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Congratulations!

Congratulations on purchasiygur MachMotionanalogcontrol. All our contrad have been designed to be plug
andplay as much as possible to make it easy for you to inbtahisQuick StarManualwe give you all the
tools you need tesetup your control.

We hope that this installation can be as quick and easy for you as poffsylole have any questions, please do
not hesitate to give us a call.

Sincerely,

The MachMotion Team
http://www.machmotion.com

14518 County Road 7240, Newburg, MO 65550
(573) 3687399wFax (573) 342672
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Getting Started

Reviewing Your Package
If you have notlready, begin by opening up the package containing your control. You should see the following:

Figurel CNQControl Packag€with Optional Pendant)

Remove all the contents from the plastic bag.
Next locate the following items

X15250 Control
Interpreter 1000
2 Power Cable
Optional Pendant Figure2 Interpreter 1000
White Envelope

The envelope contains the keys to turn on your control and backup copies of the soitstaiedon your
control. Make sure to storene envelope in a safe locationgase something ever goes wrong.

(et e e B e B

Power Cable

; Figure3 Items
White Envelope 9 Optional Pendant
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Mounting Your Control
If you purchased a mounting arm with your control, begin by assemiblirging theArm Assembly Instructions
Manual The manual can be found on the webnatw.machmotion.conunder Support thenDocumengtion.

However, if you did noteceive a mounting arm, begin by mounting the control securely to your machine.
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Starting Your Control

Supplying Power

To power your controbegin bytaking off the back cover of the contro¥ou need to remove 8 screws.

Figure4 Back Panel

Next dug the blackpower cablefrom the controlinto 115VAC. Thether end of thecable should be plugged
into the connector inside the hole on the top of the control as shd&fow.

Side view
from inside
control

Top view

Figure5 Power Cable

To power the Interpreter 1000, plug the other power cable into J2 on the Interpestehown irFigure6. Plug
the othersideof the cableinto 115VAC.
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J1

Connectl1to the Ethernet
cable from the control.

NV

Connect J2 td415 VAC.

Figure6 Interpreter Connectors

Connecting Your Interpreter
After removing the back panel yauill seea wound up Ethernet cabl@ith a RJ45 connecto€onnect the cable
to the Interpreteron J1(Figure6).

Figure7 Ethernet Cable

Turning on Your C ontrol
Locate the keys inside the white envelope that came with your control.

Figure8 Keys

Place one key into the keyhaod the back right hand side of the control as pictured beldurn on yourcontrol
by rotatingthe keyand then quickly releasing
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Figure9 PC Start

Starting the Mach3 Software
The Mach3 softwareomes withthree profiles, Mach3 Mill, Mach3 Plasma, and Mach®n Depending on
what kind of machine you have, double click on the corsbatrticut Beloware pictures of each profi{@ a

shortcut

A ki & Ld

Mach3Mill Mach3Turn Mach3 Plasma Mach3 Loader

Figurell Profiles Figure1l0 Mach3 Loader

On your desktop you will also find a shortcut for Mach3 Loader. This allows you to load any of the profiles from
one location. Double clicking on the Mach3 Loader shompeains the following window:

Session Profile =
Current Profiles
dspMC Create Profile |
Mach3mil
[Machi3Turn Delete Profile |

Mill_for customers without switchpannels
Flasma

Cancel

[ o |

Figurel2 Loader
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After double clicking on a profiler opening a profile fronthe Mach3 Loadera window will come upsking you
to agree to itdegal notice.

Legal Motice.. x|

o --- Motice of Liability -----

1t is the nature of all machine tools that they
are dangerous devices, In order to be permitted to
run LazyCam on any machine vou must agree ko the following,

I agree that no-one other than the owner of this machine ,

will, under any circumstances be responsible, For the operation,

safety, and use of this machine. I agree there is no situation under

which I would consider Artsoft, or any of its distributers to be

responsible for any losses, damages, or other misforkunes suffered

through the use of this program. I understand that software is very

complex, and though the authors make every effort ko achive a bug free

_I environment, that I will hold no-one other than myself responsible for

-
I I

[ Please do not ask this again, I wil dways agree,

| I do not agree, and will not run Mach3 i I Agree to all terms of this agreement |

Figurel3Legal Notice

wSFR GKS tS3Ff y2idA OBleaseyd®not@skihi hgaig, Ywillalkays a@reA|S yo A ENIG®
agree to all terns of this agreement

Next you will see Mach3 loading.

<Artsoft=

ArtSOft MaCh Professional
Windows 2000 & XP Compatible 2 O

Figurel4 Mach3Software

If you loaded Machilill andif you had purchasethe Ultimatescreen set, yowill see the following window:



13| Page

Mach3 CNC Licensed To: Mach Motion Serial:10091002

Fle Config Function Cfg's Wiew Wizards Ops
Profile: 4 Mode:Mill->

| | |

0.00000 v:0.00000 z:0.00000 A:0.00000 B:0.00000 ¢:0.00000

B in SR o

T: 0 H: 0.00000 p: 0.00000

SPINDLE FEED

s 0 | — ™ r 600

ov: 048 | z
y y 0 /—/ 0
100 f /' TSpindie 8 % [ [ Unitsittin

P: 1

ToolPath | Prog Run

Regen Resize View/Edit

~ | Continous Step MPG Jog On/Off
Cycle Start —
Manual Limits wes
OverRide
Feed Hold ™ Slow Jog Rate
8
Stop =

Rewind
Part # Line # D Elaps: )

Offsets

Load Advanced Tool Offset User

No File Loaded.

BLI,‘%‘E-_‘ﬁs Ref Home Offsets i Control ToolPath

Figurel5Mach3 Mill

If the Interpreter is powered up and connected to the Ethernet network, the Mach3 sbatushould display
the following messagé DSPMC/IP Device Connecidflyou see an error saying that the device cannot be
found, make sure that your Ethernet cable is connected correctly.

Make sure to click th®ESEButton before continuing.

Figurel6 RESET

Note: For more information on how to run the Mad@tware please see padg#2 on Documentation
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Exploring Your Control

Now with your control up and running, it is time to examine some of its features.

