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WHAT IS CAM?

« CAM = computer aided manufacturing

* When we use the term “CAM” a part we are creating tool paths
that the CNC router uses to cut out our designed part

e CNC = computer numerical control

« CAM software create g-code that the CNC read

« G-Code is essentially a series of X,Y & Z coordinates that tell the router
bit where to travel to at each point in the cutting process



FUSION 360 LICENSES

e Autodesk Fusion 360 is a CAD and CAM software

 |tis very user friendly and has useful features such as automatic
tabs to hold the piece down on final cutting passes

* Need to verify student status at Choate with Autodesk to get a
license

 https://www.autodesk.com/education/edu-
software/overview?sorting=featured&filters=individual



https://www.autodesk.com/education/edu-software/overview?sorting=featured&filters=individual
https://www.autodesk.com/education/edu-software/overview?sorting=featured&filters=individual

EXPORTING CAD FROM ONSHAPE

* Right click on part
in Onshape and
select “Export”

Export as a .STEP
file




EXPORTING CAD FROM ONSHAPE

 |If you are cutting multiple
pieces in one operation, you
will need to create a flat sheet
assembly in Onshape of all
your parts (mate all to same
place) and layout in most
material efficient manner

* Export entire assembly and
individual parts, import all of
these into Fusion 360

* See example of a CAM layout
assembly to the right




IMPORT INTO FUSION 360

] Autodesk Fusion 360 (Education License)
* Open Fusion 360 s I
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CUTTING PLATES ON THE OMIO

This section will discuss how to cut plates of different materials on
the Omio using Fusion 360 and Mach3.




CREATE A NEW SETUP

 Navigate to “Manufacture” tab

 Select “Setup” 2> “New Setup” o o

Data People
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CREATE A NEW SETUP

 OPTIONAL: Select

Recent

i Autodesk Generic 3 y e
i R A o TUP : SETUP1
11 u Document ['l;, r This machine has YXZ axis on the Head Additive ® S
Post: machine ation.cps >
Au tOd esS k eneric o- " My machines agh > o menemdatonee: & Cutting A
Local ™ Milling ¥ Machine

v [
HP .
) - Turning Machine Select... Edit X
» Fusion 360 library
n ction This machine has YXZ axis on the I...

e X,Y,Zon head as that is o
how our router works ——

* You can proceed without
this setting - it can be ’ e [hea]
clunky to work with as it & =t

loads a full machine file % -
CAD -




CREATE A NEW SETUP

— 32 O B % P ©® 2 W ® Q 2 MonNovs 1022AM
& Deanna Clark v O X | Zoe_Mari Plate v1
* Need toselect X & Y axes Y 658 S505E 6% & £29cHE NERE & o
on part - Select x &y ‘ =
axes
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 |If your part doesn’t have
straight lines need to use
stock geometry as your
axes

« May need to flip X,Y& Z
axes to get right
orientation




CREATE A NEW SETUP

elect “model box
point” to place origin

Place origin in bottom

left corner, topmost dot

in Z direction
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CREATE A NEW SETUP

* Sometimes your part e | (25 T , S .
doesn’t have a great X axis ... . 7 Tommmowmoemioee g e S
or Y axis to use or the B e > ==
orientation you need to : S S S N
create isn’t possible using ” s o
X&Y oo -

6 z
bl

 |n this situation use either:

e Select 2 X-axis & Z-axis
e Select Y-axis & Z-axis

« Use part thickness line for * h

h 3
Z-axis
MMEN v A {WY"@r@-gr&e C-9 A 1 Edge | Length : 3.175 mm



CREATE A 2D BORE OPERATION

Select 2D - Bore

@ Fusion360 File Edit View Window Help

Deanna Clark v &0 X B «-
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MANUFACTURE + .8
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Spindle Speed 5000 rpm
Surface Speed 157.08 m/mi -
2
Ramp Spindle Speed 5000 rpm
Cutting Feedrate | 1000 mm/mi 3
Feed perTooth  0.0666667 m -
Lead-In Feedrate 1000 mm/mi -

