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Uncrating



Materials

This slide set details each step.

A USB Memory stick is provided that contains the software.

A single sheet exploded view of the machine is shipped with the machine.

After the Mach4 software is installed a folder of documents will be found at

C:\Mach4Hobby\Docs



Software LIcense

Mach4 is licensed software.

For this project 4 registration codes, equivalent to a coupon code, are provided.

The software must be installed before a license can be generated.

Each license will be keyed to one laptop PC.

The procedure to get the license is explained near the end of this document.



Extra Parts

Memory stick, with software

Two angle brackets to mount Y axis 
limit switches.

Spacer for Z axis switch

Couplings for X and Y axis

Strain relief connector for VFD cable

Target for X limit switches

Target for Z axis limit switch



Move mill to a safe workplace

● The mill is heavy- 370 pounds
● Do not attempt to lift if by hand
● Since we will need to disassemble the mill it may be wise to do it before 

moving to a work space



Background

● We are working with a 3 axis mill
● Each axis is moved by a lead screw with a large Acme thread
● For plain threads to move there must be some clearance between the threads
● This clearance leads to backlash
● Backlash leads to inaccurate parts and broken tools.

A ballscrew solves the problem by placing ball bearings 
in the screw. 
We will be replacing the lead screws with ballscrews  on 
all 3 axes

Green slides are background information



Dovetail slide with gib

Machine tables must slide freely, but not be loose in any direction.

A dovetail joint has two sides angled to create an interlock

A tapered gib strip slides in between two faces to take out any slack

An adjustment screw can push the gib into the joint to make it tighter.

There is an adjustment screw at each end of the gib to lock it in place



Remove the head (optional)

It is possible to change the Z axis screw with the head in place, but it is safer to 
remove the head. 

It will require two people to carry the head.

● Brace the head off the table with a block of wood
● Or support it with a sling and crane.
● Remove the two nuts on the side of the head
● Pull the head away from the column.

Store the head on its back in a safe place.



Remove the table
● The table must be removed.
● It weighs over 50 pounds, so have two people 

move it.
● Remove the handwheel. Note it has a set screw 

above the key.
● Remove the end cap bearing at each end of  the 

table.



Remove the table- 2

● Remove the gib adjustment screw
● Slide out the gib
● Slide the table off the saddle. It will slide over 

the lead screw.
● Remove the leadscrew and its mid bearing.



Remove the saddle
● Remove the handwheel from the Y axis
● Remove two screws from the Y axis 

bearing
● Slide the Y axis bearing off the screw



Remove the saddle (2)

● Remove the Y axis gib adjusting screw and 
the gib

● Slide the saddle forward to extend the screw 
out of the base

● Remove the screw that holds the Y axis nut.
● Reaching through the base casting slot grasp 

the screw and drop it out of the base. The nut 
will remain on the screw.



Remove the Z axis screw

● Block the head or its mount if you removed the 
head.

● Remove the blank cover at the top of the 
column.



Remove Z axis screw (2)
● Remove the nut at the top of the Z 

axis screw
● Remove the screw that holds the Z 

axis nut
● Reach in the slot in the column 

casting, grasp the screw and push 
it back to pull the nut away from the 
slide.



Remove the Z axis screw

● Use a punch or rod to tap the Z axis screw out 
of the bevel gear. Use caution to catch the 
gear so it doesn’t fall to the bottom of the 
column.

● Remove 4 screws to release the bevel gear 
assembly on the side of the column.

● Pull the gear assembly out of the side of 
column casting.

● Pull the z axis screw out the top of the column



Part 2- Reassembly of the mill

With all the lead screws removed we start replacing them with the ballscrews.

The ballscrews come with the nut on it in about the center of the screw.

Use extreme caution to ensure a  nut does not get to the end of the screw.

If the balls are released from the nut it is essentially destroyed.

Green slides are background information



Clean and oil

As you reassemble the mill carefully clean all the sliding surfaces.

Wipe on a thin film of Way Oil to all the sliding surfaces, including the gib strip.

Keep the ballscrew clean. It is pre-oiled by the manufacturer and wrapped in 
plastic.

Green slides are background information



Installing Y axis ballscrew

● The saddle should be in place on the 
base slides.

● The Y screw is the shortest.
● The Y nut casting is the shortest.
● Slide the ballnut through the Y axis 

casting and secure it with four M5 x25 
screws, washers and lock washers.



