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http://www.motionlab.berlin

HELLO!

In this workshop you will learn how to use the Routermax 1325
CNC milling machine at MotionLab.Berlin. This machine allows
you to prototype 2D-3D parts through subtracting material by
planing and milling parts of it. By the end of the session, you will
have milled a series of parts from MDF that can be assembled.

This handout compiles the most relevant information about CNC
milling, as well as some practical instructions on how to use the
CNC mill at MotionLab.Berlin. We encourage you to always come
back to this material in case you have any questions regarding the
use of the technology and the machinery.

YOUR
LEARNING
OUTCOME

During this workshop you will learn how to:
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e Create a CNC-G-Code with Estlcam, and transfer it to the CNC
machine

e Use the control software MACH 3
Operate the Routermax 1325 CNC machine safely
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We introduce ourselves

What previous professional experience do you have?
What expectations do you have of this workshop?
Do any of you already have a concrete project?

Should the CNC milling machine be your "main tool" or be part of
your manufacturing strategy?



MACHINERY
& EQUIPMENT
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Winter CNC Vacuum pump
Routermax - Basic 1325
Deluxe

Workspace:
2500 x 1250 mm

You can use the machines by booking them HERE @



https://members.motionlab.berlin/bookings#/9cc8fb9aa608530497f20946e1d083ea/my-bookings/2022-07-21?activeTab=upcoming-bookings

3-axis CNC machine, 2,5 milling
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X, Y Achsen
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X-Box Controller / Key settings

Configuration
Left Shoulder

Right Shoulder

Triggers increase Jog Mode Inc/Cont
Jog speed when
jogging with
Thumbsticks

Left stick - Side To Side Axis

| Select X axis j

Reverse Direction

| Left stick - Up and Down Axis
| Select ¥ axis LI

Custom Macro =1

0

;

Custom Macro =2

0

;

Back Btn Start Btn
IAutoTool Hight (Z-Axis)v | [ Cyde Start |

Custom OEM Code #1

ID I Disable Diagonal Axis Movement vendorID
Custom OEM Code =2 I™ Enable Triggers As Safety Switch 4
I 0
ProductID

oK ’T

, Cycle Jog Step

Right stick - Side To Side Axis

| None |

™ Reverse Direction

Right stick - Up and Down Axis ‘

| Select Z axis lJ

Reverse Direction

—Controller
FOR.

oo




The journey is the reward.

(O
E CAD CAM CNC control software
:,' Software postprocessing MACH3, and/ or
E ,Translator* others
%) | | |
G
o Frasstrategie festlegen >
(@) « Inventor Ubergabe an den
8 « Solid works Postprozessor.
| | . 1
N Rhlho
g « Fusion360 l
« AutoCAD
- Etc. Mach3 (Arc) mill " Braine
« Mach3 ATC (Arc)
mill
« Estl CAM
« WinPc CNC
« USB - CNC
« Eding CNC
e Linux - CNC

« Many more...

,Muscles”
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Gcode — a machine language

1. (Project square-100x100)

2. (Created by Estlcam version 8 build
8,507)

3. (Machining time about 00:00:20 hours)
4. (Required tools:)

5. (Fraeser 5mm)

6.G90

7.M03 S20000

8. GO0 z5.0000

9. (No. 1: Ausschnitt 1)

10. GO0 X27.4935 Y-122.4535

11. GO0 Z0.5000

12.G01 Z-1.0000 F900 S20000

13. GO1 X27.4943 Y-27.4935 F1500
14. G011 X122.4543 Y-27.4943

15. GO1 X122.4535Y-122.4543

16. G011 X27.4935Y-122.4535

17. GO0 Z5.0000

18. GO0 X0.0000 Y0.0000

Gcode
G90

F900

S20000

GO0

GO1

Z5.0000

Explanation

Use absolute
coordinates

Speed: 900

Spindle RPM:
20000

Rapid Motion

Cutting Motion

Move Z to 5 mm

height

Erklarung

Benutze
absolute

Koordinaten

Vorschub: 900

Spindel U/min =
20.000

Eilgang
Arbeitsgang

Fahre Z auf
5Smm Hoéhe
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Cutter (Router Bit) - Design - Geometry

