" # 1 $%



TR R NNN

2 #(&!

)+

)3

)

)$
)6

" #

$ %



Thank you for purchasing the Lionclaw LC50 CNC Milling Machine Starter Kit. This
manual will provide the information needed to fabricate parts not included in the kit as well as
instructions for assembling all components for the mill. If you have any questions before,
during, or after assembly you can contact me via e-mail at pilotandy@comptonsoft.com and |
will respond as soon as possible. Spare parts are also available for purchase should you need
them. General specifications for the mill can be found in the table below.

Table Size
Width 1524mm (60.0in.)
Depth 660mm (26.0in.)
Z clearance 115mm (4.5in.)
Travel
X axis 1270mm (50.0in.)
Y axis 670mm (26.3in.)
Z axis 135mm (5.3in.)
Maximum Feedrate (approximate with 2000z/in motors)
X axis 100 IPM
Y axis 140 IPM
Z axis 100 IPM
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Woodworking Saw

You will need to use a saw to cut the two table skins for the main torsion box. This can be
easily accomplished with a panel saw or table saw. The task can also be accomplished with a
circular saw, jigsaw, or handsaw if proper care is taken to create straight and accurate cuts.
Most lumber stores offer a cutting service as well if you would like to avoid doing the cuts
yourself.

Metalworking Saw

You will need a metalworking saw to cut the aluminum bearing mounts as well as the pipes.
The best option is a cutoff saw, however a reciprocating saw, metal cutting bandsaw, or a
hacksaw will also work.

Wrenches
You will need a set of wrenches to tighten the numerous nuts and bolts on the machine.
Several adjustable crescent wrenches will also come in handy.

Clamps
You will need clamps to hold parts together while being glued. Ratcheting straps are also

extremely helpful during assembly and for attaching pipes. | would recommend at least 6 12”
bar clamps and 1 ratcheting strap.

Non-Marring Mallet
You will likely find a need for a plastic or rubber mallet to assist with assembly.

Countersink Tool
Several parts will benefit from having screw heads countersunk. Either a countersink tool or an
electric drill with countersink bit will come in handy.

Electric Drill
You will need an electric drill and a set of drill bits. | would highly recommend using a drill press
for most of the necessary work.

Sanding/Chiseling Tool

Most parts included in the kit are lightly sanded before shipping. You may however find the
need to give the parts an extra cleanup, especially if you plan to paint your machine. I'd
recommend a sanding block, ¥2” wood chisel, and tapered round file for the job.
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Iltem Name Qty Enco McMaster

%-10 Acme Threaded Rod 6’ Length 2 408-0220 98940A506

Notes: Due to price and quality, the rod from Enco was used on the LC50 prototype. The McMaster part listed
should function as a suitable replacement should you not be able to procure the part from Enco.

%-10 Acme Nut 12 407-2200 94815A107

Notes: Due to price and quality, the nuts from Enco were used on the LC50 prototype. The McMaster part listed
should function as a suitable replacement should you not be able to procure the part from Enco.

%-10 Delrin AB nut from DumpsterCNC 3 - -

Notes: These items can be purchased from Dumpster’s online store at http://gonebowlin.com/dumpsterCNC/. You
must add 3 %2-10 nuts and 3 .990” square flanges to your cart.

Y4 Spider Coupling 3 990-4044 6408K111
Notes: The couplings from McMaster were used on the LC50 prototype. The Enco part should also work well.
%" Spider Coupling 3 990-4046 6408K711
Notes: The couplings from McMaster were used on the LC50 prototype. The Enco part should also work well.
Buna-N Spider 3 990-4042 6408K84
Notes: The spiders from McMaster were used on the LC50 prototype. The Enco part should also work well.
.5” x 1.125” Radial Bearing 6 510-1956 6384K61

Notes: These bearings can also be found inexpensively on eBay. Seller VXB usually has a large quantity of these
available.

8mm x 22mm x 7mm Radial Bearing 16 510-1953 5972K36

Notes: These bearings cal also be found inexpensively on eBay or at a local skate shop. Seller VXB always has a
large quantity and variety of these available.