Operator Panel (X15-10-01)

On the right hand side of your control there is thgerator panelwith jog buttons, selector knobs, and a few
buttons. See the picture below:

M.AacHMoTIOoN

X15-10-01

FEEDRATE
0g OVERRIDE
40% 55%
Selector ! m% \ g 1%

Feedrate
Selectg

CYCLE START

EMERGENCY STOP

FEED HOLD

Figurel7 OperatorPanel
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Emergency Stop

In case of an emergency, press the large r&nergency Stopoutton on the operator
panel. All motion will stop immediately. DO NOT PRESS FEED HOLD!

kkkkkkkkkkkkkkkkkkkkkhkkkkkhkkhkkkkkkkhkhkkkkkhkkhkkhkkkhkkkhkkhkkkkkkkhkkhkkhkkkkkhkkkkkkk

You can use thgbuttonsto move your axes manuallyse the Axis Selecttw selectthe axisyou want to jog.
If the Axis Selector is in the off position, the jogttons are disabledSeeFigurels).

Figure18 JogButtonsand Axis Selector

Note: If the jg buttonsdo not work, make sure that the Axis Selector onpisedantis turned off.

To change the jogging speed or the jog increments adjust the Jog Selector. The selection$Stapeledallow
you to jog a predefined step or increment each time a jog key is pressed. You can jog 1 or 0.000krohaat in

a time by selecting X1 and X.0001 respectively Fspael9 below.

Figurel9Jog Selector
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If you want to jog continuously rather than incrementally, turn the Jog Selector over intodhegnuous Jog
section. You can jog your machine at the full jog rate (100%) or slawit tb 2%.

Your machine is setup so that the up and down arrow keys move the Y axis, the left and right keys move the X
axis, and the plus and minus keys move the Z axis.

Figure20Jog Keys

Note: For information on how to change these shortcut keymartocreate new ones, go t8etting up Hot
Key®n page’6.

With the Feedrate Selector you can adjust the feedrate override f&rall the way to 130%. You can use it to
slow your machine down while running a prograifso, in step jog mode the speed of the axiegulated by
the Feedrate Selector.

FEEDRATE
OVERRIDE

40% 55%
25% \ | T0%
N\

Figure21 Feedrate Selector

You can start and stop programs by using the green and red buttons on the bottom of your operatoilpanel.
green button ighe cycle startbutton and the smalted button isa feed hold.Feed hold does not happen
instantaneously. If you need your machine to stop immediately, you must press reset or EStop.

Figure22 Cycle Start and Feed HoRlttons



18| Page

Pendant (X15-20-01)

If your control cane with a pendant, read this sectiomhe pendant is mounted on the right sidetloé control
near the operatoipanel. Seé-igure23 below. For information on how t@etup your pendant, seBetting up
Your Pendanbn page64.

Enable Button

@ AXis Selector

Jog Selector

Figure23 Pendant

To use the pendant you must switch the Axis Seldcttine axis you want to jod-he pendant will not work if
the Axis Selector is in theFFposition While holding down the enable button (s&&gure23), you can rotate
the hand wheel (also called the MPG) and the selected axis will Gtnvamge axes by switching tAgis
Selectorto a different axis

Figure24 Axis Selector
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The Jog Selector on the pendant allows us to switch between either 0.0001 or 0.001 inch increments. Each click
of the MPG will move the selected increment. However, if the Jog Selectovithen the MPG is in velocity

mode. In velocity mode the axis mewas long as the MPG is turning and the speed of the axis is regulated by

the speed of the hand wheel. In other words, turning the hand wheel very fast will make your axis move very
quickly.

Figure25Jog Selector

When you ardinished using the pendant, make sure to turn the Axis Select@RBOtherwise the operator
panel will not allow you to jog.

Mouse
Below theoperator panelis aball mouse. You can use this for navigating aroomgiour control.

Figure26 Mouse

Keyboard

The keyboard is located at the bottom of the control in alig tray. For security and safety reasons there is a
lock hole in the back left hand side of the keyboard tray to prevent the tray from openeglock is not
supplied with your control.
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Figure27 Keyboard

External USB Port

On the right side of the keyboard there is a USB port. Use this for transferring programs, files, or any other data
to and from yourcontrol.

Figure28 USB Port
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Computer Port Diagram
Below is a diagram of all the different ports on your control with a brief description of each.

1. Power Board

\ 2. Power Cable
3. PC Start
X )

— ,24VDC 12vDC SVDC‘

EENRMaE T
@ o"\
4. PS2 Ports 5. Parallel Po &

8. Monitor

7. Serial Port Connector P(.)RTS
1. Power Board Interpreter 1000andto local Ethernet
Three power supplies (24VDC, 12VDC, & networks.
5VDC) for any application. The 24VDC 7. Serial Port
supply powers the MachMotion 106 This can be used for any application.
Breakout Board. However, in many of our systems this is
2. Power Cable used to communicate with a PLC.
115VAR20VAC power for the control. 8. Monitor Connector
3. PC Start This is used to connect your controldo
Tostart the control, connect these two pins monitor with a standard XXX cable.
together with a momentary push button 9. Audio
switch. These are your standard audio outputs.
4. PS2 Ports 10. USB Ports
These can be used to plug in an older These ports are used fgour keyboard,
keyboard and mouse. mouse, operatopanel, file transfer, and
5. Parallel Port more.
This can be used for any application. 11. Fan Connectors
6. Ethernet Pors These connectors supply 12VDC for two

Theseportsareused to connect to the small fans.
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Configuring Your Control

Your Motion Controller
The Interpreterl000is your Ethernet motion controllerAll yourstandardl/O, encoder inputs, andé-10Vanalog
outputs are wired into it. Most of your time in setting up your control will be working with this controller.

/O Board 2 /O Board 1

...............

YN YNV S weeey IELT L TITOL ST I [Tl 1iily
AT ; TR s

/ LLJ_III!J_iIIILL_‘HVI&,‘I_I_lu.LlLl \
R A *

Encoder Board Z Encoer Board 1

Analog Board

Figure30 Interpreter Overview
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The brain inside the Interpreter is the DSPMC motion controller from Vital Systems. In the remainder of this
setup manual, the whole unit is referred tioe Interpreter and the computer inside the Interpreter is referred to
as the DSPMC.

Monitoring the DSPMC
To monitor theDSPMCdick on Plugin Controbn the top menu baand thenselectVITAL DSPMC Status

Mach3 CNC Licensed To: Mach Motion Serial:10121000
File Comfig Function CFg's  “Wiew ‘Wizards Operator | PlugIn Control  Help

Mach Motion Profile:ly Pokeys0 IO Man.

