
CNC Installation Instructions 

   

Installing the Industrial Hobbies 3 Axis CNC 

Conversion 

In the following pages we provide a pictorial guide to installing our 3 Axis CNC 

Conversion which is used in conjunction with the detailed instructions that come with 

individual components of the kit.  

These instructions are still under construction, but we figured you would like to take a 

look.  
 

 Area Setup  

 Build Tips  

Installing the Y Axis 

 Installing the Y Axis PT1  

 Installing the Y Axis PT2  

 Installing the Y Axis PT3  

Installing the X Axis 

 Installing the X Axis PT1  

 Installing the X Axis PT2  

Installing the Z Axis 

 Installing the Z Axis PT1  

 Installing the Z Axis PT2  

http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/area_setup.htm
http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/build_instructions_and_tips.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_y_axis_v3_pt1.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_y_axis_v3_pt2.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_y_axis_v3_pt3.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_x_axis_v3_pt1.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_x_axis_v3_pt2.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_z_axis_v3_pt1.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_z_axis_v3_pt2.htm


 Installing the Z Axis PT3  

Assembling the Axes 

 Assembling the X and Y Axis PT1  

 Assembling the X and Y Axis PT2  

 Assembling the X and Y Axis PT3  

 Assembling the Z Axis PT1  

 Assembling the Z Axis PT2  

Installing Optical Limits 

 Installing the X Axis Optical Limit  

 Installing the Y Axis Optical Limit  

 Installing the Z Axis Optical Limit  

3 Axes Installed 

 Mechanicals Complete  

Gecko Drive  

 G201 Rev 5 Manual and Installation Instructions  

 G210 Rev 5 Manual and Installation Instructions  

 G320 Rev 4 Manual and Installation Instructions  

 G340 Rev 4 Manual  and Installation Instructions  

http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_z_axis_v3_pt3.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/assembling%20the%20x_and_y_axes_v3_pt1.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/assembling%20the%20x_and_y_axes_v3_pt2.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/assembling%20the%20x_and_y_axes_v3_pt3.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/assembling%20the%20z_axis_v3_pt1.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/assembling%20the%20z_axis_v3_pt2.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_optical_limits_pt1.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_optical_limits_pt2.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/installing_optical_limits_pt3.htm
http://www.industrialhobbies.com/howto/product_instructions/v3_build_instructions/mechanicals_complete.htm
http://www.industrialhobbies.com/howto/product_instructions/gecko_instructions/G201_REV5_MANUAL.pdf
http://www.industrialhobbies.com/howto/product_instructions/gecko_instructions/G210_REV5_MANUAL.pdf
http://www.industrialhobbies.com/howto/product_instructions/gecko_instructions/G320_REV4_MANUAL.pdf
http://www.industrialhobbies.com/howto/product_instructions/gecko_instructions/G340_REV4_MANUAL.pdf


Ballnuts and Ballscrews  

 Installing a Single Ballnut  

 Installing a Preloaded Ballnut  

 Repairing a Single Circuit Ballnut  

 Repairing a Preloaded Ballnut  

 Setting the Preload  

Optical Limits   

 Installing Optical Limits on the X Axis  

 Installing Optical Limits on the Y Axis  

 Installing Optical Limits on the Z Axis  

 Wiring and Configuration Instructions for Optical 

Limits  

Miscellaneous  

 How to Put a Wire in a Tube  

 

 

 

 

Setting up the Area 

  

  

http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/installing_single_ballnut.htm
http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/installing_preloaded_ballnut.htm
http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/repairing_single_ballnut.htm
http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/repairing_preloaded_ballnut.htm
http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/setting_preload.htm
http://www.industrialhobbies.com/howto/product_instructions/old_build_instructions/installing_optical_limits_x_axis.htm
http://www.industrialhobbies.com/howto/product_instructions/old_build_instructions/installing_optical_limits_y_axis.htm
http://www.industrialhobbies.com/howto/product_instructions/old_build_instructions/installing_optical_limits_z_axis.htm
http://www.industrialhobbies.com/howto/product_instructions/optical_wiring_and_conf_instructions.htm
http://www.industrialhobbies.com/howto/product_instructions/optical_wiring_and_conf_instructions.htm
http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/wire_tube.htm


 

Start with a prepped mill, cleaned and ready to 

go. 

    

 

We've done a few of these, and to maximize Z 

Axis travel we remove the connecting spar at the 

base of the Z travel.  

For a clean complete look we grind the flat where 

the Y way cover mounts flush and feather edge 

the paint. 

    

 

While we're at it we grind the Z Axis manual 

raise handle flush as well, it just looks cleaner 

when we're done. 

    



 

Insofar as the build area, we put down a rubber 

mat and put a mill stand on it.  The mill base is 

places on it with a folded rag on each corner.  A 

small table is used for building assorted parts.  

We have a small table out of frame where we 

unwrap the parts.  

We make sure we DO NOT use special tools or 

some super duper setup to build our kits.  Hand 

tools, a clean work area and common sense is all 

that's needed. 

    

We know our customers and we know you look at everything in the background.  

From left to right. 

Just outside of the frame is our storage cabinets and shelves which you will see in some of 

the pictures. 

Leftmost in the frame, is the corner of our tumbler and a few rinse buckets. 

Center frame, is our lathe, a Monarch 10"EE turret born in January 1954, oldie but goodie. 

Right of the lathe, is our spare and odd round stock rack. 

And lastly our new LI mill we're testing out and prep'ing for production. 

    

 



 

Build Tips 

  

Properly built your CNC conversion will last a lifetime.  We use high quality components 

and work very hard to provide a quality product.  From here you complete the installation 

it is up to you make sure it goes together properly.  

Here we will give you a few machine building tips to help you out.  

