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Lab 1:  Vertical Mill Orientation
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Laboratory Goals

· Intents of the MT-211L and MT-212L Laboratory Experience

· Explain Grading Criteria

· Present Project Management Principles (laboratory notebook)

· Provide resource for documenting and tracking developments

· Provide students with access to Project Management Handout

· CNC Tool Operator – Employment, Skills, & related Engineering Presentation

· Familiarize students with the Lab Safety Standards

· Familiarize students with the concepts of “algorithms”

· Familiarize students with the Boxford 190VMCxi CNC Vertical Mill

· Perform vertical mill operations using manual controls

· Post-Lab Assignments

Pre-lab / lab reading

· REVIEW this document and obtain writing materials as described below.  Be prepared to setup the Project Management Binder.
Equipment needed

· 3 ring binder

· or an online account to save all laboratory work

· black or dark blue pen/pencil

· or terminal interface with online account

· 190VMCxi Boxford Vertical Mill and attachments

· or access to Boxford/BobCAD software for simulation

· Computer Related Support

· Computer with network access

· MicroSoft Word

· MicroSoft Excel

· Boxford Software

Parts needed

· If a computer is unavailable, 15 sheets of printer paper and access to Project Management Binder worksheet documents on the network

· http://MT211L.pbwiki.com

· or optionally access and fill out the online forms and save a tree

Lab safety concerns

· No Horseplay

· Safety Presentation will be provided

1.  Laboratory Intents

These laboratories are designed to ultimately provide you with the ability to operate within, and setup, a manufacturing environment.
You are encouraged to embrace teamwork and project management skills so that by the middle of MT-212L, you can work independently in managing many levels of project research, design, development, manufacturing, quality control, and the related analysis.
These skills are useful in other areas such as business development, engineering, science, and even politics.  Some of the areas you will become proficient in are:
· Practical knowledge for operating within a CNC environment

· Relating AutoCAD to the manufacturing environment
· Develop Project Management skills to:
· multi-task concurrent projects

· evaluate complex management relationships

· coordinate many levels of priorities

· learn to utilize human resources

· better understand team synergy

· give credit where credit is due

· utilize team member strengths

· develop communications with team members

· tie actions to communications

· be introduced to current corporate practices

· logically organize collected data

· track commitment progress

· maintain a predictable schedule

· understand the purpose and deliverables of a project
· …
· Develop the ability to 

· be given a directive

· seek out related relationships

· build a knowledge base

· organize data

· analyze data

· iterate development

· and share information
Laboratories 2 through 20 require at least 2 hours of preparation before class to adequately be prepared.  Always review the next lab “immediately” after completing a lab.
As you will see, failing to prepare harms your classmates.  These laboratories are specifically designed to promote Teamwork and develop skills in Project Management.

2.  Grading Criteria

· Laboratory Data
100 points (max)

· Professionalism Awards - Total Points Assigned
+/- 100 points


· Conditions that affect the entire 3-member team


· Member failing to contribute (each occurrence)
-5 points

· Apparent personality conflicts
0 points

· Any Team Member missing vital PMB information
-1 point

· Incorrectly entered information
-1 point

· Detailed developments
+2 points

· Developments include calculations/procedures

· Students must inform instructor of special efforts

· Instructor approved lab improvements by team members
+10 points


· Conditions that affect the individual

· Member failing to contribute (each occurrence)
-10 points

· Any information unreadable by instructor
-5 points

· Exceptionally clear and complete developments
+20 points

· Exams may be announced, or given without notification
+100 points

· Laboratory Exercises (each)
As noted in Lab Worksheet

· Missing a laboratory (member failing to contribute)
-100 points
· Failing to complete pre-lab requirements
-20 points


· Extra Credit (performed after class)
+50 points

· This provides a mechanism for teams to make up points for 

members that fail to contribute to team developments

· More than one Extra Credit exercise can be done

· Significant effort is required to complete these exercises

· Project Management techniques used (subject related to current or future labs)
· Project Management Binder (separate project section in PMB)
· Result Management tools used competently
· Priority Matrix/Decision Making Matrix
· Sequence/Procedure Analysis

· Metrics Established and Documented

· Logical development documented

· Conclusions Presented

· Improvements Considered

· Recommendations Presented

· Team effort is allowed

· Every member will get +50 points for their involvement

· Every member MUST contribute significantly & initial their contributions
· Each member will be quizzed on their contributions
3.  Project Management Binder (laboratory notebook on steroids) 
(10 points)
The Project Management Binder (PMB) is the parking structure by which all data is parked.  Without a good data management system, finding a piece of data developed by another team weeks earlier, would be like being handed a key for a Ford and being told to go find my car.  The PMB has a Table of Contents that points directly to the level, row, and slot that any of the diverse data you develop can be found.
“Project Management” is pseudo-synonymous with 

“Concise and Complete Documentation”.

