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Congratulations! 

Congratulations on purchasing your MachMotion analog control. All our controls have been designed to be plug 
and play as much as possible to make it easy for you to install. In this Quick Start Manual we give you all the 
tools you need to setup your control.  
 
We hope that this installation can be as quick and easy for you as possible. If you 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) 368-7399 ω Fax (573) 341-2672  
 
 

  

http://www.machmotion.com/
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Getting Started 

Reviewing Your Package 
If you have not already, begin by opening up the package containing your control. You should see the following: 

 

Figure 1 CNC Control Package (With Optional Pendant) 

Remove all the contents from the plastic bag.  

Next locate the following items:  

ü X15-250 Control 

ü Interpreter 1000 

ü 2 Power Cables 

ü Optional Pendant 

ü White Envelope  

The envelope contains the keys to turn on your control and backup copies of the software installed on your 

control. Make sure to store the envelope in a safe location in case something ever goes wrong. 

  

Figure 2 Interpreter 1000 

White Envelope 

Power Cable 

Optional Pendant 
Figure 3 Items 
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Mounting Your  Control  
If you purchased a mounting arm with your control, begin by assembling it using the Arm Assembly Instructions 

Manual. The manual can be found on the web at www.machmotion.com under Support, then Documentation.  

However, if you did not receive a mounting arm, begin by mounting the control securely to your machine.  

 

 

 

  

http://www.machmotion.com/
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Starting Your Control 

Supplying  Power  
To power your control, begin by taking off the back cover of the control.  You need to remove 8 screws. 

 

Figure 4 Back Panel 

Next plug the black power cable from the control into 115VAC. The other end of the cable should be plugged 

into the connector inside the hole on the top of the control as shown below. 

 

Figure 5 Power Cable 

To power the Interpreter 1000, plug the other power cable into J2 on the Interpreter as shown in Figure 6. Plug 

the other side of the cable into 115VAC.  

 

Side view 

from inside 

control 

Top view 
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Connecting Your Interpreter  
After removing the back panel you will see a wound up Ethernet cable with a RJ45 connector. Connect the cable 

to the Interpreter on J1 (Figure 6). 

 

Figure 7 Ethernet Cable 

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

 

Figure 8 Keys 

Place one key into the keyhole at the back right hand side of the control as pictured below. Turn on your control 

by rotating the key and then quickly releasing it. 

J2 

J1 

J1 
Connect J1 to the Ethernet 

cable from the control. 

 

J2 
Connect J2 to 115 VAC. 

 

Figure 6 Interpreter Connectors 
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Figure 9 PC Start 

Starting the Mach3 Software  
The Mach3 software comes with three profiles, Mach3 Mill, Mach3 Plasma, and Mach3 Turn. Depending on 

what kind of machine you have, double click on the correct shortcut. Below are pictures of each profileΩǎ 

shortcut: 

 

                                         Figure 11 Profiles 

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 shortcut opens the following window: 

               

Figure 12 Loader 

  Figure 10 Mach3 Loader 
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After double clicking on a profile or opening a profile from the Mach3 Loader, a window will come up asking you 

to agree to its legal notice.   

 

Figure 13 Legal Notice 

wŜŀŘ ǘƘŜ ƭŜƎŀƭ ƴƻǘƛŎŜ ŀƴŘ ŎƭƛŎƪ ƻƴ ǘƘŜ ŎƘŜŎƪ ōƻȄ άPlease do not ask this again, I will always agree.έ ¢ƘŜƴ ǇǊŜǎǎ I 

agree to all terms of this agreement. 

Next you will see Mach3 loading.  

 

Figure 14 Mach3 Software 

If you loaded Mach3Mill and if you had purchased the Ultimate screen set, you will see the following window: 
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Figure 15 Mach3 Mill 

If the Interpreter is powered up and connected to the Ethernet network, the Mach3 status bar should display 

the following messageΥ άDSPMC/IP Device Connected.έ If you see an error saying that the device cannot be 

found, make sure that your Ethernet cable is connected correctly.  

 

 

Make sure to click the RESET button before continuing.  