    

TAKE YOUR TIME.  

It may seem obvious, and we know your excited about your CNC conversion but rushing 

is the NUMBER 1 reason mistakes are made.  We designed the kit, have all the tools, and 

not to mention this is our job and it takes us about 24 man hours to complete the 

mechanical build from lapping to ready to mount on a bench.   

We would like to see SKILLED builders take 40 hours and lesser skilled builders take 

more than 80 hours.  It's ok not to rush, just say your savoring every moment and TAKE 

YOUR TIME. 

    

Clean the parts   



 

Our steel parts are all coated with a rust 

preventative that must be removed prior to 

installation.  

A brake cleaning type product works great, 

although it might attack the paint. 

When do the build we keep the machine 

bone dry, and work exceptionally clean. 

Only when the machine is complete and 

'buttoned up' do we allow it to get messy. 

    

Red Drop & Blue Drop    



Throughout the instructions we show the the 

picture of a red drop and a blue drop .  

We use the drop to indicate which thread 

locker we recommend to use during that 

portion of the build. 

is Loctite 277, which is a high strength 

thread locker that for the most part can be 

considered permanent.  

is Loctite 246, which is a medium 

strength thread locker that is removable. 

A 10ml bottle of each will suffice for the 

build with plenty to spare. 

Both and are types of glue that bonds to 

metals, they cannot bond as well with oil 

covered bolts.  EVERY TIME we apply 

thread locker we clean the thread of the bolt 

AND thread of the hole with break cleaner 

and blow them dry with compressed air. 



 

    

Punch, Drill & Tap   

To install our CNC retrofit kit you will need to drill and tap about 26 holes into cast iron.  

We of course want you to do it correctly.  To help with the process we include the 

following bits, taps, and accessories:  

 1  Transfer punch  

 6  1/8" General purpose pilot bits  

 2  Letter F 5/16" Pilot bits  

 2  5/16" 18TPI Spiral Taps  

 1  Tapping handle  

 1  Small can Tap Magic Tapping Fluid  

The process we follow is always the same 

1. Align the part  

2. Center punch the hole(s)  

3. Drill with 1/8" bit  

4. Drill with Letter F bit  

5. Tap with plenty of tapping fluid.  



6. Clean the hole(s) with brake clean.  

  

    

    

    

    

    

  

 



 

Installing the Y Axis 

  

  

 

Components for the Y axis mount. 

    

 

To maximize travel we remove the rear flange.  

Although we do not show a clear picture of the 

missing rear flange for a few frames, it is gone.  

You can do this for IH mills, but if you 

have another brand of mill you will want to check 

your setup before removing either the front or rear 

flange. 

    

 

Scribe a center ling on the existing mount hole. 

    



 

Center the vertical mount on the line and square the 

mount using a machinists square.  

DO NOT use a tri-square, carpenters 

square, speed square they are far to inaccurate.  

    

 

Hold the ballnut flush to the rear of the slide, 

centered, and punch the two mounting holes. 

    

 

A little out of focus, but here are the punch marks. 

    



 

Drill the holes with the included bits.  Start with the 

1/8" bit, then move to the .201, then finally the  

    

 

Tap the holes. 

    

 

Once the holes are tapped, set the entire saddle on 

the base.  

Although you cannot see it, the gib is IN, 

tap it in firmly with a soft mallet. 

    



 

Flip the entire base. 

    

 

Install the mount screws.  

Leave them loose. 

 

    

 

Both bolts installed loose. 

    



 

Using a small square, make sure the mount is 

square, tighten the bolts.  

Once you are sure the mount is square, 

tighten the bolts for real.  You will more than likely 

never remove them again. 

    

 

Put the Y axis ballscrew through the front of the 

base, all the way throough the mount till it bumps 

the casting. 

    



 

All the way through. 

    

Installing the Y Axis PT2 

  

  

 

Put the Y axis spacer, ballscrew spacer, and the 

X/Y axis inside bracket on the ballscrew. 

    



 

Firmly press all the parts together, measure the 

gap.  Add 1/8".  You will need to remove this much 

from the un-machined end of the screw.  

Measure once, measure twice, measure 5 or 

6 times. 

    

 

Cut only once.  

Ballscrew is hardened, you will need an 

abrasive cutoff blade to get through it. 

If you cannot cut the ballscrew send it to 

us, we will cut it for free and just charge shipping. 

    

 

Clean and burr off the end of the screw. 

    



 

Install the ballscrew wiper. 

    

 

Install the snap ring. 

    

 

With the ballnut and wiper installed install the 

screw.  

We had to move the slide a little, but it is possible 

to pass the assembled ballscrew between the cast 

ribs and into position. 

    

 

Screw the ballnut into the mount.  

This is just for a dry fit. 

    



 

Flip the entire base back over and slide the saddle 

back and forth and make sure nothing bumps and 

the screw stays centered in the hole in the front of 

the base.  

You might have to repeat this step a few 

times.   

    

 

We had a little bump problem with the ballnut, we 

had to remove a little material to get the ballnut to 

clear the casting. 

    

 

  Locktite the ballnut, a few drops only.  

Although the tip is green, it is equivalent to 

Locktite "Blue" 

    

 

Tighten it up. 

    



 

Here is a close-up.  Look where the vice grips are 

holding, do not crush the ball return tube, but the 

nut itself can take some good pressure. 

    

 

  Put in the setscrew. 

    

 

That looks pretty good. 

    

Installing the Y Axis PT3 



  

  

 

It is possible to install an extra bolt to the 

rear of the Y Axis ballnut mount, this is 

optional, but we do recommend it.  

Use a center punch to down through the 

original Y Axis mount hole. 

    

 

Using a 5/16 pilot bit drill down 1/2".  