Hardened Precision Steel Shaft %" OD 12” length 2 505-3297 6061K34
Notes: Both the McMaster and Enco parts are for Thomson brand linear shafting.
%-20 Threaded Rod 10’ Length 6

Notes: These can be purchased at Home Depot and other hardware stores. | found mine locally at Home Depot in
the same section as electrical conduit. If you can't find 10’ lengths, 6’ lengths in larger quantity will be sufficient.

1.5” x 1/8” Aluminum Angle 3’ Length 1

Notes: This can be found at Lowes or Home Depot in the hardware section. Oddly enough, the 4’ sections at my
local Home Depot were cheaper than the 3’ sections.

Flanged Nylon Bearing .75” x 1" x 1” 4 6389K556

Notes: McMaster sells these bearings in a 5-pack, so you'll only need to order one package.
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Materials

The materials you receive in this kit are fabricated from %2” (12mm) Birch veneer plywood
and ¥2” MDF. Both materials can be found at many Lowe’s, Menard’s, and Home Depot
locations. Both materials have pros and cons. In my own personal experience, I've found MDF
to be very consistent and easy to work with. It is a wonderful material to use for creating models
and prototyping parts. On the downside, I've also found that it is heavy compared to other
woods, it splits easily, does not resist moisture well, is poor at holding threads, and is prone to
chip apart when struck. The Birch veneer plywood complements the MDF quite well because it
has a pleasant appearance, is much better at holding threads, is light weight, and is more rigid
due to opposing inner plies. The biggest downside to the Birch veneer plywood however is its
inconsistent nature. Because the plywood is crafted from thin slices of wood, instead of a
blended and pressed homogenized pulp like MDF, the wood tends to have small voids and the
thickness can vary. I've found that the thickness on the 12mm material | use can vary by as
much as 0.020”. Because of this not all parts will have a perfectly tight interlocking fit, and care
must be taken during assembly to ensure all parts are well aligned while gluing and clamping
assemblies.

Assembly

As you will notice in the sections ahead, the LC50 is composed of several different
assemblies and subassemblies. The parts required for each assembly as well as a picture of
the part are listed at the beginning of each section. All parts included in the kit are labeled with
a designation matching the ones listed here. Take proper care to correctly identify and orient
each part before assembling the component. | highly recommend you attempt a test assembly
before you begin gluing parts together. It is also extremely important that you use a sturdy and
perfectly flat surface for assembly. In my experience, the machined flat area of a table saw
makes a perfect assembly surface for most of the smaller parts. If you would like assistance or
have questions regarding the assembly procedures please feel free to contact me!

Fabrication

There are several parts not included with the kit that will require fabrication. The first is
the table skins. The skins can be cut on a table saw from either one or two sheets of 12mm
(%2") Birch or Oak veneered plywood or from Luan. MDF is also an option; however | would not
personally recommend using it as the table surface because the exposed edges would easily
become damaged. If you cut your skins from a single 4'x8’ sheet you will get a single top piece
and you will need to piece together several remaining pieces to form the bottom. A diagram
showing exact dimensions and a recommended cut pattern can be found in appendix X.

The remaining parts requiring fabrication are the aluminum bearing rails. The bearing
rails are cut from 1.5” x 0.125” aluminum angle. Extreme care must be taken to ensure the rails
are created to the exact specifications provided in appendix X. If the holes are not precisely
drilled the bearings will not make even contact with the pipes once the machine is fully
assembled.
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Materials Required

Item Name Label | Qty Visual
Y-Axis Bearing Rail * 2
Z-Axis Side 2
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Z-Axis Top 1

Z-Axis Bottom 1

Z-Axis Front Support 1

Z-Axis Rear Support 1

Y-Axis Bearing Block 1
Leadscrew Bearing Block 1
Rail-Lock Leadscrew Bearing Block 1
Motor Spacer 12
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AB Nut Support