 

                                                                     Figure 16 RESET 

Note: For more information on how to run the Mach3 software, please see page 82 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 the operator panel with jog buttons, selector knobs, and a few 

buttons. See the picture below: 

 

Figure 17 Operator Panel 

Jog 

Selector 

Axis 

Selector 

 

Feedrate 

Selector 
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****************************************************************************  

Emergency Stop  
In case of an emergency, press the large red Emergency Stop button on the operator 

panel. All motion will stop immediately. DO NOT PRESS FEED HOLD!  

 

****************************************************************************  

 
You can use the jog buttons to move your axes manually. Use the Axis Selector to select the axis you want to jog. 

If the Axis Selector is in the off position, the jog buttons are disabled (See Figure 18).  

 

Figure 18 Jog Buttons and Axis Selector 

Note: If the jog buttons do not work, make sure that the Axis Selector on the pendant is turned off.  

To change the jogging speed or the jog increments adjust the Jog Selector. The selections labeled Step Jog allow 

you to jog a predefined step or increment each time a jog key is pressed. You can jog 1 or 0.0001 of an in/mm at 

a time by selecting X1 and X.0001 respectively. See Figure 19 below. 

 

Figure 19 Jog Selector 
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If you want to jog continuously rather than incrementally, turn the Jog Selector over into the Continuous Jog 

section. You can jog your machine at the full jog rate (100%) or slow it down to 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.  

 

 

 

Figure 20 Jog Keys 

Note: For information on how to change these shortcut keys or how to create new ones, go to Setting up Hot 

Keyson page 76. 

With the Feedrate Selector you can adjust the feedrate override from 0% all the way to 130%. You can use it to 

slow your machine down while running a program. Also, in step jog mode the speed of the axis is regulated by 

the Feedrate Selector. 

 

Figure 21 Feedrate Selector 

You can start and stop programs by using the green and red buttons on the bottom of your operator panel. The 

green button is the cycle start button and the small red button is a feed hold. Feed hold does not happen 

instantaneously. If you need your machine to stop immediately, you must press reset or EStop. 

 

Figure 22 Cycle Start and Feed Hold Buttons 

Y+ 

X+ 

Y- 

X- 
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Pendant  (X15-20-01)  
If your control came with a pendant, read this section. The pendant is mounted on the right side of the control 

near the operator panel. See Figure 23 below. For information on how to setup your pendant, see Setting up 

Your Pendant on page 64.  

 

 

Figure 23 Pendant 

To use the pendant you must switch the Axis Selector to the axis you want to jog. The pendant will not work if 

the Axis Selector is in the OFF position. While holding down the enable button (see Figure 23), you can rotate 

the hand wheel (also called the MPG) and the selected axis will move. Change axes by switching the Axis 

Selector to a different axis.  

 

Figure 24 Axis Selector 

Enable Button 

Axis Selector 

Jog 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 Selector is on V then the MPG is in velocity 

mode. In velocity mode the axis moves as 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.  

 

Figure 25 Jog Selector 

When you are finished using the pendant, make sure to turn the Axis Selector to OFF. Otherwise the operator 

panel will not allow you to jog.  

Mouse 
Below the operator panel is a ball mouse. You can use this for navigating around on your control.  

 

Figure 26 Mouse 

Keyboard  
The keyboard is located at the bottom of the control in a flip-out 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 opening. The lock is not 

supplied with your control.  
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Figure 27 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 your control. 

 

Figure 28 USB Port 

  

Lock 

Hole 
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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 

Three power supplies (24VDC, 12VDC, & 

5VDC) for any application. The 24VDC 

supply powers the MachMotion IO6 

Breakout Board.  

2. Power Cable 

115VAC-220VAC power for the control.  

3. PC Start 

To start the control, connect these two pins 

together with a momentary push button 

switch.  

4. PS2 Ports 

These can be used to plug in an older 

keyboard and mouse.  

5. Parallel Port 

This can be used for any application. 

6. Ethernet Ports 

These ports are used to connect to the  

Interpreter 1000 and to local Ethernet 

networks.  

7. Serial Port 

This can be used for any application. 

However, in many of our systems this is 

used to communicate with a PLC.  

8. Monitor Connector 

This is used to connect your control to a 

monitor with a standard XXX cable.  

9. Audio 

These are your standard audio outputs. 

10. USB Ports 

These ports are used for your keyboard, 

mouse, operator panel, file transfer, and 

more.   

