutoCAD drawings

· Enter a Unique drawing number for each block

· Assign version number 000 to the template drawing for your Team

· Assign version number 001 to your first Block development

· Record on a sheet of paper labeled “Drawing Revisions” a written description of why and what changed from the previous version

· This helps ensure that new versions do not overwrite previous change considerations

· Verify that each AutoCAD drawing meets the specifications cited above

· When a Team finishes their assigned Block developments

· BACKUP your work by emailing it to the Instructor

· In the email Subject, type the number and Tolerance Type that your drawing represents

· This allows the instructor to track development progress

· This helps prevent students from inadvertently losing their work

· Ask the other Teams if they have any Blocks not yet developed
· Work as cited above to develop these Blocks

· If there are no undeveloped Blocks

· Ask the other Teams if they have any Block developments that need to be entered into AutoCAD

· If ALL Blocks are drawn or in the process of being drawn
· Ask the other Teams to review your AutoCAD drawings to see that your drawings meet the specifications cited above

· Review other Teams AutoCAD drawings to see that their drawings meet the required specifications

· ONLY AFTER ALL DRAWINGS HAVE BEEN COMPLETED WILL ANY TEAM BE CONSIDERED TO HAVE FINISHED WITH THIS PHASE!   The clock continues to run until all sections and phases are finished.
· Help any Team or Team Member who is struggling to complete their assigned tasks

· If a Team or Team Member is excessively struggling or does not seem to have the development and/or drawing far enough along, ask them if you can assist

· Get the instructor involved and use the tools cited in Lab 1 for Result Management if a solution does not seem to be forthcoming
3.  Instructor Verification of developed “Example Tolerance Blocks”

· After ALL the AutoCAD drawings are produced, or it seems that the Teams still working on the drawings will complete them on time

· Have the instructor verify each completed AutoCAD drawing

· Correctly filled out Title Block

· In Note Section

· All Team Members that designed the Example Tolerance Block

· Team Member that entered the design into AutoCAD

· Other Team Members that Reviewed the completed drawing

· Correctly configured Tolerance Example Block will list the tolerance type and range expected to be measured

· If special instructions are required for measuring the required tolerance, make the appropriate notations.

4.  Create Tool Operations Sheets for Each AutoCAD Drawing

· Create a “Tool Operations Sheet” for each Block to be produced

· See page 193 of the textbook for an example

5.  Export AutoCAD drawings to CAM system, tool setup, and simulate
· Import the AutoCAD drawing of each Tolerance Example Block into either:

· BobCad/Cam

· Boxford Cam

· Perform the appropriate tool configurations and then simulate the toolpath.
· Correct any collisions.

· Perform a dry run on the 190VMCxi without tooling to verify the possibility of machining the block properly.

Record the Time and compare to the time when this laboratory began

Also record the number of Team Members contributing to this laboratory exercise

6.  Manufacture One (1) of the Tolerance Example Blocks

· If time permits, begin manufacturing one of the Tolerance Example Blocks on each of the available Vertical Milling Machines
· Use the same Block on both machines
· Make “very” detailed notes about each machines’ setup so that ALL Team Members can benefit from what is learned about the differences between the two machines
· Precise position of where the drawing top left corner coincides with the bench vise

· Calibration of tool offsets

· Differences in manual controls

· …

· Coordinate Team efforts for making Lab 6 run smoothly

· Make appropriate entries in the PMB

· Don’t forget to include:

· Meeting Minutes regarding coordination

· Action Items

· Any related time lines, sequences, or other developments

7.  Extra Credit: Create CNC Programming Sheet (50 points)

To be performed AFTER the last section of this laboratory


Create a “CNC Programming Sheet” for one of the Blocks to be produced

· See page 206 of the textbook for examples

· Although this is ahead of the scheduled chapters for the textbook, it is an appropriate time for students to think in terms of what needs to be anticipated for the machine to manufacture parts step by step

· Write the G-code for machining one of the Blocks you designed.  Enter your CNC Programming Sheet into your PMB for Lab 6

· You are not expected to get everything correct, but make an effort.  As a minimum the G-code generated should use 2 different cutting tools 

· When simulating the toolpath for the above developed Blocks, the system automatically generates G-code

· How does your G-code differ from that produced by BobCad/Cam or the Boxford Post-Processors?

Enter your observations in Lab 6 and present your Extra Credit work to the instructor for review 

5.  Post Laboratory Assignments

What would you recommend for improving this laboratory experience?

· Enter your comments at: http://xxx

PMB:
· You have been using the PMB for five (5) weeks to coordinate efforts with your Team Members and document your developments

· This is the last formal notification for entries in your PMB

· The instructor will continue to review your PMB for entries
· Missing entries will affect the Team grades given
· Review results of Lab 5 and make entries to notate weak points that need more investigation by you, following the lab
· Create a Project 6 section (Lab 6)

· Review Lab 6 and make the appropriate entries necessary in anticipation of completing the Lab 6 pre-lab requirements
· Lab 6 “To Do” entries
· Anticipated results to compare with actual work done in Lab 6
· Meet with Team Members and correlate all data generated so that each Team Member gets maximum benefit



















