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Lab 4:  Machine Components Exam
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Laboratory Goals

· Review findings of Lab 3
· What can be improved
· Verify Project Management Binders (PMB) are functionally setup with entries made from Lab 3

· Verify Students Understand

· Identification and Function of all Hardware Components Presented

· Identification and Function of Boxford Software

· Identification and Function of BobCad/Cam Software

· Importing AutoCAD and BobCad/Cam drawings into Boxford Equipment

· Calculating Spindle Speeds

· Determining Tapping Characteristics

· Calculating Feed Rates

· Teamwork Characteristics

· Methods of Procedure Development

· Determine which method of procedure development is the most efficient

· Compare and Contrast

· Recommendations

· Post-Lab Assignments

Pre-lab / lab reading

· All previous laboratory content
Equipment needed

· black or dark blue pen (pencil is NOT allowed)
· blank lined paper

· 190VMCxi Boxford Vertical Mill and attachments

· Computer with network access

· Boxford Software

· BobCad Software

Parts needed

· None
Lab safety concerns

· Follow safety standards presented in Lab 1
· Wear safety glasses

· Always operate milling machine with hand directly over E-STOP

Part I.  Exam
(90 minutes)
(100 points)

The following exam is a TEAM examination.  
· This is a closed book and closed note exam.

· The manuals and tutorials for the software and equipment are not to be used during the examination.

· All of the CNC machines, Boxford CAM, and BobCAM software and equipment ARE ALLOWED to be accessed during the examination.

Although NO ONE is allowed to directly copy from any other student, anyone can be asked by any other person how to perform any function as part of this examination.

· Any student helping another student will PRINT and SIGN their name on any portion that they are going to help their team mate with; FIRST.  
· A student may ONLY help another student ONE time, but can help every student in the class once.
· If the information provided is incorrect, the students name remains.
· Scratching out a name results in point deductions regardless.

· Draw a single line through corrections; scribbled deletions will cost you points

· Make sure you need to ask, before you ask!
· One point will be deducted for each name signed on the exam answer sheets.

· Any exam with more than one occurrence of the same students name forfeits double the points involved.  Do NOT ask the same student twice.
· Students helping other students who fail to sign their name “FIRST” will forfeit that section of the exam.
· As always, the student is, and has been, encouraged to have reviewed and prepared for this laboratory prior to attendance. 

· 100 points total for this examination.
1.  Boxford Vertical Mill and Tooling 
(20 points)
The student is to take a blank piece of paper and name each component or draw the symbol of each manual control, mill component, cutting tool, mill assembly...
Put multiple parts and tools on each sheet (be concise in your descriptions, but include significant points).

Enter the name of the component (if you don’t remember the name of the mill component, quickly sketch it), describe its’ purpose, and when it is used.  The following table is an example of information required.  Use any format that the Instructor can easily read.

	Sketch
	Name



	Description


	When Used




Table 1: Example of Information Needed for Each Component
· Identify each cutting tool found on the milling machine (be specific).
· Identify the function of each manual push button and control used on the vertical mill.
· Identify the function of each physical mill component discussed since the beginning of this course.
2.  Boxford Software Components 
(15 points)
The student is to take a blank piece of paper and list step by step what is needed to be performed to:

1. create a simple drawing

a. assign tools

b. assign tool depths

2. export drawings to toolpath simulator

3. export toolpath (G-code) to the vertical mill
4. setup the machine

5. manufacture a part

3a.  BobCad/Cam Software Components 
(10 points)
The student is to take a blank piece of paper and list step by step what is needed to be performed to:

1. create a simple drawing

a. assign tools

b. assign tool depths

2. export drawing to BobCad/Cam toolpath simulator

3b.  Importing a Drawing from BobCam into Boxford Vertical Mill 
(10 points)
The student is to take a blank piece of paper and list step by step what is needed to be performed to:

1. import a drawing from BobCad/Cam into the Boxford software environment

2. perform a toolpath simulation
4a.  Calculating Spindle Speeds 
(10 points)
· What is the formula for determining the spindle speed for an end mill?
4b.  Calculating Spindle Speed 
(10 points)
· If an Aluminum billet calls for an optimal cutting rate of 250 feet per minute, what should the spindle speed be set at?

