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[bookmark: _23tew1oy7aff]Design for CNC
NO AUTHOR
[bookmark: _dzfbqdg7qbny]
Shapeoko
Michael
[bookmark: _xk7wb5yvmj7c]Tool Name
Shapeoko 3 XL
[bookmark: _ufsffznblob0]Picture of Tool in Space
 
Figure 1
[bookmark: _72yv91ecpflz]Link to the Manufacturer’s Manual
http://www.elektroraj.cz/wp-content/uploads/2015/09/NewSo3ManualWIPv1.94.pdf

[bookmark: _76cm45mxd9oe]3 Sentence Description (Explain Like I'm 5)
A small but powerful CNC router. Can work with a variety of tooling to machine stock through routing.
[bookmark: _9xywbgeh5fod]Physical Limitations
	
· Cutting Area: 16x33”
· Max HP: 1.25 HP
· Collet Diameter: ¼ “

[bookmark: _rfz43d8uda4i]Materials
	Softwoods, hardwoods, plastics, foam can all be machined on the Shapeoko. For a comprehensive discussion of materials on the Shapeoko, see the Shapeoko wiki page on materials. Note, metals cannot be machined in the Invention Studio wood room even though the machine is capable.

[bookmark: _ltsorlqx0qso]PPE
	
	Required: Safety glasses, closed toed shoes, no loose or dangling items on person (hair tied back; no necklaces, hoodie strings, ect.)

	Recommended: Hearing protection, respirator


[bookmark: _mk7y0rllxwje]E-Stops and Safety Procedures

	In the event of unexpected behavior that does not pose an immediate threat to the machine or workpiece, pause the job in Carbide Make. If an immediate threat is presented, turn the machine off using the same switch used to turn it on. This will not turn off the router. After the Shapeoko is off, turn the router off if it is possible to reach the button safely.
	Maintaining safety on the Shapeoko comes down to three things, staying away from the path of the router, good hold down/ fixturing, and good speeds and feeds. Make sure that there are no loose objects in the path of the router, and never reach into the Shapeoko bed when the router is in motion. If stock is not secured to the spoilerboard, it can be thrown when contacted by the router. When using untested speeds and feeds, always be conservative to avoid breaking tools or throwing parts.

[bookmark: _mbs1yc5chs2o]Project Ideas

· For those completely new to CNC routing, the official Shapeoko Hello World is a great way to approach the machine and safely learn fundamentals. http://docs.carbide3d.com/tutorials/hello-world/
· Working on foam is a good next step to learn about various endmills and practice CAM. Foam is an incredibly forgiving stock material making it perfect to learn and test on.
· After running a job on foam, softwood such as pine makes a perfect first real project material. Softwood is not quite as forgiving as foam, but still is cheaper and has a wider margin for error than hardwoods. Carbide 3D provides a coaster tutorial which makes a good place to start. http://docs.carbide3d.com/tutorials/project-coaster/
· After working with softwoods, the world of CNC routing opens up. Hardwoods and engineering plastics are capable of holding tight tolerances and more detailed features than foam or softwood. This allows for near limitless possibility in projects. This tutorial on making a topographic map of a state is a good introduction to more complex projects, and the Fusion 360 CAM workspace. http://www.instructables.com/id/CNC-Topographical-Wooden-State/
[bookmark: _ezywoubmeiav]Startup Procedures
	
1. Turn the Shapeoko on with the power switch
2. Using Carbide Make, home the machine, then load a GCode file (see Carbide Make article)
[bookmark: _wdi4rsdu1gag]Operation of Equipment
1. Secure stock to the spoilboard
a. When not doing through cuts, use the screw clamps and guide pieces to hold the stock in place
b. When doing through cuts, or when the stock is too small to secure with clamps, hot glue the stock to a larger sacrificial piece and then clamp that piece in
2. Zero each axis in accordance to the origin of the GCode file to be run (see Carbide Make article)
3. Use the wrench to loosen the collet on the Dewalt router
4. Insert the tool needed for the job to be run into the collet, then tighten
5. Turn on the router
6. Set router speed using the dial on the top of the router. For speed settings, see the link in the materials section
7. Run the GCode through Carbide Make
8. Turn off the router
[bookmark: _iofe0jdxkr71]Recommended Clean‐Up
1. Vacuum the chips and dust produced by running the router
2. Remove tooling from the collet and return it to its container
3. Put away the fixturing used for the job 


[bookmark: _fd0rdu9nss6e]Basic Troubleshooting

	Homing Error- Sometimes the Shapeoko will fail to properly home. When this happens, turn off the Shapeoko and manually move the router away from the back left corner. Restart Carbide Make, then power on the Shapeoko and try again.