0 |

Figure31DSPMC Status

If the dspMC/IP Statusindow appearst means that theDSPMC isonnected. You can see the current states of
the counters, inputs, and outputs.

dspMC/IP Status X

dspMC Firmware version: 7762 | 0625
B ! Encoder 0 0 Feedback 0 il Crnd Pos 0 il

Clear Encoder1 [ p  Feedbackl | o cndPost [ g
Buffer Transfer Size — Encaderz [ g Feedbackz [ @ CmdPosz [ @
A eSS || Encoder3 [ o Feedbacks [ g CmdPos3 [ g
GCode MessageCntr [ g EncoderS [ g Feedback4 [ @ CmdPos4 [ @
dspMC BuFfer Size & Encoder4 [ o Feedbacks [ g cmdPoss [ g
BuFfer Fill Level — o Encodera [ g
DSPMC GCode Line o Encoder7 [ o
MACH GCode Line o
*Click on Qukput LED to toggle,
[ INPUTS [ QUTPUTS
1] 1 z 3 & 5 B 7 g 9 10 11 12 13 14 15 1] 1 z 3 & 5 B 7

L I s s N ) | |
LI I | | s s N e o | |
B3 8 W v s |

3= N | S s N I ) | o B | |
01 2 3 4 5 B 7 & 9 10 11 12 13 14 15 01 2 3 4 5 8 7

Figure32dspMC/IP Status Window

You can toggle the outputs lmjicking on the output LEDs. If an output is defined in Ports and Pins, it will
controlled by Mach3 and clicking on its LED will not effect. You can leave this window open while running
Mach3.
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Configuring the DSPMC

To change anything inside the DSPM@, ymust open up the DSPMC plugin. QGokfigon the main menu bar,
then Config Pluins. Select the yellolCONFI®utton next to theM3dspMCDSPM@PIlugn-xxx-VITAL option
as shown below.

Plugln Control and Activation

Enabled PlugIn Mame Config
wf Flash-FlashScreen-SWwF-Plugln-aA.Fenerty--B.-Barker-Ver-... | COMNFIG
& JawyStick- JoyStick-PlugIn--art-Fenarty-ver-1.0a CONFIG
C 1l M3dspMC-dspMC-Plugin-3. 11 MITAL- COJFIS ]
' PrinterScope-Port-Scope-1.00,046 i I
' TurnDiags-Turn-Diags-1.00.1 3 (5}
wf video-—B.Barker-ver-1,0 G

Figure33DSPMC Plugin

Oncethe DSPM@lugin is launched you can stée followingnine tabs

System Tab
Axis X(0)
Axis Y(1)
Axis Z(2)
Axis A(3)
Axis B(4)
Axis C(5)
Axis D(6)
Axis E(7)

OCeNohrONE

Eachaxis tab represents an axis to be controlled throtigh DSPMC By defaultthe Systemtab will be selected
as showrbelow.
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DSPMC Configuration &

system |3 v |z@ e s |aw o |em |

Spindle DAC _ - [¥ Enable Debug Window

Max Buffer Level 50 I Ignore Limit Switches When Homing
Threading Feedback Prabing Mpg Source #1
- T -
Sync Source Undefined vPe Single Cycle o Soft Encoder -
- MoveBack [ 0.25
Sync Index ul Index m
Enc. CountsfRev |1 Feedrate | 25.5

SampingTime fms) [50

Hardware Encoder Polarity

Channelo |Positive - Channel 3 |Positive hd Channel & |Positive -
Channel 1 |Positive = Channel 4 |Positive: - Chamnel 7 | positive -
Channel 2 |Positive - Channel 5 |Positive -

Encoder Debounce

Channel 0 [ons (6.25MHz)  w| channel3 |Ons(6.25MHz) v Chanmelé [ons(e.zsmiz) |

Channel 1 [ons (6.25MHz) | channel4 [ons (6.25MHz) | Chanrel 7 [ons (6. 25mMHz) ~|

Channel2 [ons (5.25MHzy  w| ChanelS [ons (6.25mHz) v

Update DSPMC

OK Cancel

Figure34 DSPMC Configuration

At any time while inside the pluginlicking on thdJpdate DSPM®utton will transmit the settings to the

DSPMC controller. Clicki@gwill also transmithe settingsand savehem in the selected Mach3 profile (e.g.
Mach3Mill, Mach3Turn, etc).

To exit the plugin, pressKand thenOKagain on thePlugin Control and Activatiomindow.
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Setting up Your Axes
To setup your axes you must wire up your dsialibrate your axesetupthe Mach3 software, antlne your
drives.

Wiring Your Drives

Encoder Feedback
The Interpreter takes TTL (5VDC) differential encoder inBatgin by wiring your encoders to the encoder
boards on the Interprete(SeeFigure30). Axes X, Y, and Z are all wired iBtwoder Board as shown below

N +Y Z Z+ B- B¢ A At JIGHND 5V Z- B- B+ A &

Figure 32 Encoder Board 1

Axes A, B, and&e connected td&encoder Board.2f you have spindle feedback or an optional pendant, they
will also be connected to Encoder Board 2. For more informatiorssétéing up Your Pendannh page64 or
Wiring Spindle Feedbaabn page68. The connectorsre labeled on the Interpretesis shown below.