Installing Y axis ballscrew  (2)

● Slide the ballscrew assembly under the saddle 
with the threaded end toward the front of the mill.

● Be sure the sliding dust cover is in place and the 
nut goes through the opening.

● Extend the end of the screw through the hole in 
the front.

● Hold the nut mount up and slide it into the hole in 
the saddle casting.

● Fix it with the M6-1x25 bolt down through the 
saddle.



Installing Y axis ballscrew  (3)

● Place two 7201 ball bearings into the Y axis 
bearing casting

● Note the bearings must be placed with the 
part numbers facing together

● Slip the bearing casting over the end of the 
ballscrew.

● Apply the locknut to the end of the shaft and 
tighten fully. It may be necessary to hold the 
ballscrew with a plier. Hold it at the extreme end 
where the nut will not travel, and use something 
to provide a cushion for the jaws of the pliers.

● Bolt the casting to the front of the base.



Installing the X axis ballscrew

● Slip the ballnut into its casting and fix with 
four M5x25 screws, washers and lock 
washers.

● The threaded end should be to the left 
side when facing the machine.

● Place the screw on the saddle. Fix with 
two M6-1.0x20 screws.



Installing the X axis ballscrew (2)

● Place two 7201 ball bearings in the Xbearing 
casting. Note the numbers on the bearings 
must face each other.

● Slip the bearings onto the left end of the X 
ballscrew.

● Place a locknut on the end of the ballscrew and 
tighten it fully.

● Clean the table sliding surfaces and rub on a 
thin film of Way oil.



Installing the X axis ballscrew (3)

● Carefully align the dovetails and slide the table onto the 
saddle.

● Wipe Way oil on the gib strip and slide it into place. 
Note one end is thinner, it goes into the slot first.

● Replace the gib adjusting screw and tighten it down to 
the gib.

● Check that the table slides without binding or wobble.
● Hold the X axis bearing up and slide the table to it.
● Fix the bearing block to the table with two M6-1.0x16 

screws.



Installing the Z axis ballscrew

● Slide the Z axis ball nut into the bearing 
casting. 

● Fix it to the casting with 4 m5-1x25 screws 
washers and lock washers.

● Slip the ballscrew into the top of the column 
casting.

● Align the nut castings with the hole in the 
head slide.

● Fix it with one M8 x35  screw.



Stepper Motors

Each axis will be driven by a stepper motor.

A stepper motor does not run continuously like a normal motor,  It only makes a small step each time  it is pulsed.

An electronic driver box is needed to send the proper pulses  to the motor.

Simple steppers are ‘Open Loop’, that is, there is no feedback from the motor. A step is requested but the 
controller does not know if the movement was complete.

If some mechanical overload occurred the motor will ‘miss steps’

We are using ‘closed loop’ steppers. They have an encoder on the shaft so the electronics can tell if the step was 
actually made.

If an overload occurs an error signal will be sent back to the computer.

Green slides are background information



Motors (2)

● Stepper motors make 200 steps for one revolution.
● Drivers can be designed to divide steps into ‘micro steps’ for smoother 

operation.
● Drivers have ‘dip switches’ to set the number of micro steps.
● We will use 8 micro steps on X and Y and 16 micro steps on Z.

Green slides are background information



Motors (3)

● Stepper motors are offered in many sizes, based on the torque it can 
produce.

● We are using motors on X and Y that produce a  torque of 439 oz-in.
● On Z our motor is 1128 oz-in.
● Motor sizes are standardized by NEMA.
● We are using NEMA 23 on X and Y  and NEMA 34 on Z

In general, more torque means a motor can push(accelerate) a load 
faster.

Green slides are background information



Motors (4)

Motors must be connected to the 
ballscrews with a coupling

Couplings are designed to tolerate small 
misalignment of the axes, but still not 
have any backlash or slip.



End Restraint

The table is moved by the ballnut fixed to it.

One end of the ballscrew must be restrained 
from linear movement

But the ballscrew must freely rotate.

This is accomplished by a pair of angular 
contact ball bearings

They must be mounted back-to-back so 
there is linear restraint in each direction.

The nut must be tight enough to prevent end 
play but still allow rotation.



Installing the X axis motor

The X axis has a bearing mount casting at the 
left end of the table.

The casting contains two angular ball bearings 
back to back. 

A locknut restrains the bearings and provides 
pre-load to them. The pre-load should be just 
enough to prevent end play. Too much pre-
load will prematurely wear the bearings.



