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1.

Desktop Machining Center DMC -lll System Description

Advanced Control TechGPK Group Inc. is proud to introduce the next gatien of its
truly desktop CNC machinghe DMC-III system. The system containst@ndard/Vindows
PC with ACTMach3 software and a DM@ milling machine. Monitor, keyboard and
mouse are not included. The user can select theirameordingto their prefeence. The
systemalso includes a tootix contairing the followingitemsfor turnkey operation

1 2pairs ofeasy to use clamp sets,

Few selectectolletsandmilling bits,

Tool changevrenches

Wrench andocketdor moving axes manually,
4 handlebars for moving the machine
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Printer port cable and power line cables.

The DMGHII is a full function 3axis CNC milling machine witsupport for aroptional 4"
rotational axisexpansion. lis a compact design with built-in CNC controllerin a single
piece of equipment

The system will comé a wooden crate. To unpack the system, please remove the screws at
the bottom of the crate. The wooden box tenbe separatefrom the palletThe machine

is bolted on the pallet.dtnove the nuts arattachthe 4 providedhandlebars to the machine
onboth sides for moving the machine.

1.1 CNC controller

The CNC controller for DM@Il is compacedin a single box located behind the gantry of
the X axis. The controller box inclusithe power supplyandelectronic boarsifor the 3-axis
motion control and brushless motor control for the spindle divé&20V regulaihousehold
power line is plugedinto the controller box. A parallel port is located in the controller box
to be connded to the PC. The controller box also provides paupplyand PC control to
the optional coolant systemin addition, here is a communication port in the controller for
4" axis expansion. The controller box is developed by ACT utiiegatestand mos
powerful chips. There are 5 CPU chips for each contrale for each axis (3 axes), one for
the brushless motor and one for coordination of all motiNlesessary protection suets
current overflowand optic isolationare built into the systerfor long lasting life. It also
matches the performance of more expensive large CNC machines with its ability to carry out
very sophistiatedcomputation to realize real time 3idecisioncontour motions.

Since the DMdII is a high performancgehigh precision 88C mac hi ne, it red
timed synchronization between the P&PCand t |
is dedicatedor the use othis CNC machineTo ensure top quality performance, we provide

an installed, ready to operate PC with thystem. Because &ckground programs that
normally run on Windowsmay affect CNC performancave turned them off during
installation. Using the predetermined settings on thisvided PC eliminates variatiorin

printer port voltage thalifferent brand P€mayhave We donot recommendehstallation

of additional programs oaccesmg the Internetas thg may affect Windows behavior
However , f acmveniertegCompuster Aided Design (CAD) programs, CAM, and

word processors may be installed.

It shauld be noted thatmodernPGCs are very powerfuland affordable. The Mach3 CNC
software platform is developed from opsource codean order to keephe license fee
minimal. Mach3 can be goweaful CNC software withthe proper organization and
utilization ofall its features. ACT exploits these advantages to buslkicengly effectiveCNC



controllerat anaffordable pricelts performance is comparable to major CNC controllers for
larger machines.

1.2 DMC-Ill Mechanical System

The machine frame and the Tbtstable are builwith cast iron for rigidity and lasting life.
Precision ball screwand linear guide ralare used for all 3 axes. The machine is gantry
designed alonghe X axis. The tool can move in bothe X and Z axesvhile the T slot table
movesalong the Y axis in order to maximize the size of the working diteatravel distances
for X, Y,and Za x e s  a8rpand6LGA clamping system developed BYCT works with
the T slot table to allow users to secure their work piece(s) without usisg.all parts in
the Z axis are builtfrom precision alunmum alloy 6061 making itstrong and light weight.
The machine isalibratedo ensure the alignment accuraxythe 3 axes arevithin 0.0016 for
the entire working arealhe spindle motor is a hig torque variable speed (300 rpm to
12000 rpm) brushless motor. The standard ERAKet is used which allow theuser to
secure tool bgup to 10 mm in diameteFinally, to eliminate motor vibrations,teming belt
is used to connect the motor drvend the spindle.

1.3 CNC software

To make operation easier for our usevrs,modifed the original Mach3software to be used
strictly with the DMC-IlIl hardware. Tis modified version of the softwares called
AACT Mac h 3 0s.1 toCehd this enanuatlescibe the DMCIII machine and the
operation ofACTMach3 Chapter7 andbeyondare general descriptisiof G codesrom the
Mach3 manual.