Do not go too deep, if you break 

through the ballnut mount you will need to 

disassemble the entire Y axis and clean out 

the chips. 

We put tape on the bit to ensure we 

do not go too deep. 

    

 

Blind tap the hole until it bottoms out. 

    



 

Install the final Y axis bolt.  

Because of mill variations we 

provide a longer bolt than you will need, 

you will need to trim it down for it to make 

proper contact.   

    

 

Now for the big moment of truth, put the 

saddle in the rearmost position, note the 

position of the screw through the center 

hole. 

    

 

Now slide the saddle to the foremost 

position, and run the screw to the rearmost 

position.  The screw MUST be in the same 

position as above or you will need to adjust 

the mount a little to get the alignment right.  

If it not correct, you must tear it 

down and adjust, I know it's a hard thing to 

do, but better now than later. 

    

 

You might notice a small dimple in 

the Y axis spacer.  It's an alignment mark 

that we use during manufacturing, you can 

position it any direction you want. 



    

 

Put the Y axis spacer and the Y axis inside 

bracket on the ballscrew.  Line up the bolt 

holes, in one side put a center punch and 

the other put a 5/16 bolt.  

We actually used a spare bolt from 

the Y axis mount. 

    

 

Center punch the bolt one hole and then 

swap the two and re-punch. 

    

 

Punched. 

    

 

Drill for 5/16 pilot. 



    

 

Use the included tap and tap the hole 5/16-

18.  

Drill and tap the holes all the way 

through if you can, otherwise 1" is plenty. 

    

 

Run the saddle all the way to the front and 

the screw to the rear. 

    

 

Use the two Y axis mounting bolts to 

secure the Y axis inside bracket.  

Make sure you do not put a bind 

into anything when you tighten the bolts. 

    

 

Tighten the 6 bolts of the bearing retainer.  

Tighten them in a star pattern, tighten them 

until the washers are all flat.  

They will have distinctive feel 

when the washer goes flat. 



    

 

Put the second ballscrew spacer on, 

Locktite well and screw on the drive pulley. 

    

 

You can get a good grip on the ballscrew 

using vice grips, secure them just inside the 

base, just behind the internal spacer, they 

need to be tight.  

Don't worry about hurting the 

screw, the ballnut doesn't come up this far. 

We forgot to take the pictures, but 

Using gloves or a few rags over the pulley 

tighten it BY HAND; give it all you got, 

step away a minute and do it again.   

Put in the two set screws in the pulley. 

  

    

 

Use a little RTV to seal the bearing retainer 

and the lower unused recessed bolt holes. 

    



 

Y axis inside bracket installed.  

At this point we say we are "on 

bracket", assembly from this point is a 

snap. 

Leave the Y axis for now and move on to 

the X axis. 

    

 



 

Installing the X Axis PT1 

  

  

 

Her you see the components of the X Axis Mount. 

    

 

Install the wiper and snap ring into the mount.  

Technically it's called the Horizontal Ballnut 

mount. 

    

 

Install the ballnut onto the screw (the real long 

one) and install into the mount, install the setscrew 

as well.  

We prefer the ball return tubes to stop in the 

2-3 o'clock or the 9-10 o'clock position.  If it does 

not please give us a call we have a new solution, 

that will become part of our standard kit in the 

coming weeks. 

    



 

Mount the assembly using the two metric bolts into 

the original bolt holes.  The slots give you a little 

wiggle room.  

Measure from the rear way to the screw, note the 

measurment. 

The metric bolts are easily identified, they 

have a finer thread and slightly larger head. 

    

 

Now measure the front.  Wiggle the mount a little to 

and fro to get the screw as parallel as possible.  A 

few thousand deviation is ok, the less the better.  

 Continue going back and forth until you get 

it right. 

    



 

Once the X Axis is straight punch the other four bolt 

holes.  

You may not get all 4 bolts in.  4 is just best, 

if you only get another 2 bolts in it will be fine. 

    

 

Here is a little trick.  

Before you start drilling cut some paper to fit under 

the saddle and protect the Y Axis from cutting fluid 

and such. 

    

 

Slide the card under the under the saddle. 

    



 

Drill and tap the four holes. 

    

 

Once everything is drilled and tapped, remount the 

ballscrew.  

You will need to make sure the screw is 

parallel to the rear of the saddle. 

    

 

Slide the entire table back on. 

    



 

Once it is back on, put the gib in. 

    

 

Move the entire table to the left and support it.  

You need to leave about 1" past the edge of 

the saddle, see next page below. 

    

Installing the X Axis PT2 

  

  

 

Put the ballscrew spacer and the inside bracket on 

the ballscrew. 

    



 

Bring the bracket against the table and punch the 

mounting holes.  

You'll notice that the bracket is not straight, 

you might need to rotate the bracket around a little 

to get as many bolts as possible in. 

    

 

Here are our three punch marks. 

    

 

Here is why we rotated the bracket a little, we 

wanted to put the third bolt right here. 

    

 

Drilled and taped. 

    



 

  Put in the three bolts.  

As with the Y axis tighten the 6 bolts of the 

bearing retainer.  Tighten them in a star pattern, 

tighten them until the washers are all flat. 

    

 

  As with the Y axis put the pulley on the 

ballscrew and tighten well. 

    

 

Seal any extra holes. 

    

 

X Axis is now "on bracket"  

Leave the X Axis for now and move on to the Z 

Axis. 

    



 



 

Installing the Z Axis PT1 

  

  

 

Sometime after ordering your kit, and before you begin your build you will 

need to send us your Z Axis slide and Z Axis nut.  

Put your name and order number on it as 

shown, we want to make sure you get your slide 

back. 

    

 

After a little milling we return your Z Axis 

modified as shown. 