Lead-Out Feedrate | 1000 mm/mi &
Ramp Feedrate 333.333 mm, o

Plunge Feedrate 333333 mm) §

Feed per Revolution | 0.0666667 m &
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CREATE A 2D BORE OPERATION

[ JoN Select Tool

Filters  Info )

e Select cutter from 3 S owesion e |

X . Vendor
n ™ Name ~ Corner radius Diameter Flute length Overall length  Type "
F 360 Tool Lib
usion ool Library e
Joe. Mari Plate vi B 2y ane ratenamiy 0in 0.0625in 0.1875in 15in Flat end mill Diameter  |0.18751n
oe_Mari Plate v i ) ) ) i ) Shaft 01875 in
. ‘ ©1/8" (1/8" Flat Endmill) 0in 0.125in 05in 15in Flat end mill diameter
Setup2 -
® S e I e Ct a p p ro p r I a te Local 236 @6 Flat Enmit) 0in 01875 in 0.625in 2in Flat end mill Overall length 2in
ocal
) B ove we ratendmin 0in 025in 0.75in 25in Flat end mill t'f’l‘g'“ below (0.725in
- - Library older |
. N i @5/16" (5/16" Flat Endmill) 0in 0.3125in 0.875in 25in Flat end mill Shoulder 0.625in
material (plastics o
©3/8" (3/8"F i i 1375 .87 5 Fl i
Holders - Standard Taper i 3/8" (3/8" Flat Endmill) 0in 0.375in 0.875in 25in at end mill Flute length  0.625 in
I u f " u h . Sample Holders ‘ ©1/2" (1/2" Flat Endmill) 0in 0.5in 1in 3in Flat end mill Coolant no
I
a u m I n u m I n IS I n g ‘ ©5/8" (5/8" Flat Endmill) 0in 0.625in 125in 35in Flat end mill support
Sample Holders (Inch) Type flat end mill
Samole Prob n ©@3/4" (3/4" Flat Endmill) 0in 0.75in 15in 4in Flat end mill Unit inches |
ample Probes
i @1" (1" Flat Endmill) Oin lin 15in 4in Flat end mill Clarkwice true \

* Speeds and feeds

Sample Profile Tools (Inch ]
Sample Profile Tools (Meti

automatically populated

Sample Tools - Metric
for you | Tops - v =
L]
Taps - ISO -—

Turning - Sample Tools

. How fast the cutter spins on

Cutting Lead-in Lead-out

jal - i Cutting dat: Spindls d  Surf, d Feed tooth Coolant
different operations m——— U e e e
Plastics - Slotting 11999 rpm 589.00524 ft/.. 75.288 in/min 0.00209 in 75.294 in/min 75.294 in/min Flood
Plastics - Roughing 11999 rpm 589.00524 ft/.. 75.288 in/min 0.00209 in 75.294 in/min 75.294 in/min Flood
Plastics - Finishing 11999 rpm 589.00524 ft/.. 93.853in/min  0.00261in 93.86 in/min 93.86 in/min Flood
Lo 1in
Stainless Steel - Slotting 4074 rpm 200 ft/min 7.994 in/min 0.00065 in 7.994 in/min 7.994 in/min Flood

EXl e



CREATE A 2D BORE OPERATION

elevator tube top v2 / g 1- @4mm (4mm Flat Endmill)

i MOdify tOOI if needed to General  Cutter Shaft | Holder | Cutting data Post processor
match your specs ol =

Unit Millimeters v

i Ensu re Iength below Clockwise spindle rotation |
holder, shoulder length ; :

Material Unspecified v

and flute length match _
your tOOI Geometry B |

Diameter 4 mm

e Change number of flutes “
to match your bit

Length below holder 11 mm

. Fewer flute bits are better for
the router

Shoulder length 11 mm

Flute length 11 mm



CREATE A 2D BORE OPERATION

Select hole geometry on second
tab

On third tab of contour operation,
change bottom face to
“Selection” and select bottom
face of part

Set the tool to go -1mm beyond
bottom face - this will ensure
part gets cut completely if spoil
board is not totally flat