Z B-
SPINDLE ENC/ G ENC

Figure35 Encoder Board 2

When wiring the encoders make sure to connect all the shields directly to gréinsdl7, 21pr 25 of the
encoder boardsire all ground



Use the tables below as a reference for wiring up your encoder

Encoder Board 1

Encoder Board 2

Pin# Label Function Pin# Label Function
=1 1 A+ X Axis A+ o 1 A+ A Axis A+
x| 14 A- X Axis A- x| 14 A- A Axis A-
2 2 B+ X Axis B+ 2] 2 B+ A Axis B+
= 15 B- X Axis B- = [ 15 B- A Axis B-
FBE Z+ X Axis Z+ 8 3 Z+ A Axis Z+
51 16 Z- X Axis Z- 51 16 Z- A Axis Z-
X 4 +5V +5V 500mA < 4 +5V +5V 500mA

17 GND Ground 17 GND Ground
5 A+ Y Axis A+ 5 A+ B Axis A+
SHEEE A- Y Axis A- S| 18 A- B Axis A-
g 6 B+ Y Axis B+ 3 6 B+ B Axis B+
SHET B- Y Axis B- S| 19 B- B Axis B-
87 Z+ Y Axis Z+ e[ 7 Z+ B Axis Z+
8| 20 Z Y Axis Z- 8 [ 20 Z- B Axis Z-
U>J 8 +5V +5V 500mA :'; 8 +5V +5V 500mA
21 GND Ground 21 GND Ground
< 9 A+ Z Axis A+ A 9 A+ C Axis A+
x| 22 A- Z Axis A- . bl 22 A- C Axis A-
2| 10 B+ Z Axis B+ = o 10 B+ C Axis B+
- = B- Z Axis B- § % 23 B- C Axis B-
3 11 Z+ Z Axis Z+ 5 11 Z+ C Axis Z+
USJ 24 Z- Z Axis Z- 13 UE) 24 Z- C Axis Z-
N |12 +5V +5V 500mA 12 +5V +5V 500mA
25 GND Ground 25 GND Ground
13 13 Reserved
Tablel Encoder Boards
MachMotion Version 1.0.1
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Analog Outputs
¢ KS Ly dSNLINEB G SNDac1pWGohngcByolu? atzldgldinals intoN@Raloly BoarliseeFigure
30).

- -

ECCeeRECECENcOCCENe e CHtOe e

T T 1 ITTTTLTIIIIIIJTT
W& GND GHD BHD s"p'im" C B GND & Z Yo K YA BV H2Y

+-10¢ ANALOG

Again make sure to connect your shields to groursk the table below as a reference for your analog outputs.

Analog Board

Pin# Label Function
1 +12V +12V, 100mA
14 +5V +5V, 500mA
2 -12Vv -12V, 50mA
15 X Analog Index 0
3 Y Analog Index 1
16 Z Analog Index 2
4 A Analog Index 3
17 GND Ground
5 B Analog Index 4
18 C Analog Index 5
19 | 0-10V Spindle | Analog Index 7
7 GND Ground
12 GND Ground
25 GND Ground

Table2 Analog Board

Enabling Your Axes
After your drives areonnected to the Interpreterenable your axes in the following way:

1. On the menu bar, clicRonfigand thenPorts and Pings shown below. A window call&hgine
/ 2y T A 3 deNids anid Pig@iXl pop up.
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'Mach3 CNC Licensed To: Mach Motion Serial:10091002
File | Config Function Cfg's  Wiew ‘Wizards Operator  Plugn Control  Help

Select Mative Units
Ports and Pins
Makar Tuning
General Config. ..
System Hotkews
HormingjLimits
ToolPath

Slave Axis

Backlash
Fixbures, ...
ToolTable. ...
Config Plugins
Spindle Pulleys..
Safe_Z Setup..
Save Settings. .

Figure36 Ports and Pins

2. Select theMotor Outputs tab and you will see the axis setup as pictured below.

Engine Configuration... Ports & Pins 5[

Port Setup and &xis Selection  Maotor Outputs | Input Signalsl Olutput Signalsl Encoder/MPG's | Spindle Setup | Tumn Dptionsl

Signal Enabled Step Ping Dir Pinst Dir Lowwdctive | Step Low Ac,., | Step Port Dir Park

w Axis ' 0] 0 ' :'{" 0] 0

Y Bxis L a 0 ¥ of a 0

Z Bxis L a i} ¥ o a i}

A Axis ' 0] 0 ' t’g 0] 0

E axis ' 0] 0 ' E’{" 0] 0

C Axis L a 0 ¥ of a 0

Spindle of 1] 0 L 4 o 1] I:l

Ok | Cancel I Apply

Figure37 Axis Setup

3. /A0l 2¥ (kS NBRfGS 'y FEA&® LF (KSNBthdastisis 3INBSY
enabled already.
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Engine Configuration... Ports & Pins xl

Port Setup and Axiz Selection  Motor Outputs | [nput Signals DutputSignaIsI Encoden’MF‘G'sI Spindle Setupl Turm Dptionsl

Signal Enabled Step Pingt Dir Finat Dir LowAckive | Step Low Ac... | Step Port Dir Ptk

® Axis :‘/f 0 0] ' :f 0 0]

i Axis of 0 a L of 0 a

Z Axis o 0 a ¥ o 0 a

A fxis ' 0 0] ' tf 0 0]

B Axis ' 0 0] ' Ef 0 0]

C Axis ' 0 0] ' !:f 0 0]

Spindle of 0 1] x of 0 D

Ok | Cancel I Apply

Figure38 Axes Enabled

4. PressApply and thenOK Youraxesshould now besnabled.

Note that your axes are not setup yet. Do not try to jog your machine at this time.

Calibrating Your Axes

Before you can tune youlrives, you mustalibrate your machineYou need to calculate how many encoder
counts there are per incand the maximum velocity of your systethyou purchasedotorsfrom
MachMotion, use the table below as a reference.

Motor Type Encoder Counts
TECO 10,000
Mitsubishi 131,072

Table3 Motor Encoder Counts

Calculate the counts per inch and veloaiging the steps outlined below.

1. Calculate how far the axis moves with one motor turn. Make sure to include in your calculations both
the ballscrew or rack and pinion and the gear reductisngh agulleys).

2. FHndthe number of encoder steps per inchake the number of encoder counts for one full revolution of
the motor (which can be found on the motor specification sheet of able3) and divide it by the
distance the axis moves in on®tor turn (what you calculated above). This gives youtiiach3 calls
&2 daB BIa LISNIDE
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MachMotion

3. Multiply the distance your machine moves in one mdtan with your motoiQ rated speed in RPM.

This gies you your velocity in inches millimetersper minute.

Now you are ready to enter these values into the Mach3 software. SElmtfigon the top mem bar, then

Motor Tuning You should see thdotor Tuning and Setwwindow as shown below.

On the right column titledAxis Selectionpress the button corresponding to the axis you want to setup. The

48t SOGSR 6 At tStepsPent shovikbBIBW® b 2 6

Motor Tuning and Setup

(SR}
&
FA=]

216
189
162
135
108

8

Yelocity inches per Minute
o
&

b
=

0
o

X - AXTS MOTOR MOVEMENT PROFILE

0ns 01 015

02 025 03
Time in Seconds

0.3

04 045 05

Accel
welociky Acceleration
Steps per In's o mm's per min. — in's or mm'sfsecjsec G's
10000 270

I65.D?