Type

« End Mill

« V-bit

- Ball Nose

» Trapeze cutter
(dovetail)

e T-slot milling cutter
Cutting geometry
« Up cut

e Down cut

« Combination up/
down cut

Rechteck V-Nut

Rund Trapez T-Nut

Milling directions:
Counter-face milling
(outer contour)

Synchronized milling
(inner contour)

Gegenlauffrasen

Gleichlauffrasen
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"Plunge" of the milling cutter

plunge or "plunge in”

« only possible up to cutting
edge height (hs)

Schneiden

- hs

10
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"Plunge" of the milling cutter

Ramp |
I"(l” !
1B &
!
!
|
-n—Dc——
re———————
Helix o S
e Spiral-plunge S | ' : —_
\ B \

11
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The Z- zero point - alighment

Z- Zero point on workpiece surface:

Depth of a "pocket", blind hole in relation to
the workpiece surface

Z- zero point on the machine bed:

“Milling out" the contour of a geometry

12



Tool library Fusion360

Tool change M6

Assign "unique"

number

CNC-MPI-Nesting v6 / l 9 - @3.175mm L31.35mm (Flachfraser-22mm lang)

Allgemein | Werkzeug

Nummer

Langenversatz

Revolver
Kommentar

Manueller Werkzeugwechsel
Angetriebenes Werkzeug

Bruchkontrolle

Schaft | Halter

Schnittdaten

Postprozessor

F Wenkzeugbibliothek o X m Shaft Holder Feed & Speed Post Processor
Filte: Info
= = = o Beschreibung .
(O] hhEEH f ot aser Semm ang Type Cutting Edge
Z 0 Name w 2utieterer Diameter
A . Flat end mill w9 6 mm
H ~ Dokumente ¥ CNC-MPI-Nesting v6 Produkt-10
r— » B o-c30smm LsL3smm (Flach.. 30Smm 2mm smm fiat end mill .
1  CNC-MPL-Nesting v6 i ( S Matariak Shaft diameter
Swind » f 12-cimmisomm (schaftfras.. 0 mm 4mm 2mm 60 mm flat end mill aterial: P
" mm
A v Cloug e KEhka Durchmesser HSS E
| | _ B 12~ 0umm Lsomm (schafifras. amm 2mm 60mm flat end mill i " :
KF-Alle ¥ - 22mm usmm (2.0mm,scha 2mm 10 mm 37 mm flat end mill Schafidurchinesser Through Tool Coolant:
. 3175 mm No B Lengths
. 7- 8mm L30mm (8 mm Flach. O mm smm 8mm ssmm flat end mill
KF-Gravieren i ( 9, 3 Gesamtiange Flute length
Uibrary 1 13- 02mmLs0mm (iss sotre. 2mm 2mm @mm drill wSmm Unit:
o « Fusion 360-Bibliothek B - 24mm Leomm (4 mm Flach 4mm 30 mm 55 mm flat end mill Lage wle stne Millimeters 20 mm
n <
vstanded taaks mam LeOmm (Schaftfrase.. smm 2mm 58 mm flat end mill
z Holders - Standard Taper Blank I Schaltertange . ) . Shoulder Iength
sSample Holders (Inch) B 10- oinm 3umm (Fachfraser. 0 mm “mm 2mm % mm flat end mill 25mm Clockwise spindle rotation P
' ' Sample Holders | 2-oesmmussmm@Esmmsc. omm 25mm 2mm “mm fiat end mitl . mm
Semple Probes (Isch) B - 223mm L2mm (xegelfras. 23mm smm 30 mm fat end mill | Number of flutes
P | 2 Body length
I 1 Sample Probes ] mm L8Omm (Schaftfrase.. 0 mm 6mm 70mm 100 mm flat end mill ¥
o Sample Profile Tools (Inch) [} 23.075mm L31.35mm (Flach 308 mm 2mm Smm flat end mill 35 mm
Sample Profie Tools (Metric) '} mm L70mm (4 mm Flach_. 0 mm Lmm 50 mm 80 mm flat end mil Overall length
Sample Tooks - Inch B 1 ouomicomm (6 mmschaf. o mm 4mm ssmm 70mm flat end mill Info
iption: 50 mm
m Sample Tools - Metric Description:
o Taps - ANSI ¢ Bit 6 mm
Taps - 1SO Schnittdaten
=i Turning - Sample Toot Vendor:
urning - Sample Tools ey
Tutorial - Inch
Tutorial - Metric
ot Product ID:
m SchiieSen

