ASSEMBLY INSTRUCTIONS FOR THE MILLRIGHT CNC POWER ROUTE
Version 1.01

Important safety rules for operating your MillRight CNC Power Route:
Never place your hands near a spinning end mill or bit.
Unplug the router before changing cutting tools.
Always wear eye and hearing protection while operating your machine.
Always run a dust collector or wear a mask while performing a milling operation.
Do not leave the machine unattended while running a milling operation.
Do not operate your machine while under the influence of alcohol or drugs.
Secure long hair and loose clothing so it is not caught in spinning mechanisms.
Ensure work pieces are properly secured before running a milling operation.
Keep a fire extinguisher nearby.
Visually inspect wires prior to power up to prevent short circuits.
Stand clear of the machine. The cutter extends to the front edge of the table. Warn others not
to stand near the table.
Do not remove the acrylic cover from the electronics enclosure unless the power cord is
unplugged.
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Overview of build steps:
Introduction
Frame Assembly
Bed Installation
Y Motor and Drive Installation
Gantry Assembly
X and Z Plate Assembly
Anti-racking Cable System
Drag Chain, Homing Switch, and Motor Connections
Dust Shields
Mounting the Router
Start Up

Introduction (Read this!)
Welcome to the assembly instructions for the MillRight CNC Power Route. You are strongly encouraged to read through
these instructions at least once prior to starting assembly. This will help you understand how one step ties into the next.
This will save you time overall! Plan on this build taking about a weekend. Be patient and don’t rush.
If you have questions or comments, contact us at support@millrightcnc.com. We are absolutely committed to providing
you good service and a positive build experience. Have problems? Contact us and we will help.
Many of fasteners employ locking washers or locking nuts. Some positions do not. Thread-locker is recommended in
positions that don’t use those. We recommend the use of medium-strength thread-locker. This is often sold with the
“blue label”. Do NOT use high-strength “red label” thread-locker.
There are many holes on this machine that are already tapped. This means that threads have already been cut into the
hole. The holes in the extrusions are not tapped with threads. We have provided a special type of bolt in the hardware
bag that cuts a normal screw/bolt thread into the extrusion as you install it. The proper way to use these bolts is to use a
large blade flathead screwdriver as you turn the self-tapping bolt the first few turns. This forward pressure will allow the
thread cutting features of the bolt to grab and begin cutting threads. You can then use a socket and ratchet to finish
driving them. You should use a tapping fluid (such as Tap Magic Aluminum), clean transmission fluid, motor oil, or just
WD-40 on the threads of these thread-cutting bolts before inserting them into the hole.
We have provided a 5/16-18 tap for those who choose to tap holes in the extrusions with a tap instead of relying on the
thread-cutting bolts to cut threads. If you wish to use the tap, you must use a tap wrench and follow recommended
tapping procedures. This video provides a good tutorial on tapping: https://youtu.be/r6Ijd9o-C10?t=90 (produced by
“Make”)
Do not use a drill to power tap these holes. You are more likely to break a tap that way. Not every hole in the extrusion
will have a bolt, so if you decide to tap these holes wait until you determine which holes will have bolts before doing so.
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This machine runs on single phase, 120V power. This is normal wall power in the USA. Please consider plugging the
router into a different circuit than the machine’s electronics box. This isn’t a necessity, but it will help reduce electrical
noise on the circuit on which the machine is operating.

Frame Assembly
You must pay close attention to where the T nuts are designated to be installed. Failure to place these properly will
delay your build or even force you to take things back apart in a later step.
Each extrusion has a label on the end specifying what it is, where it goes, and how many large T nuts go in the
corresponding slot. This label is a reference to help you understand where the extrusion goes and exactly how many T
nuts go in the corresponding slot. Don’t remove this label from the end until you are just about to install the extrusion in
its specified location. Make sure before you install the extrusion that none of the T nuts slid out. Pro tip: You can put an
M5 screw in the outermost T nuts to prevent them from sliding out as you handle.
See the diagrams below. The numbers indicate how many pre-assembly T nuts belong in that slot. The direction labels
reference the front of the machine when the machine is upright, in its normal operating position. Much of the frame
assembly happens when the frame upside down, but again, these labels represent the normal upright position.
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Start by gathering the Left Y Extrusion, Right Y Extrusion, Middle Crossmember, and four corner joiners. Slide the Large T
nuts into the slot specified on the label for the Center Crossmember and remove the label from the end now. These T
nuts will get used later, but they MUST be installed now. Set the Left Y Extrusion and Right Y Extrusion with the Middle
Crossmember in front of them. Put the four corner joiners into the back slots of the Middle Crossmember. There are two
ways to put these corner joiners into the slot. They should be put into the Center Crossmember the way that won’t
allow them to slide all the way in, but rather stops when it reaches the end of the extrusion. Now slide the Center
Crossmember into the Left and Right Y extrusions. You should now have an “H” looking configuration. Don’t quite
tighten the set screws yet. The Center Crossmember should be in the middle of the Y extrusions, within about 3 mm
(1/8”). Measure about 400mm (15.75”) from the front of the Y extrusions to the start of the Middle Crossmember.
Make sure that the tops of the extrusions line up, or the bed piece won’t set correctly. Don’t worry about squareness
quite yet. You can make sure adjustments to that once you get the other crossmember pieces are installed.
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STOP. DID YOU REMEMBER THAT THE FRAME IS “UPSIDE DOWN” RIGHT NOW? MAKE SURE
THE T NUTS ARE CORRECTLY ORIENTED. THE LABEL SHOWS ITS “UPRIGHT” POSITION. THE
FRAME IS “UPSIDE DOWN” RIGHT NOW.
Get the four larger corner brackets. Now install the T nuts in the Rear Crossmember as shown on the label. Remove the
label and place the Rear Crossmember at the back between the Left Y Extrusion and Right Y Extrusion. Install Large
Corner Brackets as shown. Notice that the corner brackets have a slot and a hole. Install the bolt in the hole. Use an
M5x12 button cap screw with an M6 washer (Yes, an M6 washer with the M5 screw is correct here). Thread the screw
into the Large T Nut. Do this on both sides, making sure that the frame is flush. Note: The T nuts might not slide past the
tabs on the back of the corner bracket. Its easiest to get one side threaded in, then slide up to the other side of the
corner to make things mate up easier.