Set pitch to 0.381mm

Set direction to “conventional”

@ BORE: BORE1

9 3 0 H =

V¥ Passes

Tolerance 0.01 mm

Use Ramp Angle O

Pitch 0.381mm

Compensation Type
Multiple Passes
Finishing Passes
Repeat Passes

Direction

C] Stock to Leave

In computer~
O
W)
O

Conventio...v

OK Cancel
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2 3 0 HE =

¥ Clearance Height

a (5 ball path panel - Part 1v2

v Bottom Height

From Retract height v

Offset 10 mm

¥ Retract Height

From Stock top v
Offset 5 mm

¥ Top Height

From Hole top

Offset 0mm



CREATE A 2D CONTOUR

OPERATION

<« BROWSER e

e Select 2D contour from 2D 40

@ Units: mm

© 2D CONTOUR : 2D CONTOUR1

o | 4 |
¥ O O HE = |
m e n u D Named Views |
¥ Geomet ry
D (5 Models
A [  Ssetups Contour Mode Selected co...v

B Autodesk Generic 3-axis

« Select top edge of part, will R N
highlight blue RO

i Add tabs - these WiII Tab Height 1.19062 mm
prevent piece from flying i —
off router after final cut

* Using same tool ‘B N

Tangential Extensi 0mm

Separate Tangenti

_J Stock Contours
v @ Tabs
- P = = Tab Shape Rectangular v
> - -
= i Tab Width 4.7625mm -

() Rest Machining

«  Not enough holes to retain e re—
entire part with screws

e Space tabs out along
perimeter of part

(i ) OK



CREATE A 2D CONTOUR

OPERATION

 On third tab of contour
operation, change bottom
face to “Selection” and
select bottom face of part

 Set the tool to go-1mm
beyond bottom face - this
will ensure part gets cut
completely if spoil board is
not totally flat




CREATE A 2D CONTOUR

OPERATION

e Go to fourth tab T —

2 O B G O 3 W 2 Q 2 MnNovs 10:37AM
Autodesk Fusion 360 (Education License] )

o
waworacrone - [, (€] %‘Q, BeoMest &2 & D 00
. New Folder | serup - 0+ - oRuwwer MULTI-AXIS MODIFY +
* Enable “Multiple Depths” R
e_Mari_Plate) = ‘

*  “Roughing stepdown” is & I
how much material the

ma_chinge takes off in the .
Z-direction on each pass

Polycarbonate

1mm 1mm
Aluminum 0.25mm- O.4rnm depending 0.5mm e
on complexity of the part




CREATE A 2D POCKET OPERATION

Pockets can be used when
cutting lightening
geometry into parts, such
as triangles or holes

Pockets can go all the way
through or partially through
the material, depending on
how you set your faces

Use same stepdown
settings under Multiple
Depths as 2D contours

Use 3mm stepover

MANUFACTURE v
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D Named Views
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COMMENTS Ii

MILLING TURNING

ADDITIVE INSPECTION FABRICATION

PE e B0 &0 W

SETUP ¥ 2D

DRILLING ¥ MULTI-AXIS ¥

G W Q-0 B & e O

UTILITIES

D 0

MODIFY ¥

2QTARE B¢

@ 2D POCKET : 2D POCKET1

*****

AEIENEIE L
¥ Geometn Yy ELECT
Contour Mode Selected poc... v

Pocket Selections X

Extension Method Tangent v

([ stock Contours

(@ Rest Machining

(@ Wrap Toolpath

(@ Tool Orientation



CREATE A 2D POCKET - ALL THE

WAY THROUGH

 On third tab of contour operation, « vt oo

& Big Intake Gusset v2

change bottom face to “Selection” BN

¥ Clearance Height

and select bottom face of part . B f o . i
 Set the tool to go -1mm beyond oo / o
bottom face - this will ensure part " s |

gets cut completely if spoil board 7//
is not totally flat



CREATE A 2D POCKET -

PARTIALLY THROUGH

<« BROWSER

« On third tab of contour operation, " ... : oo mal
change bottom face to “Selection” - =
and select bottom face of part
 Set the tool to go Omm beyond
bottom face - this should leave
the desired material in the pocket




CUTTING TUBES ON THE OMIO

This section will discuss how to cut metal tubes on the Omio using
Fusion 360 and Mach3. You will need a tube jig for this.




