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Lab 2:  Coordinate Systems & CNC Software
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Laboratory Goals

· Review findings of Lab 1
· What can be improved
· Verify Project Management Binders are functionally setup with entries made for Lab 1

· Review work derived from Chapter 2: Exercises 2.13 through 2.18
· Coordinate Systems presentation and related exercises

· Review of UNITS and how it relates to coordinate systems

· Do manual paper and pencil exercises related to coordinate systems
· Perform vertical mill operations using software implementations
· Post-Lab Assignments

Pre-lab / lab reading

· Chapter 2: Exercises 2.13 through 2.18
· Boxford Mill Users Manual:  Scan through content
· BobCam Users Manual: Scan through content
Equipment needed

· Project Management Binder
· CNC Coordinate Worksheet (2)

· CNC ABS-INC Worksheet (1)

· black or dark blue pen (pencil optional)
· 190VMCxi Boxford Vertical Mill and attachments

· Computer with network access

· Boxford Software

· BobCam Software

Parts needed

· None
Lab safety concerns

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

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

1.  Coordinate Systems Presentation

The instructor will present Absolute and Incremental coordinate systems in a PowerPoint presentation.

Students should consider ramifications from improperly applying coordinate systems.
In the Project Management Binder under this lab, delineate the consequences discovered in this laboratory series related to the misapplication of coordinate systems:

2.  Playing with G-Codes

· Each student will carefully draw their initials on a piece of graph paper using straight lines, and where practical, terminate letter segments on graph line intersections

· The same student will create a G-code program as was done earlier that describes the toolpath it would take to make their initials

· Assume Z1. moves the tool above the work piece

· Assume Z0. moves the tool in to cut into the work piece

· When transitioning between line segments, remember to raise the cutting tool

· Absolute for first initial, Incremental for the second initial

· Use thick lines for transitions between two Z0. coordinates

· Now that each person has a G-code program to engrave their initials, give your G-code program to the instructor (WITHOUT YOUR NAME)

· The instructor will mix them up and give them randomly back to the students

· Use the G-code program to find out who created that program

· Did you notice any need to include a separate statement to raise and lower the cutting tool at every point?

· What is a Z-axis ramp?

· Do not count ramps as valid letter segments

· Any ramp that crosses a letter segment invalidates that letter segment

· Each legitimate G-code program that produces readable initials gets a lab bonus of 5 points

· If the initials can not be read, no points are assigned
· What are the minimum number of G20 G-code statements that it takes to describe:

· a triangle?

· a square?

· a circle?

· What minimum number of G-code G20 statements does it take to move one inch in 0.001” increments?


Yes, there is a better way 
and it will be covered later in 
Chapter 10: Word Address Programming

3.  Exercises involving UNITS
Obviously you would notice the difference between Metric measurements and Imperial measurements.  A meter is much longer than a foot.  But that is exactly what caused the failure of a multi-million dollar NASA project a few years ago.  Two engineers were coordinating the landing of a Mars robot and inadvertently combined Metric with Imperial measurement units.

“NASA's Mars program in 1999. A failure to convert between metric and English units caused the Mars Climate Orbiter to burn up in the atmosphere.”

http://www.nytimes.com/2006/01/03/science/space/03mars.html
The Boxford equipment uses inches and millimeters for its coordinate systems.  Care must be taken to avoid providing the potential for the software to tell the machine to auger the expensive cutting tools into the bench vise, X and Y tables, the ways … destroying a workpiece, and/or causing other equipment damage.

Think this isn’t a dangerous scenario, think again.  Gouging a cutting tool into a workpiece can launch the workpiece and serious injury can result.  Electric motors with over 30 horsepower are commonly used in industry.  Repairing such machines can range from “I was lucky” to hundreds of thousands of dollars.  Get it right, check your calculations, and check the corresponding machine setup.
“A 52-year-old Hispanic machine operator died when he was struck in the abdomen by a piece of acrylic being milled on a vertical milling machine that had no protective guarding. The milling machine was set at a speed that was higher than recommended by the manufacturer for cutting acrylic. When the cutting dies of the milling machine began to cut the acrylic, the piece shattered. The CA/FACE investigator determined that in order to prevent future occurrences, employers, as part of their Injury and Illness Prevention Program (IIPP), should:

· Ensure employees check and set the correct machine speed, as specified by the manufacturer, on the milling machine before starting the milling process.