Install the T nuts as shown on the label for the Front Crossmember and remove its label. Slide it in between the Left and
Right Y Extrusions. Some tapping with a mallet or prying may be required to allow it to slide in. Secure the corner
brackets here with M5x12 button cap screws and M6 washers, just as you did on the back. Spend some time making
sure the extrusions are reasonably square and the ends are flush. The frame should now look as pictured.

Take a moment and go back to that Mid Cross Member and square it up.
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Bed Installation
Place the three Bed T Plates next to each other. Notice that the T Plate has a side with “large slots” and a side with
“small slots”. The “small slot” side should be face up and the three Bed T Plates should be flushed up next to each other.

Grab one of the Bed Joiners (Black Starboard pieces; these two pieces are identical) and lay it on the bed about 140mm
from the front edge. Slide one Small T Nut into each of the slots that has a corresponding hole on the Starboard Bed
Joiner. Use a long zip tie to push the T nut down the slot until you see it appear centered in the hole. When you do,
install an M5x20 button cap screws with M5 washers AND M5 lock washer in the holes. Slide the lock washer onto the
screw first, then the regular flat washer. Do this for all 10 holes, but leave them a little loose. Flush up the T Plates to
one another and tighten down the M5x20 button cap screws now. Yours should look as pictured below.

Now slide in a Small T Nut from the back side in the outer, center, and other outer row that matches the
slots that the Small T Nuts for the Bed Joiners are in. Install the other Bed Joiner the same you did the first one,
but remember that you need those Small T Nuts to be installed between the two Bed Joiners. You will use them in the
next step.
Leave the bed laying on the table as it is. Put the Frame assembly UPSIDE DOWN on top of it. Be careful that the Front
Crossmember still faces the front! Count your T nuts if you don’t remember which is which. And the T nuts are properly
positioned by analyzing the diagrams on the previous pages. The frame is upside down right now. Don’t mix this up.
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You will now install nine Small Corner Brackets: Three on the Front Crossmember, three on the Center Crossmember,
and three on the Rear Crossmember. These secure the bed T Plates to the frame. Use M5x12 button cap screws with M6
washers. Use the Small T Nuts in the bed slots and the Large T Nuts that you pre-installed in the Crossmembers to secure
the Small Corner Brackets. Notice that one side of the Small Corner Brackets has tabs that fit into the slot of the bed and
one side is flat. The flat side should be against the Cross Member. You’ll use the Small T Nuts that you slid into the bed
pieces earlier to secure the Small Corner Brackets to the Center Crossmember. Slide the Small T Nuts into the front using
a zip tie to guide it, just as you did previously. Don’t tighten them down quite yet.
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Grab two of the Corner Joining Plates. Apply the caution sticker as shown on what will be the Front Left Corner Joining
Plate (when the frame is no longer upside down). Install the Corner Joining Plates as shown on the Front Crossmember.
Use 5/16 x 0.75” thread cutting bolts with 5/16” washers to secure the Corner Joining Plates to the holes in the Y
Extrusions and use M5x12 button cap screws to the outermost Large T Nuts that’s you preinstalled in the Front
Crossmember. Place a bit of oil, thread cutting fluid, or WD40 on the 5/16” thread cutting bolts before inserting them.
The hole in the extrusion is sized to allow this special bolt to tap its own threads into it. Firm forward pressure is needed
to allow this thread cutting bolt to cut its threads. If you try to spin it with a ratched without first using a screwdriver to
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drive the first few turns, it will never bite into the surrounding metal and drive itself forward. Tighten it all the way to cut
the threads to the proper depth, then back off a little so you can adjust. Use a ratchet for this job. Power driving these
with a drill will put the bolt at risk of shearing off, as will the failure to use any kind of lubricant or cutting oil. At least use
some WD-40. It will make things much easier.

Do not install the Corner Joining Plates on the Rear Crossmember yet.
Make sure that the bed T Plates are flush to the front of the frame and centered left to right. Gather the four T Plate
Joining Brackets. These brackets join two Bed T Plates together at the edge and then secure to the Front and Rear
Crossmembers, as shown. Use #10 metal screws to secure the T Plate Joining Bracket to the T Plate and use an M5x12
button cap to secure the bracket the Large T Nuts that you pre-installed in Crossmembers. Note: You need to make
sure that when you install the T Plate Joining Bracket to the Front Crossmember that you leave TWO LARGE T NUTS
between these. You will use them in the next step. On the Rear Crossmember, use the two inner most T nuts where
the T Plate Joining Bracket attaches with the M5x12 screw. See the red arrows below for their locations.
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Once you are satisfied that the bed is properly oriented, tighten the 9 corner brackets that you left loose in a previous
step.