Put the saved PMB from MT-211L in a binder (electronic or hardcopy) and add projects of MT-212L appropriately.  If you have lost your PMB, get one of your backup copies.  Worst case, copy the PMB of your team member and update it with your extra credit developments.  If you and your team are documenting things effectively, and sharing information as you are supposed to, your PMB will only be different because of the order of incremental developments entered.

One effective technique is to have a Team PMB where each member copies and pastes their initialed individual contributions to the team binder during each lab.  Then each member saves an incremental copy of that Team Binder in their own password protected account.  At the beginning of the next class, import the Team Binders from at least two members and compare the date, time, and file size to make sure you don’t inadvertently loose data; continue data entry.
(JBD) Ensure to initial your contributions.  This should also be reflected amongst all team members.  At the beginning of every sequence of your entries, type your initials surrounded by parentheses.  If it is a group developed contribution, just put those involved.  If the instructor asks someone who is cited as having been involved something about the development and they can’t answer, 5 points will be deducted from the lab of ALL team members.
If you maintain an on-line PMB, ensure backups are made on different computer servers, and periodically save an incremental copy to another storage facility like a USB memory stick.

Alternatively, maintain a 3-hole punched paper and binder of the PMB; if copies are needed get them at some copy service other than the college facilities.  Although the hardcopy PMB is useful for collecting and manipulating quick sketches and vendor spoken data; the electronic PMB can be copied, saved, shared with team members, and even have live-linked data from spreadsheets entered.  You will probably develop a hybrid, where most of your development is electronic, and handwritten notes and sketches are given a serial number at the top right corner and are noted in your electronic PMB under Data Resources.
No excuse will be accepted for not having an up-to-date PMB accessible within the laboratory.  The instructor will review student PMB’s from the instructor’s computer.
A Student not able to present their PMB to the instructor for review, BUT Team Members have documented that Student’s contributions to the team effort (drift wood), will have 0 points deducted from their laboratory score.  The student is expected to copy all related work into their PMB before the next Lab session or 10 points will be deducted.

To reiterate, these labs are Team oriented and every person, at all times during the labs, must be actively participating in some team exercise !

Any member not contributing significantly to team efforts AND without an up to date PMB (dead wood) will lose 15 points for that lab.  Students can make up some of the lost points by putting extra effort into project evaluations and bringing it to the attention of the instructor.

Wherever practical, enter data on the Boxford computers only when necessary, and even then transfer the related material via the network/memory-stick to your PMB directory.  Do NOT do ANY analysis on Boxford computers; get off as soon as practical for the next team.

An effort will be made to minimize any hardcopy data so that as much as practical, this course can be paperless.  AutoCAD and other simulation packages produce digital outputs.  As do Boxford, BobCAD, MicroSoft Word, Excel, PowerPoint, …

If computer resources are limited, all worksheets for the Project Management Binder (PMB) can be downloaded at:

http://MT211L.pbwiki.com

The PMB worksheets provided are ONLY templates to work from.  If you find or derive a better method of entering and manipulating the related data, just present it to the instructor and get their approval before using your alternative.  If a better method is found, the individual will receive ten (10) points for laboratory improvement.  However, “Prettier” is not considered an improvement.
The following is an outline of the PMB content:

· Project Management Binder (you should be able to find data whenever asked)

· Calendar

· Deadlines

· Meetings

· Minutes

· Developments Discussed
· Issues of Each

· Action Items

· Deliverables

· Person Responsible

· Deadlines

· Daily log (optional)

· A running account of all work done contributing to the various projects

· Documents team member efforts for each project

· Can be used for writing reports of accountability

· Provides running accountability for legal issues

· Table of Contents – high level

· Including all high level developments

· Assigned Projects

· Individual Labs (1, 2, 3…)