    

 

And we modify the Z nut to accept a ballnut. 

    



 

And the other side to accept a wiper.  

Set these aside for a few minutes. 

    

 

If you want to touch up the inside of the column 

now is the time to do it.  

We always hit the inside of the column 

with flat black, it just makes it look better. 

    

 

Beautiful. 

    

 

Wipe off the bottom of the column. 

    



 

Wipe off the base.  

This is important, some crud here will 

effect the tram. 

    

 

The column comes in at a healthy 275 

pounds, get a friend to help you pick it up.  

Put he column on the base and secure with the 

original 4 bolts. 

    

 

Put the 3 head mounting bolts in the slide. 

    



 

Put the slide on the column. 

    

 

Let the slide to rest on a wood block. 

    

 

Put the gib in. 



    

Installing the Z Axis PT2 

  

  

 

Put the ballnut wiper and the snap-ring in the Z 

axis nut. 

    

 

Put the double circuit nut on the Z Axis Screw.  

Note the orientation of the ballnut on the 

screw, threads AWAY from machined end. 

3 Ballscrews ship with the kit, the Z 

screw is 36" long. 

  

    

 

  Thread the ballnut into the Z Axis nut and 

put in the set screw.  

Because this ballnut runs vertically 

orientation doesn't matter. 

    



 

Just to be on the safe side, we put a few zip ties 

on the bottom of the screw. 

    

 

Pass the screw up through the top hole.  

Industrial Hobbies and LatheMaster 

mills have a pretty big hole up there, you might 

have to wiggle some stuff around if you have 

another make. 

    



 

With the screw passed through and entirely 

inside the column, lower it until the Z Axis nut 

comes into view as shown.  

  Pass the Z bushing through the Z slide and 

snug it down a little  

    

 

Put the gib locks in and run the entire slide about 

1" shy of the top. 

    

 

Run the screw down a pinch. 

    



 

Put the ballscrew spacer and the lower Z Axis 

Bracket. 

    

 

Twist the screw gently until the Z Axis bracket 

rests on the top of the column.  

Step back a few feet and make sure the screw is 

hanging straight, tighten the Z Axis bushing, real 

tight. 

    

 

Punch, drill and tap the four mounting bolt 

locations. 

    

    

    



Installing the Z Axis PT3 

  

  

 

When drilling the four top holes, lower the Z 

slide a bit until the top of the screw is below the 

top of the column.  

We put a rag over the top of the screw 

and a piece of paper over that to direct the 

cutting outward. 

    

 

Tap the holes.  

We include an entire can tapping fluid, 

please use it, be generous. 

    



 

  Put the four bolts in. 

    

 

Put a pair of vice grips low on the ballscrew, 

lock them very tight.  

Don't worry about hurting the screw, the 

ballnut never comes this low. 

    



 

Slide the entire Z Axis up, put the ballscrew 

spacers on the shaft, the only difference with this 

axis is put Loctite on the inside of the pulley.  

If you put Loctite on the shaft, it runs the 

risk of running into the bearings. 

    

 

As before, thread the pulley onto the shaft and 

tighten, step away and tighten it again.  

  Install the two set screws. 

  

The Z Axis is now "on bracket." 

Do NOT be shy when tightening the 

drive pulleys onto the shaft, we've never stripped 

one and we get them tight. 

    

At this point you should be "on bracket with all 3 axes, assembly from here on is a snap. 

    

    

    

    

    

    

    

    

    

    

    

 



 

Assembling the X and Y Axis 
PT1 

  

Assembly for both the X and Y axis is the same. 

  

 

Put the drive belt over the pulley. 

    

 

Put the outer bracket over the end of the 

screw and install the four bracket spacers.  

Leave the bolts loose until all four are in.  

The bracket spacers have a little play on 

the bolt, make sure they are in the pockets on 

both the inner and outer bracket. 

    

 

Tighten the bolts. 

    



 

Installed and tightened. 

    

 

Place the encoder base on the bracket.  

Note the orientation in reference with 

the cover bolt holes, the X Axis will be 

opposite.  

    

 

Place the encoder wheel spacer and encoder 

wheel on the shaft.  

Tighten gently but firmly. 

Remove the encoder wheel spacer. 

    



 

Put the reader module on the encoder base.  

The pins are closest to the base. 

    

 

Put the cover on and secure with two screws.  

When the encoder goes together 

properly you will have no doubt that it is done 

correctly, if it doesn't all snug together perfectly 

remove the cover and reposition the reader 

module.   

    

 

Put the encoder wire on.  

The black wire orientates with the GND 

pin. 

    



 

Slide the encoder cover to the encoder, apply a 

small bead of RTV around the edge and install 

the cover.  

There is an O ring in the cover where 

the ballscrew passes through, you might need to 

turn the drive pulley a little to thread the cover 

on.  

    

 

Tighten the cover bolts. 

    

 

Clean off any excess RTV. 

    



 

Loosely coil the encoder cable and zip it to the 

side. 

    

Assembling the X and Y Axis 
PT2 

  

Assembly for both the X and Y axis is the same. 

  

 

Remove the motor and the motor mount from 

the packaging. 

    

 

Apply a bead of RTV to the inside edge of the 

motor mount. 

    



 

  Secure the motor mount to the motor using 

the 4 small screws.  

The cover will align in any direction, it 

is best to have the motor securing set screw face 

you and install the mount as shown. 

A small amount of RTV might squeeze 

out, that is okay, but for a clean appearance you 

will want to wipe it off.  

    

 

Install the motor into the outside bracket and 

'catch' the belt as shown. 

    

 

Loosely install the four mounting bolts for the 

motor. 

    



 

Use a clamp to pull the belt tight and tighten the 

motor mount bolts.  