11. Fan Connectors 

These connectors supply 12VDC for two 

small fans.  
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Configuring Your Control 

Your Motion Controller  
The Interpreter 1000 is your Ethernet motion controller. All your standard I/O, encoder inputs, and +-10V analog 

outputs are wired into it. Most of your time in setting up your control will be working with this controller.  

 

Figure 29 Interpreter 1000 

 

 

 

Figure 30 Interpreter Overview 

Relay Outputs 

Encoder Board 1 

I/O Board 1 

Analog Board 

Encoder Board 2 

I/O Board 2 
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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 to the Interpreter and the computer inside the Interpreter is referred to 

as the DSPMC.  

 

Monitoring the DSPMC 
To monitor the DSPMC, click on PlugIn Control on the top menu bar and then select VITAL DSPMC Status. 

 

Figure 31 DSPMC Status 

If the dspMC/IP Status window appears it means that the DSPMC is connected. You can see the current states of 

the counters, inputs, and outputs.  

 

Figure 32 dspMC/IP Status Window 

You can toggle the outputs by clicking 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 DSPMC, you must open up the DSPMC plugin. Click Config on the main menu bar, 

then Config PlugIns. Select the yellow CONFIG button next to the M3dspMC-DSPMC-PlugIn-xxx-VITAL- option 

as shown below.  

 
Figure 33 DSPMC PlugIn 

Once the DSPMC plugin is launched you can see the following nine tabs:  

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

 

Each axis tab represents an axis to be controlled through the DSPMC.  By default, the System tab will be selected 

as shown below. 
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Figure 34 DSPMC Configuration 

At any time while inside the plugin, clicking on the Update DSPMC button will transmit the settings to the 

DSPMC controller.  Clicking OK will also transmit the settings and save them in the selected Mach3 profile (e.g. 

Mach3Mill, Mach3Turn, etc). 

To exit the plugin, press OK and then OK again on the PlugIn Control and Activation window.  
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Setting up  Your Axes  
To setup your axes you must wire up your drives, calibrate your axes, setup the Mach3 software, and tune your 

drives.  

Wiring Your Drives  

Encoder Feedback 

The Interpreter takes TTL (5VDC) differential encoder inputs. Begin by wiring your encoders to the encoder 

boards on the Interpreter (See Figure 30). Axes X, Y, and Z are all wired into Encoder Board 1 as shown below.  

 

 

Axes A, B, and C are connected to Encoder Board 2. If you have spindle feedback or an optional pendant, they 

will also be connected to Encoder Board 2. For more information see Setting up Your Pendant on page 64 or 

Wiring Spindle Feedback on page 68. The connectors are labeled on the Interpreter as shown below. 

 

 

 

 

 

When wiring the encoders make sure to connect all the shields directly to ground. Pins 17, 21, or 25 of the 

encoder boards are all ground. 

 

 

 

 

Figure 32 Encoder Board 1 

Figure 35 Encoder Board 2 
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Use the tables below as a reference for wiring up your encoders.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Encoder Board 1 
 Pin# Label Function 

X
  

E
n

c
o

d
e

r 
(I

n
d

e
x
 0

) 1 A+ X Axis A+ 

14 A- X Axis A- 

2 B+ X Axis B+ 

15 B- X Axis B- 

3 Z+ X Axis Z+ 

16 Z- X Axis Z- 

4 +5V +5V 500mA 

17 GND Ground 

Y
 E

n
c
o

d
e

r 
(I

n
d

e
x
 1

) 