· Collateral Projects

· Extra Credit Projects

· Related personal or professional interests

· Career development seminars

· …

· Exclude the contents of each Project

· each project section has its own Table of Contents

· Working Directives – high level

· Class syllabus

· Class curriculum

· OSHA requirements

· …

· Exclude the contents of each Project

· each project section has its own Working Directives section

· To Do List – high level issues

· Extra Credit project components
· Professional reading to be done

· Preparation for meetings or exams

· … 
· Exclude the contents of each Project

· each project section has its own To Do List

The preliminary entries into the PMB for EVERY project/lab are REQUIRED to be made BEFORE coming to class.  Don’t waste lab time with setup of the PMB in the lab.

· Project 1 (Lab 1)

· Cover Sheet

· Title

· Description

· Team Members

· Contact information

· To Do List for Project 1

· Deliverables for Project 1

· Table of Contents for Project 1

· Purpose of Project 1

· Developments

· Anticipated Project Developments and related worksheets (pre-lab)
· Actual Final Project Developments and related worksheets (post-lab)
· Supporting Information (make entries in the Project Table of Contents)
· Control Plan developments
· Result Management developments

· Priority Matrix 
· Design drawings

· G-code developments

· …

· Project 2 (Lab 2)

· …

When working on multiple projects, especially when there is more than one active project that you are involved in, you need a method of organizing and documenting your work, and to switch the focus of your thoughts, without the simultaneous and ever present distraction of other projects. Most projects are a series of smaller projects; the same can be said for business processes.

For an overview of what is involved with Project Management, read the handout at:

http://MT211L.pbwiki.com/f/Project+Management.doc
The project management techniques used within these labs have been reduced to be general purpose for engineering efforts.  Techniques such as Critical Chain and Six-Sigma can be found on www.wikipedia.com  if you are looking for more generalized project management techniques.

Under each projects’ Supporting Information section you are expected to characterize your developments.  This can be done in many ways, but the following provides a way of thinking regarding the collection and processing of data.

· Data Analysis

· Foundations for Analysis

· Why the data is to be analyzed

· What are the important points to be considered

· Define

· Document the procedures and steps currently used

· Establish critical points in the system that can be measured

· Choose points that reveal important relationships

· Incorporate the important points cited above

· Measure

· Document the points monitored above

· Look for inconsistencies

· Collect additional data if it is interesting

· Relate

· Contrast & compare

· Did the monitored data points adequately represent the processes?

· Can you see any potential improvements to be investigated?

· Provide Written Conclusions

Provide Written Recommendations 

4.  CNC Tool Operator – Employment, Skills, & related Engineering Presentation 

(10 points)
· A PowerPoint presentation will be presented to: 
· Summarize the skill set of a CNC Tool Operator

· relate the skill set of a Computer Numerical Control Tool Operator to Manufacturing considerations

· show the employment opportunities in this field of expertise

· Open discussion regarding the Presentation

5.  Lab Safety Standards
 (10 points)
· PowerPoint presentation relating the requirements for safe laboratory operations.
· Develop three (3) person teams

· Each student is to write down the name and contact information of each team member

· Write down the name, office hours, and contact information for the instructor
· Make a copy and give it to the instructor

· Open Discussion

6.  Concepts of Algorithms
(10 points)
“In mathematics, computing, linguistics and related disciplines, an algorithm is a sequence of instructions, often used for calculation and data processing. It is formally a type of effective method in which a list of well-defined instructions for completing a task will, when given an initial state, proceed through a well-defined series of successive states, eventually terminating in an end-state.”
http://en.wikipedia.org/wiki/Algorithm
In a sequence of descriptive statements, define the series of events necessary for opening a can of vegetables.  Do you see how this directly relates to programming a machine?
	N0010
	

	N0020
	

	N0030
	

	N0040
	

	N0050
	

	N0060
	

	N0070
	

	N0080
	

	N0090
	

	N0100
	

	N0110
	

	N0120
	

	N0130
	

	N0140
	

	N0150
	


7.  Boxford 190VMCxi Vertical Mill – Orientation and Manual Controls (30 points)
Students not directly involved with the following shall read through the BobCad/Cam tutorials until all students have been oriented on the Vertical Mill controls and component identification.