fx
fx

13
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...a little arithmetic is necessary

(O] Schnittgesch Duchmesser Friser

< e windigkeit |[@1 mm [¢ 2 mm i¢ 3 mm f¢ 4 mm E¢ 5 mm §¢ 6 mm [¢ 8 mm §¢ 10 mm §¢ 12 mm
i Materialien X

:ll Lovy/ionéi] Zahnvorschub (fz) in mm/Zahn/ Umdrehung

— Vc

z Alu- Druckguss 200 0,01 0,01 0,01 0,015 0,015 0,025 0,03 0,038 0,05
O Knetiegierung, 500 0,01 0,02 0,025 0,05 0,05 0,05 0,064 0,08 0,1
2 Aluminium

(& Weichkunststoff 600 0,025 0,03 0,035 0,045 0,065 0,09 0,1 0,2 0,3
LL Hartkunststoff 550 0,015 0,02 0,025 0,05 0,06 0,08 0,089 0,1 0,15
o Holz hart 450 0,02 0,025 0,03 0,035 0,045 0,055 0,065 0,08 0,09
(7)) Holz 500 0,025 0,03 0,035 0,04 0,05 0,06 0,07 0,085 0,1
2 MDF 450 0,03 0,04 0,045 0,05 0,06 0,07 0,08 0,09 0,11
2 ;’:2;52'23' Kipter, 365 0,015 0,02 0,025 0,025 0,03 0,05 0,056 0,065 0,08
m Stahl 90 0,01 0,01 0,012 0,025 0,03 0,038 0,045 0,05 0,08

n - Speed of the milling cutter [1/min]
Vc - Cutting speed [m/min]

Vf - Feed speed [mm/min]

d - Diameter of the milling cutter [mm]
z - Number of teeth (number of cutting
edges)

Fz - Tooth feed mm/ tooth/ revolution
n = (Vc * 1000)/ (Pi * d) [1/min]

Vc =(n * Pi *d)/ 1000 [m/min]
Vf=n*z*fz[mm/min]

Immersion depths

e Aluminum: 0,1- 0,5*d

e Wood: 1- 1,5*d

e Polyoxymethylene: 0,5- 1*d
* Rigid foam 2- 5*d

14




The cutting data calculator

O
z (
- o haye & 4
— :
=
Q
3 Free Download :
L www.sorotec.de °
o Kot it Lo dl Schacdon 2 https://webseite.sorotec.de/service/downl
8 Alu Knetlegierung (Blech) . - 3 0-mm 2 - oads/
[ | ’ egge
(7] Schnittdatenanpassung optional Mllllng parameters
g max. Drehzahl n (U/min) Vorschub / Zahn Fz (mm) Schnittges. Vc (m/min) ° ,,SChnittdatenl‘eChner zur Installation auf
24000 0,02754 500 dem Pc*
1 a ]
10% 100% 50% 100% 150% 50% 100% 150%

Drehzahl n optimal ~ Vorschub Vf optimal ~ Schnittges. Ve eff.

