Double Z axis Y2 axis

Double X axis
Nema 17 motor + Belt

Diive everywhere

mounts to

steppers move up
n

¥ direction

8 mm rods )
with S5mm to
set screw coupler or
-king spindle. Spindle
mount is attached to Z axis
|dler Piece.

Frame is 16” D3D
frame, 6 sides

Steel bed is 4" plate. Stationary. Boards
are attached with a magnetic holder

that holds the PCB board on the corners
Motor holder screws

into axis idler piece

D3D CNC Circuit Mill Concept ‘ C00




PCB Holder

General Procedure -

Download the simplified x axis, and use it as is for x,y,z motion
(it's already simp

Clamp is screwed
down to hold PCB

Holder STL for printing
Cyclone PCB Mill Holder
is screwed down
D3D PCB Mill holder has T
magnets glued to it to attach CNC Circuit Mill "4"x8"x16" steel plate
magnetically to the steel /attached with 4 magnets
plate. Thus, they are fully on each side to CNC Mill
adjustable. Clamp is screwed T~ frame
~ down. 6 magnets per holder S~ =
\V
Magnets

¥+ S88fce
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http://opensourceecology.org/wiki/File:D3D_16_Sub-assembly_X_Axis.fcstd
http://reprap.org/wiki/Cyclone_PCB_Factory

Design Process Step By Step

General Procedure -

Download the simplified x axis, and use it as is for x,y,z motion (it's already

simplified)
1. Use concept model of page 1 (recreate concept model page one
using only X-axis)
2. Merge x axis and duplicate it 5 times

a. Do notadd new parts unless absolutely necessary (instead Insteqd ofw!de part, use
. . . 2 Carriaqge Pieces
use carriage of Universal-cnc axis (XY
3. Draw the square frame 13" with 10” inside 3mm thick

4. Draw asimple file of motor with exact diameter, height should be 13"
accurate wfm%
5. Design a mount for the motor which connects to i hole

6.
More
e Universal-cnc axis but assume magnetic connection
Basic Calculations -
e Should get down to 0.01mm based on 16 microstepping - assuming
there is no backlash
e We can accept up to 4 microstepping (0.04 mm)



http://opensourceecology.org/wiki/File:D3D_16_Sub-assembly_X_Axis.fcstd
http://opensourceecology.org/wiki/Universal_CNC_Axis
http://opensourceecology.org/wiki/Universal_CNC_Axis

M6 bolt (6.6 mm) hole with
recessed bolt head hole; nut
attaches on outside of holder

Motor Mount

Matches motor diameter

M6 |bolt

L] L]

M6 Nut

30mm

30mm

Side view Q

O

"

OO0

()
©LC0

L:)

Top view
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Mount

Concept:

Idler Dimensions:

55x66 mm

Motor Mount Initial Concept

/ nut catchers

Z axis motor side |[]

Z axis motor side|[]

X axis
Z axis

Spindle
Motor

SIXe 7
SIxXe X

Motor
Holder

Stabilizing bar bolted to 82 o )
l .‘5.
T b= ' |
e : 3
\ | B
% --“?,7_.-— MM ala aua-‘
Motor Dimensions:
Issue: Don’t want the spindle to be too
far below the X axis.
G000 ¥t Bifee



Mount Concept 2

X axis
Z axis

stabilizer
e Mount spindle motor as high as possible to
Shl;li"td‘re minimize cantilever of the tool tip
o | = e If mounting stability is poor, add a stabilizer
= bolt between the stepper motors

o  Stabilizer could use existing bolt holes,
- and be fixed with nuts




D/2 thick

Motor
Diameter D

Mount Detail Top View

Bolts hole 15 mm
including nut catcher

Idler piece

Space is D/3

of clamp is D/6

Minimum Thickness

[2] half clamps hold motor in place

Clamps are attached to idler piece using [4] bolts

[4] 6 mm or %" bolts or threaded rods clamp motor
between the clam shells

To draw the motor clamp - modify the idler piece  to

[ J
build around bolt pattern
55 D=6.6mm
A 2.4 mm space
| 3 : from edges
|—/ '

10 mm over

:/ the edge
Q. oper




Additional design information

Carriage Piece

Need:
e spacing for motor

e Nut catchersize ‘

o000
OO0
OOUBY.