You are advised to join one or both of the online discussion for Mach3. Links to join are at
www.machsupport.corACT has spent a great deal of efforstmplify the Mach3 program

and make it easy to udy reading the first 6 chapters of this manual, the user shall be very
familiar with the system. Since aif the interfaces argraphic displag, the useccanspend

time to play with the CNC software while DM@ is powered off.

1.4 System Set up and Installation

The DMCHII system setup is simple and easy:

Step 1: Setup the PC bgonnectinghe powerto thePCrear panehndplugin the necessary

connectios for the mouse, keyboard and monitor.

Step 2. Connect one endtbé25-pin connector to thBCparallel portandthe other end to the

DMC-III controllerbox, locatedat the back of the machine.

Step3: Make sure th®MC-IIl power switch is ithe OFF positioO=OFF I=ON and ©®nnect
thepower cord to th®MC-IlII Machine

Step4: Turn on the PONVhenWindowsis ready startthe ACT MACH3 mill program

Caution:Always turn on the PC before turn on the machine and turn off the machine before turn of
the PCSince the Window booting process can savithgesto cause the spindle turning

Step5: Turn onthe DMC-III power switchMusicwill play indicatingthatthe machine is on.

Step 6: Once the systampoweedon, click the redi R E S Bult@and The button and the light on
the machinavill turn greenshowing thathe system is ready to operalée first thing the
user must RebAll Hsmebatton.dhe machine will slowly move to find the
origins.

St ep 7LoadGtoded k At est progr am c aled ¥al wilisedhattder u n
toolpaths are located outside of the machine boundary (the white dash line is the machine
boundary)l f you do not see the white dash | ir

Step 8: Nowwe need to move the toolpath$o the machine dundary. Use arrow keys to move the
X andY axes to the lower left corner and pafvnto moveth@a xi s. Then c | |


http://www.machsupport.com/

AY0O and AZo |l etter to set the new zero

Step 9: Cl i ck .0twikrgdeaw thetoalpathand rmakel syrsistwithin the machine
boundary.Then you can clicRstarbto run the progranBefore running the program,ake
sure the entire table is free of obstacles.

Note:If you mowve thetool outside of thenachineboundaryby accidentyou will heartheclick
sound from the motpplease reverse the motisach that the tool iithin the boundaryYou
need to referencal home to recalibrate the position before doing any precmachining.

DMC-IIl Controller Connector Panel

Open style Female
connector

MACH?3 Ready
Indicator

M-code MOS/MOS
Indicator

Parallel Printer
Port

Optional 4Th
Axis expansion
Port

Y



1.5 System specification

DMC-IIl Specificatiors

Travel Distance X, Y, Z 120 x 80 x 60

Table Size W x D 220 x 200

T slotwidth 7 / 1lo61dmm

Number of T slots 5

Machine Dimension W x D x H 270 x 300 x 310

Gantry clearance from table 6. 250

Motion support HIWIN 20mm linear guide rail with double blocks
and final machining in pairs for each axis

Driver Screw Preloa 20mm ball screw with zero backlash

Motor driver Micro step motor with ACT optimal digital
controller*3

Motion resolution 2 microns

Machine repeatability 0.00010

Position accuracy in the entire 0.0010

machining area

Slewrate X, Y, Z 6 0 0/ mm, 60600/ O

Spindle Standard ERL with1 odiameter or ER16@vith 3/80
diametemaxtool bit

Spindle driver motor Brushless DC motor with 1/3 HP

Spindle speed Variable 1500 t012,000 rpm directly controlled by
CNC program

Spindle motor to spindle Pulley with timing belt to isolate any motor vibration
to the spindle

Coolant system Ready can be controlled by CNC program

4" rotation axis Ready to expand with communication port

Total weight 260 Ib(400 Ib for the complete system shipping
weight)

*1 It is a singé piece machine, all power and control units, except PC, ardrbuilt

*2 Itis only a little more than z travel distance. Since we provide the special designed work piece(s)
holding devices for blocks and thin plate, all work piece(s) can be securettiydirethe T slot table,

user desnot needavise to hold the work piece.

*3 This micro step controllewas developdby ACT. We guarantee no step missing in normal
operation. Wénavetested the machire full speed (apidrate) in all axes continuously farany

hoursat a timethe motos did not gehot at al] nor was there any loss of positidrhere are Bnicro
processrsin each controller, one for eachthe 3axis, one fothe spindle motor and one for the
coordination of all motions. The electronic system is thorbutgstedfor temperaturevariationsand
vibrations for reliability andong life.