5 A+ Y Axis A+ 

18 A- Y Axis A- 

6 B+ Y Axis B+ 

19 B- Y Axis B- 

7 Z+ Y Axis Z+ 

20 Z- Y Axis Z- 

8 +5V +5V 500mA 

21 GND Ground 

Z
 E

n
c

o
d

e
r 

(I
n

d
e

x
 2

) 9 A+ Z Axis A+ 

22 A- Z Axis A- 

10 B+ Z Axis B+ 

23 B- Z Axis B- 

11 Z+ Z Axis Z+ 

24 Z- Z Axis Z- 

12 +5V +5V 500mA 

25 GND Ground 

 13   

Encoder Board 2 
 Pin# Label Function 

A
  

E
n

c
o

d
e

r 
(I

n
d

e
x
 3

) 1 A+ A Axis A+ 

14 A- A Axis A- 

2 B+ A Axis B+ 

15 B- A Axis B- 

3 Z+ A Axis Z+ 

16 Z- A Axis Z- 

4 +5V +5V 500mA 

17 GND Ground 

B
 E

n
c
o

d
e

r 
(I

n
d

e
x
 4

) 
 5 A+ B Axis A+ 

18 A- B Axis A- 

6 B+ B Axis B+ 

19 B- B Axis B- 

7 Z+ B Axis Z+ 

20 Z- B Axis Z- 

8 +5V +5V 500mA 

21 GND Ground 

C
 E

n
c
o

d
e

r 
o

r 

S
p

in
d

le
 (

In
d

e
x

 5
) 

 9 A+ C Axis A+ 

22 A- C Axis A- 

10 B+ C Axis B+ 

23 B- C Axis B- 

11 Z+ C Axis Z+ 

24 Z- C Axis Z- 

12 +5V +5V 500mA 

25 GND Ground 

 13  Reserved 

Table 1 Encoder Boards 
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Analog Outputs  

¢ƘŜ LƴǘŜǊǇǊŜǘŜǊΩǎ ŀƴŀƭƻƎ ƻǳǘǇǳǘǎ ŀǊŜ Ҍ ƻǊ ς 10V. Connect your analog signals into the Analog Board (see Figure 

30).  

 

 
 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

Enabling  Your  Axes 
After your drives are connected to the Interpreter, enable your axes in the following way:  

1. On the menu bar, click Config and then Ports and Pins as shown below. A window called Engine 

/ƻƴŦƛƎǳǊŀǘƛƻƴΧ Ports and Pins will pop up. 

Analog Board 
Pin# Label Function 

1 +12V +12V, 100mA 

14 +5V +5V, 500mA 

2 -12V -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 

Table 2 Analog Board 
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Figure 36 Ports and Pins 

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

 

Figure 37 Axis Setup 

3. /ƭƛŎƪ ƻƴ ǘƘŜ ǊŜŘ άXέ ǘƻ ŜƴŀōƭŜ ŀƴ ŀȄƛǎΦ LŦ ǘƘŜǊŜ ƛǎ ŀ ƎǊŜŜƴ ŎƘŜŎƪ ƳŀǊƪ ƴŜȄǘ ǘƻ ǘƘŜ ŀȄƛǎΣ ǘƘŜn the axis is 

enabled already.  
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Figure 38 Axes Enabled 

4. Press Apply and then OK. Your axes should now be enabled. 

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 your drives, you must calibrate your machine. You need to calculate how many encoder 

counts there are per inch and the maximum velocity of your system. If you purchased motors from 

MachMotion, use the table below as a reference.  

Motor Type Encoder Counts 

TECO 10,000 

Mitsubishi 131,072 
 
        Table 3 Motor Encoder Counts 

Calculate the counts per inch and velocity using the steps outlined below. 

1. Calculate how far the axis moves with one motor turn. Make sure to include in your calculations both 

the ball screw or rack and pinion and the gear reduction (such as pulleys).   

 

2. Find the number of encoder steps per inch. Take the number of encoder counts for one full revolution of 

the motor (which can be found on the motor specification sheet or in Table 3) and divide it by the 

distance the axis moves in one motor turn (what you calculated above). This gives you what Mach3 calls 

ȅƻǳǊ άSǘŜǇǎ ǇŜǊΦέ 
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3. Multiply the distance your machine moves in one motor turn with your motorΩs rated speed in RPM. 

This gives you your velocity in inches or millimeters per minute. 

 

Now you are ready to enter these values into the Mach3 software. Select Config on the top menu bar, then 

Motor Tuning. You should see the Motor Tuning and Setup window as shown below.  

 

Figure 39 Motor Tuning and Setup 

On the right column titled Axis Selection, press the button corresponding to the axis you want to setup. The 

ǎŜƭŜŎǘŜŘ ŀȄƛǎΩǎ ǇŀǊŀƳŜǘŜǊǎ ǿƛƭƭ ōŜ ƭƻŀŘŜŘΦ bƻǿ ŜƴǘŜǊ ƛƴ ȅƻǳǊ ƴŜǿ ǾŀƭǳŜ ŦƻǊ Steps per as shown below.  