Installing the X axis motor (2)

At the right end of the ball screw install a 
coupling.

Align the dovetails and slide the table on.

Mount the casting to the table with 2 M5-1 
screws

Slip the motor shaft into the coupling

Align the base of the motor with the casting

Bolt the motor on with 4 M5-1 screws.



Installing the Y motor

The Y ball screw has a bearing and motor mount 
casting on the front of the machine.

Place two ball bearings into the casting so that the 
part numbers face each other..

Slide the casting onto the ball screw.

Fix the casting to the front of the base casting.

Place the locknut on the screw end and tighten it to 
pre-load the bearings.



Installing the Y motor (2)

Place a coupling on the shaft.

The Y axis motor casting surrounds the 
coupling on 3 sides.

Hold the casting with the slot down.

Slide the motor shaft through the casting 
and into the coupling.

Mount the motor with 4 M5-1 bolts through 
the motor flange and the casting.

Tighten the coupling through the slot.



Installing the Z axis motor

Slide the head mount up until the ball screw 
end is at the top of the column.

Place two ball bearings into the Z mount 
casting.

Slide the bearings onto the shaft end.

Place the lock nut on the end of the screw 
and tighten it to pre-load the bearings.

Adjust the head mount until the motor mount 
casting is on the top of the column.



Installing the Z axis motor (2)

Place a coupling on the end of the screw.

Place the Z motor on top of the casting and 
slip the shaft into the coupling.

Tighten the coupling.

FIx the motor with 4 M5-1 screws.



Motor Cables

Motor Power

Power 
Extension

RJ-45 Cable

DB to RJ adapter
Encder Cable



Motor Cables

Connect a motor extension cable to each motor

Connect the extension cable to the control box

Connect a DB to RJ adapter to each motor encoder cable. Be sure to tighten the 
strain relief screws.

Connect an RJ45 cable to each adapter

Connect the RJ encoder cable to the control box.



Arrange the motor cables neatly.

Be sure the  X axis cable has enough slack 
to allow its full motion.

Use wire ties or cable clamps to tie cables 
neatly along the machine.



Switches

Control systems often need to know the 
position of mechanical components.

Switches can Detect end points or reference 
points.

Proximity (“Prox”) switches are active 
magnetic devices that respond to 
ferrous(iron).

We will use Prox switches in this 
conversion.

Green slides are background information



Home Switches

When the control software is started  it has no way of knowing the tool location 
relative to the table.

Each axis is equipped with a proximity switch at the extreme home (Positive) end 
of its travel.(remember we refer to the motion of the tool, not the table)

A Prox switch can detect when a ferrous metal comes close to it. No actual 
contact is needed.

A ‘Reference’ operation must be done each time the software is started. This 
moves the axis to its positive limit of travel. This is called “Homing the Machine”.

Green slides are background information



Limit Switches

Operator error or program errors may drive an axis past its maximum limit of 
travel.

Such a move could do damage to the machine.

To prevent damage a Limit Switch is installed at the ends of travel.

The limit switch will signal to the software this end condition.

On the positive end of travel we can use the same switch as the Home switch.

A switch at Z negative is not used because any tool will hit before the limit can be 
reached

Green slides are background information



Switch Cabling.

All five limit/home switches are supplied connected to one block.

This block has an RJ45 jack for an extension cable to the control box.

Be sure to uncoil all the switches before attaching them to the machine to remove 
twists from the cable.

Green slides are background information



X axis home and limit switches.

The Switches are mounted at the ends of the 
saddle casting.

Hold the switch in position aligned with the upper 
edge of the saddle and it's right or left edge.

Mark the switch mounting holes. Center punch 
each hole location.

Drill a hole for an M3-.05 tap, tap each hole.



X axis home and limit switches. (2)

Mount the switch to the casting with the 
M3-.5 screws provided with the switches.

Adjust the switch to be just under (1/16”) 
the table edge.

Remove the table stops and the center 
fixed stop.



X axis home and limit switches (3)
Fix the steel blocks to the 
table front slot at each end.

Route the switch leads under 
the table and  wrap them to 
the oil line.



Y axis switches

The Y axis switches are mounted to the base casting on the left side under the 
table.

An aluminum angle bracket is provided for the mount.



Y axis switches (2)

Position the bracket at the end of travel with 
its back edge against the base casting raised 
area.

Drill a hole and tap it M5-1

Mount the Y+ switch to the angle bracket and 
the bracket to the base.