0 U/min 0 mm/min 0 m/min
Ergebnisse
Drehzahl (n) Vorschub Vf (X,Y) Vorschub (X)Y)
] uimin (pm) ) mm/min ] omsec
max. Zustell. (Nut) Eintauchen (2) Eintauchen (Z)

I I ovmin Y mmisec

Berechnen

© Hubert Schmucker 2017 Keine Gewahr fur korrekte Schnittdaten




O
P4
|
-l
w—l
i
=
Q
p
&)
L
o
Wwn
S
]
wn
<
(a1

The dangers of feed speed

Cause

Consequence

How to fix

Feed rate too high

»Singing noise”, to fine chips

Reduce feed rate

Feed too large

Cutter rattles, vibrations, material melts

Reduce feed

Speed too low

Noise

Increase speed

Milling Cutter blunt

Unclean Results

Use sharp, high quality milling cutters

Cutting edge too short

Shaft grinding, smoke development, odor

Use end mills or mills with longer cutting edge

Cutting edge too long

Cutter bends, vibrations

Use shorter milling cutter with sufficient diameter

Cutting edge too hot

Smoke development, milling cutter turns black

Use shorter milling cutter with sufficient diameter

Resin deposition

Cutter turns black

Cleaning the milling cutter

Union nut not sufficiently tightened,
collet not fitting

Cutter releases and drills into the workpiece

use exactly fitting collet chuck and tighten union nut
with the wrench

Groove plugged with chips

Chips in the groove

Use milling cutter with large flute / suck out flute
during milling, whirling

Cutter glued with melted chips

Grinding chips on the milling cutter

Use milling cutter with large flute, more feed, less
infeed

Material gets into vibration

Noise emission

Tighten guides sufficiently, set connections, clamp
properly, use vacuum table

16
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Workpiece clamping

We always use a "sacrificial plate”!

e Further clamping variants for the
workpiece

Vacuum

Holding claws

Screws (Spax)

Individually designed holding
elements

The sacrificial plate serves as a
"protective layer" between the
workpiece and the machine bed.

If minor inaccuracies occur, not the
vacuum bed of the machine but only
the sacrificial plate is damaged.

17
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MATERIALS

Which materials can be milled and which not?

DO

copper)

o Hard/ soft woods

P MDF (Attention: fine dust can be
carcinogenic use suction

® Plywood, multiplex
® Plastic (POM, acrylic)

@ Rigid foam , polystyrene

NE metals (aluminium , brass, bronze, ®

DO NOT

Steel

Stone

18
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Mach3 control software - start screen

C\ANGCode\Kugel

tap Mach3 w-30.set
[7] Kuhi Nebel | 7] Kuhimittel | MutiPass [EEEEEHEEIN +0.000 ‘tnaus | (ViSGEHONRGAN O ZEUEESNET

+0.000
+0.000
+0 838
+0.000
+0 000

Ref..Fahrt F8
Set Parkpos. .

Goto Parkpos.
Parkpos. loschen

~N

Om>»
-

Goto Ursprung

Goto Home

Masch. Koord. .

POl
irnmte Hunog

Hot Kays 41 0 Jog EinAus 1 ', ' Jog Modus | WEY Y _Jogo 500% _Jogsl Regen| Nachfuhren |l _Anzeige | F10 — 100% Fi1sl Reset |

G.Codnl HCoduJ Emergency  External EStop Requested Verwendetes Profil Smooth-Stepper

HMWJ I.tm:han_J Hauptmenu CIrI’J G.Code osz MDI CIIIJJ Nullpunkte Cu“‘J Einstellungen Ciris WW.Einstellungen Culé Diagnose J Service

19
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Mach3 control software - working screen

C\AT\GCodeKugeltap Mach3 w-30.set
MultiPass +O BRI +0.000 [ KumiNevel | Bl Kuhiminel |
edit | Schliesen | Zuruck | History | Neu | '
simulation | Fraszeit 0:00:00:00

D %
1 (FILENAME: Kugel tap)
G21

Zeile 0 3 (STOCK/BLOCK, 40.000, 40 000, 40.000, -C
(TOOLMILL 2 0000,0,40.0000,0 0)
B cVModus 5 M6 T1
Soft Limfts GOOXD 0000YD 000020 1000
— e 7 G00Z0.1000 &
I 530 Go1 e
3 | 00:15
D , 4 '3 tI‘. :"‘