Y Motor and Drive Installation
Leave the assembly upside down, just as you finished it in the previous step. Install the Y Motor mount in the center of
the Front Crossmember using M5x25 button cap screws, catching the four remaining Large T Nuts in the Front
Crossmember. Take a few minutes to make sure you center this mount on the Front Crossmember and that the top of
the mount (its facing down right now since the assembly is upside down) is close to flush with the top (again, its at the
bottom right now since it is upside down) of the Front Crossmember. There are two “large” motors. Install one of them
here now, as shown, using M4x30 bolts, M4 Washers, and M4 Nylock Nuts. If you are in front of the machine just as it is
now, the wire coming out of the motor should point to the right. There is a little free play in how the motor mounts.
Install a 6.35mm to 10mm shaft coupler onto the shaft of the stepper motor. Slide the coupler on down far enough
where a hex key just barely is “off axis” when inserted into the clamping screw. See the picture. Tighten it down here.
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Gather the two Y Bearing Support Mounting Plates shown below. Note that 4 of the 8 Medium Corner Brackets that
you received have no tabs on either face. Use those four for this part. Install two Medium Corner Brackets onto these
plates as shown, using M5x20 button cap, an M6 washer, and secure it with an M5 washer and M5 nylock nut. The top
of the corner bracket should be approximately flush with the top of the mounting bracket. Be sure they aren’t crooked.

Now grab the Size 12 Ball Screw Supports. See the below pictures for the difference in the Fixed Side (left in picture) and
the Floating Side (right in picture). Install the Fixed Side Ball Screw Support as shown using four M5x40 button cap
screws with M5 washers and M5 Nylock nuts on the back side. Install the Floating Side Ball Screw Support as shown
using M5x35 button cap screws with M5 washers and M5 Nylock nuts on the back side.
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Get one of the 16mm ball screws. Check its rotation and lubricate with oil if necessary. If the reciprocating balls in the
ball nut are noisy, you can put bearing grease over the threads near the nut and rotate the nut back and forth over it to
get grease inside the nut. Install the 16mm Ball Nut Housing as shown, using four M5x16 button cap screws. It may be
hard to install as some are a very close fit. You can rotate the housing in one direction while holding the ball screw apply
some oil, if necessary.
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Now install the Y Drive Plate onto the Ball Nut Housing using four M5x12 button cap screws and M5 split lock washers.
Make sure that the screw heads go into the counterbored holes.

Slide the end of the ball screw that has threads near the end into the Fixed Side Ball Screw Support, pushing it all the
way in until it won’t insert anymore. Tap the support housing lightly if necessary to seat it all the way. Thread the special
nut that came in the plastic with the Fixed Side Ball Screw Support onto the threads of the ball screw and tighten it,
using some needle nose pliers to grab the nut and turn it. Firmly grasp the Ball Screw as you tighten this nut so that you
get an adequate amount of preload on the angular contact bearings inside the Ball Screw Support. There is a set screw
on this nut. Tighten it against the shaft of the ball screw. Now slide the Floating Side Support onto the other end. There
is a snap ring in the plastic bag that you can install with snap ring pliers. See the yellow arrow in one of the below
pictures for the location of the snap ring.