1.6 Windows XP System Optimization Guide

The PC we provided has been installed witt\WWindows XP operaing system. The system has been
optimizedfor thebest performancef the DMC-IIl machine duringhisinstallation. The user @snot
have to change the Windewetup. Howevein case the system setup has been changed, the user
shouldmake sure that the systeloesnot access thimternet Additionally, the following functions
mustbe disabld:

1. Automatic Updates



1. Rightclick fiMy Computep and seleciiPropertied
2. Click fAutomatic Updatestab. .

3. UncheckiKeep my computer updatéd.

4. Click OK.

2. Remote Assistance

1. Right ClickiiMy Computeo and seleciiPropertiaod
2. ClickiRemot@tab. ) o

3. Uncheck "Allow Remote Assistance Invitations
4. Click OK.

1.7 Machine Power Off sequence

Step 1:Click theRESET buttorlocated on the lower left side thfescreen Thiswill
disablethe machinendturn theRED light on RDY led flashing

Step2: Turn machine power ofmake sure to do this before exiting the program)

Step3: Exit from ACTMach3softwareprogram

Step4: Log off or shut down from Windows system

1.8 Safety Rules for using CNC machine

Any machine tools potentially dangerous. Computer controlled machines are potentiaiéy
dangerous than manual onkss recommended that the user spends some time to play with the
softwarebefore turimg onthe DMGHII power switch We desigadthe machingo beveryreliable
and easy to operate, however, A@dcepts no responsibility for any damage or injury caused by
improperuseof the machinelt is your responsibility tensuresafety of operation.

The following rulesare recommendefdr safety

Wear safety glases

Make your weprrkosonfoop fAki d

Keep work area clear

Keep away from turning spindle and tools

Make sure your program toolpath display is within the machine boundarybefore running the
program (see Display mode)

Dry run your program before running the actual parts



2.

DMC-III CNC machining systems

2.1

Parts of a machining system

This chapter will introduce you to terminology used in the rest of
this manual and allow you to understand the purpose of the
different components inraumerically conwlled milling system.

The main parts of a system fmnumerically controlled mill are shown in figure 1.1

2 - Part Program link
to controller

1-User's CADICAM
computer
A

4 - Axis & spindle
drives

Figure 2.1 - Typical NC machining system

The designer of a part generally uses a Computer Aided Design/CorAjolaer
Manufacturing(CAD/CAM) program or programs on a computer (1). The output of
this programapartprogram,s oftencalled"G-code"andis transferred by a network

or a USB memory stick2) to the Machine Controller (3). Tmeachine Controller is
responsible for interpreting the part program to control the tool which will cut the
work-pieceto a designed parfThe axes of the Machine (5) are moved by screws,
racks or belts which are powered by servo motors or stepper motors. The signals from
the Macline Controller are amplified by the Drives (4) so that they are powerful
enough and suitably timed to opertite motors.

The Machine Controllgf3) can control starting and stopping of the spindle motor
(andthe motorspeed)all axes motionturn coolam on and off ad will check that a
part program or Machine Operator {$jot trying to move any axiseyond its limits.



Because the commands of ac@de program can request complicated coordinated

movements of the machine axdse Machine Controllehas to be able to perform a
lot of calculations in "realime” (e.g. cutting a helix requires a lottagonometric
calculation) Historically this made it an expensive piece of equipment.

2.2 How DMC-IIIfits in

3.

3.1

The DMC-III systemprovides completedunctions of (3) (4) and (5) in Fig2.1.
DMC-III system contains a PC ardnilling machine.The CNC software package

and the Window system are installed in the PC. The CNC software developed by

ACT is based omodification ofthe Mach3 program. ACT liensel Mach3 program
and simplifed it into oneuser friendly systeml’he PC and CNC controller buiitto
the milling machine providéhe combinedunctions of (3) and (4)asshown in Fig.
2.1. The PC will perform part of function (3) with graphic displaghe CNC
controller performsthe rest part of function (3) and the completed function (4).

CNC Software Overview

The CNC software isnodified by ACT usingthe Mach3 software platform. We
simplified the display andnadeit easy to useThedisplayscreers look like most of
the expensive large CNC machines. The following screen will be displalyen
user opesthe ACTMIll software installed in the PC.