CREATE A NEW SETUP

* Navigate to “Manufacture” tab
 Select “Setup” 2 “New Setup”

 Will need a new setup for each face you are machining on



CREATE A NEW SETUP

* OPTIONAL: Select = ] | e @
“AUtOd eSk G e n e ri C 3- : ;Zz:wm ri&r ﬁzOﬁiﬁ?T{:{f;;;ﬁf;’{”’d 4 Additive f SETUP : SETUP1
axis” as machine o s oo

* X,Y,Zon head as that is ..
how our router works

* You can proceed without .
this setting - it can be »
clunky to work with as it
loads a full machine file

CAD -
>




CREATE A NEW SETUP

<« BROWSER el

(5 elevator tube top v2

Q Units: mm

* Needtoselect X&Y 4

D (5 Models
a ‘:":‘ NC Programs

axes on part > Select B e

[£] NCProgram2

X &Y axes O

|7, , Setups

D =) [T1] Borel

* Ensure your X & Y match
the tube jig setup you
have




CREATE A NEW SETUP

corner of the tube, with
Z-axis going up

« Select “model box "
point” to place origin
* Place origin at one /



CREATE A 2D BORE OPERATION

[ JoN Select Tool

Filters  Info )

e Select cutter from 3 S owesion e |

X . Vendor
n ™ Name ~ Corner radius Diameter Flute length Overall length  Type "
F 360 Tool Lib
usion ool Library e
Joe. Mari Plate vi B 2y ane ratenamiy 0in 0.0625in 0.1875in 15in Flat end mill Diameter  |0.18751n
oe_Mari Plate v i ) ) ) i ) Shaft 01875 in
. ‘ ©1/8" (1/8" Flat Endmill) 0in 0.125in 05in 15in Flat end mill diameter
Setup2 -
® S e I e Ct a p p ro p r I a te Local 236 @6 Flat Enmit) 0in 01875 in 0.625in 2in Flat end mill Overall length 2in
ocal
) B ove we ratendmin 0in 025in 0.75in 25in Flat end mill t'f’l‘g'“ below (0.725in
- - Library older |
. N i @5/16" (5/16" Flat Endmill) 0in 0.3125in 0.875in 25in Flat end mill Shoulder 0.625in
material (plastics o
©3/8" (3/8"F i i 1375 .87 5 Fl i
Holders - Standard Taper i 3/8" (3/8" Flat Endmill) 0in 0.375in 0.875in 25in at end mill Flute length  0.625 in
I u f " u h . Sample Holders ‘ ©1/2" (1/2" Flat Endmill) 0in 0.5in 1in 3in Flat end mill Coolant no
I
a u m I n u m I n IS I n g ‘ ©5/8" (5/8" Flat Endmill) 0in 0.625in 125in 35in Flat end mill support
Sample Holders (Inch) Type flat end mill
Samole Prob n ©@3/4" (3/4" Flat Endmill) 0in 0.75in 15in 4in Flat end mill Unit inches |
ample Probes
i @1" (1" Flat Endmill) Oin lin 15in 4in Flat end mill Clarkwice true \

* Speeds and feeds

Sample Profile Tools (Inch ]
Sample Profile Tools (Meti

automatically populated

Sample Tools - Metric
for you | Tops - v =
L]
Taps - ISO -—

Turning - Sample Tools

. How fast the cutter spins on

Cutting Lead-in Lead-out

jal - i Cutting dat: Spindls d  Surf, d Feed tooth Coolant
different operations m——— U e e e
Plastics - Slotting 11999 rpm 589.00524 ft/.. 75.288 in/min 0.00209 in 75.294 in/min 75.294 in/min Flood
Plastics - Roughing 11999 rpm 589.00524 ft/.. 75.288 in/min 0.00209 in 75.294 in/min 75.294 in/min Flood
Plastics - Finishing 11999 rpm 589.00524 ft/.. 93.853in/min  0.00261in 93.86 in/min 93.86 in/min Flood
Lo 1in
Stainless Steel - Slotting 4074 rpm 200 ft/min 7.994 in/min 0.00065 in 7.994 in/min 7.994 in/min Flood

