
EMC ON A SMALL MILL

OR
AN OVERVIEW OF A CNC CONTROLLED MILL

OR
HOW TO CONVERT A MILL TO CNC CONTROL

EMC2,

A FREE AND POWERFUL MACHINE CONTROLLER



OVERVIEW

SMALL MILL CONVERSION

THE MILL AND IT’S CONTROL

THE HARDWARE AND SOFTWARE

CONTROL SOFTWARE - WHERE DOES IT FIT IN?

HOW TO USE IT



MY BACKGROUND 
(OR LACK THEREOF)

COMPLETELY OUTSIDE OF CNC, MACHINE CONTROL, OR 
METALWORKING.  NO MACHINING BACKGROUND AT ALL.

ENGINEERING BACKGROUND IN IP NETWORK PROTOCOLS 
AND WIDE AREA NETWORK DESIGN    ...NO HELP THERE!

I HAVE DONE SOME WOOD WORKING

I AM INTERESTED IN ROBOTICS (MACHINE CONTROL)

BASICALLY, IF I CAN DO IT...SO CAN YOU!



MY EMCO F1 CNC



R & D

EMCO F1 MILL

EVERYONE
ELSE

ME



THESE ARE HELPFUL!



A COUPLE WEEKS LATER



Machine

Motors/Encoders
Motor Drivers

User Interface
Control Software (EMC)

G Code

Pendant/MPG Tool Change Coolant

Interface

CNC MACHINE CONTROL



DECISIONS DECISIONS

COMPUTER, WIRING, 
POWER SUPPLIES, 
CONNECTORS, 
SWITCHES, 
ENCLOSURE, 
CONTROLLERS, 
BREAKOUT BOARD, 
STEPPERS, SERVOS 
AND ENCODERS, OH 
MY!



DECIDE ON...

CONTROL SOFTWARE (EMC2, MACH3)

PC HARDWARE (BUILD, BUY)

MOTORS FOR AXIS, SPINDLE (STEPPERS, SERVOS)

MOTOR CONTROLLERS

INTERFACE (B.O.B., GPIO)

ACCESSORIES, WIRING/CABLING



CONTROL SOFTWARE

EMC - OPEN SOURCE, LOCAL RESOURCES

RUNS ON LTS VERSION OF UBUNTU (LINUX)

LIVECD (OR SOURCE)

SUPPORT COMMUNITY (FORUMS, MAILING LIST, IRC)

WWW.LINUXCNC.ORG



EMC CAPABILITIES

G-CODE: RS-274NGC

REAL-TIME MOTION PLANNING SYSTEM

PLC (LADDER LOGIC) AND HAL

9 AXES, SUPPORTS UNUSUAL KINEMATICS

CONTROLS TRUE SERVOS WITH EMC CLOSING THE LOOP

CUTTER RADIUS/LENGTH COMP., LATHE THREADING, 
RIGID TAPPING



POWERFUL ANALYSIS/TUNING/DEBUG TOOLS



STEPCONF, A STEPPER MOTOR CONFIGUATION WIZARD



DECIDE ON...

CONTROL SOFTWARE (EMC2, MACH3)

PC HARDWARE (BUILD, BUY)

MOTORS FOR AXIS, SPINDLE (STEPPERS, SERVOS)

MOTOR CONTROLLERS

INTERFACE (B.O.B., GPIO)

ACCESSORIES, WIRING/CABLING



PC HARDWARE

BUILD (MINI-BOX 
MOTHERBOARDS), BUY 
(DELL, ETC)

EMC WANTS LOW 
LATENCY HARDWARE



DECIDE ON...

CONTROL SOFTWARE (EMC2, MACH3)

PC HARDWARE (BUILD, BUY)

MOTORS FOR AXIS, SPINDLE (STEPPERS, SERVOS)

MOTOR CONTROLLERS

INTERFACE (B.O.B., GPIO)

ACCESSORIES, WIRING/CABLING



MOTORS

STEPPERS, USUALLY 
CHEAPER (ENCODERS - 
NOT TYPICAL)

SERVOS, MORE 
TORQUE, ENCODERS



DECIDE ON...

CONTROL SOFTWARE (EMC2, MACH3)

PC HARDWARE (BUILD, BUY)

MOTORS FOR AXIS, SPINDLE (STEPPERS, SERVOS)

MOTOR CONTROLLERS

INTERFACE (B.O.B., GPIO)

ACCESSORIES, WIRING/CABLING



MOTOR CONTROLLERS

STEPPER/SERVOS - 
GECKO, PMDX, 
GRANITE, OTHERS

SPINDLE MOTOR - KBIC, 
MINARIK



DECIDE ON...