Check to see that the switch is adjusted to 
clear the saddle casting by about 1/16 Inch



Y axis switches (3)

The rear switch is mounted like the front.

Position it to align with the saddle closest 
to the column.



Z axis switch

Z axis has only a single switch for Z home

We repurpose a screw that holds the cover plate 
from the removed Z axis crank.

An aluminum spacer block is held into the 
casting corner with one M5-1.0 screw.

The spacer block has tapped holes to hold the 
switch.



Z axis switch (2)

Steel block is provided for the Z axis switch.

Locate it on the head just above the oil fitting.

Drill and tap a hole and mount the block.



Spindle Control

The Spindle is powered by BLDC (Brushless DC) motor.

Motor driver can be controlled by CNC computer

Control requires Two relays, FORWARD and REVERSE

A 0-10Volt signal controls motor speed. This signal is generated by a PWM (Pulse 
Width Modulation) from the control.

Green slides are background information



Spindle Control

Remove front cover of Spindle control box

CAUTION: Be sure to unplug the box.

Drill ½” hole in bottom  of box

Use a step drill to make a neat hole.



Spindle Control (2)

A cable is supplied with an RJ45 jack on one end and 
nothing on the other.

Insert end of wire through strain relief.

Tighten the nut to apply compression to the wire.

Insert strain relief into hole in box.

Place nut on to capture the wire.

Crimp ferrules onto wire ends.

Plug the RJ45 jack into the VFD jack on the back of the 
control box.



Spindle Control (3)

Remove the 7 pin connector from the main 
control board

Replace the connector with the connector 
from the small speed control board.

Plug in the two wire power connector from 
the speed control board.



Spindle Control

Connect the 5 wires from the strain relief 
connector to the speed control board.

Forward–Blue
Reverse-Green
Common- Brown
Cntrol Voltage  Orange
Common Voltage - White\Orange



Leftover parts

PM supplies sheet metal covers 
for the X and Y motors.

But these are made for open loop 
steppers.

Closed loop steppers are longer, 
so the covers don't fit.

The Mill will work fine without 
them.



SOFTWARE

Mach4 



Mach4

Graphical interface to control machine

Interpret G code

Mill, lathe, router, plasma cutter, laser 
cutter.

Calculate trajectory of tool

Communicate moves to motion control.



Motion control

Ethernet Smoothstepper

Converts commands from Mach4 
into stepper motor pulses.



Set up PC

Mach4 requires a PC running Windows 10 or 11. Use common windows setup, no 
extra software is needed, or desired, this PC should only be used as a machine 
control.

Install Mach4 from memory stick, Or download file from downloads tab at 
https://machsuspport.com

Also requires a plugin from Warp9 tech on the memory stick or Download from 
https://warp9td.com



Documents

Mach4 provides many manuals when installed

C:\Mach4Hobby\Docs

The ESS has many pages of on-line documentation

https:\\Warp9td.com

This document is a simplified guide to the installation.

If questions arise see the above sources.



Mach4 Profile

A PC can be setup to run several different machines.

Each machine has a separate configuration appropriate to that machine.

The configuration is saved in a folder  C:\Mach4Hobby\Profiles

When installing Mach4 you will be asked for a profile. Create a meaningful name.

In the sample screens here we used MyMill as profile name.

DO NOT use one of the system profile names,  it will be overwritten if you upgrade 
the software.



Optional profile

We have provided a profile suitable for the PM728.

We called it MyProfile.

A copy is on the memory stick.

Copy the file from the stick and put it in the profile folder.

C:\Mach4Hobby\Profiles

All of the following configuration steps are completed in this profile.



Profile (2)

The Mach4 install will create some 
desktop icons.

Right click on the  icon for Mill.

Select Properties

The Target line will have the start 
command for Mach4, followed by the 
profile name. Edit this to the name you 
have given your profile.

You can now start Mach4 with a double 
click



Profile (3)

Change to the General tab

Replace the name with 
your profile name.



Mach4 Install

Find the install file.

Double click it.



Mach4 Install

Check to accept license 
terms

Click Next



Mach4 Install

Observe the warning 
message!

Click Next



Mach4 Install

UnCheck type of 
machines you are  not 
using.

Click Install



Mach4 Install

Wait for progress bar



Mach4 Install

Click Finish



Mach4 Install

Mach4 will start and 
show the profile select 
screen.