The ball screw is ready to be mated to the coupler and secured to the frame. Slide the side of the ball screw that is
already mounted to the Fixed Support into the coupler. The Medium Corner Brackets that you previously installed on
the Bearing Support Mounting Plates will drag across the extrusion as you install it. Note that the corner brackets that
mount the Floating Side will probably protrude slightly past the Rear Crossmember. This is okay.
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Secure the corner brackets on the Bearing Support Mounting Plates into the Large T Nuts that you previously installed in
the Front Crossmember and Rear Crossmember using M5x12 button cap screws and M6 washers. The ball screw must
not be mounted crooked. Measure from the ball screw to the end of the Crossmembers. The Bearing Support Mounting
Plates should be the same distance from the edge of the Front Crossmember as it is from the edge of the Rear Cross
Member. Now tighten the clamping screw on the motor coupler to tighten it to the ball screw. Spend a few minutes
manually turning the ball screw throughout its movement range. If it binds or is hard to turn some adjustments need to
be made. It could either be mounted crooked or the motor could be significantly misaligned from the ball screw. You can
loosen the screws slightly on the Y motor mount then retighten them to try to “float” the motor into alignment. Note
that you can make some adjustments after assembly is complete, but it will be MUCH easier to spend the time getting
it right now. It is harder to get to the Y drive once the machine is fully assembled and no longer upside down.
Now rotate the ball nut until it is almost all the way towards the front of the machine, a few inches from the Fixed Side
Support. Get the Y Drive Link Extrusion and install the Large T Nuts in it as specified. Find the bag labelled “Anti-Racking
Cable System”. Install the idler bearings for the Anti-Racking Cable system as described below:
On the slot in the Y Drive Link Extrusion that has 4 T nuts installed, move two to one side and two to the opposite side.
Position the outmost T nut about 3 inches from the edge. Set the support bracket above it on the extrusion, so you will
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have an idea of how far to space them out. Lay a big washer over each T nut. Then lay the small washer over that. Slide
an M5x30 bolt through the support bracket. Slide a 10mm spacer over the bolt threads. Slide on a U groove bearing
after that, with the protrusion from the inner race pointing away from the bolt head. In the other hole in the support
bracket, slide an M5 bolt. Slide a U grove bearing over the threads with the protrusion from the inner race pointing
down towards the bolt head. Slide on a 10mm spacer after that. Study the pictures so you get this right. Once you are
sure you have the order right, pick up both, holding it all together, and insert the screws into the T nuts (through the
washers you set in place earlier. See the pictures for the final configuration. The bearing closest to the extrusions should
be on the outside. Don’t tighten the bolts too much or you will start to collapse the large washer.
These will be used later as idler bearings for the steel cable in the anti-racking cable system. This system essentially
anchors the gantry to the frame while still allowing free motion and is used to prevent most of the twisting or racking of
the gantry that would otherwise be permitted by a single drive configuration. The gantry will be able to twist and rack
until the cable installation is completed later.
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With the frame assembly still upside down on the table, position the Y Drive Extrusion underneath the ball nut (the ball
nut must be towards the Fixed Side Support to prevent putting pressure on the middle of the ball screw). Use M5x12
button cap screws to fasten the Y Drive Plate to the Large T Nuts you already installed in the Y Drive Extrusion as shown.
Note that you should be fastening the Y Drive Plate into T nuts in the two slots closest to the Rear Crossmember, as
shown. You must make sure the Y Drive Plate is centered on the Y Drive Extrusion; do this by ensuring the edge of the Y
Drive Plate is the same distance to the edge of the Y Drive Extrusion on both ends. Also make sure that the Y Drive
Extrusion is not twisted. It should run parallel to the Crossmembers and perpendicular to the two Y Extrusions. Failure to
align this properly will cause misalignment and binding issues on the Y axis. The Y Drive Extrusion will be secured to the
end plates in a later step.
IT IS RECOMMENDED THAT SOMEONE HELP YOU WITH THIS NEXT STEP. Very carefully turn the frame assembly so the
bed is facing up, into the proper orientation. Make sure that the Y Drive Extrusion is never allowed to put the entire
weight of the frame assembly on the Y ball screw and DO NOT pick up by the Y Drive Extrusion. The frame will be now
be “rightside up” but teetering on the Y motor and floating side ball screw support. We will install legs on soon, but you
should block off one side with wood blocks or the leg extrusions to prevent the teetering for now.
Now gather two of the long 16mm bearing shafts. Put M5x12 button cap screws through the holes and just barely
thread Large T Nuts onto the threads of the screws.
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Slide these bearing shafts into the top slots of the Y Extrusions from the rear of the machine. You’ll need to use your
fingers to guide the Large T Nuts into the slots. Notice that the Y Extrusions are longer than the bearing shafts. Push the
shafts towards the front of the machine, leaving about 5mm. Just barely put some torque on the M5x12 button cap
screws that you already installed. You’ll need to be able to move these shafts around to align them later, so just put a
little torque on a couple of the screws.

Install the remaining two Corner Joining Plates at the rear of the machine using just the M5x12 button cap screws to
fasten the plate into the Rear Crossmember. You will drive in the self tapping bolts after it is up on legs.
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Now gather your two Front Legs and two Rear Legs. Install a corner bracket at the bottom of each leg now (use the
brackets in the bag labelled “Leg Anchors” or “Machine Anchors”). Do this by sliding a Large T Nut into the slot and
fastening it with an M5x12 button cap screw and M6 washer.. You’ll use these corner brackets to bolt or screw the
machine to your table. You must provide your own bolts or screws to fasten the machine to your work table, but it is
highly recommended that you do so.
The Front Legs are 6060 extrusions and the Rear Legs are 6030 extrusion. Starting with the front, insert M5x12 screws
into the two bottom holes of the Corner Joining Plate and turn Large T Nuts onto the threads of the screws a couple of
turns. Use a couple blocks of wood, or a helper, and lift front of the machine up. Slide the T nuts into the slots in the
Front Legs, using your fingers to guide and orient the T nuts into the slot. BE CERTAIN THAT THE MACHINE IS BLOCKED
OFF AND CAN’T FALL AND SMASH YOUR FINGERS! SERIOUSLY. DON’T LET THIS FALL ON YOUR FINGERS DURING THIS
STEP. IT IS HEAVY ENOUGH TO BREAK YOUR FIGNERS. Tighten the screws down now. Install the Rear lLegs the same
way. The machine should now be setting on its legs.
Loosen the M5x12 screws temporarily on the rear Corner Joining Plates so you can line up holes in the plate with the
holes in the extrusion for the 5/16x.75” self tapping bolts. Drive them in now.
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Gantry Assembly
Install the Y Bearing Plates (rectangular pieces with pre-tapped holes in the side) to the Left End Plate and Right End
Plate (tall plates) using 5/16x1.25 bolts and 5/16 washers. Note: Do not use the self-tapping 5/16x1.25” bolts here. The
holes in the side of the Y Bearing Plate are already tapped with threads. First just get a little tension and then install a
Triangular Gusset where the Y Bearing Plate meets the End Plate as shown using 5/16 x 1” bolts and 5/16 washers. Put a
final torque on the bolts for the Triangular Gusset, then do so for the Y bearing plate.
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Gather four of the 16mm linear bearings. Notice that the bearings have preload adjustment screws on the top and on
one side. Slide two bearings on each shaft such that the side preload adjustment screws face inward, towards the bed.
Some bearings will have to be loosened before being installed, though it will probably be loose and can be wiggled while
on the shaft. Use hex wrenches to turn these screws and apply some preload to the bearings. Do this with both the top
and side adjustment screw. Slide them back and forth on the shaft with your hand. You want to remove all the “wiggle”
but still allow the bearing to move with just a very small amount of effort applied. Do this for all four bearings now.