 

 

 

Figure 40 Steps per in Motor Tuning 
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Next enter your velocity as shown below.  

  

 

 

Figure 41 Velocity in Motor Tuning 

Press SAVE AXIS SETTINGS before clicking on another axis or closing out the Motor Tuning and Setup window.  

 

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 DSPMC on page 25. Select the tab corresponding to the axis you want to configure. Inside the 

axis tabs there are tuning parameters and control parameters.  

 

Figure 42 X Axis Configuration 



34 | P a g e                                                            M a c h M o t i o n   

 

 

If you purchased your control from MachMotion, the control parameters should be setup for your specific 

machine. The index and axis numbering start at 0. So for the X axis the index should be 0 for the Control Input, 

Control Output, and the PID Feedback as shown below. See the tables on the analog and encoder wiring for 

more information (Table 1 & Table 2).  

 

Figure 43 Control Parameters 

Note: To setup ȅƻǳǊ ƳŀŎƘƛƴŜΩǎ ōŀŎƪƭŀǎƘ, see the section Calculating Backlash on page 41. 

To update the control parameters, press the Update DSPMC button before PID is armed.  Clicking on OK or the 

Save Configuration buttons saves the entire configuration to the selected Mach3 profile.  

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 MACHxx.  If the axis is not used, it must be disabled by selecting Undefined. 
 
Control Input Index - Defines the index of the PID input source.  Normally this is equal to the axis number (X = 0, Y = 1, Z = 2, 
etc).  For a slave axis, it should be set to the number of the master axis. 
 
Control Input Gain ς The control input (Commanded) is multiplied by this number before applying to PID filter. Leave this at 
1 for most applications. 
 
 
Control Output Source - Control Output Type defines the output for the PID filter 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 setting is needed to 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 drives.  This 
feature is not currently available. 

 
Undefined: This setting is used to disable the axis and to ignore the control output index.  If the axis is not enabled, 
then the Control Output Source must be set to Undefined. 

 
Control Output Index - Defines the index of the PID Output (e.g. Index 1 is the Y Analog signal or Analog Index 1 Table 2).   
 
 
PID Feedback Source - PID Feedback Source defines the feedback type for the PID filter for the selected axis.  The possible 
values are: 
 

Encoder: Use one of the differential hardware enŎƻŘŜǊ лΧт ŀǎ ǘƘŜ tL5 ŦŜŜŘōŀŎƪΦ 
 
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 Index:  Configures the index of the PID feedback source.   

 
 
Homing Type - Defines the homing sequence for each axis.  Two types of homing sequences are supported: 
 

Home Sensor        (Homing with or without an Index Pulse) 
The axis moves in the configured direction until a home sensor is seen.  It then moves in the opposite direction at 
20% of initial speed until the sensor is not seen. If Use Index Pulse is checked, then the axis will continue moving 
until it finds the index pulse.  At 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 position counter 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 clicking on Config->Config PlugIns. Select the yellow CONFIG button next 

to the M3dspMC-DSPMC-PlugIn-xxx-VITAL- option.  

 

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

 

3. Set the Control Input index 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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Figure 44 Slave Axis Configuration 

4. Press Update DSPMC and then pres OK.  

 

5. Click on Config->Slave Axis on the main menu bar. It will display the Slave Axis Selection window.  

 

Figure 45 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 slave the A axis to the Y axis.  

 

Figure 46 A Axis Slaved to Y 

7. Press OK and then restart Mach3.  

When mach3 comes back up, your axis should be slaved correctly. When tuning, do not run any test motion 

commands on a slaved axis.  Always do test motion commands on the master axis.  The slave axis always uses 

the PID values of the master axis automatically.   
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Tuning Your Axes  
Now you are ready to tune your drives. The DSPMC controller uses the standard PID tuning theory. For more 

information on other PID terms and general discussion on PID control visit 

http://en.wikipedia.org/wiki/PID_control. 

With the DSPMC Configuration window open (See Configuring the DSPMC on page 25), select the tab for the axis 

you want to tune. To tune your axes, you must be able to execute short moves. Begin by learning how to use the 

Test Motion module. 

Testing Motion  

To test your PID values, use the Test Motion module. Utilize the figure below as a reference.  