Select Your profile then 
Copy 

Click OK



Screen Set

Mach4 has a built in screen editor

You may use it to modify any part of a screen

You may add or remove buttons.

You may change colors or type fonts.

You may add controls.

Screens can be fully customized, but start with one of the pre-built screens

You  may switch screens at any time during operation.



Mach4 Install

Copy profile will ask for 
screen choice.

Select wx4.set for mill

Click OK



Mach4 Install

As Mach4 Starts it will 
try to use some internal 
network functions.

Windows will show this 
block warning.

This will only happen 
on the first time start 
up.

Allow access



Mach4 Install

SUCCESS! Mach4 
is installed.

Before we can run 
we need to install a 
plugin for motion 
control.

Stop Mach4 with 
the X



Mach4 Install

Mach4 will build a 
screen icon for each 
machine type you 
selected.

Convert one of them to 
be your profile.

Right click on the icon 
and select Properties

Change the profile name to 
the profile you created.



Mach4 Install

Change to the 
General tab

Change the name to 
your profile name

Click OK

The desktop icon will 
now start Mach4 with 
your custom profile.



ESS- Ethernet Smooth Stepper

The motion control- ESS- requires a software driver, called a plugin.

It is supplied on the memory stick with this system.

To check for a newer version look at https://warp9td.com/

Download the  .zip file ESS_Mach4_v###.zip 

### indicates the version number.

Open the .zip file and copy the two files

https://warp9td.com/


ESS plugin install

Using File Explorer navigate to 
c:\Mach4Hobby\Plugins

Paste the two files into this 
folder

Warp9Mach4.sig

Warp9Mach4.m4pw



Mach4 Install

Double click your profile Mach4 icon

When Mach4 starts select the 
configure menu bar item

Select Control



Mach4 Install

Select the ESS plugin

Click OK

Shutdown Mach4

Restart Mach4 to start the ESS 
plugin.



Mach4 Install

When Mach4 starts select 
Configure

Select motion device

Choose ESS

Click OK

Shutdown Mach4



ESS setup

Browse to https://warp9td.com

Follow the directions to download the SCU application. There is also a great amount of 
background on setting  up the ESS

https://warp9td.com


ESS setup

Select the SCU 



SCU setup

Start the SCU

Select Language

Select NEXT



ESS setup

Use the suggested folder

Select Next to install



ESS Setup

Note the instructions.

Select Next



ESS Setup

Select Finish



ESS Setup

Use option 3



ESS Setup

Select Easy Mode



ESS Setup

The SCU will show 
several changes it 
makes to the firewall 
settings.

Go to the next step



ESS Setup

Select Adapter 
Configuration



ESS Setup

Select Recommended 
settings

Apply settings

Go to next step



ESS Setup

Select Windows 
Performance Tuning



ESS Setup

Continue to choose 
default settings

You may see variations 
from this series of 
screens. Just accept all 
defaults until SCU is 
finished.

Read the docs on the 
warp9td.com site for 
further detail.



Machine Configuration

The ESS has 3 ports of 17 pins.

Most pins can be assigned as input or output.

The system has several control signals which are connected to an ESS pin

We must associate each signal with the correct pin.

All this data is stored in the Machine.ini file within your Profile.

There is a Machine.ini file on the memory stick supplied with this system.

You may simply copy it from the stick to replace the current file in your Profile.



Active Low

All signals  in this system are digital, binary.

That means they may be a HIGH (typically +5V) or LOW (typically ground)

The system needs to know when the signal is TRUE, or ACTIVE

Active High means the signal is TRUE when it is HIGH

Active Low means the signal is TRUE when it is LOW.

There is no right  or wrong, here, you just must use whichever choice the system 
designer chose.



Machine Configuration

If you want to fully understand the wiring of your  machine use the following 
screens to config the ESS pins.

The general process is to assign alias names to the pins in the ESS config and 
assign the alias names to the correct functions in Mach4.

The following screens conform to the tabs  of the ESS Config screens.



Machine Configuration

From the main Mach4 
screen menu bar

Select Configure-
>Plugins->ESS

Info screen will open

Work across the tabs



ESS config, tab General

On the General tab leave 
all the settings as is.



ESS config tab Motors

We are using 
Step/Dir motors 
on all positions.



ESS config tab Spindle 

We use a PWM 
signal to control 
spindle RPM.

We do not have a 
spindle index signal.

Bar will remain 
highlighted.

Do not use PID 
terms.