[bookmark: _bhdtrrjxb2nb]Advanced Troubleshooting

[bookmark: _dbawmdgihvqs]Charring or Melting
- Surface charring in woods or melting in plastics may occur when heat buildup is not under control. Higher chip load allows for greater cooling. In practice, this means dialing down the speed or raising the feed will reduce charring and melting.

[bookmark: _ujarshte5xkc]Deflection
- Too high of a step down or feed rate can cause the tool to bend. This deflection is dangerous and can lead to tool breakage at worst, and poor dimensional accuracy of a job at best. 

[bookmark: _1zfi5ujunwmt]Multiple Tool Jobs
- To run a job with multiple tools, simply swap bits and zero Z again between each GCode file. See the multiple tool jobs section of the Carbide Create article for more information.

[bookmark: _jr0dbl65pirs]References

Coaster Project. (n.d.). Retrieved from http://docs.carbide3d.com/tutorials/project-coaster/

E. (2018, February 12). CNC Topographical Wooden State. Retrieved from http://www.instructables.com/id/CNC-Topographical-Wooden-State/

Materials. (2018, June 18). Retrieved from https://www.shapeoko.com/wiki/index.php/Materials

Shapeoko 3 - Hello World. (n.d.). Retrieved from http://docs.carbide3d.com/tutorials/hello-world/



	


[bookmark: _6ciujggb14w7]
Carbide Create
Michael
[bookmark: _mp36isvwv76r]Tool Name
	
	Carbide Create

[bookmark: _uh4n91bgmugf]Picture of Tool in Space

 
Figure 1
[bookmark: _1kydv4ggicoj]Link to the Manufacturer’s Manual

	Main Page: http://carbide3d.com/carbidecreate/

	Download: http://carbide3d.com/carbidecreate/download/

	Video Tutorials: http://docs.carbide3d.com/assembly/carbidecreate/video-tutorials/

[bookmark: _hovapkofq4wq]3 Sentence Description (Explain Like I'm 5)
Simple 2D alternative to more versatile 3D CAM softwares. Can be used to generate toolpaths from 2D vector patterns. Includes a simulation tool for visualizing jobs as well. 






[bookmark: _f8ngddv5o4ch]Limitations
· Import File Types: SVG, DXF
· Design Features: Basic Shapes, Splines, Reference Images, Alignment, Booleans, Offsets, Text
· CAM Features: V-Carve, Pockets / Contours, Engraving, Tool Library, Speeds and Feeds
[bookmark: _1yp37nvsp435]Startup Procedures
	Click on the Carbide Create shortcut pinned to the taskbar.

[bookmark: _z7oplgu0sti]Operation of Equipment
	
General workflow

1. Import a file, or prefab design element (skip if generating a job entirely from scratch)
2. Click the gear to open settings.
a. Set stock size in accordance with the stock to be routed
b. Set stock thickness to the distance from the stock bottom to its highest point (be sure to zero Z from this point when running the CAM)
c. Select a material close to the stock from the dropdown, this will put feed settings close to useable
d. Under Machine, ensure Shapeoko 3 is selected if running your job in the Invention Studio; leave retract height on its default setting
e. If you would like to add a guide image to the background or change grid spacing, click Edit under Document Background
f. Click Ok to confirm the changes made
3. Create and modify your 2D design using the Design tools (for help with specific tools and more info, please see the Carbide Create video tutorials)
4. Use the Toolpath tab to assign toolpaths to the 2D design. Click a design element to cause toolpath options to appear. In general, the Contour toolpath type will get the job done. For discussion of the V-Carve and Texture types, view the Carbide Create video tutorials
a. Tool settings are the first thing to select. Press edit in the Tool section
b. Using the dropdown, select a tool from the library. For information on tool selection, see Basic Troubleshooting
i. Check set speeds automatically to auto populate all values based on the tool and material selection. These values are only a starting point. Never use a Depth per Pass more than half the tool’s cutting diameter. Stepover should be a little less than half cutting diameter. 
ii. See Advanced Troubleshooting for information on selecting good feeds
iii. Speed setting doesn’t matter when using the Shapeoko, as its router is not connected to any digital control and must be manually set
c. Under Cutting Depth
d. Start Depth is offset down from Z zero. This should be 0 if it’s the first cut in an area. If doing a deeper contour inside of a pocket cut earlier in the job, set the Start Depth to the depth of the earlier pocket
i. Max Depth is how deep the contour will be cut. Make sure that the tool selected is physically able to cut to the desired depth (see tool selection in Basic Troubleshooting). If cutting all the way through stock, select a value just over the thickness of the stock
e. Select one of the four choices for Offset Direction
f. Pocket clears all the material within the shape selected down to the Max Depth set
i. Outside/ Right is used when cutting out the shape of something from the outside
ii. Inside/ Left is used when cutting out the 2D design element of something from the inside
iii. No Offset causes the tool to trace over the 2D design element with its cutting center
g. If cutting all the way through using an Offset Direction other than Pocket, the Tabs box will appear. Click Edit Tabs
h. Click locations on the 2D design element to place tabs. These tabs will be bridges left in the stock when cutting. Place enough tabs that the part will stay in place while being routed.
i. Modifying the Tab Width and Tab Height can allow for a better hold without adding too many tabs
i. Name the toolpath something that makes it easily identifiable
5. While adding toolpaths, they may be re-ordered by right clicking and selecting Move Operation Up/ Move Operation Down or edited by selecting Edit Operation
6. Check the simulation by clicking Show Simulation to ensure it looks as expected
7. Click Save GCode to generate a job file
8. Continue to Carbide Make to execute the job