We use a grip type clamp and tighten it 

as much as it will go, if you use another type of 

clamp, tighten until you get about 1/4" belt 

deflection under firm finger pressure. 

    

 

Motor installed and belt tensioned. 

    

 

Cut two strips the foam. 

    

 

To install the adhesive tape it is best to clean the 

brackets with solvent to remove the 

manufacturing and assemble oils.  

Start in the bottom middle and run the tape 

around the entire bracket, once all the way 

around trim the end to form a nice joint. 

    



 

Once both the inside and outside brackets have 

the sealing tape installed, flex the drive cover 

over the drive. 

    

 

The cover securing clamps come coiled, take a 

minute to straighten them a little, we run them 

backwards against an edge. 

    

 

Wrap the strap around the cover. 

    

 

Tighten the strap.  

The covers are polycarbonate which is 

VERY tough, but once the clamps are tight, they 

are tight, do not give them 'one extra turn for 

good luck.' 



    

 

Both cover straps installed. 

    

Assembling the X and Y 

Axis PT3 

  

Assembly for both the X and Y axis is the same. 

  

 

Remove the rear motor cover.  

You will find the remaining motor 

installation components behind the cover as 

well.  

    



 

Strip back about 1/4" of insulation from each 

wire. 

    

 

Solder the motor terminals on.  

Terminals can be crimped on, but we 

prefer to solder them. 

    

 

Put the heat shrink tubing on the leads over each 

terminal.  

We install a zip tie on the cable to act as 

a strain relief. 

    



 

Install the leads onto the motor.  

Use a pair of long needle nose pliers or 

similar to put the leads on. 

    

 

Apply a layer of RTV at the base of the 

heatsink. 

    

 

Install the rear cover and the brass barb. 

    



 

Wrap up the cables. 

    

Assembling the Z Axis PT1 

  

 

Remove the Z Axis motor, and the Z Axis 

motor spacer from the packaging. 

    

 

Install the motor spacer as shown on the Z Axis 

motor. 

    



 

Drop the Z Axis motor through the motor hole 

in the Z Axis bracket.   

Make sure you put the Z Axis belt on as 

well. 

    

 

Install the 4 lower Z Axis motor bolts. 

    

 

Loop the drive belt over both pulleys. 

    

 

Install the top of the Z Axis. 

    



Continue on and install the encoder and encoder cover, the procedure is the same as the X 

and Y axis. 

    

 

Once the encoder is on, tighten the Z axis belt 

using the same clamp used for the X and Y axis.  

Tighten the four bolts securing the Z Axis 

motor. 

We put a small metal bar across the 

bracket spacers and tightened the belt.  

Because of the length of the belt, it will 

not feel as tight as the X and Y, under firm 

finger pressure expect about 1/2" flex. 

    

    

Assembling the Z Axis PT2 

  

  

  

 

Install the sealing foam tape.  

Once again this is the same as the X and Y 

Axis. 

    



 

The foam tape might rub the top of the Z Axis 

drive pulley, use a razor to trim the foam away 

from the pulley. 

    

 

Place the 2 halves of the Z axis cover on the drive. 

    

 

Place the Z Axis securing bracket over the 

junction between the front and back cover.  

Punch and use the included bit to drill a 1/8 hole 

in both locations.  

    

 

Install the cover plate.  

You will need to complete the procedure on the 

other side as well. 

You should have some foam tape left 

over, you can put some small pieces on the inside 

of each cover plate. 

    



 

Connect the wires of the Z Axis motor to the Z 

Axis cable. 

    

 

Soldered and heat shrinked. 

    

 

Z Axis completed and cables secured. 

    

 



 

Installing Optical Limits PT1 

This procedure is for the installation of the X axis. 

  

 

The optical limits ship with two screws installed.  

Remove those to install the limit. 

    

 

An Optical Limit is an incredibly tough device, 

but with its cover off it is vulnerable to damage 

and contamination.   

    

 

Place the Optical Limit spacer behind the limit.  

We are looking for 2 things: 

 The slots are wide enough for your mill.  

 The top of the spacer does NOT rub 

against the table.  

If the spacer rubs the table, you will need 

trim it a little to prevent rubbing. 

    



 

  Install the 2 bolts to secure the limit.  

Our kit ships with 2 metric bolts for the X 

Axis limit, they are easily identified by their 

turned down head. 

    

 

The most vulnerable part of the limit is the cable, 

to prevent twisting we put a small mark on it so 

we can make sure it doesn't get too twisted.  

Once the cover tubing is on the Optical 

Limit they are 'good to go' so to say, it's just 

during this build period that you have to be 

careful. 

    

 

Install the cover and secure the cable for the rest 

of the build. 

    

    

Installing Optical Limits PT1 

This procedure is for the installation of the Y axis. 

  



 

The Y Axis Optical Limit is the new 'Long rod' 

series.  

Hold the Optical Limit in position and get a 

general idea of how it will sit. 

We don't have a naming committee here 

and we just couldn't come up for a better name for 

an Optical Limit with a long rod.  

    

 

You will need to trim the rod to clear the Y Axis 

servo unit.  Cut the rod about 1" shy of the servo 

body. 

    

 

Position the Optical Limit. 

    



 

Center punch both slots. 

    

 

Drill and tap the holes. 

    

 

  Make sure the limit does not wedged, you may 

need to put a spacer behind it. 

    



 

Slide the stops and stop block on as such.  

Do not tighten the slide stops until the 

machine is under power and range of motion can 

be determined.  

When tightening the stops we recommend  . 

    

 

Punch holes. 

    

 

Drill and tap the holes. 

    



 

  Install the stop block.  

As you can tell we used 4 spacers, we 

include 10 in the kit. 

    

 

Another view of the stop. 

    

 

Install the cover.  