 

Figure 47 Test Motion 

Follow the steps below to test your PID tuning values. 

1. 9ƴǘŜǊ ƛƴ ȅƻǳǊ ŀȄƛǎΩ ǾŜƭƻŎƛǘȅ ƛƴ ǳƴƛǘǎ ǇŜǊ ƳƛƴǳǘŜ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ƛƴ ǘƘŜ section Calibrating Your Axes on page 

31. 

 

Figure 48 Velocity 

2. Enter in an extremely high acceleration value for your machine.  

 

Figure 49 Acceleration 

 

 

http://en.wikipedia.org/wiki/PID_control
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3. Select the Relative or Absolute 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 Position user input.  

 

Figure 50 Position 

5. Press the button Pid Arm to turn on the LED underneath the button. This turns on the servo loop in the 

DSPMC. When the LED is green, the PID is armed.  

Note: To download a new configuration to the DSPMC, you must disable PID Arm.  

6. Press Execute. Your axis should move the defined distance.  

You can also home the axis by pressing the Home button. By selecting the AutoReverse check box, you can 

make the axis reverse the direction automatically for the next motion command and thus avoid the axis going on 

in one direction during testing.  The Ready LED shows if the DSPMC is ready to accept a motion command.  If the 

Ready LED is green, it implies that the DSPMC is ready to accept new motion commands.  While executing a 

motion profile, the Ready LED turns to red and DSPMC cannot accept a new motion command until the current 

motion sequence is completed or cancelled. 

Once the test motion command has completed, you can see how closely the axis followed the commanded 

motion profile on the PID Response graph.  You can tweak the PID parameters and execute the test motion to 

verify the behavior.   

 

Figure 51 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 

Position ς Test motion final position or displacement in terms of Position Units, e.g. 1.5, 10.093, mm or inches etc. 

Acceleration ς Test motion acceleration value in terms of Units per second
 
squared, e.g. inches/second

2
, mm/sec

2
 etc. 

Velocity ς Test motion velocity value in terms of Units per minute, e.g. inches/minute, mm/minute etc. 

Relative and Absolute ς These check boxes indicate whether the value in the Position field is the distance to travel 

(relative) or the final position (absolute). 

Execute Button ς Transmits Execute Motion command to DSPMC.  In addition, it also downloads PID Filter parameters 

before starting the motion.  User can press Cancel button to cancel the motion execution anytime during the machine 

operation.   Make sure you have downloaded the axis control settings ōȅ ŎƭƛŎƪƛƴƎ ά¦ǇŘŀǘŜ 5{ta/έ ōŜŦƻǊŜ ŎƭƛŎƪƛƴƎ ƻƴ 

Execute.   

New motion command can be launched by Execute button when the Ready LED is green.  If the LED turns red after click on 

the Execute button, but you do not observe any motion, then the velocity or acceleration may be too low.    

PID Arm Button ς By clicking this button, the plugin downloads the PID Filter parameters and arms or disarms the PID.  If 

PID is armed, the LED below this button will turn to green. Otherwise it will be red. 

Home Button ς Executes the homing sequence based on selected homing settings.  

Reverse - Checking this option will multiply the parameter in the position box with -1 and thus the direction of motion will 

be reversed. 

Auto Reverse -  Checking the auto reverse option will toggle the άǊŜǾŜǊǎŜέ ƻǇǘƛƻƴ ōŜǘǿŜŜƴ ǘǿƻ ŎƻƴǎŜŎǳǘƛǾŜ Ƴƻǘƛƻƴ 

commands, thus the user does not have to manually reverse the direction of the motion every time.  

Axis Position Display (DRO) ς Shows the position of the axis based on the 

different settings as described below:  

Show units - When this option is selected, the data shown will be 

converted and shown in units (mm, inches etc), otherwise data 

will be displayed in raw encoder counts. 

Commanded position - Displays the value of the internal variable for the commanded position for the selected 

axis.  

Load Encoder - Displays the axis position derived from backlash count and selected feedback encoder. 

Motor Encoder ς Displays the current value of the axis position derived only 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.  

  

Figure 52 PID Parameters 

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

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

 

Note: Your units must be close before you tune your machine. Otherwise your tuning will be changed when you 

change your units. See Calibrating Your Axes on page 31. 