[bookmark: _482c3jsa1zxc]Recommended Clean‐Up
Do not leave personal files on the Invention Studio computer connected to the Shapeoko.
[bookmark: _uidjgl75tsbs]Basic Troubleshooting
Tool Selection- When using Carbide Create with the intention of running a job on the Shapeoko, keep in mind that tool changeout is not automatic, if a job demands a multi-tool approach, see Advanced Troubleshooting. In most cases, use the tool with the largest mill diameter that can still get the job done, as smaller cutters take more time to remove the same amount of material. The Shapeoko has a collet diameter of ¼ in, so tools with a shank diameter of greater than ¼ in cannot be used, and tools with a smaller diameter need an adapter. All bits used on the Shapeoko must be center cutting.
  
	Figure 3 (Unico)							Figure 4 (Unico)

Length of cut on the tool selected must be greater than the maximum cut depth to be used when the shank diameter is greater than the mill diameter. Most every contour toolpath should be cut using a square end mill. Ball nose end mills, and v-carve bits (router bits in the shape of a triangle, or V) can be used for texturing paths.

	When Importing, Lines on Shapes Aren’t Connected- To fix this issue select one of the offending lines while in the design tab. If there is a visible gap select Node Edit mode.
 
Figure 5
	Click and drag the endpoint nodes until they snap to a nearby line which they should be connected to. Once there are no gaps, select every line in the shape and with all of them selected, click the join tool.
 
Figure 6


[bookmark: _yqo7wy19onnl]Advanced Troubleshooting
	
[bookmark: _u78ss0586d9e]Arc Precision Issues
- If the Shapeoko is throwing errors when executing arcs, change from inches to mm.

[bookmark: _7433rjeucyip]Feeds
- A great place to source values is on the Shapeoko wiki materials page. On that page there is a sortable table with good feed rate and cut depths for a variety of materials. As speed on the Shapeoko is set by turning a dial on the Dewalt router attached to it, the number to set the dial to is also included on this chart. Whenever first testing a speed and feed combination, use a conservatively low depth of cut, and work up to the desired value. See the Shapeoko article for what warning signs to look for when dialing in speeds and feeds.

[bookmark: _6nw4iala0rql]Multiple Tool Jobs
- If in the process of planning out CAM, multiple tools become necessary, save multiple versions of the GCode. Start at the first toolpath in the job, and move down the list of toolpaths until one with a different tool is found. Disable this toolpath and all after it. This is the first GCode file to save. Repeat this process until all toolpaths are present in a GCode file. Putting an identifier in the names of the GCode files to know what sequence to run them in is highly recommended. To understand why this procedure is suggested, check the multiple tool jobs section of Advanced Troubleshooting on the Shapeoko article.

[bookmark: _ls7yr14f7xk7]References

Materials. (2018, June 18). Retrieved from https://www.shapeoko.com/wiki/index.php/Materials

Unico. (n.d.). End Mills(id:7825930) Product details. Retrieved from https://unicotool.en.ec21.com/End_Mills--7825856_7825930.html




	


[bookmark: _zmeqyuety92]
Carbide Motion
Ritesh

[bookmark: _qnhcbmwifoha]Name of Software: 
Carbide Motion

[bookmark: _nlayeyo601c7]Picture:
 
(Image: Carbide Motion Startup)

[bookmark: _cy5ehzvg6vuy]Manual:
http://docs.carbide3d.com/assembly/carbidemotion/userguide/

[bookmark: _9kmxmj6jjtqz]Description:
Carbide Motion is the software used to set up and run CNC jobs for the Shapeoko CNC Router in the Invention Studio.