EXl e



CREATE A 2D BORE OPERATION

elevator tube top v2 / g 1- @4mm (4mm Flat Endmill)

i MOdify tOOI if needed to General  Cutter Shaft | Holder | Cutting data Post processor
match your specs ol =

Unit Millimeters v

i Ensu re Iength below Clockwise spindle rotation |
holder, shoulder length ; :

Material Unspecified v

and flute length match _
your tOOI Geometry B |

Diameter 4 mm

e Change number of flutes “
to match your bit

Length below holder 11 mm

. Fewer flute bits are better for
the router

Shoulder length 11 mm

Flute length 11 mm



CREATE A 2D BORE OPERATION

*  On third tab of contour © BORE:BOREL o sore  sorer
operation, change bottom face v 00 BE = e
to “Selection” and select v Passes
bottom face of part Tolerance 0.0t mm

Use Ramp Angle O I

° Set the tool to go -Imm pitch 0.381mm > From Stock top
beyond bottom face - this will Compensation Type  In computer~
ensure part gets cut Multiple Passes (D
completely through the tube e

. Set pitch to 0.381mm e 2 e [

« Set direction to “conventional” @ Stock to Leave .

o oK Cance

(i ] OK Cancel



CREATE A 2D CONTOUR

OPERATION

« Select 2D contour from o
2D menu S

« Select appropriate tool
and adjust settings as
nheeded

 Select desired
contours, may need to
select partial contour if
making cutouts in tube




CREATE A 2D CONTOUR

OPERATION

 On third tab of contour T
operation, change bottom ififti‘;‘iil;
face to “Selection” and 71
select bottom face of part "2« Fe

« Set the tool to go -1mm
beyond bottom face - this
will ensure part gets cut
completely through tube




CREATE A 2D CONTOUR

OPERATION

* Navigate to “Passes” Tab

* Enable “Multiple Depths”

*  “Roughing stepdown” is
how much material the
machine takes off in the
Z-direction on each pass

. 4mill 1 flue flute
1/8” 1 flute flat endmill stepdown endmill stepdown
1mm imm

Polycarbonate

v Multiple Depths
Maximum Roughin... 0.5 mm

Finishing Stepdowns 0O

Finishing Stepdown 0.2 mm
Wall Taper Angle (... 0 deg

0.25mm- 0.4mm depending on Approach Mode Along wall —~

Aluminum complexity of the part

0.5mm
Finish Only at Fina... (J

Rough Final



USING THE 6MM ENDMILL

e The 6mm endmill that comes with the Omio
can be very useful in cutting through large
amounts of material quickly.

* The following slides go over using an 1/8”
endmill and a 6mm endmill to cut a ¥4”
aluminum plate.

* There are more settings to change with the 6mm
endmill in feeds and speeds.

 Ear protection is also recommended when using ) Prs
this tool as it is very loud when cutting aluminum. = ﬁ '



Named Views
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CREATE A 2D BORE OPERATION

Select Tool

e Select 2D - Bore

All Name A Corner radius  Diameter Flute length Overall length  Type fu ibrary
Documents
v Milling Tools (Inch)
” [ BaseBrace Left vl
[ Se I e Ct :I /8 fI at e n d m I I I g ©0.02517" R0.015" 10° (Tapere..  0.015in 0.02517 in 0.283in 15in Tapered mill
Setup2 g ©0.02749" RO.015" 5° (Tapered.. 0.015in 0.02749 in 0.557 in 15in Tapered mill
. Local
_J @0.05" R0O.03" (1/8" x 0.030" R... 0.03in 0.05in 0.03in 15in Radius mill
from Fusion 360 Tool -

4 @1/16" (1/16" Ball Endmill) 0.0625 in 0.1875in 15in Ball end mill

Library
u % @1/16" (1/16" Flat Endmill) 0.0625 in 0.1875in 15in Flat end mill
I r a r Fusion 360 Library ¥
4 @1/16" RO.015" (1/16" Bullnose ... 0.015in 0.0625 in 0.1875in 15in Bull nose end...