1. Set the Scale to 1000, P to 1000, Max Following Error to 5000, and Low Pass Filter to 5. Set all other 

parameters to zero. See Figure 52 PID Parameters. 

 

2. Execute test motion commands (See Testing Motion on page 37). Move only very small distances such 

as 0.1-0.2 inches (3-5mm).  If no motion is observed, start increasing P until you see motion. 

 

3. If the actual motion is in the opposite direction of command, you will probably get a following error 

immediately. To correct this change the encoder polarity in the system tab as shown below. 

 

Figure 53 Encoder Polarity 

Note: If your PID will not stay armed (the PID Arm LED turns read immediately after pressing PID Arm), 

then you may also want to change the encoder polarity for that axis. 
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4. Examine the graph. Once the actual position actually follows the commanded position, start adding I, 

Max Error I, D, and VFF terms to fine tune the graph. Ideally, actual graph line should be as close to 

commanded as possible. When you set the I term greater than 0, make sure Max error I is also non zero, 

otherwise you will get uncontrolled oscillations. For example, start I with 10 and Max Error I as 50.  

In general when tuning, use P to control the power, D to stabilize the system, and I to remove error.  

The following section describes the tuning parameters. 

Tuning  Parameters  

Scale is used as a divider for all the settings in 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 also helps some 

gain values to have negligible or more significant effect than others, eg, P 4000, I 10, D 500000, Scale 100.   Scale allows 

strictly whole numbers, instead of decimal values (eg .0043 etc). 

Max_error - Maximum error limit. Leave it at 0. 

Max_Error_I  - Maximum Integral Error for the integral gain.  This must be greater than 0 if you put any non zero value in 

the I term. 

Deadband ς a range of position around the commanded position where the PID is not active (when armed). For example, if 

the current command position is 1000 counts, and the Deadband is 10, then the PID will be inactive between counts 990 

and 1010. 

Max Following Error ς Maximum deviation allowed between command and actual. Above that, the PID controller shuts 

down and needs to be re-enabled manually.  If 0, PID will never shutdown which can be extremely dangerous in a run-away 

motor condition.  So always use a positive value in this field.  This field can be calculated from the maximum velocity of the 

axis (e.g. 600 000 count/sec) divided by 1000 gives 600 counts per millisecond. So to achieve 600K count/sec speed, the 

max following error should be 600 or more.  The actual value may be lot more than that based on how tight the PID tuning 

is and the mechanical characteristics of the axis.  

Output Offset - Sets a constant bias to the PID output.  This is useful when tuning the Z axis, where the motor has to apply 

more pressure in one direction than the other.  

Low Pass Filter ς This field is used to smooth the analog output so that the motors run smoothly with less noise. As the PID 

runs at 5KHz, 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 backlash compensation. Use the MDI line to enter g-code to move your axes. To calculate your 

ƳŀŎƘƛƴŜΩǎ ōŀŎƪƭŀǎƘΣ Ŧƻƭƭƻǿ ǘƘŜ ǎǘŜǇǎ ōŜƭƻǿΦ 

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

 

3. aƻǾŜ ǘƘŜ ŀȄƛǎ ŀƎŀƛƴ ƛƴ ǘƘŜ ǎŀƳŜ ŘƛǊŜŎǘƛƻƴ ŦƻǊ ŀ ǎǇŜŎƛŦƛŎ ŘƛǎǘŀƴŎŜ όƛǘ ŘƻŜǎƴΩǘ matter how far). 

  

4. Move the axis backwards the 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 per Unit 

You can read the current steps per unit by going to Config->Motor Tuning. Select the axis by clicking on the axis 

button and the axis parameters will be displayed. The value Steps per is the steps per unit used in the formula 

above. For information on how to calculate your steps per inch see Calibrating Your Axes on page 31. 

Now with your backlash counts, it is time to load these values into the DSPMC. Open up the plugin and select 

the axis you want to update (See Configuring the DSPMC on page 25). Under the Control Parameters, enter in 

your calculated backlash.  

 

Figure 54 Backlash Compensation 

Backlash Count ς This field lets you enter backlash in terms of encoder counts.  The DSPMC uses this value to 

calculate virtual load position (mill table). 