[bookmark: _f4yu3f1w6ai1]Procedure:
1.	This process assumes that a gcode file has been generated either in Carbide Create (hyperlink to that article) or Fusion 360 CAM (hyperlink to that article)
2.	Start the Carbide Motion software by opening it from the taskbar at the bottom of the computer screen.
3.	Once opened, a Connect Cutter button should be visible. Turn the Shapeoko ON (link to Shapeoko article) and click the Connect Cutter button
 
(Image: Carbide Motion Startup)
4.	Then, the Main Screen should pop up like so:
 
(Image: Carbide Motion Main Screen)
5.	First, load the desired gcode file using the Load button at the bottom, which will open a file browser to navigate for the gcode file.
6.	Then, open the Jog button at the bottom of the Main Screen. Next, the Shapeoko needs to be homed by clicking on Rapid Position, and then Homing Cycle. Then zero the spindle to the origin point on the stock piece, which was defined either in Carbide Create or Fusion 360 CAM. This is done by clicking on Set Zero in the Jog window.
 
(Image: Carbide Motion Jog)
7.	Click Run to initiate the job, and follow the on screen instructions.
 
(Image: Carbide Motion Run)
8.	Once the job is over, close Carbide Motion, unplug any USB drives attached to the computer, and turn off the Shapeoko.

[bookmark: _1ktsap3c64zd]Basic Troubleshooting:
If Carbide Motion fails to connect to the Shapeoko, make sure that the Shapeoko is turned ON and the USB cable coming out of the control box is plugged in to the computer.

[bookmark: _p78swxqvinh1]Advanced Troubleshooting:
If any other issues occur, stop the machine and see a CNC Master for additional assistance.

[bookmark: _x28fbtrpufe1]References:
None required


[bookmark: _z0a290jpz1jg]
CAMaster
Michael
[bookmark: _54fl7m5z250a]Tool Name 

CAMaster Cobra CR-408
	
[bookmark: _23gkwt6ikbdm]Picture of Tool in Space

 
Figure 1
[bookmark: _qihte26b4amh]Link to the Manufacturer’s Manual

	
[bookmark: _2mg5e6z86yf9]3 Sentence Description (Explain Like I'm 5)
	
	Heavy duty industrial CNC router able to produce 3D parts by machining away material with a variety of endmills and tooling.

[bookmark: _tx1n2yc2jysz]Physical Limitations

· Cutting Size: 61” X 97”
· Max Cutting Feed: 1,500 IPM
· Repeatability: 0.001” (+/-)
· Max Speed: 24000 rpm


[bookmark: _urw0edn3l0lx]Materials

	Softwood, hardwood, and plastics can all be machined on the CAMaster.
	
[bookmark: _7wbdixu9iny9]PPE

Required: Safety glasses, hearing protection, closed toed shoes, hair tied back and no dangling objects on body
 (hoodie strings, lanyards, necklaces, watches, ect.)
	
	Recommended: Respirator 

[bookmark: _7mthm5i70t08]E‐Stops and Safety Procedures

	When depressed, the e-stop cuts power to the machine

[bookmark: _j9mnk3dj4ecl]Project Ideas (with links to content)
· Topographical maps are a cool way to learn and demonstrate various roughing strategies on the CNC http://www.instructables.com/id/CNC-Topographical-Wooden-State/
· CNC’d paddle mazes are an interesting project as well http://www.instructables.com/id/CNC-Paddle-Maze/
· There’s an incredible collection of impressive CNC projects targeted at beginners on Instructables as well http://www.instructables.com/id/Welcome-to-CNC/

[bookmark: _5i1otr6232k7]Startup Procedures

1. Turn on the machine using the power switch on the left of the electronics cabinet
2. Turn on and log into the computer, and launch WinCNC
3. Ensure that the router table is clear
4. Clear the hazard zone of people and debris

[bookmark: _k60aqdcex68r]Operation of Equipment

[bookmark: _b352yb6lwlex]Reading a setup sheet-
1. Read each operation to ensure that each cutter used in the program is correctly installed in the tool holders
2. Use the model extents and min/max z to decide what hold-down method to use