Gather the two X Extrusions. Install the Large T Nuts as shown on the guide at the end of the Extrusion. Wait to install
the T nuts that are on the front of the X Extrusions. They will get installed with the linear rails. Install the others now.
You will install the remaining long ball screw onto the bottom X Extrusion now. Gather the Y Bearing Support Mounting
Plates. Mount two Medium Corner Brackets to each mounting Plate using M5x20 button cap screws and M6 washers
with an M5 washer and M5 nylock nut on the back side. Notice that the corner bracket has tabs on one side and is flat
on the other. The flat side should go against the mounting plate. The bottom edge of the plate (should be flush to the
corner bracket so that it will lay flat on the extrusion when installed. Install the Fixed Side Bearing Support to the
mounting plate as shown using M5x40 button cap screws with M5 washers and M5 nylock nuts on the back side. Install
the Floating Side Bearing Support the same way on the other plate using M5x35 button cap screws.
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Now slide the ball nut housing onto the ball nut and secure it with four M5x16 button cap screws.
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Insert the threaded end of the ball screw into the Fixed Side Bearing Support as shown. Thread the shaft nut onto the
threads. Hold the ball screw tightly as you install it so you can get adequate preload on the angular contact bearings.
Lock the nut to the shaft by tightening the set screw on the shaft nut.
Install the Floating Side Bearing Support onto the other end as shown. Install the snap ring with snap ring pliers. Install
the ball screw onto the top surface of the Bottom X Extrusion as shown by fastening the corner brackets using M5x12
button cap screws and M6 washers. Do not tighten it all the way yet. Just get it in place and leave it where it can be slid
into proper position later. Note that the remaining T nut in these slots should not be between the two corner brackets.
See this remaining T Nut being pointed out below. Leave it free in the position indicated so you can install something to
it later. FYI: When you install this extrusion a bit later, the Fixed Side Bearing Support needs to go closest to the Left
End Plate.

Now install the linear shafts onto the X Extrusions the same way you did on the Y Extrusions: Put M5x12 button cap
screws through the holes then spin Large T Nuts onto the threads a couple turns. Guide the T Nuts into the slots and
leave them loose for now. Note that these will get installed facing the front of the machine. Try to align these rails
properly now and put some torque on the screws to hold them in place, but don’t put a final torque on them now. They
should be about 40-45mm from the edge of the extrusion.
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The X extrusions will now get bolted to the Left and Right End Plate. You must not completely tighten any of the
fasteners until they are all in place or the system won’t come into alignment.
Attach the Left End Plate to the Top and Bottom X Extrusions using 5/16x1.25” self tapping bolts. Do not tighten them
down completely. Do the same for the right side as well. Once both end plates are bolted to the X extrusions (but not
tightened down), have an assistant help you pick up the gantry and place it on top of the Y linear bearings. The Y linear
bearings should be positioned for this prior to you picking up the gantry. Put one M5x20 screw in each linear bearing,
just to hold the gantry for now.
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Slide the gantry to align the bottom holes with the holes in the end of the Y Drive Link Extrusion. If the Y Drive Link
extrusion is causing the End Plates to tilt one way or another, reach under the machine with your hex driver and loosen
the Y drive plate slightly so the Y Drive Link Extrusion can be slide into proper position.
Slide a 5/16” washer onto a 5/16 x 1.25” self tapping bolt and turn it in just a few threads while holding the Y Drive Link
Extrusion firmly against the plate.. Note: Use tapping fluid, oil, or WD40 on the threads of these self tapping bolts. Get
25

all three of the bolts at the bottom started. Now do the same thing with the bottom three holes on the Right End Plate
Side. Remember not to tighten these bolts in yet, just get them started.
Once all bolt holes are in place, start tightening up each hole in the X extrusions and Y Drive Extrusion. Watch for binding
as everything tightens up. The gantry will rack and pivot. Don’t worry. The bearings aren’t even in place yet and the antiracking system still has to be installed.. Make sure that you don’t end up with crooked extrusions. They should mostly
align to the edges.
Install the Side Gussets as shown below. First, use M5x12 button cap screws to catch the threads of four of the Large T
Nuts you pre-installed in the bottom face of the Bottom X Extrusion. Don’t tighten them down yet. Next, press the Side
Gusset against the End plate and install it using #8x1” metal screws. Use some tapping fluid, oil, or WD40 on the threads
before inserting the screws. The side of the Side Gusset is already drilled and these screws will cut threads and fasten it
to the End Plate. Install a Side Gusset on both sides now.
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You are now ready to align the Y linear shafts and tighten the button cap screws you previously left loose. Use a hammer
and a block of wood or rubber mallet to VERY LIGHTLY tap the rails such that that are mounted straight on the Y
extrusions. It helps to tighten one screw at the back then tap everything into alignment, then tighten down all the
button cap screws on the rail. The Y Bearing Plate will probably be in the way of some screws. Reach under the machine,
grab the ball screw, and turn it to get it out of the way so you can get to any remaining button cap screws.