J_

Step Pulse  Dir Pulse
1-5us 0-5

Welocity
(=

—Axis Selection
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Next enter youwelocityas shown below.

Motor Tuning and Setup
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Figure41 Velocity in Motor Tuning

MachMotion

PressSAVE AXIS SETTINBfare clicking on another axis or closing out Metor Tuning and Setugindow.

Configuring Your Axes

You must also configure your axes inside the DSPMC. Begin by opening up the plugin as shown in the section
Configuring the DSPMiD page25. Select the tab corresponding to the axis you want to configinsde the

axis tabghere aretuning parameters andontrol parameters.

DSPMC Configuration

Spstem ¥0) |y |22 |a@ |en |ao |oe |en |
PID Filter Test [~ Control
[E— Position Acceleration Welacity. Ready [ Cantrel Tngt
P | 0 mmjinch wnitfsec? unitf min Source [MACHXX -
1 |5n Max Ervar T | 100 | | | . . Index [g -
2/ L
D 100 g i &m
= Relative T = ,—5 0000 1
DeadBiand | 0 " absolute ~Control Output
CLR ™ Reverse ¥ hutoReverse I7 Show Units
el. Fee
Scale [ 1000 v | 100 in y 0.000 source |DAC -
Low Pass e frm lome
offset [0 Fiker 0,30 |5 Index |0 id
M Following Error [ 5000 I QUi @ CmEe @ G ~PID Feedback
soures [Encods =l
PID Response Index |0 =
q
Type |Home Sensor =
¥ Use Index Pulss

i
00 04 01 o

Backlash Counts
[

Backlash Comp Speed
0
Make sure to update

DSPHIC  you make.
Update DFPMC | any changes in these
parameters,
Save Configuration

ot | oo

Figure42 X Axis Configuration
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If you purchased your control from MachMotion, the control parameters should be setup for your specific
machine. Théndex andaxisnumbering startat 0. So for the X axike index should b@ for theControl Input
Control Output andthe PID Feedbacks shown belowSee the tables on the analog and encoder wiring for
more information Tablel & Table2).

r— Control Parameters
— Control Input

Source IMP.CHxx ~ l

Index ID vl
Gain I 1

—iZontrol Qukput

DAC 7

Source

Index ID < l
PID Feedback

Source IEncoder 'l
Index IU ‘l

Homing

Type IHome Sensar & l

¥ Use Index Pulse

Backlash Counts  Backlash Comp Speed
|0 o
Make sure to update
DSPMC iF vou make
Update DSPMC | any changes in these

parameters,

Figure43 Control Parameters

Note: Tosetug 2 dzNJ Y I OK A ys& fhé sedi¢rGalpulatingdéckishon paged 1.

To update the control parameters, press tbedate DSPM®utton before PID is armed. Clicking©@Kor the
Save Configuratiofuttons saves the entire configuration to the selected Machiif@.

If you want more information about the control parameters, please read the section below.

Control Parameters
Control Input Source Control Input Source defines the input type for the PID filter for a particular axis. This should be set
to MACHXxx If the axis is not used, it must be disabled by seledtindefined.

Control Input Index Defines the index of the PID input source. Normally this is equal to the axis n(dhbd), Y = 1, Z = 2,
etc). Foraslave axis, it should be set to thember of the master axis.

Control Input Gairg The control input (Commanded) is multiplied by this number before applying to PIDLfdre this at

1 for most applications.

Control Output SourceControl Output Type defines the output for the Piltef for a particular axis. The possible values
are:
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DAC:Use one of the analog outputs as the PID control output. This settimegtbedto drive a Servo amplifier
that takes +£10volt reference inputs.

Stepper: Use one of the dedicated digital output pairs for the Step and Direction signals in stepper diines.
feature is not currently available

Undefined:This setting is used to disable the axis and to ignore the control output index. If the axiemahlad,
then the Control Output Source must be setWWadefined.

Control Output Index Defines the index of the PID Outpietg. Index 1 is the Y Analog signafnalog Index Table2).
PID Feedback Soure®ID Feedback Source defines the feedback type for the PID filter for the selected axis. The possible
values are:

EncoderUse one of the differential hardware &2 RSNJ n X1t | &4 GKS tL5 FSSRol Ol @

A2D: Use one of the analog inputs as the PID feedback. This allows PID to be used for temperature and process
control, in addition to motion control applications.

PID Feedback IndexConfigureshe index of the PID feedizk source.

Homing Type Definesthe homing sequence for each axis. Two types of homing seqsemnesupported:

Home Sensor (Homing with or withoutan Index Pulse)

The axis moves ithe configured direction untihhome sensor is seen. It then moves in the opposite direction at
20% of initial speed until the sensor is not seétlselndex Pulsds checked, then the axis will continue moving
until it finds the index pulseAt this point the home position is defined.

IndexPulseOnly (Use only the Index pulse to Home)

The axis moves in the configured direction to locate the index pulse to home the axis. As soon as the index pulse is
detected, it clears the positiooounter to indicate the home position and stops the axis.

Slaving an Axis
To configure an axis as a slave, follow the steps outlined below.

1. Open up the DSPMC plugin by clickingCemfig>Config PluginsSelect the yelloWlCONFI®utton next
to the M3dspMGDSPM@EPluginxxx-VITAL option.

2. Click on the axis tab that you want to slave.

3. Set theControl Inputindex equal to the master axis. For example, if the A axis is a slave of Y, set the
control input index for A equal to 1 (rather than 3).
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a3 e |as o |Em |

Test Motion

Position

IMax Error ID finch
mmying

Acceleration

unitfsecz

Velacity
unitf min

Max Error I | 100 I I

' Relative

Execute |

Ready

. Steps/unit

MachMotion

Control Parameters
Control Tnput

Source IMACHxx 2 I
=
Gain I 1

Index

Cancel | 2 0 0 0

Figure44 Slave Axis Configuration

4. PresdJpdate DSPM@nd then preOK

5. Click onConfig>Slave Axson the main menu bant will display theSlave Axis Selectiavindow.

ﬂ
7 i T A Z b
Slaved Axis— Slaved fuis Slaved Axis—
B dis A byis A Asis
B Ais B Asis B Asis
' C dwis T fis ' C Auis
& flone & None & Mone
Restart Mach3 after resetting these selections

Figure45 Slave Axis Selection Window

6. Select the axis you want to slave. Under X, Y, and Z you can slave either A, B, or C. For example, the
configuration below is used to slavhe A axis to the Y axis.