Focus upon determining how to massage an AutoCAD drawing (*.dwg)  so that it can be imported to BobCAD and a simulated toolpath created.

Hints:

· Create or select an AutoCAD drawing whose part is no larger than 75 mm x 100 mm

· Save your AutoCAD drawing as a copy

· In the copy, delete all references except the object outline

· Explode the drawing

· Save the drawing

· Import drawing into BobCAD

· Read the BobCAD tutorials related to importing AutoCAD files

· Select the Solids pull down menu

· Select Generate a toolpath

· Answer the questions

· Toolpath generated

· Export to Boxford

· Run a Boxford toolpath simulation

Compare and Contrast your findings, and document in your PMB

Use the Result Management Excel spreadsheet document the sequences you discovered

BobCad/Cam tutorials:  Should be installed on all classroom workstations
Collectively, try to 

Students teaching students the manual controls and components of the Vertical Mill

· Three students will accompany the instructor at all times.  

· As the first student is taught, that same student becomes the Student Instructor and will teach student #2.  
· Before student #2 begins teaching student #3, student #1 will get one of the students reading BobCad/Cam tutorials (student #4).

· Student #4 will watch as Student #2 teaches Student #3.

· The cycle will continue until all students have been taught, and have taught, all the other students.

The instructor will initially go through the following and then each student will teach the next student while the instructor watches and provides corrections.

· Identify each major component of the Vertical Mill
· Head stock

· Spindle

· Collets

· Collet release handle
· Demonstrate properly seated collet

· Demonstrate keeping collet seating clean

· X axis table and ways

· Y axis table and ways

· Z axis table and ways

· Lubrication

· Two drops of oil in each oil port and on each way AFTER cleaning

· Use a lightly oiled rag to wipe down all metal surfaces

· Cutting tools

· 2 mm ball end mill

· 2 mm end mill

· 4 mm end mill

· 6 mm end mill

· 8 mm end mill

· 25 mm facing tool

· Collet Caddy

· Numbers do NOT have any function

· Operator must know the cutting tool by visual inspection
· Air Delivery Nozzle

· Control valve

· Regulator

· Manual electric valve control

· Hazards

· Interlock

· Door must be closed to do ANY operation

· Identify each manual control on the Vertical Mill

· Power ON/OFF

· E-STOP

· Demonstrate Gentle operation of E-Stop
· Demonstrate Gentle reset of E-Stop

· Blue Cycle Reset button

· Home Position button

· Circuit Breakers

· Air Regulator

· Manual Air valve

· Air On/Off override

· Manual/Remote Operation

· CW Spindle speed

· Press once to set direction

· Press again and hold to start increasing speed

· Must press CCW Spindle speed to slow down spindle

· Hold down CCW Spindle speed to stop the spindle

· CCW Spindle speed

· Press once to set direction

· Press again and hold to start increasing speed

· Must press CW Spindle speed to slow down spindle

· Hold down CW Spindle speed to stop the spindle

· Spindle STOP

· Process STOP

· Important for stopping without interrupting cycle

· CYCLE START

· There are three (3) Cycle Start buttons

· Manual button on the vertical mill

· Green Cycle symbol in the Boxford software

· Pop-up generated by Boxford software

· Starts the next phase of a program cycle

· Is commonly pressed several times during a machine operation

· Home X, Y, & Z axis’

· Verify cutting tool is changed
· Verify workpiece is installed properly

· Start cutting operation

· …

· Table Speed Override

· CCW limit provides one-step incremental movement of tables

· X axis direction controls
· Extreme equipment damage can result from misuse of this control

· Use the Table Speed Override for controllable table movements

· Y axis direction controls

· Extreme equipment damage can result from misuse of this control

· Use the Table Speed Override for controllable table movements

· Z axis direction controls

· Extreme equipment damage can result from misuse of this control

· Use the Table Speed Override for controllable table movements

· Rapid override

· Extreme equipment damage can result from misuse of this control

8.  Manual Operation of Vertical Mill 
(30 points)
Each of the Vertical Mills and Lathes has very similar controls.  Students are to take turns and carefully perform the following.
On the 190VMCxi and WITH Instructor supervision, each student shall:

Ensure that the spindle and cutting tool at NO TIME touches any mill surface, to include the table, bench vise, and other milling machine surfaces.