[bookmark: _heudvewvj6vx]Jogging the machine-
1. Select a speed or step size using the buttons at the bottom left of the control screen
2. Clear the hazard zone of people and debris
3. Use the arrow keys to jog the spindle head in X and Y, and PgUp and PgDn to jog in Z. On our keyboard, you must use the Fn key to use PgUp or PgDn




[bookmark: _c8g0jqwwturg]Changing tools-
Insert fig 2,3
1. Select the tool which you wish to change by entering the tool name (eg. to select T7, enter “T7” in the command line)
2. Jog the spindle head to the front of the machine, within reach
3. Hold the tool holder in one hand and press the green button on the spindle with the other hand to release the tool holder
4. Place the tool holder in the jig (figure 2) on the right of the machine, cutter facing up
5. Use the collet wrench (top drawer in the black organizer) to loosen (but not remove) the collet nut
6. Remove the current tool, find its container in the top drawer of the black organizer, and put the tool away
7. Check that the collet in the tool holder matches the shank of the desired tool
8. If you must change collets, remove the collet nut from the holder
9. Carefully press sideways on the narrow end of the collet to pop it free of the nut(this requires some force, but don’t go crazy)
10. Replace the collet in the organizer and select the desired collet
11. Install the desired collet by “levering” it into the nut at a diagonal angle until it pops into place (this requires some force, but don’t go crazy)
12. Replace the collet nut in the holder
13. Insert the cutter into the collet, ensuring that there is enough stickout for the operations
14. Tighten the collet nut with the wrench
15. Remove the holder from the jig, place it into the spindle as far as it goes, then press the green button to install the tool
16. Gently lift up on the white measuring “puck” to reset the switch 
17. Press “Measure Tool”


[bookmark: _za6hkjtgyddw]Clamping your stock-
1. Use vacuum hold-down to clamp large, flat parts where the program does not cut all the way through the stock
a. Place the stock over the vacuum port of the appropriate zone
b. Using the ball valves on the far side of the machine, open the appropriate zone(s) and close all other zones
c. Place flat scrap wood around the stock to cover as much of the zone as reasonable
d. Activate the vacuum pump using the button on the control box above the Shapeoko
2. Use the hold-down board for small pieces of stock (less than 6” on any side) or for programs that cut all the way through the stock
a. If necessary, install the hold-down board by aligning the dowel pins over the holes in the router table. Using a mallet or similar, ensure that all of the dowels are fully seated
b. Using the ball valves on the far side of the machine, open zone 1 and 2 and close all other zones
c. Activate the vacuum pump using the button on the control box above the Shapeoko
d. If the program cuts all the way through the stock, place some scrap flat wood under the stock (those square dowels sometimes work well)
e. Select 1/4-20 bolts from the third drawer of the black cabinet of an appropriate length. The bolts must be long enough to catch the embedded nuts in the board but not long enough to extend below the board
f. Using your bolts, flat washers, and the plywood clamps, clamp the stock to the board. Support the back of the clamp with scrap wood such that the clamp is nearly horizontal. Use 4 or more clamps to hold down the stock
g. Alternatively, you can drill holes in your stock to line up with the holes in the board. The holes in the board are on 4” centers
h. Ensure that the clamps and bolts are positioned such that the cutter will not run into a clamp or bolt during the program.
3. Test your hold-down: you should not be able to move the stock in any axis with a moderate shove


[bookmark: _dra9nr98zkuq]Zeroing X and Y-
1. Press “Laser On” to turn on the laser crosshair
2. Jog the spindle such that the laser crosshair is over the program origin
3. Press “Laser X0 Y0”

[bookmark: _32wvr356sju]Zeroing Z-
1. Change tools to a medium-sized flat endmill by entering the name of the tool (ie. enter “T2”)
2. Jog until the bit is over a flat area at the Z origin height (usually this is the top of the stock)
3. For many simple cuts, it is sufficient to zero the Z by eye
a. Slowly and carefully jog the spindle down until the bit is touching the top surface of the material
b. Press “Zero Z”
4. If more precision is required, you can use the paper method
a. Place a piece of paper under the bit on top of the surface
b. While sliding the paper back and forth on the surface, slowly and carefully lower the spindle. For the best accuracy, use the .001 step when near the surface
c. As soon as the bit pinches the paper, press “Zero Z”
5. Jog the spindle up away from the stock


[bookmark: _c8litu2j08ko]Running the cut-
1. Load a gcode file using the file icon in the top toolbar
2. Alert people in the room that you are starting a cut, and that they might want ear protection. Everyone in the CNC corner during a cut must use ear protection
3. If you’re cutting a light material (eg. foam, MDF) it is recommended that everyone in the CNC corner wear masks
4. Clear the hazard zone of people and debris
5. Start the cut by pressing the green dot in the top left corner of the screen