ﬂ
B ' A Z A
Slaved Axiz—— Slaved Axis—
b dis O A s
B Ayis B Az
0 C fuwis T fuis
" None & None
Restart Mach3 after resetting these selections

Figure46 A Axis Slaved to Y
7. PresOKand then restart Mach3.

When mach3 comes back up, your axis should be slaved correctly. When tuning, do not run any test motion
command on aslavel axis. Always do test motion commands on the master axis. The slave axis always uses

the PID values of the master axis automailtic.
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Tuning Your Axes

Now you are ready to tune youirives. The DSPMC controller uses the standard PID tuning th&worgnore
information on other PID terms and general discussion on PID control visit
http://en.wikipedia.org/wiki/P1D _contral

With the DSPMC Configuratiamindow open(SeeConfiguring the DSPMID page25), sdect thetab for theaxis
you want to tune. To tune your axes, you must be ablexecute short moveegin by learning how to use the
Test Motion module.

Testing Motion
To test your PID values, use thest Motionmodule.Utilizethe figure below as a reference.

— Tesk Mation

Pasition Acceleration Welocity Ready

mmfinch uniitjsecz unikf min
I I I . Stepsunit

i+ Relative —— | cancel | 5000

" Absolute
[T Reverse v AutoReverse

v show Units

0.000
_ % LoadEnc © MotorEnc © Commanded

Fid &rm | Home

Figure47 Test Motion

Follow the steps belowo test yourPIDtuning values.

1. 9YGSNI Ay &2dzNJ FEAAQ @St 2 OA (i sectidnCalitdaying taur Akdsh lagey A Y dzii ¢
3L

Welocity
unit] min

—

Figure48 Velocity

2. Enter in an extremely high accelerativalue for your machine.

Acceleration

unitfsec?

—

Figure49 Acceleration


http://en.wikipedia.org/wiki/PID_control
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3. Select the RelativercAbsolute option. Relative moves the machine X distance from its current position.
Absolute moves the machine to the machine coordinate position (distance from home).

4. Enter your distance in the Positiaser input

Position
mmfinch

e —

Figure50 Position

5. Press the buttoriPid Armto turn on the LED underneath the button. This turns on the servo loop in the
DSPMC. When the LE@isen,the PID is armed.

Note: To download a new configuration to the DSPMC, you must disabdenfID
6. PressExecute Your ais should move the defined distance.

You can also home the axis by pressingHibenebutton. By selecting théutoReversecheck box, you can

make the axis reverse the direction automaticétlythe nextmotion command and thus avoid the axis goungy

in one direction during testingThe ReadyLED shows if the DSPMC is ready to aczamition command.If the
ReadyLEDs green it impliesthat the DSPMGs realy to accept new motion commands. il executing a
motion profile, the ReadyLEDturnsto red and DSPMC cannot accept a new motion command until the current
motion sequence is completeor cancelled

Once the test motiomommand hagompletad, you can see how closely the axis followed the commanded
motion profile on the PID Response grapfou can tweak the PID parameters and execute the test motion to
verify the behavior.

PID Response

Blue: Actual Position - Red: Command Position - Green: Actual Speed
Figure51 PID Response Graph

Notice that the blue line represents the actual position, the red line shows the command position, and the green
line displays the actual speed.
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Below is a review of all the test motion parameters. Read this section for more information.

Test Motion Param eters
Positiong Test motion final position or displacement in terms of Position Units, e.g. 1.5, 10.093, mm oretches

Acceleration¢ Test motion acceleration value in terms of Units per secmdred, e.g. inches/secofidnm/seé etc.
Velocity ¢ Teg motion velocity value in terms of Units per minute, .@riches/minute, mm/minute etc.

Relativeand Absolute¢ These check boxes indicate whether the value in the Position field is the distance to travel
(relative) orthe final position (absolute).

Exectie Button ¢ Transmits Executi®lotion command to DSPMC. In addition, it also downloads PID Filter parameters

before starting the motion. User can prég8ancebutton to cancel the motion execution anytime during the machine

operation. Make sure youdvedownloaded the axis contralettingsd @ Of AO1 Ay I apBRRNE ®f A &) A Y :
Execute.

New motion command can be launched by Execute button when the Ready ¢rgénis If the LERurnsred after click on
the Executebutton, but you do not observany motion,then the velocity oracceleration may be too low.

PID Arm Buttorr, By clicking this button, thplugin cownloadsthe PID Filter parameters and asur disarnsthe PID. If
PID is armed, the LED below this button will turgteen Otherwise it will bered.

Home Buttong Executes thdhoming sequence based on selecteaiming settings.

Reverse Checking this option will multiphe parameter in the position box witHL and thugthe direction of motion will
be reversed.

Auto Reverse Checlngthe auto reverse option will togglthe a NE GSNB S¢ 2LJiA2y 06SiG6SSy (g2 O
commands, thus the user dgnot have to manually reverse the directiontbE motion every time.

Axis Position Display (DRQ)Shows the position of the axis basedtbe W Shaw Units
different settings as described below: D DDD
Show units- When this option is selected, the data shown will be '

converted and shown in units (mm, inches etc), otherwise data * LoadEnc  MoborEnc ¢ Commanded
will be displayed in raw encoder counts.

Commanded position Displagthe value of the internal variable for the commanded position for the selected
axis.

Load Encoder Displaythe axis position derived from backlash coamntd selected feedback encoder.
Motor Encoderg Displapthe current vdue of the axis position deriveahly from the encoder feedback

Note that the actual position may slightly deviate from the Commanded position when PID is enabled.
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Tuning

The PID parameters are shown in the figure below.

If you purchased drives and motors from MachMotion, the PID values should already be configured for your

—PID Filket

P |10
I

B]

DeadBand | 0

Scale | 250

Offset | 0

T

Max Errar

Max Errar I

Wel, Feed
Forward

Low Pass
Filker 0..30

Max Fallawing Error I 5000

—
—
S
—

Figure52 PID Parameters

drives. Otherwise follow the procedure below to tune your drives.