CONTROL SOFTWARE (EMC2, MACH3)

PC HARDWARE (BUILD, BUY)

MOTORS FOR AXIS, SPINDLE (STEPPERS, SERVOS)

MOTOR CONTROLLERS

INTERFACE (B.O.B., GPIO)

ACCESSORIES, WIRING/CABLING



INTERFACE

B.O.B - BREAKOUT 
BOARD - PARALLEL 
PORT PINS

MESA ELECTRONICS 
FPGA, FIRMWARE



DECIDE ON...

CONTROL SOFTWARE (EMC2, MACH3)

PC HARDWARE (BUILD, BUY)

MOTORS FOR AXIS, SPINDLE (STEPPERS, SERVOS)

MOTOR CONTROLLERS

INTERFACE (B.O.B., GPIO)

ACCESSORIES, WIRING/CABLING



NEXT STEPS

MAKE A LIST OF ALL 
STUFF TO GET

CAN LOOK AT PRE-
BUILT CONTROLLERS 
(LIKE CAMPBELL), 
OTHER CONVERSIONS, 
FOR IDEAS

THEN...



MATERIALS

$
...  

...  



...AND A LITTLE WORK...          



SEVERAL MONTHS LATER



TYPICAL SMALL SYSTEM
- BRIDGEPORT OR SMALLER (OFTEN W/ STEPPERS)

OH, AND YOU NEED A MACHINE



OH, THE MACHINE!



WHAT ARE YOU GOING TO 
USE THAT FOR?



MAKING SOMETHING

CAD

CAM

Designer

G-Code

“Wizards”
Conversational



G-CODE

G CODE COMMANDS ARE INTERPRETED BY THE 
CONTROLLER WHICH THEN SENDS SIGNALS TO MOVE 
MOTORS, ACTUATE RELAYS OR SOLENOIDS, ETC

G CODE IS A CNC PROGRAMMING LANGUAGE

EMC IMPLEMENTS RS274NGC 

HAS VARIABLES, SUBROUTINES, IF STATEMENTS, LOOPS



WAYS TO GENERATE G CODE

WRITE IT

RUN A WIZARD (CONVERSATIONAL PROGRAMMING)

USE A CAM PROGRAM (USING A CAD DRAWING)



G CODE PROGRAM

SIMPLE AS: OR LIKE A PROG. LANG.



WIZARDS -COUNTERBORE



WIZARDS - FACING



CAD



CAM



OPERATION

SELECT MACHINE CONFIGURATION TO START EMC

LOAD G-CODE FILE IN AXIS (OR OTHER UI)

E-STOP OFF

HOME/TOUCH OFF

RUN PROGRAM



AXIS USER INTERFACE



POOR MAN’S MPG



A MACHINE WITH EMC2 CAN....

MAKE PARTS



A MACHINE WITH EMC2 CAN....

ETCH CIRCUIT BOARDS



A MACHINE WITH EMC2 CAN....

INSPECT OBJECTS



A MACHINE WITH EMC2 CAN....

PLAY MUSIC ??



LEARN MORE

DIGITAL MACHINIST CNC WORKSHOP, JUNE 12-24TH @ 
WASHTENAW COMMUNITY COLLEGE - LOOK ON DIGITAL 
MACHINIST WEB SITE FOR MORE INFO

YOUR LOCAL MAKER SPACE
AA:  HTTP://WWW.MAKER-WORKS.COM/ - NOW
DTW:  HTTP://TECHSHOP.WS/ - THIS SUMMER

PUBLICATIONS (DIGITAL MACHINIST, HOME SHOP 
MACHINIST, ETC)



REFERENCES

EMC - HTTP://WWW.LINUXCNC.ORG

DIGITAL MACHINIST - HTTP://WWW.DIGITALMACHINIST.NET 

G CODE - HTTP://LINUXCNC.ORG/HANDBOOK/RS274NGC_3/RS274NGC_3TOC.HTML

MESA ELECTRONICS - HTTP://WWW.MESANET.COM/

BOB CAMPBELL DESIGNS - HTTP://CAMPBELLDESIGNS.NET/

KB ELECTRONICS - HTTP://WWW.KBELECTRONICS.COM

GECKO MOTOR CONTROLS - HTTP://WWW.GECKODRIVE.COM/

CNC4PC CONTROLS - HTTP://WWW.CNC4PC.COM/

ALIBRE DESIGN - HTTP://WWW.ALIBRE.COM/

SHEETCAM - HTTP://WWW.SHEETCAM.COM/



THE END