+0.000 +39.900
Y +0.000 +39 900
Z -20.000 +0.300

.+0,0 Grad

[ Seiparpos. |
Parkpos oschen | | 20/ X ] +0.000 1 o0 M| [[MVERKZEUGTIWERKSTUCK ‘ -
stfYR  +0.000"7 o0 ma] | T Q| tummer G oo EENOIOE P

Slow Jag Rate

Jog Ein/Aus IT:“,' Jog Modus | U9

50.0% ol RagonomuLJ Nachfuhuuj Anuigo]

0
_oln 0% = Scale Werkstuck 1 (G54) I Einh /Rev 1 S-ov 0
.E'_'.IZJ +0.838 4 UOEO Null D +3.000 Werkstuck 2 (G55) | FRO 100?) gg S

: wiA]  +0.0000 Puanf|? #0.000| “wenscamad | : 0

] 8 S o wwochs, | ww.cal || — Werlstuekd (G57) | F 1000.00 i_] 100 % :‘

RESET , E—I I +0.000..- gl"ﬂ : J _ Werkstuck 5 (G58) _| noj g100% th Rt =

"7 Normie | E_JCI +0.000: B _ﬂ,, ZKomekt. EinAus | werkstuck 6 (659). Resot_| _ Spindel CW.F5.4 T

Hot Keys ” | Alle Achsen auf Null steflen || G-Code Eingabe: | |
GJC“.LJ !-Codu_] Initalization Macro Called on reset Verwendetes Profil Smooth-Stepper

Histary _] Loschen J Hauptmenu C\rﬂJ G.Code Cui2 J MDI Cui‘l Nullpunkte Culd J Einstellungen Ciris 4‘] WW.Einstellungen Culé 4‘1 Diagnose _J Somﬂ

20



Work safety and behavior in
WoodLab
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Industrial safety Clean up

e Hearing protection e Remove our legacies (swarf) and empty

e Safety goggles the collection containers

e Face mask - Fine dust (MDF) e Return tools and materials to their original

e Gloves - special case!!! location

e head protection - longhaired "hoggers” e Switch off power to machine (milling

e Tight fitting clothing machine), shut down PC

e Sturdy shoes e "All around" visual inspection

e Light off

e Locking the entrance door

21
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Checklist for working with the CNC

Preparations:

Book milling machine
Boot up PC
Switch on the switch cabinet
(green control light)
Mach3 software:
o Press reset button
o Axes X,Y,Z Move limit
switch free
o Homing of all axes : F8 key
o Load Gcode menu item
File)
Clamp milling cutter (Collet,
union nut, insert into spindle)
Position and clamp the
sacrificial plate and raw material
Working coordinates (X,Y,Z
define zero points)
Move "suction shoe" on/ into
position
Switch on the extraction system
Start milling program (Gcode)

Rules of conduct:

Never leave the machine
unattended during the
milling process!

Always keep milling paths
free of chips!

Keep checking the
workpiece clamping
regularly

Postprocessing:

Wait until the spindle "stops".
Clamping the milling cutter
Free movement of workpiece
Clamping of workpiece and
sacrificial plate

Switch off switch cabinet
Shut down pc

Cleaning the machine
Dispose of material residues
Clean up workshop, sweep
Empty chip container (suction
system, vacuum cleaner)
Visual inspection

Lock the workshop

22



ALMOST THERE!

NOW, PARTICIPATE FROM
THE LIVE WORKSHOP AND START
WORKING ON YOUR PROJECTS!

DID YOU LIKE HE CONTENT OF THIS WORKSHOP
AND YOU ARE STILL NOT A MEMBER?

Join our ecosystem and make your ideas come to life!
Reach out to our colleague

Or sign up for our to learn about the upcoming
workshops and events.

Note:

This is a living document, which

may experience changes as our

labs evolve.

If any of the links don’t work,

["I?BT'ON please report it to

BERLIN
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