Display Screens

3 CRC Total M. 1014 MESEETEINEE 604 B MCLLT B | Fi RAM 5-I-
Hlach HC Controller otal Mem vail Mem () |Free | g@
File Config Function Cfg's View Wizards Operator Plugn Control Help
RunProgramait4 | MDIAIt2 | ToolPath Alt4 | Tool Offsets AltS | G.code | Mcode |  EEF Professional Desktop CNC

X +0.0000. o o0&
Y +0.0000, D!A: +0.0000 o
'+

7 +0.0000 H: +0.0000 | F 6.00 &)

® | Minch Feed Rate
A + O O O OO & mm UnitsiRev 0.00
. [ | Units/Min 0.00 L 4
Ref All Home GoTo Zero's . Display Mode File: C:Wach3\GCode\Test4 tap

Tool:0 Table Display

N5 (File Name = Drawing1 on Wednesday, March 04, 2009)
N10 (Default Mill Post)

N15 G91.1

N20 M5 M9

N25 M6 T1(TOOL Change 5mm)

N30 G43 H1

N35 GO Z1.0000

N40 M3 S3500

N4& X201 ANNN Y20 ANNN

As youcan seemostof the CNC operation functianarein this screen andoy

are ready to try outll of these functionsThe black window in the screen will
display the actual tool moving.he A Di spl ay modeo wil |l
the machinelt will be much easiefor the userto play with the softare and see
how the tool moesin the screen with the machipeweed off.

| — |
Regen Feed RUN Load Edit
Soft OFF

di



3.2.1Types of object on screens
You will see that the Program Run screen is made up of the following:

- Buttons (e.g. Reset, Stop At etc.)

- DROs or Digital Readouts. Anything with a number displayed will be a
DRO. The main ones are, of courge current positions of the X, Y, Z, A,
B & C axes.

- LEDs (in various sizes and shapes)
- G-code displayvindow (with its own scroll bars)

- Toolpath dispy (blank square on your scrg¢en
There is one important type of control that is not on the Program Run screen:

- MDI (Manual Data Input) line
Buttons and the MDI line are your inputs

DROs can be dispys or can be used as inputs. The background coéges
when you are inputting.

The Gcode window and Toolpath displays arormational You can,
however, manipulate both of them (e.g. scrolling theo@e window,
zooming,rotating and panning theodlpath display)

The ACTMach3is simplifiedinto 4 screerbuttonsas shown in the Fig.3.3
They are Run PrograrAlt-1, MDI Alt -2, ToolPath Alt4 and Tool Offsets Alt
5.

¢ Mach3 CNC Controller
File Config Function Cfg's View Wizards Operator PlugIn Control Help

Run Program Alt-1 MDI Alt-2 ToolPath Alt4 = Tool Offsets Alt-5 G-code M-code LBEF Professional Desktop CNC

X +0.0000, | Tool: 0 H S OSRO%

Figure 3.3 - The screen selection buttons

3.2.2 Using buttons and short cuts
On the standard screens most buttons have a keyboard hibtieghown after the
name on the button itself or in a label near it. Pressing the named key when the screen is
displayed is the same as clicking the button with the mouse. You might likeusing
the mouse and keyboard shortcuts to turn on and off the spindle, to turn on Flood
coolant and to switch to the MDI screen. Notice that letters are sometimes combined
with the Control or Alt keys. Although letters are shown as uppercase (fa& ehs
reading) danot use theshift key when using the shortcuts.

In a workshop it is convenient to minizei the times when you need to use a mouse.
The arrow keys can be used to move the X and Y axes and page up and page down is
used to move the Z axis w@ynd down. It is noted that the left and right arrow keys
logically move the tool to the left and right. The up and down arrow keys move the
table forward and backwamdhere the table moves in opposite direction of the arrow
direction It is because thahé Y direction is defined as the tool moving direction. The

tool mowesrelativeto the table in the opposite direction.



3.2.3 Data entry to DRO

3.3

If a button does not appear on the current
screen then its keyboard shortcut is not
active.

There are certain special keyboard
shortcuts which are global across all
screens. Chapter 5 shows how these are set

up.

You can enter new data into any DRO by
clicking on it with the mouse, clicking its

hotkey (where set) or by using the global ll +0.0100}
hotkey to seleddDROsand moving to the one S
that you want with the arrow keys

JOG Mode |_ JOG Con

Z+

Try entering a feedate like 45.6 on the
Program Run screen. Yomust press the
Enterkey to accept the new value or t&sc Z 2
key to revert to the previous origackspace
and Delete are not usd when inputting to
DROs. [l JoG onoff

B coolant on/of

Caution: It is not always sensible to put your Siow Jog Rale

own data into a DRO. For example the

display of your actual spindle speed is v 90.0 A
computed by Mach3. Any value you enter > >
will be overwritten. You can put values into

the axis DROs but yoshould not do it until

you have read Chapter 7 in detail. Thisds

a way of moving the tool!