X and Z Plate Assembly
Now gather the four remaining 16mm linear bearings. Slide two on the top linear shaft and two on the bottom linear
shaft. Remember the preload adjustment screws? Make sure they face up on the top rail and down on the bottom rail
so you can adjust the side screws in the future if needed. Do the same thing with these bearings as you did on the other
bearings: Adjust the preload to the point that they don’t wiggle on the shaft but still slide reasonably easy.
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Now gather 16 M5x20 socket flat screws. These go in the countersunk holes on the X Plate. Install the X Plate on the
linear bearings. Slide the X plate left and right to see if It binds on one end. If so, loosen the button cap screws that
mount the linear shafts to the extrusions and adjust as necessary. When all is adjusted well, put a final torque on the
button cap screws that mount the linear rail as well as the socket flat cap screws that mount the X plate to the linear
bearings.
Now mount the 12mm linear shafts to the X Plate. Each linear shaft has 3 pairs of holes. The top two pairs of holes
fasten to the X plate with M4x25 machine screws and secure to the back with M4 washers and M4 nylock nuts. The
bottom holes are tapped. Use M4x12 machine screws in the bottom holes. Make sure that the two rails are parallel to
each other and straight up and down. A tilted Z stage will lead to ugly cuts.
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Fasten the X Plate to the X axis ball nut housing by sliding the X Plate Spacer behind the X plate, in front of the X Axis Ball
Nut Housing and screwing in M5x30 socket head screws.

Install the remaining floating bearing support to the bottom of the X Plate in the two slotted holes using M6x55 socket
head screws and securing them with an M6 lock washer and M6 nut. Leave it loose for now. You’ll tighten it down later.
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Slide the Z ball screw nut into the ball screw housing. Secure the ball nut to the Ball Nut Housing using four M4x14
machine screws. Install the Ball Nut Housing onto the Z plate using M5x25 socket flat screws with 2.5mm spacers
between the back of the Z plate and the housing and with the threaded end of the ball screw towards the top. Leave
these screws a little bit loose until the entire X and Z plate assembly is together. The front of the Z plate has the
countersunk holes. The back of the Z plate does not have countersinks.

Next, slide one linear bearing at a time on the Z Linear Shafts. Make sure the side preload adjustment screw faces to
the outside. Hold the bearing in place with one hand and adjust the preload just as you did on the X and Y linear
bearings. Once you are satisfied with the amount of preload on the bearing, add a little more preload only to the side
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preload adjustment screw so you can lock it and it won’t slide down and off the Z linear rail. You’ll “unlock” it later.
Install all four of the bearings, locking each in place.
Note: If you intend to use the top mounting position for the router mount, mount it now. We recommend the bottom
position, which can be done later.
Hold the Z Plate up to the linear bearings and seat the ball screw into the floating end ball screw support. Fasten the Z
plate to the bearings using M5x20 flat socket screws except for the top two right holes. Install the Z switch
engagement bracket there using M5 x 25 button cap screws. See the arrow in the picture below for where this goes.

Now slide the Fixed Side Bearing Support over the top of the ball screw, seating it all the way against the screw. Don’t
pry at the ball screw for the sake of getting this on. If it won’t seat all the way (you can tell because the 4 holes in the
support will line up with the 4 holes in the X plate once it is all the way on), put a large socket over the ball screw, onto
the fixed support, and tap it down gently with a mallet. Secure the Fixed Side Bearing Support to the Z Plate with four
M6x55 socket head screws and M6 lock washers and nuts on the back of the Z Plate. Install the shaft nut onto the ball
screw and tighten the set screw. Tighten down the screws on the ball screw nut housing that you left loose earlier.

Now assemble the “small” motor onto the Z motor mount. Note the orientation of the wires coming out of the motor
body in the pictures. The back two holes that are countersunk will use M4x45 socket flat heads. The front two holes will
use M4x50 bolts and M4 washers. Use the 16mm long spacers between the motor and the Z plate. Secure these with
M4 nylock nuts.
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Seat the 6.35mmx8mm coupler onto the top of the ball screw shaft, then put the motor and motor mount assembly on
top of it. Tighten the set screws. Install the motor mount to the X plate with 5/16x1.25” bolts and 5/16 washers.

Now install a 6.35mmx10mm coupler onto the remaining “large” motor. Secure the motor to the Left End Plate using
M4x30 bolts with M4 washers under the heads, and M4 nylock nuts.
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Slide the X ball screw to the coupler and insert it. Lock the coupler to the shaft by turning the set screw.
Now tighten the mounting plates for the ball screw supports down. Grasp the ball screw and turn it by hand to make
sure nothing binds.