Cutting Teoss (ch) _J ©1/8" R0.062" (1/4" x 0.062" R... 0.062 in 0.125in 0.062 in 15in Radius mill
° L] FAII0g: 1005 (MeSre) J ©1/8" R1/8" (3/8" x 0.125" Radi.. 0.125in 0.125in 0.125in 15in Radius mill
S e I e ct a I u m I n u m HelGesESiandardapertis ¥ @1/8" (1/8" Ball Endmill) 0.125 in 0.5in 15in Ball end mill
f' u h u f tt = d t cHEmCoshy ﬂ ©1/8" (1/8" Flat Endmill) 0.125in 0.5in 15in Flat end mill ‘¢
I n I S I n g 0 r c u I n g a a Hoders Gt ‘4 @1/8" R0O.015" (1/8" Bullnose E..  0.015in 0.125in 0.5in 15in Bull nose end... Ll 1/40n
HER MR U] ,J ©0.126" RO.187" (1/2" x 0.187" 0.187 in 0.126 in 0.187in 15in Radius mill
. Hole Making Tools (Metric) Description Zi}“l:‘:ﬁl
* Edit tool to have correct
Milling Tools (Metric) Cutting data Spindle speed  Surface speed cutting Feed per tooth LXLAL) Leadout Coolant Product id

feedrate feedrate feedrate

number of flutes (1
Default preset 5000 rpm 163.62462 ft/. 39.37 in/min 0.00262 in 39.37 in/min 39.37 in/min Flood

Turning Tools (Inch) Diameter 0.125in
Aluminum - Slotting 11999 rpm 392.67016 ft/.. 50.192 in/min 0.00139 in 50.196 in/min 50.196 in/min Flood Shaft diameter 0.125 in

Turning Tools (Metric)
u e r e C o I l l I l I e n e o r Aluminum - Roughing 11999 rpm 392.67016 ft/.. 50.192 in/min 0.00139 in 50.196 in/min 50.196 in/min Flood Overall length 1.5in

Tutorial Tools (Inch)

Aluminum - Finishing 11999 rpm 392.67016 ft/.. 63.422 in/min 0.00176 in 63.427 in/min 63.427 in/min Flood Length below 0.6in
Tutorial Tools (Metric) holder
r o u e r Brass - Slotting 11999 rpm 392.67016 ft/.. 40.098 in/min  0.00111in 40.101 in/min 40.101 in/min Flood Shoulder length 0.5in
Brass - Roughing 11999 rpm 392.67016 ft/.. 40.098 in/min  0.00111in 40.101 in/min 40.101 in/min Flood Flute length 0.5in
Brass - Finishing 11999 rpm 392.67016 ft/. 50.682 in/min 0.00141 in 50.686 in/min 50.686 in/min Flood Coolant support no
fbrer Copper - Slottina 6875 rom 225 ft/min 22.976 in/min 0.00111 in 22.978 in/min 22.978 in/min Flood Type flat end mill

m Cancel

- ——>



CREATE A 2D BORE OPERATION

Select hole geometry on second
tab

On third tab of contour operation,
change bottom face to “Selection”
and select bottom face of part

Set the tool to go -1mm beyond
bottom face - this will ensure part
gets cut completely if spoil board
is not totally flat

Set pitch to 0.381mm

Set direction to “conventional”

ccccccccccc

Tool Orientation

=}

7

¥ Passes
Toleranc

Use Ramp Angle

Pitch

Compensation Type

Multiple Passes
Finishing Passes
Repeat Passes

Direction

(L) Stock to Leave

i

In computer v

Conventional~



SETUP 6MM ENDMILL

Select 6mm endmill from Fusion 360
library
Make a copy of the tool to your library
Click the pencil icon to edit the tool
settings
Under “Cutting Data” update the
following values:

 Spindle Speed: 16,000 rpm

e Cutting Feedrate: 550 mm/min

* Plunge Feedrate: 127 mm/min

BaseBrace Left vl a ! mm (6mm Flat Er

Default preset
Aluminum - Slotting
Aluminum - Roughing
Aluminum - Finishing
Brass - Slotting

Brass - Roughing

Brass
Copper
Copper

Copper

Finishing
Slotting
Roughing

Finishing

Low Carbon Steel

Low Carbon Steel

Slotting

Roughing

Low Carbon Steel - Finishing
High Carbon Steel - Slotting
High Carbon Steel - Roughing
High Carbon Steel - Finishing
Plastics - Slotting

Plastics - Roughing

Plastics - Finishing

Stainless Steel - Slotting
Stainless Steel - Roughing
Stainless Steel - Finishing
Titanium - Slotting

Titanium - Roughing

Titanium - Finishing

Surface speed

Ramp spindle speed

Feedrates

Cutting feedrate
Feed per tooth
Lead-in feedrate
Lead-out feedrate

Ramp feedrate

Vertical feedrates

Plunge feedrate

Feed per revolution

Passes and linking

Use stepdown
Stepdown
Use stepover

Stepover

Coolant

Select Tool

2.5mm

ist

fx
fX

fX
fx
fX

fx

BB e



SETUP 6MM ENDMILL

* Under “Cutting Data” update the

following values:
e Stepdown: 2.5mm
e Stepover: 2.5 mm

Default preset
Aluminum - Slotting
Aluminum - Roughing
Aluminum - Finishing
Brass - Slotting
Brass - Roughing
Brass - Finishing
Copper - Slotting
Copper - Roughing
Copper - Finishing

Low Carbon Steel - Slotting

Low Carbon Steel - Roughing
Low Carbon Steel - Finishing
High Carbon Steel - Slotting

High Carbon Steel -

High Carbon Steel -

Roughing

Finishing

Plastics - Slotting
Plastics - Roughing
Plastics - Finishing
Stainless Steel - Slotting
Stainless Steel - Roughing
Stainless Steel - Finishing
Titanium - Slotting
Titanium - Roughing

Titanium - Finishing

n

lat Endmill)

Surface speed

Ramp spindle speed

Feedrates

Cutting feedrate
Feed per tooth
Lead-in feedrate
Lead-out feedrate

Ramp feedrate

Vertical feedrates

Plunge feedrate

Feed per revolution

Passes and linking

Use stepdown
Stepdown
Use stepover

Stepover

Coolant

Select Tool

01.59289 m/min

16000 rpm

7 mm

2.5 mm

fx
fX

fx
f)(

fx

L Smm

[ Accept [EEINOTYI



CREATE A 2D POCKET OPERATION

* On second tab, select pocket ;
geometry
* On third tab of contour operation, el
change bottom face to “ o @
“Selection” and select bottom T G ——
face of part
e Set the tool to go -1mm
beyond bottom face
 On fourth tab, ensure the

Y
e

Allow Stepover Cu:

Smoothing Deviati... 0

v [@ Multiple Depths

and the
. Uncheck “Stock to Leave”



CREATE A 2D CONTOUR

OPERATION

«  Select 2D Contour -

 Select 6mm endmill and check e | B B BED HD B RN AEHE WED = W
that feed and speed settings are o e DT ST 0] Roughing Passes
the same as the pocket * AT v @ Wultiple Depths

Maximum Roughin...| 2.5 mm

«  On second tab select contour o b
geometry ‘
. On third tab of contour operation, :
change bottom face to “Selection”
and select bottom face of part | | | |
e Set the tool to go -1mm
beyond bottom face
. On fourth tab check multiple
depths
. Maximum roughing stepdown:
2.5mm

Finishing Stepdowns 0

Rough Final

| Use Even Stepdowns

O 0 8 O

| Order by Depth

N

Order by Islands

Use Thin Wall

(L) Stock to Leave

] b v A Q"E@-@ @8 C-9 L i 2D Contour2 | Machining time: 0:03:19 Smoothing

() Feed Optimization

(i)



Models

a © [, Sewps . ¢ ),
o

//Illl‘l‘l'l‘ll —’ a
5&‘! —

re2 -
20 8 (12180 .