ESS config tab Pins

Scroll down on the 
Pins tab to see 
the Port 2 
assignments.

Enter alias names 
for these pins.



ESS config tab Pins

This system does not 
include a coolant pump.

Charge Pump is a safety 
feature, commonly known 
as a watchdog timer. If 
Mach4 should crash the 
control logic will shutdown 
all motion.



ESS config tab Inputs

The only input 
signals are from the 
limit switches and 
the E-stop button.



ESS config tab Outputs

These outputs drive 
the motors.



ESS config tab Outputs 2

Spindle and charge 
pump outputs.



ESS config tab Homing

The motors in this 
system do not have 
an index signal.

Home operations 
approach the switch 
at higher speed, 
then back  off 
slowly to make 
accurate location.

This number sets the velocity of the home 
move.
20 is a reasonable value for the PM728



ESS config tab Backlash

We use ballscrews 
with  near zero 
backlash.

Mach4 can 
compensate for 
backlash when it 
exists.



Associating ESS and Mach4 connections.

We  have now assigned a name to each signal connected to the ESS

Now we need to use these names to configure Mach4.

In the ESS we simply refer to motors 0-6.

Mach4 needs to associate a motor with an axis.

Select Configure->Control from Mach4 main screen.



Configure Mach4 signals- Motors

Each motor must be 
configured for step 
per unit and speed.

The motors 
maximum velocity is 
set here.

Test these values 
carefully to be sure 
you are not pushing 
the machine too fast.



Configure Mach4 signals- Motors

On the prototype machine we found these values

Axis   Step   Vel    Accel

X      2028   500    20

Y      2028   500    20

Z      8112    120    10

You should make accurate measurement by commanding a set distance and 
measuring the actual move. 



Configure Mach4 signals Axis Mapping

Enable each motor 
and associate the 
Axis with motor.

Note Mach4 supports 
slave motors when 
one motor is not 
powerful enough for 
an axis (large routers)



Configure Mach4 

Associate input pins 
with motors home 
position.



Configure Mach4 Inputs 2

Set the E stop 
signal.

Set the Probe 
(optional)



Configure Mach4 Spindle 

Set a Min and Max speed 
for each gear range of the 
mill.

This value must be set to 0

These two values must be 
set to 4000

The PM728 has two belt 
ranges.

Set MAX spindle RPM



Configure Mach4 

These values are 
appropriate for an 
automatic tool 
changer.



Generating a Mach4 license key

Mach4 is licensed software.

A license is needed for each machine.

The license is keyed to the PC it is running on.

Each system in this project was provided with a registration code that is needed to 
activate a license.



Generating a Mach4 license key

Click Help->About on the Mach4 
menu bar

Copy this PC ID to clipboard.

On the Machsupport.com site 
paste the ID when asked. 

A key file will be E-mailed to you.

Load it here.

DEMO will be changed after 
license is installed.



Mach4 license

After the license key is successfully loaded Mach4 will change references to DEMO 
to your user ID.

There are some restrictions built into Mach4 DEMO that will be removed after the 
license is installed.

Certain changes to the PC, replacing hard drive or net card, will change the PC_ID

This will require getting a new key from Machsupport.com



Backup

Mach4 stores all configuration values and some current operation data in a file 
C:\Mach4Hobby\Profiles\MyMill\Machine.ini.

This file is saved during shutdown.

A copy is also stored in the folder \Backups in the Profile folder.

A revolving list of 20 backups are saved with a 2 digit number appended.

If you ever have a problem and want to go back to a previous version simply move 
the file from \Backups to replace the current \Machine.ini, removing the 2 
digit number.



Calibrating Spindle Speed

The spindle speed is controlled by a PWM signal 
generated by Mach4.

A circuit on the C82 control board converts this 
pulse stream to a varying DC voltage between 0 and 
+10 volts.

Use the MDI window to set the machine to run at its 
mid-speed, 2000 RPM

You can use the MDI command ‘S2000 M3’ to set 
the speed.

Adjust this pot to set the speed.



Spindle Direction control

The C82 board has outputs for Forward 
and Reverse run of the spindle motor.

There are two common schemes for 
managing these signals, one commonly 
used in the US, another in Europe.

The C82 board has two jumpers to set 
this.

If set to INT the motor will only run in one 
direction.

For this control the jumpers should be set 
to the US position.



Congratulations

You should now be ready to make parts with you new mill.

Good Luck!
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