[bookmark: _eujq4tc9oevj]Recommended Clean‐Up

[bookmark: _oq5wu0rlrkcd]Clean up-
1. Vacuum or sweep all dust and chips from the CNC area
2. Remove all hold-down clamps and bolts and put them back in the drawer  
[bookmark: _2okx634w8vza]CAMaster shutdown procedure-
1. Clear the hazard zone of people and debris
2. Press the “Park” button and wait for the spindle to return to the middle of the table
3. Turn off the machine using the power switch on the left of the electronics cabinet


[bookmark: _nj8w33eooiat]Basic Troubleshooting
	
[bookmark: _lxjlo4p9rry9]Servo Fault
- If there is a servo fault, turn the servos on, or off and back on, using the “Servo On/Off” button

[bookmark: _3iihz843qms8]Z Limit Error During Measure Tool
- Make sure that between each measure tool, the indexing puck is lifted. Sometimes it must be manually pulled up just a bit.
	
[bookmark: _3pcghbik7cud]Charring or Melting
- Surface charring in woods or melting in plastics may occur when heat buildup is not under control. Higher chip load allows for greater cooling. In practice, this means dialing down the speed or raising the feed will reduce charring and melting.

[bookmark: _spejrdehj7ib]Deflection
- Too high of a step down or feed rate can cause the tool to bend. This deflection is dangerous and can lead to tool breakage at worst, and poor dimensional accuracy of a job at best. 

	
[bookmark: _x9bo4odkwybq]Advanced Troubleshooting

	On a weekly basis, the CAMaster’s rails and ball screw should be wiped down with WD-40. Once each semester, the linear rail bearing block should be greased. To do this, remove the bolt on the end of it and screw in an appropriate grease adapter to pump grease in (Bennett, 2014).

[bookmark: _rcdfc94p6wcp]References

Bennett, L. (2014). Updated maintenance schedule for CAMaster machines. Retrieved from http://www.camheads.org/showthread.php?t=4563
	


[bookmark: _z1rnv5uswwpc]
Fusion 360 CAM
Ritesh
[bookmark: _o7smj5xxlsa3]Name of Software:
Fusion 360: CAM Workspace

[bookmark: _ykw90cg97cul]Picture: 
(Please note: for all videos attached with this submission, please blur out my name in the top right corner. Thank you)

[bookmark: _yxuz6yhq0y5p]Manufacturer’s Manual:
Navigate to the below link and find the Toolpath and Programming (CAM) link
https://www.autodesk.com/products/fusion-360/get-started
Note: An Autodesk account will be needed to access learning materials.

[bookmark: _l5ywomr22gda]Other Useful Learning Links:
1.	Essentials of CAM from the Autodesk Design Academy Youtube Channel
2.	Fusion Friday from the NYC CNC Youtube Channel
3.	Autodesk Fusion 360 Youtube Channel

[bookmark: _cmbfli26pthq]3 Sentence Description:
Computer-Aided Machining (CAM) describes any software that is used to program a computer controlled machine to fabricate a desired part. The CAM workspace in Fusion 360 is the software of choice to generate the toolpaths for the Invention Studio’s CAMaster and Shapeoko CNC Routers located in the Wood Shop. 

[bookmark: _tf7fp23iytq]Getting Fusion 360
A free Student Version of Fusion 360 can be downloaded from the Autodesk Website. An Autodesk Account will need to be created as well during the setup process if the user does not already have one.

[bookmark: _2tk4r7jb0j35]Downloading the Tool Library and Post Processor
Two additional files need to be downloaded in order to use the CNC machines in the Invention Studio. One of these files is a Tool Library which contains the specific cutting bits used by the Invention Studio, and the other is a Post Processor which exports the toolpaths from Fusion 360 to a file formatted specifically for the machines in the Invention Studio, which is known as a gcode file.