· Ensure safety glasses are on

· Open the clear plastic cover
· Remove any workpiece from vertical mill and/or lathe
· Depending upon if you are on a mill or a lathe:

· Ensure lathe chuck does NOT have a handle connected

· Remove any cutting tool in the vertical mill spindle

· Use the collet release handle

· Put the cutting tool in the collet caddy
· Ensure bench vice handle is stored in tray

· Ensure no visible obstructions are present

· Close the clear plastic cover

· Gently rotate the Speed Override to 50% position (always the initial position)
· Turn power on

· Initiate an E-STOP

· Gently reset the E-Stop button by holding the base with your left hand and rotating the knob to the right with your right hand

· The button will pop out

· Press the Blue Cycle Reset button

· Wait 10 seconds or until the Manual/Auto light illuminates
· If not illuminated after 20 seconds, press the Manual/Auto button to illuminate
· Initiate a Home sequence (this is NOT the 0,0,0 position)

· Button with parallel diagonal bars

· Z axis will retract first

· Y axis will come out towards you next

· X axis will traverse to the extreme left limit
· CW Spindle speed

· Press once to set direction

· Press again and hold to start increasing speed

· Must press CCW Spindle speed to slow down spindle

· Hold down CCW Spindle speed to stop the spindle

· CCW Spindle speed

· Press once to set direction

· Press again and hold to start increasing speed

· Must press CW Spindle speed to slow down spindle

· Hold down CW Spindle speed to stop the spindle

· Gently rotate the Speed Override to CCW limit

· Attempt to move the X axis to the right

· No visible movement expected

· Gently rotate the Speed Override up 50%
· Attempt to move the X axis to the right

· Visible motion observed

· Use the manual axis’ controls to move the X table to the right

· Use the manual axis’ controls to move the Y table away from you

· Use the manual axis’ controls to move the Z axis, or spindle, down

· Use Rapid Speed at same time minus X axis button is pressed

· Fast movement to right observed

· Repeat for each axis

· Ensure all controls neutralized

· Power Off 

· Open clear plastic cover

· Use a brush and clean off all surfaces

· Dispose of metal shavings in metal can

· Dispose of plastics and wood in regular trash can

· OILY wood and plastic is put in OILY RAG trash can

· Put two (2) drops of lubricant on each side of each way

· Do NOT use more than two (2) drops of oil

· Use a very lightly oiled rag to wipe down all metal surfaces to prevent rust

· Remove cutting tool from spindle and clean spindle surfaces

· Clean, lightly oil, and stow all cutting tools in collet caddy

· Wipe off any excess oil

· Wipe light coating of oil across bench vise lead screw

· Next Student

· Instructor will watch each student perform the above once
· Students having been trained by the instructor will repeat the above on other machines once
· Then those students will supervise other not yet trained students as the instructor

Where time permits, begin assembling 3-person teams and the related project management binders.

9.  Post Laboratory Assignments

What would you recommend for improving this laboratory experience?

· Enter your comments at: http://xxx

Use the links provided above in Section 1, to download the worksheets for the Project Management Binder; as a minimum make the following entries:
· Enter each lab in the calendar and make notations for:
· Scheduled lab date/time changes

· Team meetings

· Holiday conflicts

· Scheduled time off for the instructor or a team member

· …

· Enter any high level “To Do” entries that are not specific to a particular lab in the high level “To Do” section
· Study groups

· Research interests

· …

· Create a Project 1 section (Lab 1)

· Review results of Lab 1 and make entries to notate weak points that need more investigation by you after the lab
· Create a Project 2 section (Lab 2)

· Review Lab 2 and make the appropriate entries necessary in anticipation of completing the pre-lab requirements
· Lab 2 “To Do” entries
· Anticipated results to compare with actual work done in Lab 2

Do NOT collaborate with Team Members before entering your information individually into the Project Management Binder.  This will help ensure that multiple minds are working on each lab; so when you compare results you will have a stronger source of information for completing post lab write-ups.
Clearly print all documentation entries so that ANYONE can read it.  The less time it takes for a team member to read and understand your entries, the less time you will spend on a project.  Engineers never have enough time, so work smart.
After setup and making the appropriate entries in your Project Management Binder, contact your Team Members and compare results.  Collaborate to provide complete information in all team project binders.  

Sharing information is definitely allowed; and required.


