Anti-racking Cable System
GLOVES AND SAFETY GLASSES ARE REQUIRED FOR THIS STEP. WITHOUT THEM, YOU COULD STAB YOUR HAND OR POKE
YOUR EYE WITH A CABLE END. PLEASE HEED THIS WARNING, YOU WILL BE AROUND EYE LEVEL WITH CABLE ENDS THAT
ARE TEMPORARILY EXPOSED AND ARE AT RISK OF GOUGING AN EYE WITHOUT PROPER SAFETY GLASSES. DO NOT
CONTINUE WITHOUT WEARING SAFETY GLASSES AND GLOVES!
Get the rest of your anti-racking cable kit. Notice that the end plates have two empty holes. The top cable will ride on
the top bearings and go through these top holes. The bottom cable will ride on the bottom bearings and go through
these bottom holes. Wear gloves while installing this so you don’t get poked with the end of a wire strand.
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Start with the eye bolt side. Slide the cable through the ferrule, then through the eye of the eye bolt. Slide it back
through the ferrule and crimp it. A purpose built cable crimping tool works best for crimping this ferrule to the cable, but
crushing it down with electrical connector crimpers will work as well for this gauge wire. It is important to get a good
crimp on this or it will pull loose as you tighten it. Put the eye bolts threads into the hole on the back corner joining plate
and thread on the nut a couple turns.
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Run the cable around the first pulley, over the ball screw, around the second pulley, and through the hole in the front
plate. Make sure if the eye bolt is in the top hole in the Rear Corner Joining Plate that it is in the top hole in the Front
Corner Joining Plate, or vice versa. Use a marker to mark where the wire comes through the Front Corner Joining Plate.
Take the wire off one of the pulleys then pull it out some. Slide the cable stop onto the end of the cable and run it just
past where you marked it with the marker. If the cable is frayed, twist the cable stop gently (while wearing gloves) or
snip it with side cutters to get rid of the frayed portion. Also, twist the cable stop in one direction as you are placing it
over the end of the cable. Crimp the cable stop onto the cable just a little past where you marked the cable with a
market.
Put it back on the pulleys, then run the other cable the same way.
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Check to make sure the cables are both on the pulleys and are not crossed. Tighten the nut on the eye bolt in the back.
Check tension by plucking the cable. Look for an equal amount of tension by the “musical note” it makes. Tighten the
nut on the eye bolt to remove most of the ability for the gantry to rack, but not so tight you will pop the cable loose.
Check to make sure the gantry has not been pulled out of square before proceeding to the next step. Loosen or tighten
one side as needed to get it to return to square
Once you tighten the eye bolt nut the threads will be protruding from the back. Use a hack saw to cut the extra threads
off at the nut. Use a file to knock down any burr that may remain.
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Now use side cutters to snip off the excess cable that is protruding from the front. Install the black protective cap over
this now. If this cap should ever get removed, it should be replaced immediately. This protects you from getting
scratched or cut by the cable if you brush against the front of the machine.

\

Drag Chain, Homing Switch, and Motor Connections
Install the Z homing switch on the L bracket using M3x20 screws, M3 split lock washers, M3 washers, and M3 nuts. Make
sure the head on the M3x20 is on the side shown. Mount it to the tapped hole in the top right of the X plate using an
M4x14 machine screw and washer, standing it off with a 6.35mm spacer. You can adjust the exact position at which it
will trigger later after running your first homing cycle.
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Now install the X homing switch onto the L bracket as shown using the same M3 hardware as before. Secure it to the T
nut that remains on the underside of the Top X Extrusion with an M5x12 button cap screw.
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Install the Y switch (it is a roller switch) on the black L bracket as shown using the same M3 hardware as used on the
others. Place the drop in T nut into the rear left leg of the machine. Install it usingn M5x16 button cap screw: There
should be a large washer then a medium washer (found in the homing bag) against the rear left leg, then a 6.35mm
spacer, then the L bracket. It gets triggered by the Left End late contacting the roller. Make sure the switch is leaned at
about the angle shown below.

Gather the drag chains. The drag chain can be opened by prying at one edge with a screw driver. Open both the drag
chains entirely.
The longer drag chain goes atop the top X axis extrusion. Drill one ¼” hole 18 sections from the end, as shown. See the
hole being pointed to in the picture below. Install it with M5x12 button cap screws. One screw goes in the hole you just
drilled and one goes in the hole in the end.
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Now install the Y Drag Chain Mount (it is a black heavy duty plastic pieces in an L shape) with an M5x25 button cap as
shown below. Mount the other drag chain to this using M5x25 button cap screws and M5 nylock nuts. Bend the end
down so the drag chain points down instead of to the back.

You will not install the homing switch wires. The black wire goes to the terminal labelled “COM” and the red wire goes to
the terminal labelled “NO. See the pictures. The long wire with the probe base on the same connector is for the Z switch,
the other long wire pair goes to the X, and the short wire will go to the Y. Don’t run the Y switch through the drag chain.
Start by connecting the Z switch. Remember that this is the one that also has the probe base on the same connector.
Run the switch into the top drag chain.
Now zip tie the Z motor wire and the Z homing switch connection to the back right spacer on the Z motor.
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Now connect the X switch. Run it in the back slot of the Top X Extrusion, then up into the drag chain. It should enter the
drag chain BEHIND where you drilled that screw. In other words, you want to make sure it doesn’t enter the drag chain
where it articulates.

Now get the DW618 router. The plug comes out of the router by twisting it. Lay the cord in the top drag chain and leave
about 1 foot of the router cable extending beyond the end of the drag chain. Zip tip tie it to the end of the drag chain.
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Once the router cable, Z motor cable, Z switch wire, and X switch wire are all in place, close the drag chain by snapping
each section closed again.
Now run the cables from the top drag chain into the Y drag chain (the one that is on the left side). Set the electronics
enclosure (the black box) at the front left of the machine. The front of the enclosure should be about even with the front
of the machine. Before you close the drag chain, gauge how much wire you have to run to the connections. There are six
connection ports on the back of the machine. Viewed from the back, left to right the ports are as follows: X Motor, Y
Motor, Z Motor, X Switch, Y Switch, Z Switch & Z Probe. Run each wire up to its connection so you can see how far along
you need to run it out of the drag chain to allow it to reach. Make the connections and close the drag chain. The router
cable should run out of the Y drag chain about half way down.