Backlash Comp Speed ς This field let you enter backlash counts to be applied per servo loop at 5KHz.  This 

setting allows you to apply 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 * 200microsecond, or 10 milli-seconds.  The valid range is 1 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 click Config -> Homing/Limits. 
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Figure 55 Homing & Limits 

You will see the following window come up: 

 

Figure 56 Reversing Direction 

2. Under the Reversed ŎƻƭǳƳƴ ŎƭƛŎƪ ƻƴ ǘƘŜ ǊŜŘ άXέ ƛŦ ǘƘŜ ŀȄƛǎ ƴŜŜŘǎ ǘƻ ōŜ ǊŜǾŜǊǎŜŘΦ  

 

3. After making all your changes, press OK.  

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

 

Loosing Position  
If your machine is moving randomly or 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 the Systems tab.  
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Figure 57 Encoder Debounce 

The value of 100ns is normally sufficient, but if your encoder count is still changing by noise, you can try higher 

debounce values.  The higher the value in debounce, the more the maximum frequency of the encoder signal 

ǿƛƭƭ ōŜ ǊŜŘǳŎŜŘΦ  ¢Ƙƛǎ ǎŜǘǘƛƴƎ ƻƴƭȅ ŀǇǇƭƛŜǎ ǘƻ ƘŀǊŘǿŀǊŜ ŜƴŎƻŘŜǊǎ лΧтΦ 

  



45 | P a g e                                                            M a c h M o t i o n   

 

 

Setting up Inputs  
The Interpreter 1000 has 32 24V inputs. These inputs can be used for limit switches, home switches, tool 

changers, or anything else. To learn how to configure your limit switches, go to Setting up Your Limits and 

Homing on page 56. Read the following section to learn how to setup generic inputs.  As shown below, the 

inputs are located on the two I/O boards.  

 

Figure 58 Inputs Overview 

LEDs above each input show the current state of the input. If the LED is on, the input is activated. The inputs 

start counting from 0 on I/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 the picture below. 

 

 

 

 

I/O Board 1 I/O Board 2 

I/O Board 1 I/O Board 2 

Input 0 Input 15 Input 16 Input 31 

Inputs 

Figure 59 I/O Numbering 
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Note: All inputs on the Interpreter are accessed in Mach3 with port 1 pin X where X is the input number. 

 

Wiring Your Inputs  
The I/O boards on the Interpreter can be PNP or NPN. You can check what kind of board you have by examining 

the bottom of the board.  

 

Figure 60 PNP I/O Board 

 

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

input.  

 

Figure 61 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.   

 

Figure 62 NPN Input 
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Configuring Your Inputs  
To configure an input, follow the procedure below. 

1. On the menu bar click on Config, then Ports and Pins.  

 

2. Select the Input Signals tab. Scroll down to the desired input. There are 4 inputs and 15 OEM triggers. 

An OEM trigger acts exactly like an input.  

 

Figure 63 Input Configuration 

3. Enable the input by clicking on the red X. If the input has a green check mark, it is already enabled.  

 

4. Set the Port Number and Pin Number to 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 the Active Low column. A green check mark means that 

when the input is activated, it will turn on the input in Mach3. 

 

6. Press Apply and then OK. 

Your input should now be setup. 

 

Read through the following example if the inputs do not make sense. The input shown below is wired into I/O 

Board 2. As shown on the corner of it, it is a PNP board so 24V must be supplied to turn on the input.  
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Figure 64 Example Input Wiring 

Since this is on I/O Board 2, the inputs start counting at 16. So input 4 is actually input 20 (16 + 4). To use the 

input inside Mach3, set OEM Trig #1 to port 1, pin 20, active low. Now OEM trigger 1 can be used anywhere 

inside Mach3 to read input 4 on I/O Board 2.  

 

Figure 65 Example Input Configuration 

 

Using Your Inputs  
There are a few ways to use generic inputs inside Mach3. First you can read them in a visual basic (VB) script 

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

IsActive(INPUTX) 

IsActive(OEMTRIGX) 

You can also access them inside Brains and inside the MachMotion plugin. Read Advanced Options on page 78 

for more information on how to use inputs inside the plugin. Read Setting up Your Limits and Homing on page 

56 for information on how to use them as limit and home switches. 




















































