AB Nut Mount

Pan Head 6-32 Machine Screw, 32" Length *

%-10 Delrin AB nut from DumpsterCNC *

Hardened Precision Steel Shaft %" OD 12"
length *

%-10 Acme Threaded Rod 15.75” Length *

15-10 Acme Nut *

Y4 Spider Coupling *

Y%" Spider Coupling *

Buna-N Spider *
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.5” x 1.125” Radial Bearing *

NEMA 23 Stepper Motor *

Pan Head 10-24 Machine Screw, ¥’ Length

*

Pan Head 10-24 Machine Screw, 4” Length

*

Y20 Steel Tee Nut, 3/8” Height *

Y20 Hex Bolt, 1.5” Length *

Y20 Hex Bolt, 2.75” Length *

vy" Washer *
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Y20 Hex Nut * 6

Pan Head ¥-20 Machine Screw, 1.75” s
Length *

* [tem not included in kit.
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Materials Required
Iltem Name Label | Qty Visual
Carriage Face 1
Carriage Wall Left 2
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Carriage Wall Right

Tool Bracket

Tool Clamp

Bearing Mount Lower

Bearing Mount Upper

1/4-20 Threaded Rod 6.5” Length *

Y2-20 Steel Tee Nut, 3/8” Height *

Y20 Hex Bolt, 2.75” Length *
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Yy" Washer *

* [tem not included in Kkit.
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Materials Required

Item Name Label | Qty Visual
Large Gantry Rib GX_A 3
Small Gantry Rib GX B 7
Torsion Box Skin GX _C 2
Y-Axis Rail * 5
(%2" x 34.338” Gas Pipe)

* [tem not included in Kkit.
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Tools & Additional Materials
Large Flat Work Surface
Clamps or Ratcheting Straps
Metal File
Acid Brush
Wood Glue
Epoxy

Assembly

Step 1

Begin by laying out one of the torsion box skins (GX_C) on your work surface. Using the acid
brush, apply wood glue to the un-notched side of two of the large gantry ribs (GX_A). Place the
ribs on the skin as shown in the picture below.

Step 2
One by one, attach the small gantry ribs (GX_B) as shown. Glue should be applied to all
contact points prior to attaching the ribs.
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Step 3
Install the final large rib (GX_A) as shown. Apply glue to the contact points on all parts before
installing rib.

Step 4

Attach the final box skin (GX_C) after applying glue to all contact points. Make sure that the
small gantry ribs at both ends of the box are flush with the ends of the large gantry ribs. Strap
or clamp the box to the work surface and allow glue to fully dry before proceeding to step 5.
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Step 5

Before attaching the Y-axis rails, be sure to sand each with fine grain sand paper to make them
as smooth and uniform as possible. Next, place the rails in their notches and center them on
the torsion box. With a marking implement, mark off the areas on the pipe which will be glued to
the rib notches. Use a metal file to rough up these areas to allow for better adhesion with the
epoxy. Next, prepare a sufficient amount of epoxy to attach one of the rails. Apply the epoxy to
the rib notches and press the rail into place. Use ratcheting straps or large clamps to press the
rail into each notch. Itis extremely important that you make sure the rail is fully seated in each
notch, or the Z-axis carriage will not slide smoothly. Repeat procedure with second rail once the
epoxy on the first has cured.
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Materials Required

Item Name Label | Qty Visual
Outer Base Rib GB A 2
Inner Base Rib GB B 1
Small Base Rib GB C 6
Top Base Skin GB_D 1
Bottom Base Skin GB E 1

* [tem not included in Kkit.

# 1

$ %




Tools & Additional Materials
Large Flat Work Surface
Clamps or Ratcheting Straps
Acid Brush
Wood Glue

Assembly
Step 1

Begin by laying out the top base skin (GB_D) on your work surface. Using the acid brush, apply
wood glue to the un-notched side of two of the outer base ribs (GB_A). Place the ribs on the
skin as shown in the picture below.

Step 2
One by one, attach the small base ribs (GB_C) as shown. Glue should be applied to all contact
points prior to attaching the ribs.
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Step 3
Install the inner base rib (GB_B) as shown. Apply glue to the contact points on all parts before

installing rib.