Both the Tool Library and the Post Processor can be downloaded here:
(insert file download links here)

[bookmark: _9fwkrkgcjsxg]Tool Library
Prior to installing the Tool Library, first enable Cloud Tool Libraries in the Fusion 360 Settings. This will keep the Tool Library uploaded to Fusion 360 Cloud storage so that if Fusion 360 is accessed from a different computer, the Tool Library does not need to be reinstalled and any changes made to the Tool Library will automatically propagate across all installations of Fusion 360. (Video: Enabling Cloud Tool Libraries)

To setup the Invention Studio’s Tool Library in Fusion 360, watch the following video (Video: “Installing the Tool Library”)

[bookmark: _ubktx339r2p2]Opening the CAM Workspace
(Video: Opening the CAM Workspace)

[bookmark: _crug6b27ejup]Setup
In the Setup portion of CAM, a few key parameters need to be defined, including the size of the stock that the desired part is being cut out of. Additionally, the Work Coordinate System (WCS), which defines the orientation of the stock on the machine bed, needs to be set. A thorough overview of this process can be found in the video below:
https://www.youtube.com/watch?v=G0WhDMdVxCk&list=PLNMdG2-zY2yGmWSoRM1X4q3fo7ZPe-S9q&index=2 (Embed)

Note: Ignore the “Machine WCS” feature mentioned at the end of the video. It is not needed for the machines in the Invention Studio.

[bookmark: _x45jzbi5xx8i]2D CAM
[bookmark: _242a2k9hyf66]Adaptive vs Pocket Strategy
Adaptive and Pocket are two different strategies for clearing large quantities of material. The adaptive strategy optimizes toolpaths to extend tool life, but takes longer to actually cut than the pocket strategy.

[bookmark: _mg7g22mhdlkp]Face
A facing operation is done to make the top surface of the stock perfectly flat. This is done because typically the top surface of the stock may be warped.

[bookmark: _6nuoolo1k22o]Contour
In a 2D Contour, the tool follows either the outside or inside of a selected shape. It is typically used to cut out the final part from the rest of the stock.

[bookmark: _euoeo75x8jly]Engrave
This feature takes advantage of a special cutting tool known as a V-Carve bit to engrave text and complex decorative shapes. A video showing the Engrave feature in action is below:
https://www.youtube.com/watch?v=hQbz8abi3RU (Embed)

[bookmark: _55dpdlveujbl]Chamfer
2D Chamfer is used to break sharp edges on the desired piece, as well as remove burrs resulting from machining.

[bookmark: _d6dl5npt9fyi]3D Roughing
If the desired part has inclined, wavy, or curved surfaces, then the part will require 3D toolpaths to fabricate it.
[bookmark: _l079oq2skuxz]Adaptive vs Pocket Strategy
Just like for 2D toolpaths, there is an Adaptive and Pocket Strategy for clearing out large quantities of stock material, with the same tradeoffs as previously mentioned.
[bookmark: _l7wc0bnczyah]3D Finishing
After 3D Roughing operations are used to clear out most of the stock material from the desired part, Finishing operations are needed to smoothen any inclined, wavy, or curved surfaces on the desired part. 

The Finishing Operations in Fusion 360 include:
●	Parallel
●	Contour
●	Ramp
●	Horizontal
●	Pencil
●	Scallop
●	Spiral
●	Radial
●	Morphed Spiral
●	Project
●	Morph

A video from the Autodesk Design Academy Youtube Channel shows each Finishing Strategy, their pros and cons as well as how they are applied to an example part:
https://www.youtube.com/watch?v=ZbZw0ZKwVeM (Embed)

[bookmark: _7de7oveirhw2]Simulate
The Simulate feature can be used to preview the actual movements made by the cutting tools to fabricate the desired part.

This is done to catch errors such as the tool running through the actual part, the tool shaft running into the stock material, and the tool running into any hold down parts such as clamps and bolts.

A video detailing use of the Simulate feature is below:
https://www.youtube.com/watch?v=zSpQ1LhFhbc&index=6&list=PLNMdG2-zY2yGmWSoRM1X4q3fo7ZPe-S9q (Embed)

[bookmark: _v72003vtvc4w]Post Process
Post Processing is done to export the toolpaths from Fusion 360 to a file that is readable by the machine to be used. Different machines require different formats for this file, and the format is dictated by a Post Processor, which is one of the two download files mentioned at the top of this page.

Once the Post Processor is downloaded, follow these instructions from the Autodesk Knowledge Network to store your Post Processor in the cloud. Like with the Tool Library, storing the Post Processor in the cloud allows for the Post Processor to be accessed across multiple computers.

An example of how the post processor is used is shown in the video below:
(Video: Using the Post Processor)

[bookmark: _3ig54rkv470]Basic Troubleshooting
Some common error messages and their fixes are covered in this article:

https://knowledge.autodesk.com/support/fusion-360/troubleshooting/caas/sfdcarticles/sfdcarticles/CAM-error-messages.html?st=cam

Another common issue seen with CAM is either an “Empty Toolpath” or “No Passes to Link” error message, which is covered in this article:

https://knowledge.autodesk.com/support/fusion-360/troubleshooting/caas/sfdcarticles/sfdcarticles/Troubleshooting-Empty-Toolpath-and-No-Passes-to-Link-warnings-in-Fusion-360-HSM-CAM.html?st=cam

If other issues are encountered, contact a CNC Master for additional assistance. If a user wishes to fabricate a part with machined features on both the top and bottom, they should contact a CNC Master for assistance.