Take a look at the red line on the barb, its 

just a safety precaution to make sure the wire 

doesn't become twisted. 

    

    

Installing Optical Limits PT1 

This procedure is for the installation of the Z Axis. 

  



 

Once again we took off the cover for the Optical 

Limit 

    

 

We drilled and tapped the mounting holes.  

  Then installed the bolts. 

    

 

Punched holes for the stop block. 

    



 

Drilled and tapped the holes.  

  Then installed the bolts. 

    

 

Secured the cover to the Optical Limit.  

Do not tighten the slide stops until the 

machine is under power and range of motion can 

be determined. 

When tightening the stops we recommend  . 

    

    

 



 

Mechanicals Complete 

  

 

    

If you've come this far you can pat yourself on the back and give yourself a 'High five'  

  

To wrap up the mechanicals we did the following: 

 Reinstalled the mill head.  

 Touched up the paint.  

 Made sure all the gib bolts were in.  

 Secured all the cables to the machine, all the cable coils.  

 Gave everything a solid application of WD40.  

At this point the mill is ready for a few things. 

You can mount it on a stand.  Which is used mostly if you are going to machine mostly 



plastics or other dry materials. 

Mount it in an enclosure of your design.  Used for flood and mist type machining. 

or 

If you ordered a "We Install 3 Axis CNC Conversion ,Mechanicals Only" we crate the 

entire machine up along with any remaining parts and ship it to you. 

Remaining parts would include: 

 Power supply  

 Servo Drives  

 All the tubing necessary  

 Any other small parts necessary to wrap up the kit.  

This is how the look crated (The x axis servo gets removed) 

 



 

Someone once said that you can tell a lot about how a company feels about their products 

by the packaging.  We are big believers in this.  Each CNC converted machine we do gets 

3 full sheets of 1/2 plywood, 1 2x12, 6 2x4's, 2 2x6's, 4 massive lag bolts and about 100 

nails.  The crate ends up being 4'x4'x4.5' and weighs about 1150 pounds.  

On the outside we put: 

 6 Name tags  

 6 Fragile stickers  

 2 Drop indicators  

 2 Tip indicators  

To wrap it all up we take about 20 pictures to make sure nothing gets damaged during 

transit. 
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Installing a Single Circuit 

Ballnut  

  

 

The common Single Circuit Ballnut.  Depending 

on what size you have it may be square, but the 

procedure is the same. 

   

 

Cut the zip tie and remove it from the mandrel 

tube.  

Pull the cut end through the tube, not the 

big end. 

   

 

Carefully hold the tube in place and remove the 

rubber bands. 

   



 

Align the mandrel with the end of the ballscrew. 

   

 

Thread the ballnut onto the ballscrew. 

   

 

All done. 

   

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

Installing a Preloaded Ballnut  

  

 

The common Preloaded Ballnut.  Depending on 

what size you have it may be square, but the 

procedure is the same. 

  

 

Cut the zip tie and remove it from the mandrel 

tube.  

Pull the cut end through the tube, not the 

big end.  

  

  

 

Carefully hold the tube in place and remove the 

rubber bands. 



  

 

Be VERY careful not to let the mandrel slide out 

of the ballnut or let the ballnut come apart. 

  

 

Align the mandrel with the end of the ballscrew.  

Before starting make sure the preload 

collar is all the way to the back nut. 

  

 

Thread the ballnut onto the ballscrew. 

  

 

After the first nut is all the way on adjust your 

hands to press and thread the second nut on.    

Make sure you get the two nuts as close 

together as possible. 



  

 

All done. 

   

 Continue on to Setting the Preload 

  

  

  

  

  

  

  

  

  

  

  

Setting the Preload  

   

 

Finger tighten the preload collar against the front 

ballnut. 

   

http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/setting_preload.htm


 

Finger tight and snug against the front ballnut. 

   

 

Using a spanner wrench continue to adjust the 

preload to the desired range. (see Table Below)  

I personally use an hex wrench. 

   

 

Tighten the locking set screws. 

   

Preload Settings 

Diameter 

Recommended Maximum 

Preload (lbs.) # of Turns Preload (lbs.) # of Turns 

3/8” 13 .1 39 .25 

5/8” 73 .75 219 1.5 

3/4" 95 .2 285 .5 

1” 150 .33 450 .5 

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Repairing a Single Circuit 

Ballnut  

   

 

Start with a clean tray and surface on which to 

work.  

   



 

Remove the screws holding the ballnut return 

tube. 

   

 

Remove the ballnut return tube.  

   

 

Add a few drops of any kerosene based lubricant 

to the balls.  WD40 or Liquid Wrench works 

well.  Add enough to wash down the balls.  

   



 

Place the empty ballnut on the ballscrew. 

   

 

Wiggle the ballnut around until a channel is 

formed at the recirculation tube.  Use a magnetic 

point (a magnetized nail will work) to drop the 

balls one at a time.  

  Make sure none of the balls try to go the 

wrong direction and fall out of the back of the 

nut. 

   

 

Using a non-magnetic blunt point, press the balls 

down every now and then.  Another thing is to 

gently turn the ballscrew so the balls circulate 

inward. 

   



 

As you get near the end you will need to push in 

the balls from the other side.  This gets out any 

extra space between the balls. 

   

 

The ballnut is now full of balls.  No more balls 

can be stuffed in with out balls falling out of the 

sides. 

   

 

Pack the ballnut return tube with Vaseline. 

   



 

Place any remaining balls into the Vaseline. 

   

 

Put both halves together and put the tube back on 

the nut.  Replace the holding strap and the 

screws. 

   

 

Run the ballnut back and forth a few turns, if any 

balls fall out, remove the return tube and stuff 

them in as well.  Then complete the last few steps 

again with the remaining balls. 

