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Lab 9:  Methods of Manufacturing (Part 2)
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Laboratory Goals

· Evaluate Cart Caster Adapter (CCA) AutoCAD drawing as a Team of Teams
· Create a Tool Operations Sheet for the CCA

· Export CCA to CAM software and Simulate Toolpath

· Manufacture CCA

· Iterate Manufacture of CCA and iterate Design Improvements

· Evaluate the Results achieved by Team Efforts in producing the CCA

· Post-Lab Assignments

Pre-lab / lab reading

· Use the Project Management Handout provided in Lab 1 to assist in optimizing manufacturability of the Cart Caster Adapter
· Research methods, as well as tips & tricks, for
· Providing the customer with an improved product
· Better tolerances
· Better product for the intended application
· Lower cost
· Better functionality
· More robust
· …
· Reducing the cost of manufacturing
· Reducing setup time
· Better jigging
· Reducing machine time
· More accurately controlling
· Spindle speeds
· Feed rates
· Less tool wear
· Reducing dimensioning verification time
· …
· Provide better staffing allocation (increasing productivity)
Equipment needed

· Computer with network access

· AutoCAD

· BobCad/Cam

· Boxford Software

· Boxford 190VMCxi and Boxford DUET

· All related cutting tools identified in the related CNC Operations Sheets

· 2 of the 6mm slot drills

· 2 of the 8mm slot drills

· The two (2) drill sizes cited in the CCA AutoCAD drawing 

· Cutting fluid for drilling holes in aluminum

· Lubricating Oil for the Ways

· Oil Can

· Safety Glasses for every student and the instructor

· First Aid Supplies

Parts needed

· 16 billets of aluminum 1” x 1” x 3”

Lab safety concerns

	· sharp edges produced on milling Blocks

· sharp edges produced on milled refuse

· oil splashed or wiped into the eyes

· air blowing particles into the eyes

· projectile from broken tooling
	· projectile from launched billet

· projectile from launched milled refuse

· trip hazards

· fire from discarded oily rags




1.  Evaluate the Cart Caster Adapter design as a Team of Teams
Remember, there are multiple 3-person teams.  Assign work to different teams based upon what you’ve done in previous labs for developing the Tolerance Example Blocks.

· No person will have “nothing to do”; any person just sitting around doesn’t want to get involved.  Deduct five (5) points from each person who isn’t engaged in some part of a team effort.  You must actively seek involvement!
Team effort is an on-going process.  You may have to appoint a Team Leader for keeping everyone involved and to track all developments.  As such, the Team Leader will not be directly involved in any actual brainstorming or manufacturing process; but the Team Leader will be the busiest person on the team.

Using the PMB and Material History sheets are EXTREMELY important for the next two laboratories.

· Organize your entries well; if you can’t find it, you can’t benefit

· Make notes and focus on improving manufacturability of the CCA

Use a Computer Display Projector; display the present version of the Cart Caster Adapter (CCA) AutoCAD drawing.

· Present the


· Detailed purpose of the CCA (10 minutes)
· Application

· History of failures

· Application environment (10 minutes)
· Cart maximum load

· Material dimensions

· Actual dimension variability

· Customer concerns

· Collectively determine the different areas where CCA manufacturability can be improved (15 minutes)
· Resources for guidance

· Brainstorm with other Teams/Members/Faculty
· Research internet sources
· Find guest speakers (for Friday between Lab 9 and Lab 10
· SIPI Business Department

· UNM

· Local Companies

· …

· Billet material
· Cutting tools

· Machine performance

· G-code manipulation

· …

· Document all insights and relationships on the whiteboard
· Transcribe to a Word document and distribute with email after Lab 7
· Students are to collaborate to make improvements to the CCA design

· Both during Lab 7 and as a pre-lab requirement for Lab 8

· Students are to collaborate to make a jig to improve productivity

· Use AutoCAD to document the jig design

· Export to BobCad/Cam for developing a toolpath and simulation

· Manufacture the jig on the vertical mill

· Copy, change the revision number, and modify each AutoCAD drawing of the CCA to reflect improvements

· Make sure to make entries in the Material History data sheet for each revision and why the revision was made
2.  Create Tool Operations Sheet for the CCA

· Create a “Tool Operations Sheet” for the CCA
· See page 193 of the textbook for an example


3.  Export AutoCAD drawings to CAM system, tool setup, and simulate

· Import the AutoCAD drawing of the CCA 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.

4.  Manufacture a Cart Caster Adapter
· Remember to record the time at the beginning and end of manufacture so that you can identify and support process improvements

· Belief without metrics is self-deceit

· In Teams of three (3), have two (2) teams, one on each vertical mill, manufacture a CCA.

· While one person is running the machine, the other two should be brainstorming (do not distract the operator running the vertical mill) as to how to improve manufacturability of the CCA

· Jigging

· G-code modifications

· Cutting tool variations

· …

· After manufacture, take measurements and document tolerances

· Make adjustments in the AutoCAD, G-code, jigging and processes to reflect changes for improving manufacturability

· Install the CCA on an actual cart

· Investigate how the CCA interfaces with the actual cart

· What are your teams’ recommendations?

· Have a meeting with other teams to brainstorm and develop a revision to produce an improved CCA

· How many CCA can be produced per hour?

· What are the relationships between units per hour and quality of the CCA?

· How can the CCA manufacture be modified to improve its:

· Functionality

· Durability

· Low cost of production

· Increase perceived value to the customer

· …

· 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

6.  Evaluating Achievements
As a result, there have been many improvements in streamlining processes, providing tighter tolerances, and developing greater productivity.
Categorize and list Team achievements since the first laboratory.

Take some time and effort in evaluating the Material History data sheets to glean potentially new areas where improvements can still be made.

7.  Manually Entering G-code

Thus far we have relied upon the automated features of BobCad/Cam and Boxford CAM software.  However, there are times when G-code has to be developed and modified to accomplish unusual tasks that the automated tools can neither detect nor compensate.

· Open Boxford CAD/CAM Application

· Select 190VMCxi

· On the MENU bar select <Settings>, <Current User>, <Advanced User>

· It will ask for a Password, leave it blank, select <OK>

· The G&M top icon is now active and can be pressed to generate G-code manually

· Select the G&M top icon

· Material Type:  select <ALU>

· Workpiece dimensions: X<75>, Y<75>, Z<25)

· Metric: checked

· Notice the arrows to the right of “Metric”, this allows for other shapes of billet

· <OK>

· You can now enter G and M codes manually and simulate your program

· Pressing the Play button runs the entire program
· Chapter 10 will discuss how to use Word Address Programming (G&M codes)

8.  Post Laboratory Assignments

What would you recommend for improving this laboratory experience?

· Enter your comments at: http://xxx

Meet with Team Members and correlate all data generated so that each Team Member gets maximum benefit

Use Section 7 and practice entering G and M codes and running a toolpath simulation.  For an example, see page 266



















