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Lab 6:  Machining Tolerance Example Blocks
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Laboratory Goals

· Review findings of Lab 5
· What can be improved?

· Develop Material History sheets for each part to be produced

· Student Teams are to manufacture all of the “Tolerance Test Blocks”
· Verify Results

· Simultaneously the instructor will critique every student’s PMB

· Students will note and correct any short-comings

· Students missing vital data will be penalized 1 point per data item
· See Lab 1 for grading criteria of PMB
· Post-Lab Assignments

Pre-lab / lab reading

· Review carefully the differences between the 190VMCxi and DUET
· Develop procedures for matching the results expected between the two milling machines

· Ensure tool offset calibration is done on both machines

· Run a test to be sure the tools cut as expected

· Do an inventory to make sure everything is available for manufacturing

· Billet materials of the correct dimensions

· Cutting tools needed

· Safety glasses

· …
Equipment needed

· Computer with network access & AutoCAD available

· Boxford 190VMCxi and Boxford Duet

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

· 2 of the 2mm slot drills

· 2 of the 8mm slot drills

· 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.  Material History
By tracking the history of a product from conception, through design and manufacture, and out into the hands of the customer, from product birth to death, a tremendous quantity of variations can be tracked back to unsuspecting causes.

For example, as is recalled:  In the 1980’s a Chinook helicopter (dual rotor cargo hauler) dropped out of the sky.  Upon inspection it was found that the rear rotor gearbox lost lubrication and seized in mid-flight.  Material history allowed the manufacturer to trace the cause back to one person on an assembly line that had been violating procedures for assembly.  

The Assembly-person had been using a small globule of grease to assist in the assembly of difficult to manipulate gear assemblies. As a result the grease globule would free itself and plug a small lubrication vein for a bearing in the gearbox.

Over 100 Chinook helicopters were immediately grounded after determining when the Assembly person first worked on that related gearbox assembly line.  The helicopter gearboxes were removed and inspected for related damage and repaired; before further catastrophic failures.

Had it not been for maintaining detailed Material History of the helicopter manufacturing processes and products, there most likely would have been other in-flight failures.

Therefore, Material History is just an ethical part of Project Management.

Download and fill out a Material History worksheet for each and every part to be manufactured. 

http://xxx
2.  Manufacturing of ALL Tolerance Example Blocks

	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
	16: Least Material Condition

	05: Angularity
	11: Circular Run out
	


Table 1: Number & Tolerance type of each Block to be designed and machined

· Material History for each Block

· Name & Physical Description of each and every Block

· AutoCAD drawing number and version number

· Engineering Company

· Contact information

· Billet material description

· Vendor of billet material

· Contact information

· Fabricator

· All persons involved with manufacture

· Source of employment records
· Assigned tasks

· Location of documented procedures for fabrication

· Date and Time production of each Block started

· Date and Time production of each Block ended
· Actual measured material dimensioning

· Inspector name

· Measurements

· Date and Time
· Team Efforts

· There should be no Team Meetings at this point

· All problems should already have been worked out

· If the appropriate Team effort and Project Management has taken place, this will be a short laboratory

· If a problem arises, solve the problem as a Team of Teams


· Manufacture ALL “Tolerance Example Blocks”
· In Teams of three (3), use your developments to manufacture each of the “Tolerance Example Blocks”:

· All Blocks will be manufactured before the end of this lab

· Do NOT enter into any dangerous condition in the interest of expedience; injuries COST
· no injury is worth a couple of points

Save all Lab 6 related work on hard disk (g-code, AutoCAD, …). To be used later.
3.  Verify your work 

· Ensure that the AutoCAD drawings used to manufacture your Blocks are of the most recent versions.
· Record a serial number on each part manufactured by using a scribe  on the back of each block produced

· Reflect this number in the Material History of that part

· Check tolerances and make corrective notations in the Material History for each part produced

· Three-hole punch the Material History of all the parts produced and put them sequentially in a three-ring binder for the instructor

· Stack the parts produced on a rag, on the Instructors Desk

4.  Material Characteristics 

Learning to find machining information related to type of material is important for anyone wanting to machine various materials.  Every three person team will perform the same research.
Concurrently with the previous sections, and where teams have completed their assignments, or are waiting for access to equipment:

Machining characteristics of aluminum

· Select three (3) different grades of aluminum to machine:

· Mild

· Forge Tempered

· Cast

· Determine the related machining characteristics

· Sfpm

· Recommended cutting fluids

· Special practices

· …

· Every three(3) person team will distribute their research efforts to find this information (no more than 30 minutes for each team)

· Textbook

· Internet

· Machinery Handbook

Machining characteristics of steel

· Select three (3) different grades of steel to machine:

· Mild

· Forge Tempered

· Cast

· Determine the related machining characteristics

· Sfpm

· Recommended cutting fluids

· Special practices

· …

· Every three(3) person team will distribute their research efforts to find this information (no more than 30 minutes for each team)

· Textbook

· Internet

· Machinery Handbook

As a Team of Teams, collate the information found and determine the variability of the information provided.

· Is the information provided tight scientifically engineered specifications, or are they to be considered guidelines?

5.  Post Laboratory Assignments

What would you recommend for improving this laboratory experience?

· Enter your comments at: http://xxx

As a 3 member team, find at least one Tip or Trick through any resource to answer the following questions; and enter the questions and results in your PMB for Lab 7.

If you were going to produce the Tolerance Example Blocks as a set to be sold to retailers:

· What could you do to reduce the cost of manufacture?

· What could you do to increase control over the related tolerances?

Where information derived by the team may benefit other Teams, share the related information (email, spreadsheets, developed handout, …)
Review the Pre-Lab Requirements for Lab 7.



