Step 4

Attach the bottom base skin (GB_E) after applying glue to all contact points. Strap or clamp the
box to the work surface. After applying pressure, the parts sometimes have a tendency to drift.
Keep an eye on the base for the first 10-15 minutes to ensure the outer ribs remain fully flush
with the box skins. Allow part to fully dry before removing straps or clamps.
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Materials Required

Item Name Label | Qty Visual
Outer Front Gantry Wall GW_A 1
Center Front Gantry Wall GW_B 1
Inner Front Gantry Wall GwW_C 1
Bearing Block Guide GW_G 2
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X-Axis Bearing Block GW_H 1

Bearing Mount BM_A 1

X-Axis Bearing Rail * 1

Y20 Tee Nut * 12

10-24 x .75” Pan Head Machine Screw * 4
Y4" Washer * 6

Y2-20 Hex Nut * 6

Y-20 x 2.5” Pan Head Machine Screw * 4
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Y420 x 3.75" Hex Bolt * 2

* [tem not included in Kkit.
Tools & Additional Materials

Large Flat Work Surface
Clamps or Ratcheting Straps
Glue Brush or Spreader
Wood Glue

Assembly

Step 1

Start by laying out the outer front gantry wall (GW_A) on your work surface. Make sure the wall
is oriented as in the picture below with what will become the outside face against the work

surface. Using your glue brush or spreader, evenly apply a coat of wood glue to the surface of
the wall.

Step 2
Next you will need to carefully set the center front gantry wall (GW_B) on top of the first layer.

Following the same procedure as in the step above, apply an even coat of glue onto the wall
layer.

" #1 $% +



Step 3

Once the glue has been applied you can now add the outer front gantry wall (GW_C). Carefully
align all three layers and clamp or strap them to the work surface. Pressure must be applied as
evenly as possible to ensure that the glue makes a good bond in all sections of all three layers.
Use your fingers or a paper towel to wipe away any glue beads that seep out along the edges.
After applying pressure the parts will have a tendency to drift sideways for the first 10 to 15
minutes until the glue begins to harden. Keep a watchful eye on the parts until you feel
comfortable leaving them to dry. Do not remove clamps or straps until the glue has had
sufficient time to set. If glue manages to get into the holes on the wall you may need to later drill
out the holes to remove dried glue.

Step 4

After removing clamps and straps it is now time to install the bearing block guides (GW_G).
Using a brush carefully apply glue to the bearing block guide tracks. Next insert the bearing
block guides and clamp both guides from both sides of the wall. Optionally, you can place the
bearing block (GW_H) between the guides to ensure a nice tight fit. Allow the glue to dry before
proceeding to step 5.
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Step 5

At this point you can now paint the part if you so desire. | would recommend dressing the edges
of the part with wood filler or automotive body filler and sanding before painting. You may also
use a drill to clear any dried glue that might have made its way into the screw and bolt holes.
Allow the paint to fully dry before proceeding to step 6.

Step 6
Next you will need to install the four inner tee nuts as shown below. They can be easily tapped
into place with a hammer.

Step 7

Turn the wall over and install the next six outer tee nuts as shown below. They can be easily
tapped into place with light taps from a hammer. Install the bearing mount as shown with four
10-24 x 0.75” machine screws. Finally, install the four ¥-20 x 2.5” machine screws with nuts
and washers as shown below.
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Step 8

Next you will need to assemble the bearing adjustment assembly as shown below. Install the
two tee nuts into the X-axis bearing block (GW_H). Use the two ¥-20 x 3.75” hex bolts to attach
the bearing rail to the adjustment block. Do not over tighten the bolts.