   



 

Repairing a Preloaded Ballnut  

   

 

Start with a clean tray and surface on which to 

work.  

   



 

Install all the components onto the ballscrew.  

See the diagram at the bottom of the 

page for positioning of parts. 

   

 

Set the entire ballnut together and tighten the 

preload collar all the way to the back nut.  

Make sure the ball return holes point in 

the same direction. 

   

 

Wiggle the ballnut around until a channel is 

formed at the recirculation tube.  Use a 

magnetic point (a magnetized nail will work) to 

drop the balls one at a time.  

  Make sure none of the balls try to go 

the wrong direction and fall out of the back of 

the nut.  

  

   



 

Pack the ballnut return tube with Vaseline. 

   

 

Put both halves together and put the tube back 

on the nut.  Replace the holding strap and the 

screws. 

   

 

One side complete.  When beginning the 

second nut make sure the nuts are as close 

together as possible. 

   



 

All Done. 

   

 

For a more complete description of repairing a 

ballnut please see Repairing a Single Circuit 

Ballnut  

  

 
 

http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/repairing_single_ballnut.htm
http://www.industrialhobbies.com/howto/product_instructions/general_build_instructions/repairing_single_ballnut.htm


 

Installing Optical Limits on 

the X Axis 

   

About the mill.  These are being installed on a LatheMaster square column bench mill.  

Before we started the mill was stripped and cleaned.  The center stop was removed. 

  

 

Remove the cover on the Optical Limit  

  

 

Cover removed and 2 8mm bolts installed in the 

bolt slots.  

Some mills will require 5/16 bolts, both 

8mm and 5/16 bolts are included. 

  

 

Place the spacer on the back of the limit assembly.  



  

 

Securely bolt the limit assembly into the existing 

holes on the mill saddle.  

  

 

Completely bolted and ready to continue. 

  

 

Replace the 6 cap bolts that secure the cover.  

  

 

When tightening the bolts down the gasket 

material may squeeze out.  You can trim it off if 

you desire. 



  

 

Complete and installed.  

  

 

Tighten you stops in the proper position.  

  

 

Even when tightened our stops still wiggled, we 

added a small washer behind them to snug them 

up. 

   

   

Additional notes on setting stops: 

Optical Limits were designed to serve 3 distinct purposes. 

1. Provide a highly accurate machine home/reference point regardless of 

environmental conditions and temperature changes.   

2. Provide reliable limit switch operations that are unaffected by coolant, chips, and 

other harsh machining environments.  



3. Provide a hard mechanical stop that can prevent severe machine damage in the 

event of a catastrophic condition (such as servo runaway)  

Keep these three design factors in mind when setting the stops.  They not only need to be 

tight enough to allow home and limit repeatability but to stop the machine in the event of 

a servo runaway.  You may want to take a look at how close the ballnut is to the mounts 

and things like that when determining on where to set the stops.  We believe it is better to 

hit the hard mechanical stop than to damage the ballnut or wiper.  

In the event of a number of hard mechanical stops you may put a "set" into the springs 

that center the flag in the limit.  Industrial Hobbies will replace these for a period of one 

year from the date of purchase for free, after that replacement springs will be $1 each.   

During testing we disabled the electrical limit functions and rammed the Optical Limit at 

120 IPM, as designed it stopped the table dead without damaging the optical limit itself. 

  

  

  

  

  

  

  

  

  

 

Installing Optical Limits on 

the Y Axis 

   

About the mill.  These are being installed on a LatheMaster square column bench mill.  

Before we started the mill was stripped and cleaned.  

  



 

Remove the cover on the Optical Limit  

  

 

Test fit the Optical Limit and the front stop.  

Make sure you do not install the Optical 

Limit too far forward or you will not have room 

for the front stop. 

  

 

Mark the bolt slots  

  

 

Drill and tap the holes for 5/16 cap bolts  

Make sure you do not drill too deep and 

penetrate the ways. 

  



 

Install two 5/16 cap head bolts, the spacer, and 

finally secure the Optical Limit to the saddle.  

  

 

Bring the saddle to the foremost position and test 

fit for the stop block.  We had to shave a bit off 

the corner to get it to set well in the corner. 

  

 

Mark the bolt spots.  

  

 

Back the saddle to the rearmost position.  

Finish marking the slots drill and tap the holes 

5/16. 

We mark the slots and put the cross mark 

towards the inside, that way we can adjust the 

block inward if necessary.  

  



 

Mounted. 

  

 

Mark the rear mount in the same fashion. 

  

 

Mounted. 

  

 

Complete the install of the Y Axis by puting the 

cover on the Optical Limit. 

  



   

Additional notes on setting stops: 

Optical Limits were designed to serve 3 distinct purposes. 

1. Provide a highly accurate machine home/reference point regardless of 

environmental conditions and temperature changes.   

2. Provide reliable limit switch operations that are unaffected by coolant, chips, and 

other harsh machining environments.  

3. Provide a hard mechanical stop that can prevent severe machine damage in the 

event of a catastrophic condition (such as servo runaway)  

Keep these three design factors in mind when setting the stops.  They not only need to be 

tight enough to allow home and limit repeatability but to stop the machine in the event of 

a servo runaway.  You may want to take a look at how close the ballnut is to the mounts 

and things like that when determining on where to set the stops.  We believe it is better to 

hit the hard mechanical stop than to damage the ballnut or wiper.  

In the event of a number of hard mechanical stops you may put a "set" into the springs 

that center the flag in the limit.  Industrial Hobbies will replace these for a period of one 

year from the date of purchase for free, after that replacement springs will be $1 each.   