Attach the Y Drag Chain to the back of the enclosure using #10x5/8” wood screws in the place indicated by the yellow
arrow below.
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Use the Stanley L Brackets in the bag marked “Leg and Enclosure Anchors” to fasten the enclosure to your table. Position
the brackets in a place that is convenient for you based on your table layout. The enclosure needs to stay at the front
left of the machine with the front of the enclosure close to even with the front of the machine. You are strongly
encouraged to fasten this to your table. The enclosure needs to be fastened in place so the Y drag chain folds properly
and also it won’t slide if you hit the E Stop quickly.

Dust Shields
Gather your three acrylic dust shields. There is one that is shorter than the others. This attaches to the underside of the
Bottom X Extrusion using M5x12 button cap screws. Don’t overtighten the fasteners or you will crack the acrylic. Now
you’ll install the side dust shields. Use M5x10 bolts with M5 washers. Put these through the holes and then spin Small T
Nuts onto the threads a couple of turns. Slide these into the end of the T Plate, then tighten the bolts down.

Mounting the Router
Install the router to the bottom holes in the Z plate. Manually spin the Z coupler if necessary to gain axis to the holes.
You must use the button cap screws in the back. Take some time to make sure the mount is not crooked. If the router
mount is crooked you will get poor cuts. Then install the router into the mount so that the electrical connection ports
towards the right. Tighten it down, alternating putting torque on the left and right bolts.
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Start up
We have set up the electronics for you as a courtesy. Each set of electronics is tested by running a machine in our shop
before it is shipped out. It is possible, however, that a connection could jostle loose in shipping. If you encounter a
problem, please contact support@millrightcnc.com. We will guide you through field diagnostics and get you up and
running quickly.
The E-stop button serves as the on/off for the motor power. You can press it to disconnect all power from the motors.
You turn it to the right gently, in the direction indicated by the arrows, to release the E-stop and allow power to flow to
the motors and to the fan. There should be a green light on the power supply (the shiny metal case), and on each of the
stepper motor drivers.
Open Universal G Code Sender, Grbl Panel, or your G Code Sender of choice. We are documenting this with Universal G
Code Sender Platform. You can download Universal G Code Sender Platform from this link:
https://winder.github.io/ugs_website/download/. Scroll down and get “UGS Platform” from the bottom, nightly build
session. In Windows, unzip the download then run ugsplatform.exe or ugsplatform64.exe from the “bin” folder.
(whether you use the “64” version” depends on your system).

Insert the USB cable through the small square hole in the front of the enclosure. Look down from the top and insert it
into the port on the control board. Plug the other side of the cable into the computer. Most computers will auto-load
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the drivers onto your computer. This “software driver” allows your computer to recognize the control board. If you can’t
find a COM port in the below step, see this thread about manual driver installation on your computer:
Make sure that the firmware in the dropdown is “Grbl” and the baud is 115200. Hit the refresh button next to the word
“Port” then click the drop down to look for your COM port. There will probably only be one port shown. Mac users will
see “dev\....” instead of “COM”.

Click the socket icon that is to the right of the baud rate. It will turn from red to green, indicating that a connection has
been made. We will now make some jogs on the machine. Set your steps/mm settings to what you see in the picture
below. It’s very important that we start with just 1 millimeter steps at first. We’ll use these small steps to see if
something is backwards or crossed up. Press the Z+ button in the job screen shown below. We are expecting the Z axis
to move up 1mm. Now press X+. We are expecting the X axis to move to the right when viewed from the front of the
machine. Now press Y+. We want to see the gantry move towards the back frame on both sides.

Once you have verified small movements, you can do larger movements. If an axis stalls or binds during a rapid traverse
it is most likely that a coupler is loose or that an axis drive mechanism is out of alignment (IE: If the ball screw, ball screw
supports, or where the ball screw nut mounts are out of alignment).
We’ll now use the homing switches for the first time. These switches have a dual purpose: Homing and end of travel
limits. The controller always monitors these switches and will halt movement and indicate alarm state if it is tripped.
Let’s take a moment to trip each switch to make sure it is connected properly. With the controller on and UGS
connected, physically press the Z switch. UGS should indicate an alarm state. Disconnect and reconnect. Do the same
with Y, then the same with X. Once you confirmed all is well, initiate a homing cycle by typing $H in the command line
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and pressing enter. The Z axis will move upward, contact with the switch, back off some, then move back towards the
switch slowly until it hits it again, then it will back off four millimeters. The X and Y will begin moving simultaneously
towards their switches. They will make contact, back off, move slowly toward the switch again, contact, then back off
four millimeters.
The video at this link will explain homing switches, work offsets, and related concepts:
https://www.youtube.com/watch?v=61FNml8M3i0
The above linked video presents more intermediate to advanced topics, but it will present some information that will be
useful as you learn.
Additional video tutorials can be found on our forum, here:
http://millrightcnc.proboards.com/thread/531/video-tutorials-running-millright-machines
Most customers use Autodesk Fusion 360 to design with. The above linked forum post has some videos that cover
Fusion 360. Autodesk offers a free enthusiast or business startup license for Fusion 360 that provides unrestricted
functionality. If you qualify (most do, but read the details), you can activate the license following the instructions at this
link:
https://knowledge.autodesk.com/support/fusion-360/learn-explore/caas/sfdcarticles/sfdcarticles/How-to-activatestart-up-or-educational-licensing-for-Fusion-360.html
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