Step 9
Finally, insert the bearing assembly as shown below. Attach the assembly from the outside with
two washers and two hex nuts.
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Materials Required

Item Name Label | Qty Visual
Outer Rear Gantry Wall GW_F 1
Center Rear Gantry Wall GW_E 1
Inner Rear Gantry Wall GW_D 1
Base Block Guide GW_G 1
X-Axis Bearing Rail * 1
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Y20 Tee Nut * 2

Y4-20 x 2.5” Hex Bolt * 2

* [tem not included in kit.
Tools & Additional Materials
Large Flat Work Surface
Clamps or Ratcheting Straps
Glue Brush or Spreader
Wood Glue

Assembly

Step 1

Start by laying out the outer rear gantry wall (GW_F) on your work surface. Make sure the wall
is oriented as in the picture below with what will become the outside face against the work
surface. Using your glue brush or spreader, evenly apply a coat of wood glue to the surface of
the wall.

Step 2
Next you will need to carefully set the center rear gantry wall (GW_E) on top of the first layer.

Following the same procedure as in the step above, apply an even coat of glue onto the wall
layer.
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Step 3

Once the glue has been applied you can now add the inner rear gantry wall (GW_D). Carefully
align all three layers and clamp or strap them to the work surface. Pressure must be applied as
evenly as possible to ensure that the glue makes a good bond in all sections of all three layers.
Use your fingers or a paper towel to wipe away any glue beads that seep out along the edges.
After applying pressure the parts will have a tendency to drift sideways for the first 10 to 15
minutes until the glue begins to harden. Keep a watchful eye on the parts until you feel
comfortable leaving them to dry. Do not remove clamps or straps until the glue has had
sufficient time to set. If glue manages to get into the holes on the wall you may need to later drill
out the holes to remove dried glue.

Step 4

After removing clamps and straps it is now time to install the base block guide (GW_G). Use a
brush to carefully apply glue to the base block guide slot. Next, insert the base block guide and
clamp it at both sides of the wall. Wipe away any glue beads that seep out of the joint. Allow
the glue to dry before proceeding to step 5.
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Step 5

At this point you can now paint the part if you so desire. | would recommend dressing the edges
of the part with wood filler or automotive body filler and sanding before painting. You may also
use a drill to clear any dried glue that might have made its way into the screw and bolt holes.
Allow the paint to fully dry before proceeding to step 6.

Step 6
Next you will need to install the two outer tee nuts as shown below. They can be easily tapped
into place with a hammer.

Step 9
Finally, turn the wall over and attach the bearing assembly as shown below. The bearing rail
will be attached with two %-20 x 2.5” hex bolts through the two tee nuts.
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Document revisions
table skin cut dimensions
aluminum angle drawing
how to cut mount holes
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What to do with your machine now
Different software to use

-Mach3

-EMC

-TurboCNC

Hobbycnc

Cut replacement parts

Design own attachments

Dust collection
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CNC — Computer Numerical Control. This term is usedescribe a tool that is controlled by a
computer system, whether it be a small controlfet or full blown PC.

ACME Thread — ACME threads are characterized by their trapi@hape. These threads tend to be
better than allthread for converting rotary motioto linear movement.

Mach3 — Mach3 is a Windows based CNC control sulttp://www.machsupport.com

TurboCNC — TurboCNC is a dos based CNC control progréaip://www.dakeng.com/

EMC - Enhanced Machine Control. EMC is an open sosoftevare package developed for Linux
which allows control of CNC hardwaréittp://www.linuxcnc.org

CNCZone - The CNCZone is a site where many builders gghtoe information and post build logs.
The experience and information offered up by CNGZorembers is unmatched anywhere on the web.

Torsion Box — A torsion box is characterized by a serieslud with skins attached both above and
below. This combination provides an incrediblysty structure that is not easily twisted or warped.

Stepper Motor — A stepper motor contains a series of coils whidien energized in the proper order,
create precise rotary motion. Motors are clag$ifig many factors including NEMA standard, torque,
steps per revolution, voltage, current, and cailfiguration (bipolar, unipolar).

Stepper Driver — Stepper drivers are used to power and contppgrr motors. Most drivers require two
basic signals, step and direction.

MDF — Medium Density Fiberboard. MDF is very similarparticle board, although it has a much
higher density. Like particle board, MDF is vensseptible to moisture and must be sealed in dader
prevent water damage.
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