Figure 3.4 - Jog controls

Jogging (use Tab key to show and hide

You can move the tool relative to any this)

place on

thetablemanually by using vaous types of Joggind@MC-IIl moves the toolalongthe
X and Z axesand the machine table mavalong Y axisWe will use the words "move
the tool" here for simplicity.

The jogging controdtso ager eodn .a Tshpies iimgd Hilf c
theTabkeyon the keyboard. Figure 3.4 gives a view of theofly. Pressg Tab keyagain
will make the flyout disappear.

You can use the keyboard for jogging. The arrow keys are set by default to give you
jogging on the X and Y axes and Pg Up/Pg jogs the Z axis. You can-p®nfigure

these keys (see Chapter 5) to suit your own preferences. You can use the jogging keys on
anyscreen with thdog ON/OFFbutton on it.

In figure 3.4 you will see that the Step LED is shown lit. Thg Modebutton taggles
betweerContinuousand Stepmodes

In Continuous mode the chosen axis will jog for as long as you hold the key down. The
speed of jogging is set by t&éow Jog PercentageRO. You can enter any value from
0.1% to 100% to get whatever speed youtw@he Up and Down screen buttons beside



this DRO will alter its value in 5% steps. If you depressShitkey then the jogging will
occur at 100% speed whatever the override setting. This allows you to quickly jog to near
your destination and thmosition accurately.

In Step mode, each press of a jog key will move the axis by the distance indicated in the
StepDRO. You can set this to whatever value you like. Movement will be at the current
Feedrate. You can cycle through a list of predefiisdp sizes with th€ycle Jog Step
button.



Overview of ACT Mach3

Rotary encoders can be interfaced (via the parallel port input pins) to Mach3 as
Manual Pulse Generators (MPGSs). It is used to perform jogging by turning its knob
when in MPGmode. Thébuttons markedlt A, Alt B andAlt C cycle through the
available axes for each tifethree MPGs and the LEDs define which axis is currently
selected for jogging.

Theother option for jogging is a joystick connected to the PC games port or USB.
Mach3 wil work with any Windows compatible "analog joystick” (so you could even
control your X axis by a Ferrari steering wheel!). The appropriate Windows driver
will be needed for the joystick device. The 'stick is enabled byaystickbutton and,
for safetymust be in theentral position when it is enabled.

If you have a joystickvith throttle contro|then this can be configured either to
control the jog override speed or the control the feed rate overridél{apeer 5).

Such a joystick is a cheap wayprbviding very flexible manual control of your
machine tool. In addition, you can use multiple joysticks (strictly Axes on Human
Interface Devices) by installing manufacturer's profiler software or, even better, the
KeyGrabber utilitysupplied with Mach.

Now would be a good time to try all the jogging options on your system. Don't forget
that there are keyboard shortcuts for the buttons, so why not identify them and try
them. Youshould soon find a way of working that feels comfortable.

3.4  Manual Data | nput (MDI) and teaching

3.4.1 MDI

Use the mouse or keyboard shortcut to display the MDI (Manual Data Input) screen.

This has a single line for data entry. You can cbokit to select it or use pregnter
whichwill automatically select it.

You can type any valid line
that could appear in a part ——— sog onoer cutand ]

program and it will be executed G Om—

when you presknter. You can
discard the line by pressing
Esc TheBackspacdey can be
used for correcting mistakes in

Figure 3.4 - MDI data being typed

typing.
If you know some &ode commands then you could try them ougolf arenot familiar with
the G code, you can try the following

G00 X1.6Y2.3

Which will move the tool to coordinates X = 1.6 units and Y = 2.3 units. (it is G zero
not Gletter O). You willsee the axis DROs move to the new coordinates.

Try several different commands (or GOO to different places). If you use the up or
down arrow keysluringthe MDI ling, the screen wilscrolls backardand forward
through the history of commands you hareered. This makes it e@s to repeat a
command without having to-tgpe it. When you select the MDI line you will notice

a fly-outbox providingyou a preview of taremembered text.



A MDI line (or ablock of Gcode) can have several commands cenitl they will be
executed in the "sensible" order as defined in Chaptdt isthot necessarily from left
to right. For example setting a feeteby G-codesuch ag-2.5 will take effect before
any feed speed movements even if the F2.5 appears indtkeror even at the end of
the line (block). Ifyou arein doubt about the ordén be executed in each lirtey to
type severaseparate MDI commariohes.

3.4.2 Teaching

Mach3 can remember a sequence of lines that you enter using MDI and write them to
file. This can then be run again and again ascad& program.