· Assume

· ¼” end mill

5a.  Calculate Tap Cutting Values 
(15 points)
· Given the requirement to tap a 1/2”-18 prepared hole in a 1” aluminum plate; 

1) What 2 pieces of information are necessary to manually control the tap operation along the z-axis?

   a)

   b)

2) What are the values associated with both a) and b) above:

   a)

   b)


Assumptions:
· Aluminum sfpm = 250

· 1/2”x18 tap ~1/2” diameter cutting surface

· 1 revolution per thread

6.  Controlling Feed Rates on Manual Vertical Mills 
(5 points)
· Associated with Feed Rates are the actual table positions in the X and Y axis’

· Using full size “manual” vertical mills, how are the actual positions and feed rates of the X and Y axis’ controlled/measured?
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7.  Controlling Feed Rates on the Boxford Vertical Mill 
(5 points)
· What are the options for “manual” feed rate control/monitor of the x-y axis’ on the VMC190xi?

8.  Team Development 
( 1/4 point for each Team concept provided)
· You’ve had many opportunities thus far to operate as a TEAM

· Create a comprehensive list of rules for operating as a team

END OF EXAM
CONTINUE WITH LAB 4 ON NEXT PAGE

Part 2.  Methods of Procedure Development
(10 points)

Based upon the information learned related to CNC tooling, CNC equipment, and the procedures for producing parts developed thus far, write a step by step procedure for machining a 1” cube with sides that are perpendicular.


Assumptions:

· 1” x 1” x 3” billet to be provided

Every desired result has qualities associated with its perceived outcome.  Without the presence of certain key qualities the result will NOT reliably occur.

Do not use other teams’ developed tools for this exercise.  The intent is to fairly evaluate which method of procedure analysis and development is the most effective.

For best results, each team should do its’ work in separate rooms to avoid accidentally hearing another teams efforts.

Attempt to be all-inclusive of manufacturing considerations related to the 1” cube.

In 3-member teams:

· Team 1 (30 minutes)

· Individually develop a sequence of steps to machine a square block

· Team 2 (30 minutes)

· As a team, develop a sequence of steps to machine a square block

· Team 3 (30 minutes)

· Use hands-on trial and error with actual equipment to machine a 1” square block

· Document every step in detail

The remaining teams must use the Result Management Tool for building their procedures

· Key concepts for working with the Result Management Tool

· What steps would need to occur to reasonably ensure those qualities will occur?

· All qualities are equally important because without key qualities the result will NOT occur with any certainty

· For each proposed step, what is your subjective judgement that each step relates to each result quality

· Sum each column

· Average the sums of the columns

· Sum each row

· Average the sums of the rows

· If any quality column sum is less than the average

· Investigate carefully that the quality is adequately represented by the steps proposed

· If any step row sum is less than the average of the rows

· Investigate carefully that the step might be changed to better promote the qualities

· Team 4 (30 minutes)

· As a collective team, use the Result Management Tool to develop a sequence of steps to machine a square block

· Team 5 (30 minutes)

· Individually use the Result Management Tool to develop a sequence of steps to machine a square block (10 minutes)
· Then, exchange your step/quality developments with another team member, and each team member document proposed revisions of their partner’s work (5 minutes)
	Proposed Revision
	Why
	Results on change in ∑’s

	
	
	

	
	
	

	
	
	

	
	
	


· Repeat with the next team member’s step/quality development (5 minutes)
· As a team, evaluate the revisions proposed, make changes accordingly 
( 5 minutes)
· Individually repeat the step/quality analysis (5 minutes)
Compare and Contrast
(30 minutes)
· Do the steps generated by any one team logically make more sense? 

· Why?

· What would likely have occurred if an individual had developed the steps?

· What did Teamwork contribute?

· What did the short meetings of Team 3 contribute?

· What did the Result Management Tool contribute?

· What did actual hands-on analysis contribute?

· Without the result management tool, are the qualities of the result adequately considered?

· What needs to be incorporated to provide for Continual Improvement?

· What are some of the risks for repeated failures in a manufacturing process?

· Related to:

· Equipment

· Tooling

· People

· Raw Materials

· …

Recommendations
(30 minutes)
· What are the collective recommendations of all teams related to:

· Working as a team

· Working as a team of teams

· Using the Result Management Tool

· How could the team efforts be improved?

· How can use of the Result Management Tool be improved?

Part 3.  Exam Review

If time permits, the students can ask the instructor questions about the exam and about the procedure development exercise.

9.  Post Laboratory Assignments

What would you recommend for improving this laboratory experience?

· Enter your comments at: http://xxx

Project Management Binder (PMB):
· Review results of Lab 4 and make entries to notate weak points that need more investigation by you following the lab
· Create a Project 5 section (Lab 5)

· Review Lab 5 and make the appropriate entries necessary in anticipation of completing the pre-lab requirements
· Lab 5 “To Do” entries
· Anticipated results to compare with actual work done in Lab 5
· Meet with Team Members and correlate all data generated so that each Team Member gets maximum benefit



