MachMotion

Note: Your units must be close before yme your machine. Otherwis@ur tuning will be changed when you
change your unitsSeeCalibrating Your Axem page31.

1. Setthe Scale th00Q P to 1@0, Max Following Error to 5000, and Low Pass Fotér Set all other
parameters to zeroSeeFigure52 PID Parameters

2. Execute test motion commandSeeTesting Motioron page37). Move only very small distances such
as0.1-0.2 inches3-5mm). If no motion is observed, start increasing P until you see motion.

3. If the actual motion is in thepposite direction of commandgou will probably gea following error
immediately. To correct thishange the encodguolarity in the system tab as shown below.

Hardware Encader Polarity

“hannel 0 IPDSitiVB jv
Channel 1
Channel 2 IPositive vI

“hannel 3 IPDsitive 'I
Channel 4 IF‘DSitiVE 'I
Channel 5 IPnsitive 'I

Channel 6 IF‘nsitive "I
Channel 7 IF‘DSitiVE vI

Figure53 Encoder Polarity

Note: If your PID will not stay armetié PID ArnLED turns read immediately after pressii@® Arn),
thenyou may also want to change the encoder poldoatythat axis
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4. Examine the graph. Once the actual position actually follows the commanded position, start adding |,
Max Error I, D, and VFF terms itweftune the graph. Ideallgctualgraph lineshould be as oke to
commanded as possible. When you gt | term greater tharD, make sure Max errolig alsonon zero,
otherwise you wilget uncontrolled oscillations. For example, start | with 10 arack ®rror | as 50.

In general when tuning, use P to control the power, D to stabilize the system, and | to remove error.
The following section describes thaning parameters.

Tuning Parameters

Scaleis used as a divider for all the settiig the PID gain box. The higher the scale, the lower the output power will be.
For example, if you put a gain of 4000 and a scale of 100, it is the same as a gain of 40 with scale of 1. This aise helps s
gain values to have negligible miore signifcant effect than others, eg, P 4000, | 10, D 500000, Scale 100. Scale allows
strictly whole numbers, insteadf decimal values (eg .0043 etc)

Max_error- Maximum error limit. Leave it at 0.

Max_Error_|- Maximum Integral Error for the integral gaifthis must be greater than 0 if you putyanon zero value in
the | term.

Deadbandg a range of position around the commanded position whereRiB is not active (when armed). For examiile,
the current command position is 1000 cognaandthe Deadband i4.0, then the PID will be inadte betweencounts 990
and 1010

Max Following Erro Maximum deviation allowed between command and actu#dlove that, the PID controller shuts
down and needto be reenabled manually. If O, PID will never shutdown witiah be extremely dangerous in a raway
motor condition. So always use a positive valuthis field. This field can bmalculated from the m@mum velocity of the
axis €.g. 600 000 count/sédlivided by 1000 gives 600 counts per millisecond. So toeae 600K count/sec speed, the
max following error should be 600 or more. The actual value may be lot more than that based ontidhetiglD tuning
isand the mechanidacharacteristics of the axis.

Output Offset- Sets a constant bias to the PID put. This is useful when tunirilge Z axis, wheréhe motor has to apply
more pressure imne direction than the other.

Low Pass Filteg This field is used to smooth the analog outputisat the motors run smootly with less noiseAs the PID
runs at KHz, a value of 5 will create a nice linearly increasing DAC output at 1KHz. If you put a value of 10, effective PID
speed will become 500 Hz.

Calculating Backlash
The DSPMC has b#ash compensatiorlJse the MDI line to enter-gode to move your axe3.0 calculate your
YI OKAySQa ol Olflraksy F2fft2g (GKS adtSLa o0St2609

1. Movethe axis in one direction farther than the maximum possible backlash.
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2. Mount your dial indicator and zero it.

3. a2@¥S GKS FEA& 3AFLAY Ay (GKS &l YSnateAhNB@i A2y F2NJ |
4. Move the axis backardsthe same distance.

5. Calculate how far the dial indicator was off from zero. This is your backlash value.
Calculate the backlash counts by using the formula below:
Backlash Counts = Backlash * Steps peit

You @anread the current steps painit by going toConfig>Motor Tuning. Select the axis by clicking on the axis
button and the axis parameters will be displayed. The v8lags pelis the steps per unit used in the formula
above. For information on how to ltaulate your steps per inch s&alibrating Your Axem page31.

Now withyour backlash counts, it is time to load these values into the DSpER up the plugin and select
the axis you want to updatéSeeConfiguring the DSPMID page25). Under the Control Parametemnter in
your calculated bad&sh.

Backlash Counts  Backlash Comp Speed
C |o
Make sure to update
DSPMC iF wou make
Update DSPMC | any changes in these

parameters,

Figure54 Backlash Comgnsation

Backlash Coung This field lesyou enter backlash in terms of encoder casinTheDSPMC uses this value to
calculate virtual load position (mill table).

Backlash Cap Speed; This field let you enter backlash counts to be applied per servo loop at 5KHz. This
setting allows you to agp the entire backlash counts over a period of time, instead of a sudden application
which may result in damaging oscillations. For example, if backlash count is 500 and comp speed is 10, the
entire backlash count will be applied in 500 / 10 * 200microse or 10 milliseconds. The valiénge isl to
Backlash counts.

Reversing Direction
If an axis moves the wrong direction, you can reverse the direction in the Mach3 software.

1. Navigate to the menu bar and cli@onfig-> Homing/Limits
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~ Mach3 CNC Licensed To: Mach Motion Serial:10091002

File | Config Function Cfg's iew ‘Wizards Operator  PlugIn Control  Help

Select Mative Units Profile:l |
Ports and Pins S

Mator Tuning
General Config. .. 95 Y '1 225-41 97
Swskem Hotkeys

HormingjLirnits e —
ToolPath
Slave Axis
Backlash
Fixtures....
ToolTable. ...
Config Plugins
Spindle Pullzys. .
Safe_Z Setup..
Save Settings..

Figure55Homing & Limits

You will see the following window come up:

Motor Home,/SoftLimits x|

Entries are in setup units.