10.739




D3D CNC Circuit Mill

General
e 5x5milling area
e Enough z to simply lift spindle
o  Shankis1” for most tools. Tool sticks out 2"
o  Need 1.5" z travel
e 5/16" rods- just like in 3D printer
e  Use the 13” D3D frame for the CNC circuit mill
Feature Size Requirement - for current OS Power Meter
e  Current-minimum cutis 0.2mm wide
o  That's the size of cut with endmill
o  Designed for 0.1mm
e Trace design width min = 0.5mm
e Plungeis0.125 mm deep
Basic Calculations -
e 2" drive sprocket with GT2 belt
e 180 steps per revolution stepper, with 16 microstepping
e One revolutionis pi*D=3.14*12mm = ~38
e One microstep =38/180/16=0.013 mm
o  Thatis a factor of 10 higher positioning accuracy than required

1)

open source
ardware

ogen
source
eccloou



{:“H / l Supplies

A A 10 degree

Bits

10 deqree, %" shank 3‘ A }h }h A AX A}

30 dearee, %" shan f 11110 | |
0312mmDr|lls/ 111 { 1}
Endmills - 1mm i : a »
o 5" Cutout Endmill W —“—-——————

Spindle, 12000 RPM
e T-King 48V, $55

e 12V Motor

o %" to Smmcoupler qu

Power Supply
o 12V
e 48V, adjustable

Copper Boards

e Setof20 l

30 degree

; _ cpen
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https://www.amazon.com/Autek-Titanium-Carbide-Engraving-J3-1001Tix10/dp/B00HA1RC6C/ref=sr_1_1?s=hi&ie=UTF8&qid=1496981790&sr=1-1&keywords=10x+autek+10+degree
https://www.amazon.com/Autek-Titanium-Carbide-Engraving-J3-3001Tix10/dp/B00HC98K2C/ref=pd_sim_469_1?_encoding=UTF8&pd_rd_i=B00HC98K2C&pd_rd_r=RMS2AJ5C18R5ZQV0HSAV&pd_rd_w=3vvCE&pd_rd_wg=xLZ54&psc=1&refRID=RMS2AJ5C18R5ZQV0HSAV
https://www.amazon.com/gp/product/B014CXSZIO/ref=ox_sc_act_title_1?smid=A11AXKLKSIHG9K&psc=1
https://www.amazon.com/Tungsten-Carbide-Engraving-Milling-Machine/dp/B071D851L2/ref=sr_1_4?rps=1&ie=UTF8&qid=1496984343&sr=8-4&keywords=pcb+end+mill+1mm&refinements=p_85%3A2470955011
https://www.amazon.com/gp/product/B000I6I5NK/ref=ox_sc_act_title_4?smid=A3H367CBPE368U&psc=1
https://www.amazon.com/gp/product/B015HK2L90/ref=ox_sc_act_title_7?smid=A18TWJ2XIUOEX9&psc=1
https://www.amazon.com/gp/product/B00NLBFOIS/ref=ox_sc_act_title_6?smid=A15GNHST7KG47K&psc=1
https://www.servocity.com/set-screw-shaft-couplers#348=115
https://www.amazon.com/gp/product/B01MV4249T/ref=ox_sc_act_title_8?smid=AFHAE9RJVUMB&psc=1
https://www.amazon.com/gp/product/B01M3V6AQQ/ref=ox_sc_act_title_5?smid=A3DF7WSP6NOKLR&psc=1
https://www.amazon.com/Autek-Titanium-Carbide-Engraving-J3-1001Tix10/dp/B00HA1RC6C/ref=sr_1_1?s=hi&ie=UTF8&qid=1496981790&sr=1-1&keywords=10x+autek+10+degree
https://www.amazon.com/Autek-Titanium-Carbide-Engraving-J3-1001Tix10/dp/B00HA1RC6C/ref=sr_1_1?s=hi&ie=UTF8&qid=1496981790&sr=1-1&keywords=10x+autek+10+degree
https://www.amazon.com/Autek-Titanium-Carbide-Engraving-J3-3001Tix10/dp/B00HC98K2C/ref=pd_sim_469_1?_encoding=UTF8&pd_rd_i=B00HC98K2C&pd_rd_r=RMS2AJ5C18R5ZQV0HSAV&pd_rd_w=3vvCE&pd_rd_wg=xLZ54&psc=1&refRID=RMS2AJ5C18R5ZQV0HSAV
https://www.amazon.com/Autek-Titanium-Carbide-Engraving-J3-3001Tix10/dp/B00HC98K2C/ref=pd_sim_469_1?_encoding=UTF8&pd_rd_i=B00HC98K2C&pd_rd_r=RMS2AJ5C18R5ZQV0HSAV&pd_rd_w=3vvCE&pd_rd_wg=xLZ54&psc=1&refRID=RMS2AJ5C18R5ZQV0HSAV
https://www.amazon.com/Torque-Permanent-Magnet-DC-Motor/dp/B00NLBFOIS/ref=sr_1_7?ie=UTF8&qid=1496292964&sr=8-7&keywords=12000+rpm+motor
https://www.amazon.com/Torque-Permanent-Magnet-DC-Motor/dp/B00NLBFOIS/ref=sr_1_7?ie=UTF8&qid=1496292964&sr=8-7&keywords=12000+rpm+motor