[bookmark: _hf37mtw5y0t8]Advanced Troubleshooting:
Due to the case by case nature of CAM, there is not anything specific that can be written here. One thing to note is that if the user used splines to create the CAD model, there may be issues with geometry selection in CAM. See a CNC Master for additional assistance.

[bookmark: _3d2xdmt3e3wx]References:
No references needed



 


[bookmark: _g5cfm4vuioc2]
WinCNC (CAM Master)
Ritesh
[bookmark: _elnbwzb9vvdc]Name of Software:
WinCNC

[bookmark: _p7zgj2xrckql]Manufacturer’s Manual:
http://www.wincnc.net/webfiles/CNC%20Windows/Manuals/WinManual_3.0r3.pdf 
Note: The version of WinCNC that is used for the CAMaster has been customized specially for the CAMaster and may appear different than the images in the manual.

[bookmark: _o29qcz9c2286]Picture:
 
(Image: WinCNC)
[bookmark: _78yr1frb3b0]Description:
WinCNC is the software used to setup and run jobs on the CAMaster CNC Router in the Invention Studio. 

[bookmark: _lgc8q93esu50]Startup Procedure:
1.	First launch WinCNC from the toolbar located at the bottom of the computer screen, it is the icon that looks like a globe
 
(Image: WinCNC_Start)
2.	Once WinCNC has been launched, turn on the CAMaster and home the machine by typing the command “G28” into the command window and hitting enter.
[bookmark: _bsahhn8rvdht]Running a Job:
1.	Wait for the machine to fully stop moving, then place the stock onto the CAMaster bed and secure it to the bed using the hold down technique of your choice.
2.	Click the Laser OFF button to turn the laser crosshair on. The button should change to Laser ON and the red circle should change to green.
3.	Use the arrow keys on the keyboard or the on screen keys in WinCNC to move the laser crosshair to the origin point of the job.
4.	Click the Laser X0Y0 button to zero the CNC Spindle at the location of the laser crosshair.
Note: Clicking the Zero XY button will cause the machine to set its zero position at the current location of the Spindle rather than the position of the Laser crosshair
5.	Load the job file by clicking the folder icon towards the top of the WinCNC window.
6.	Click the green Play button near the top-left corner of the WinCNC window to start the job.
[bookmark: _1bdjtgif8xm9]Loading/Changing Tools:
Type T# into the command window and hit enter, replacing the # symbol with a number from 1-10 to pick up or change to the corresponding tool on the CAMaster tool rack.

To deposit a tool back into the tool rack, type T0 into the command window and hit enter.

Note: The machine moves at full rapid speed when loading/changing tools, so notify any other people in the room to stay outside of the CAMaster Hazard Zone marked by caution tape.

[bookmark: _p2ic3iusn8qq]Calibrating a Tool:
When changing out the tool that is in a tool holder, the new tool needs to be calibrated. To do this, start by picking up that tool using the procedure above. Then click the Measure Tool button in WinCNC to start the automatic process of calibrating the tool. Wait until the machine fully stops before doing anything else.
[bookmark: _7lppa6n38ou6]Basic Troubleshooting:
When attempting to move the machine, the machine does not move, which can result from one or two issues:
1.	The machine’s servos need to be reset, in which case an error message will display in the message display window prompting the user to reset the servos. This is done by clicking the Servos Enabled/Disabled button twice, once to disable and once to reenable the servos.
2.	The machine needs to be homed, in which case an error message will display in the message display window prompting the user to execute a G28 command. Type G28 into the command window and press enter.
[bookmark: _7xy1fcwsv9ub]Advanced Troubleshooting:
A catalog of other error messages in WinCNC is provided on pages 121-125 of the manual. Consult a CNC Master for additional assistance.

[bookmark: _7nfaj8ahu12i]Resources:
WinCNC 3.0 Manual. (n.d.). Retrieved July 8, 2018, from http://www.wincnc.net/webfiles/CNC Windows/Manuals/WinManual_3.0r3.pdf




[bookmark: _mab7bfm8oxb6]
Hold Down Techniques
No Author
[bookmark: _z8j03hfyeq9d]GCode
No Author