During testing we disabled the electrical limit functions and rammed the Optical Limit at 

120 IPM, as designed it stopped the table dead without damaging the optical limit itself. 

  

  

  

  

  

  

  

  

  

 

  

Installing Optical Limits on 



the Z Axis 

   

About the mill.  These are being installed on a LatheMaster square column bench mill.  

Before we started the mill was stripped and cleaned.   

  

 

Remove the cover on the Optical Limit  

  

 

Mark the bolt slots 

  

 

Drill and tap the two marked holes 5/16 16 TPI  

Make sure you do not drill too deep and 

penetrate the ways. 

  



 

Install the Optical Limit using the included spacer 

and the 5/16 cap head bolts. 

  

 

Reinstall the cover.  

  

 

Mark the bolt holes for the stop block. 

  

 

Drill and tap the two marked holes 5/16 16 TPI  

  



 

Install the stop block using two 5/16 cap head 

bolts.  

Although the gib tightening screw looks 

like it will hit the stop block, it will not. 

   

Installing the bottom stop block.  

We choose not to install the bottom stop block on the general assumption that it's 

useless.  This is true because of its location, if were to ever need it you would plant the 

cutter through the table long before you ever hit the limit. 

  

   

Additional notes on setting stops: 

Optical Limits were designed to serve 3 distinct purposes. 

1. Provide a highly accurate machine home/reference point regardless of 

environmental conditions and temperature changes.   

2. Provide reliable limit switch operations that are unaffected by coolant, chips, and 

other harsh machining environments.  

3. Provide a hard mechanical stop that can prevent severe machine damage in the 

event of a catastrophic condition (such as servo runaway)  

Keep these three design factors in mind when setting the stops.  They not only need to be 

tight enough to allow home and limit repeatability but to stop the machine in the event of 

a servo runaway.  You may want to take a look at how close the ballnut is to the mounts 

and things like that when determining on where to set the stops.  We believe it is better to 

hit the hard mechanical stop than to damage the ballnut or wiper.  

In the event of a number of hard mechanical stops you may put a "set" into the springs 

that center the flag in the limit.  Industrial Hobbies will replace these for a period of one 

year from the date of purchase for free, after that replacement springs will be $1 each.   

During testing we disabled the electrical limit functions and rammed the Optical Limit at 

120 IPM, as designed it stopped the table dead without damaging the optical limit itself. 



  

  

  

  

  

  

  

  

  

 

Wiring and Configuration Instructions for 

Optical Limits 

Optical Limits are designed for direct connection to you computer or other logic device 

with a minimum of support components. 

 Optical Limit Wires 

Red  +5 VDC 

Black   Common 

Green   Sensor 1 

White   Sensor 2 

Bare  Shielding Ground 

Connecting to Power 

Connect the Red (+5) and Black lead to a 5-volt power source and common, the same one 

used by the Gecko drivers is a good choice.  There is no need for a current limiting 

resistor as optical limits are self-limiting and will draw a maximum of 100ma. 

Connecting to Shielding 

Connect the shielding wire to the common ground within the control box.  This will 

prevent accidental interference from other devices. 

Signal Wires 



Each Optical Limit has 2 independent optical switches inside.  Looking at the face of the 

optical limit, bolts facing you, with the touch bar on top optical switch 1 will be to the left 

and optical switch 2 will be on the right.  These are identified as Sensor wire 1 and 2 

respectively. 

  

Connection to your PC 

Preferred Connection Method 

Connect each sensor wire to an input pin to on your parallel port and configure your 

controller software to look at each respective input. 

  

Alternate Connection Method 

Connect the each home wires to its own parallel port pin and connect all the limit sides 

together through a diode into one pin 

  

Other Connection Methods 

Optical Limits were designed to meet many varied needs and can be connected in a 

number of ways.  The three basic things to remember: 

1. Red and Black go to +5 VDC and power common  

2. Green and White are sensor lines  

3. Anytime 2 or more sensor lines are connected together they need to be isolated 

through a diode.  

  

Guidelines for Configuring the Software 

As the choices of controller software are quite varied it is difficult to give an exact 

procedure.  

Your software will need to know the port and pin of each sensor. 

  



The signal is active HI.  Which means under normal operation the Optical Limit sensor 

wire will have no voltage and only when a limit/home is engaged will there be voltage. 

Shared Home and Limit 

Many controller software packages allow using a single sensor for both home and limit 

operations.  This is accomplished by disabling the limit functions during the homing 

operation, “bumping” the switch and then re-enabling the limit functions.  This is handled 

automatically and only requires you to select the same pin for both an axis home and 

limit. 

  

Do NOT use a shared pin, for a home. 

  



 

  

  



 



 

How to Put a Wire in a Tube 

   

It doesn't take long to figure out that we run all of our wires through clear PVC tubing.  

We do this for a few reasons: 

 Tubing protects the cable inside from abrasion damage  

 Forms a waterproof junction when used in combination with a barbed fitting  

 Acts as a strain relief  

But the biggest question is how do we get it in there?  

   

 

Start with a string that's a couple of feet longer 

than the tube.  

We use a nylon string and "fuzz up" the 

end a little. 

   

 

Stuff the "fuzzed" end into the tube. 

   



 

Use an air gun to blow the string through the 

tube.  

It goes really fast so you might want to 

hold onto the other end. 

   

 

The string through the tube 

   

 

Put a loop on one end of the string, and loop it 

over the end of the wire.  

Un-jacketing the end of the cable helps. 

   

 

Fold the exposed wires back onto the cable to 

secure the loop in the string. 

   



 

Pull the cable through the tube.  

It helps if someone else holds the other 

end of the tube and pulls it straight.  But it is 

possible to do alone, just tie the loose end of the 

string to something and "walk" backwards with 

the tube in tow. 

  

  

  

  

  

  

 

  

  

  

  

  

  

  

 

  

  

 