· Ensure machines with moving parts are adequately guarded.“
http://www.cdc.gov/niosh/face/stateface/ca/06ca005.html
As a special note, machine speed is a function of using the correct units when calculating spindle speed and feed rates.
3a.  Conversion Factors

· Given 1 millimeter, how many inches are equivalent (4 significant figures)? 

  
________ inches

· The height from the X axis table to the top of the workpiece is measured as 1-3/8 inches, how many millimeters is equivalent?

________ mm

3b.  Practical Applications

· A cutting tool is 2 mm in diameter, what is its’ circumference?

________ mm

· At 500 rpm, the circumference of a cutting tool that is 4 mm in diameter will travel how fast?

________ inches per minute
· If a threaded screw has 20 threads per inch, how many millimeters is there between each adjacent thread?

________ mm

· If a cutting tool 8 mm wide is removing 0.020” of metal linearly at a constant 180 feet per minute, what is the volume of metal removed after one minute?

________ cubic inches
· A block of material 25.4 centimeters on each side and 1 inch thick is mounted in the vise of a vertical mill.  How many millimeters need be entered into the software for describing the dimensions of the workpiece?

________ mm    x    ________ mm    x   ________ mm 

4.  Coordinate System Exercises
Given the following Coordinate System, answer the following questions:

· assume all units are in millimeters
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1. Use the “CNC ABS-INC Worksheet” to derive the X and Y data points for a sequence of tool movements in the “Absolute” Coordinate system as follows (assume the Datum and origin of the tool is located at the origin):

F E H G B A C F

2. Using the “CNC Coordinate Worksheet” plot the same data points derived in step one using the “Incremental” coordinate system.  Use a similarly proportioned graph as is shown above with the X axis ranging between -8 and +8, and the Y axis ranging between -6 and +6.
a. Stop graphing when you discover a problem


3. What would similarly happen to a tool and/or workpiece if an out of bounds condition is destructive?
5.  Boxford 190VMCxi Vertical Mill – Software Orientation
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 components of the Boxford Software
· Manuals

· Application

· CAD

· Application Icons

· New CAD object

· Open CAD object

· File

· To Machine

· Sends CAD drawing to simulation generator

· Creates a toolpath for the milling machine

· G&M Codes

· New G-Code Program

· Open existing G-Code Program

· Tool Configuration

· Calibrate tools in machine

· Create new tool descriptions
· Milling Machine Operation

Watch the movies for operating the Boxford software.  

· Opening Application

· Creating a CAD drawing with tool specific features

· Exporting the CAD drawing to the Toolpath Simulator

· Setup and machining of the Billet/Workpiece

6.  BobCam Software - Orientation
BobCam is a software package for Computer Aided Manufacturing (CAM) that is more elegantly designed and more powerful than the Boxford Software that comes with the equipment.  BobCam is used by more than 140 machine shops throughout New Mexico; and proportionately more throughout the United States.
· Open AutoCAD

· Import cart_caster_adapter.dxf from http://xxx
· Create a 3D representation of the 2D drawing
· Hide all layers in the 3D drawing except the object lines

· Explode the view in 3D

· Save the drawing as a DXF file

· Import the DXF file into BobCam

· Select File, select “To Machine”

· Enter appropriate information

· Perform Toolpath simulation

· Exit if successful

· Open Boxford 190VMCxi Machine icon

· Make appropriate entries for manufacturing workpiece from billet

· Simulate Manufacture of one side of workpiece
· Ensure there are no toolpath collisions
7.  Post Laboratory Assignments

What would you recommend for improving this laboratory experience?

· Enter your comments at: http://xxx

Use the links provided in Lab 1: Section 1, to download the worksheets for the Project Management Binder; as a minimum make the following entries:
· Review results of Lab 2 and make entries to notate weak points that need more investigation
· Create a Project 3 section (Lab 3)

· Review Lab 3 and make the appropriate entries necessary in anticipation of completing the pre-lab requirements
· Lab 3 “To Do” entries
· Anticipated results to compare with actual work done in Lab 3
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