Axis Reversed |50ft fa |50Ft in Slow Zone |H0me OFF, |H0me Meg |.¢\ut0 Zero |Speed % |
% i 100,00 100,00 1.0 0,0000 g of 20
i o 100,00 -100,00 1.0 0,0000 o =f 20
z i 100,00 100,00 1.0 0,0000 i of 20
4 i 100,00 100,00 1.0 0,0000 4 of 20
B o 100,00 -100,00 1.0 0,0000 o of 20
C i 100,00 100,00 1.0 0,0000 g of 90
—G28 home location coordinates

® |0 a o

v o B |0

z o C o

Figure56 Reversing Direction

2. UndertheReversed 2 f dzYy Of A & R¥Y {KS INBRL aySSRa G2 068

3. After making all your changgsressOK.

Your axis will now move the opposite direction than it did before.

Loosing Position

If your machine is movingndomlyor appears to be losing position, you may have a noise issue. Begin by
making sure that your shields are connected to ground on the Interpreter. Next adjust the encoder debounce
value found in the DSPMC plugin under Bystemdab.
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—Encoder Debounce

Channel 0 |350ns (595.24kHz) |  Channel 3 |380ns (595.24kHz) ¥| Channel 6 |380ns (595.24kHz) = |

Channel 1 |350ns (595.24kHz) | Channel4 |380ms (595.24kHz) | Channel 7 |380ns (595.24kHz) = |

Channel 2 [3s0ns (595.24kHz) x| Chamnel S [3s0ns (595.24kHz) 7

Figure57 Encoder Debounce

The value of 100ns is normally sufficient, bytatirencoder count is still changing by noise, you can try higher
debounce value The higher the value in debounce, tmere the maximum frequency ohe encoder signal
gAtftf 0SS NBRdAdzOSRO® CKA& aStdAy3a 2yte LILXASa (G2 KI NR
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Setting up Inputs

Thelnterpreter 1000 has 32 24V inpufBheseinputscan be used for limit switchekpme switchestool
changers, or anything els€o learn how taonfigureyour limit switches, go t&etting up Your Limits and
Homingon page56. Readthe following section to learn how to setup generic inputds shown below e
inputs are locatean the two VO boards.

ALl J i g LI LV YT LT .L.Lrll'nu 'B'u CYLIT 1141y
. ORNL PEPS o em 3

/

e e

|
LLLV T TTLT T T LTI TDLLL

<

Figure58 Inputs Overview

LEDs above each input show the current state of the input. If the LED is on, thesiagtivtated.The inputs
start countingfrom 0 onl/O Board 1 and count up to 15. Then on I/O Board 2 the inputs start at 16 and count up
to 31. See theicture below.

I/O Board 2 I/O Board 1

> .“44._._] m; Bx J“.-«-«-l Q'% 3
& @‘ﬁcﬂmﬂg @”uqﬂmﬂ

T -SLMN!!I St >

Input 16 Input 31 Input O Input 15

Figure591/0 Numbering
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Note: All inputon the Interpreteiare accessed in Mach8ith port 1 pin X where X is the input number
Wiring Your Inputs

The I/Oboards on the Interpretecan be PNP or NPN. You chareckwhat kind of board you have by examining
the bottom of theboard.

b b ®"@@ CTEERRCEEE

°Slnle' s * 8@ & Ol It —~SINJINIZI £I #1 Sl -

RO - =

2
OQ O Ol !’4‘" Q | C

Figure60 PNP 1/0O Board

To activate a PNP input, you must supply 24V to the input. A floating sigagiround will not turn on the
input.

24V Supply

Switch
-

F

Figure61 PNP Input

To activate a NPN input, you must pull the input to ground. A floating signal or a 24V signal will not turn on the
output.

Ground

Switch

Figure62 NPNInput
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Configuring Your Inputs
To configure an input, follow the procedure below.

1. On the menu bar click o@onfig then Ports and Pins

2. Select thdnput Signalgab. Scroll down to the desired input. There are 4 inputs and 15 OEM triggers.
An OEM triggeacts exactly like an input.

Engine Configuration... Ports & Pins 5[

Port Setup and Axis Selection I fotor Outputs — Input Signals | Dutput Signals | Encoder/MPG's I Spindle Setup I fill Optiors |

Signal Enabled | Part # IPin Murnber Bckive Low | Emulated | Hokkey I;I
C Home o 1 0 of o 0
Input #1 of 1 2 of o 0
Input #2 of 1 3 of o 0
Input #3 o 1 0 of 4 o
Input #4 o 1 0 wf g i) J
Probe ¥ 1 0 of & i)
Inde:x 4 1 0 of o 0
Limit Cvrd ¥ 1 0 of o 0
EStop of 1 10 of o 0
THC Cn 4 1 0 of o o
THIC 1in e 1 n v " n LI
Ping 10-13 and 15 are inputs. Only these 5 pin numbers may be used on this soreen
Autamated Setup of Inputs

oK | ’WI Apply

Figure63 Input Configuration

3. Enable the input by clicking on the r&dIf the inputhasa green check mark, it is already enabled.

4. Set thePort NumberandPin Numberto the desired input. Remember all I/O on the Interpreter is
addressed using port 1.

5. To change when the input is active, click on Awmive Lowcolumn.A green check mark means that
when the input is activated, it will turn on the inpin Mach3.

6. PressApplyand thenOK

Your input should now be setup.

Read through the following examplethe inputs do not make sense. Timput shown belowis wired into 1/0
Board 2. As shown on the corner of it, it is a PNP board so 24V must be supplied to toenimmput.
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Figure64 Example InputWiring

Since this is on I/0O Board 2, the inputs start counting at 16. So input 4 is actually input24)(I6é use the
input inside Mach3setOEM Trig #1 to port 1, pin 20, active lovaviNOEM trigger 1 can be used anywhere
inside Mach3 to read input 4 on I/O Board 2.

Figure65 Example Input Configuration

Using Your Inputs
There are a few ways to use generic inputs inside Maéti®t you can reathemin a vsual basic (VB) script

such as a macro. Use the following visual basic statements:

IsActivéINPUTX)
IsActive(OEMTRIGX)

You can also access them inside Brains and inside the MachMotion [RegittAdvanced Optionen page78
for more information on how to use inputs inside the plugReadSetting up Your Limits adbmingon page
56 for information on how to use them as limit and home switches.






























































































