Spindle Motors

e $19-12,000 RPM - S5mm shaft, 12V  “
Specs - TRS-775W

O

e Mabuchi RS-775WC-$18

%" to 5mm coupler

65 ﬁ: e
3

o TkKinadsv$ss —— I ~ o - ! =
D |
SCMM J00MM 33MM
185MM

- b $Bifce
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https://www.amazon.com/Torque-Permanent-Magnet-DC-Motor/dp/B00NLBFOIS/ref=sr_1_7?ie=UTF8&qid=1496292964&sr=8-7&keywords=12000+rpm+motor
http://www.tsinymotor.com/Products/DC_Motor/2014/0517/53.html
http://www.ebay.com/itm/New-Mabuchi-Motor-RS-775WC-8016-DC-12V-20V-18000-RPM-200W-Two-wires-CNC-spindle-/152458847716?hash=item237f4165e4:g:HNUAAOSw32lYue2K
https://www.amazon.com/gp/product/B015HK2L90/ref=ox_sc_act_title_7?smid=A18TWJ2XIUOEX9&psc=1
https://www.amazon.com/Torque-Permanent-Magnet-DC-Motor/dp/B00NLBFOIS/ref=sr_1_7?ie=UTF8&qid=1496292964&sr=8-7&keywords=12000+rpm+motor
https://www.amazon.com/Torque-Permanent-Magnet-DC-Motor/dp/B00NLBFOIS/ref=sr_1_7?ie=UTF8&qid=1496292964&sr=8-7&keywords=12000+rpm+motor
https://www.servocity.com/set-screw-shaft-couplers#348=161

Spindle

Dremel

T-King, 48V,12000 RPM

Spindle, 200W

Spindle, 5S00W -

John Stager Log from 2013 shows the open source spindle.

cpen
;ﬁ 353%:9?9


https://www.amazon.com/s/ref=nb_sb_noss_1?url=search-alias%3Dindustrial&field-keywords=dremel&rh=n%3A16310091%2Ck%3Adremel
https://www.amazon.com/T-king-Spindle-Engraver-Engraving-12000rpm/dp/B015HK2L90/ref=sr_1_3?ie=UTF8&qid=1494096714&sr=8-3&keywords=spindle+motor
https://www.amazon.com/Spindle-DC12-48V-12000rpm-Engraving-milling/dp/B01F89CZZ0/ref=pd_sbs_328_4?_encoding=UTF8&pd_rd_i=B01F89CZZ0&pd_rd_r=C55X365D7W8N0MEWP1ZM&pd_rd_w=4Tgz4&pd_rd_wg=CMpVG&psc=1&refRID=C55X365D7W8N0MEWP1ZM
https://www.amazon.com/dp/B01LNBOCDA?psc=1
http://opensourceecology.org/wiki/John_Log

Feature Size

e Worst case - using an interface circuit
e Objective: working circuit board mill

Existing Resolution - Lead Screw - on Shane’s Mill
e 0.0076 mm step size (averaged over 1 mm)
e 0.127 mm backlash - correction is implemented on top of this
o Anti-backlash nut is most of that

) — coen
ﬁﬁ' 353%999



Calendar

Shake | | Mill -
Install down Frame Attach Spindle Bed ST
OSPM : Axes- mount install
OSPM Build
Sample Runs Refining Plunge Automate
Software - debugging copper depth calibration
backlash fixing refinement process

¥+ 850

rce

opensource. @CCIOCQ



Lead Screw/Ball Screw Sourcing (Shane)

e Ball Screw + Rail $135

cpen
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https://www.amazon.com/dp/B01FBXEIIK?psc=1

Open Source Toolchain - Shane

RAMPS/Marlin

Kicad to Gerber file

Gerber to Gecode for our mill

Settings for our mill

Fixing workpieces

Calibrating height + level of workpiece
o Touch-off calibration circuit -
o Correct G-Code file

Doing a cut



Literature Search -Shane

cpen
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BOM

Sreadsheet - Spindle + lead screw
Design Lead screw drive system
RAMPS + Marlin
o 2D in Marlin for milling
o Need backlash corrector code
FlatCAM - open source. Takes Gerber File to Gcode

cpen
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Calculations

Force Requirements

~51b plunge for milling

~51b for through-holes

~51b lateral for milling

~10 lb lateral x and y for cutting
Spindle - about 2 1Ib, built in fan

cpen
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