MT 211L



Lab 7:  Metrology
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Laboratory Goals

· Verify that student is able to read GD & T information from drawing Title Block

· Students will individually measure “Tolerance Test Blocks”
· Students will evaluate alternative methods of producing “Tolerance Test Blocks”

· Students are to critique the machine processes used in the CNC Tool Operation sheets for each Block manufactured

· The mechanical drawing for the “Cart Caster Adapter”(CCA) is presented
· Teams are given copies of the CCA AutoCAD drawing 

· Teams will systematically use Project Management concepts to iterate design and manufacturability improvements for 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.  Measure “Tolerance Example Blocks” and Material History

· The following table lists all of the “Tolerance Example Blocks” that were 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 designed and machined

· Set up all the blocks as individual workstations.  The appropriate measuring tool for making the related measurements should be collocated near each of the Tolerance Measurement Blocks.

· Lay a plain lined sheet of notebook paper upside down near each Tolerance Measurement Block.

· Each person will systematically:
· make the related measurement.

· Turn the page over and write their measurement followed by their printed name

· Turn the page over and go to the next work station

· After all measurements have been made by all students, each 3-person team will enter the Tolerance Example Block number, and all the values measured by everyone into a spreadsheet

· After all information is entered, merge all the spreadsheets into one spreadsheet

· Sort the spreadsheet by the Tolerance Example Block number

· Plot the data points for each Block number in a graph

· What do you notice?

· Distribution

· Outliers

· …

· What can you say about the likelihood of a most correct value?

2.  CNC Manufacturing and Apparent Variability

As you saw in the last exercise, the variability seen is often times a product of human error.  What can be done to limit the error introduced by humans?

· Make a list of all the instruments used for measuring the different types of tolerances.

· Under each list ways you believe human error can be reduced

· Get together 3-person teams and assign the different Tolerance Blocks to each team.
· Each team will spend 30 minutes looking for methods of eliminating human error from those related measurements

· One person in the textbook

· One person on the internet

· One person in the Machinery Handbook

· After 30 minutes get together and list what you found under each Block

· Develop a procedure for measuring each block so that measurements are consistent

4.  Controlling Human Error

Repeat Section 1

Compare the results

· How did the attempt to control human error affect the graphs?

If the parts were to be manufactured using the new measurement procedures:

· Would the part manufactured be closer in tolerance than before?

· Why or Why Not?

What other variability in manufacturing exits?

5.  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

Review the pre-lab requirements for Lab 8

Get on the internet and research manufacturing variability
A good article to start with is at:

http://www.manufacturing.net/article.aspx?id=7542&menuid=278



















