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Building a CNC Machine

e Qverview
e Hardware
e Electronics

e Control PC

» Control Software -




Safety

« NOT A JOKE. WE ARE TALKING ABOUT VERY DANGEROUS
MACHINES.

e This is the first machine in your shop that will move on its own and try
to kill you.

e You need to think about escape routes, Emergency Stop, Limit




Why use a CNC?

e Very similar to the transition e You can try something, tweak it,
between using a typewriter and a and cut it again. Like reprinting a
computer. single page of a document.

* Accurate * Always finding new uses

* Repeatable * Can work with larger bits
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Components of a Design
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Pens, Jewe




Bulld vs Buy

e Lots of options. More coming every week.

o Small light machines: ShapeOko (carbide3d.com), X-Carve
iInventables.com

« Heavier Machines: CNCRouterParts.com, tormach.com, many
others.



http://carbide3d.com
http://inventables.com
http://CNCRouterParts.com
http://tormach.com
http://banggood.com

Hargware

* The key is rigidity, even for wood

e Machine structure - 8020 extrusions, wood,




Wood Frame CNC Machine




8020 Frame




| Inear Movement

e | Iinear Ralls

* Makerslide




L Inear Movement

e | Inear Rails
e MakerSlide

 Angle lron




| inear Movement

* Linear Ralls

» MakerSlide
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| Inear Movement

e | Iinear Ralls

e MakerSlide

 Angle lron




Making things move

 Acme threaded rods
e Ball screws

e Belts, pulleys

e Rack and Pinion

e What is backlash?
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Making things move
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e Acme threaded rods

Ball screws




Making things move

« Acme threaded rods

e Ball screws

e Belts, pulleys

e Rack and Pinion

e What is backlash?
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2D means there is no Z axis. Plasma Cutter. Water |et.

e 2.5D means there may be parts of the design at
different depths, but once cutting, the machine stays
at a given Z depth

J me




V-Carving




V-Carving




Conversion Kits

 (GO/704 or similar - tons of info on
google - Hoss pages are good.

* Taig mill conversions are common -
They sell Kits.

* Nice because you start with a solid
platform.




Electronics

e Motors

e Controllers




CNC Electronics

E-Stop Switch

5 or 6 Limit switches X+ X-, Slave-, Y+ Y-, Z+
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‘Computer
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Stepper motors

e Nema 17, Nema 23, Nema 34

* Ratings: Oz-Inch 100, 300, 500, 1000

 Power supply - 24-48V 10-30A /




Servo motor

e Qverkill for most users

* Teknic SK Series is good

uilt-in dri




Control Hardware

e Smooth stepper - Connects to PC via US
~thernet

3540 - The ole standby - but requires a 2-way
parallel port




mZOI > mma

Control PC

e Parallel port vs US

o Get all s/w off the pc




Vlanual control

e Xbox controller - find an old US

e Special controller - pendant




Wires and connectors and
Miscellaneous stuff

e For steppers, want braided, fairly heavy wires. 18 guage
* Limit switches - mechanical vs hall effect.
* E-Stop is essential.

e Relay outputs - 2 is good for controlling other equipment, spindle motors,
lasers, etc. Easy to control from G-Code

« Power supply - Switching vs Analog




Spindle ‘

e Simple: Use a small Dewalt Router or Bosch Colt. Mounts
available.

e Air/water cooled spindle - many available on eBay. Think about
collet size. Order spare collets. Don’t skimp. ER11 collets ok
for 1/4” bits. ER20 good for 1/2” bit. ER32 good for a mill.




Control Software
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e Mach4

MTOI rr>» M=

Radius
Correct

(] - ——]
. G ]
I Fie Loadd Load Wizards Last Wizard Regen. I Display [ Jog
JE—— NFS Wizards cnmmay g | LTeolpath | | Mode | | Follow
Edit G-Code Rewind Ctrl-W i &
ycle Star : ‘ | Feed Rate [ Spindle Speed
Recent File Single BLK Alt-N 0o T
<Alt-R> dden FRO % SRO %
Close G-Code Reverse Run 0 2 apid 100 Spindle CW F5 100

A— Load G-Code ia. +0.0000 “ ’ - @ 8 ©® @

: S Block Delete
| I l ' lext Li +0.0000
| a etC N C Set Hexthing 4 11 Optional Stop o
une : Flood Ctlf Auto Tool Zero 6.00 RPM 0
<AlL-S> Run From Here == o — il . .

6.00

On/Off 00:00

Emergency Mode Active Zinhibit ] | Jog ONIOFF Citity ] Mi 0.00
‘ Unis 0.00

Spindle Speed

G-Codes M-Codes +0.000

e T e T e s -
History Clear |STATLISZY ReConfiguration Estop Profilez|vachamil



Flow of operations




Design Software

e Fusion 360 * OnShape.com
e \ectric V-Carve Pro e |ibrecad.com

e Sketchup e vectary.com



http://TinkerCAD.com
http://OnShape.com
http://librecad.com
http://vectary.com

CAM

e Fusion 360 e OpenSCA

e \ectric e RhinoCAM
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Feeds and speeds software

 GWizard is pretty good.

Z GWizard: Machinist's Calculator O X

s pT— ® i @

Feeds/Speeds [FZReN0o Y B\ ceometry | T ow Threads Quick Refs L+ setup

Machine Generic CNC Router v | More | Tool |Carbide Thread Mill |

SFM 100% IPT 100%

Tool
Mfg
Cut CutDepth [0 [~} = Cut Width
Resuits  [LJVRMPERR U Feedrate 33113 Qipm IPR 0.0052

Tips ‘ Use Conventional Milling
Coolant, Mist, or Lubricant Recommended for Aluminum

Error: Min RPM too high for cut. Use a smaller cutter or one that car

|
Conservative '(.g..\
A\ J

[ CheatSheet |
100%:Rough

Limits HPLimit 1o = [=] Surface Speed 836 o Deflection 0
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Adj. Chipload 0.0026 HP 0

RPM Limit ‘7- AR [ | Eff. Diam.: 0.5 TOO'TOFQUe 0 ﬁ

Min RPM

Feed Limit

Mini-Calcs | Surface Finish || Helix | | Vacuum | [ ] TSC

| | AddtoCutkB | | ResettoDefaults |



Work Holding

* \Want low profile clamps

e Often good to make a jig

 Wood or Brass - less damage when the cutter hits it.




CNC Lathes

e Conversion vs new build

+ Spindle indexing




Machine AxIs




ion vs Custom

Convers
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How to make round th

Lathe
e Ath AXIS

e Stack slices

 [Think outside the box



What goes wrong?

* Parts come loose. Fly across the room or jam up the cutter -
break the bit.

* Forget to follow checklist. Forget to power on the inverter or
similar.




Online resources

e https://loen.design
* Vectric.com forums

e CNCCookbook.com



http://CNCCookbook.com
http://youtu.be/YBGqknN3gGs

Suppliers

e https://loen.design/suppliers-list/

e 8020 http://ipecautomation.com/

» CNCRouterParts.com



http://www.automation-overstock.com

Thanks!
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