4

® [T1]) 2D Contour2 '

COMMENTS e°vE 7 K WSS -8 U "9 "8 §F P 2 Oneratione | Machinina time: 0:05:2 8



SIMULATE OPERATIONS

Select both toolpaths,
right click 2 simulate

Press play and
sure tool path
simulated as
expected

make

IS

IWSER
(& cAM Root

g Units: mm

Named Views

(5 Models

NC Programs

i NCProgram1

[-j Setups

4 0 EEC <gmma

B Autodesk Gi

eneric 3-axis s

>« CHEIDTE Qs

b
|

<

AMENTS

Compare and Edit

[ create NC Program
> Generate #®GC

@ Simulate
[:] Post Process
Setup Sheet

Clear Toolpath
'\E Machining Time

Show v

[ suppress
[ protect
[ optional
Add to New Folder
[ Add to New Pattern

Duplicate %D
Cut
Copy

X Delete ®

Associate Named View

[S) store as Template

<« BROWSER el
4 [ caMRoot
B nitst mm
D Named Views
D (B Models

NC Programs

b [ Neprogrami
4B seups
4B ®
[ Autodesk Generic 3-axis

> CHETZN

D < (1120 Contourt

COMMENTS ol

K o] K[]®» 0N

R Rl odd - =11

o siMu

© Display | @ Info | G Statistics
v @ Tool

Tool Holder -
Transparent @

Programmec

v @ Toolpath

Show links 2

®

Show leads

Show cutting... @

®

Show points @

Mode All toolpath -

v @ stock

Colorization  Comparison -
Accuracy A —
Transparent

Stop on colli

Stock to Lea... 0.00 mm

Tolerance 0.20 mm

v View

Close



POST PROCESS CODE

* Post processing the code enables it s
& Deanna Clark v S0 X|# B 8 &« @ Zoe_Mari Plate v1* + O © 4 @ oc
to be run on the CNC Router = = ) 50 600 BERSE AP © 290 CHE WERD = W
&> cous ot - 2D HE DRILLING ™ MULTI-AXIS ™ MODIFY ~ ACTIONS ~ MANAGE™ e | e
 Can export g-code files as \*: EEEEEEEEEEEE - | sEm
W = ; AA = :,S\W

individual files or combine into one

* Depends on the part and how you
are retaining it 2 if you use screws
you will need to pause before 2D
contour passes to install screws

* Right click toolpaths and select
post-process




POST PROCESS CODE

NC Program: NCProgram2

Settings | Operations

Machine and post Post properties
Use machine configuration [ v Group 0
[ ) S e I e Ct & C E N T R O I D ” as p ost Machine This machine has YXZ axis on the ~ Write machine M
Post CENTROID / centroid v Write tool list 4
ty p e fo r O m i 0 Use cascading post ~ Group1l
Program Preload tool =
Name/number 1001

Sequence number increment 5

° Need to give a numerical file comment Start sequence number 10

-, 1dclark / ion 360 CAM/nc G
Output Folder ers/dclark/Fusion 360 CAM/nc — Use sequence numbers =

hame - no letters

NC Extension
Optional stop V|

Unit Document unit v . .
Safe Retracts G28 v

Open NC file in editor

« Select post and save file to a

Radius arcs

flash drive to open on the CNC o
computer

<

Post oK Cancel



LOAD FILES INTO MA

File Config FunctionCfg's View Wizards Operator Plugin Control Help

 Program Run (Alt) | MDI(A:2) | Tool Path (Alt4) | Offsets (Alt5)| Settings (AIt6) | Diagnostics (Alt7) |Mill->G15 G80 G17 G40 G20 G90 G34 G54 G49 GI9 G64 GI7

Scale

+0.0000. [*+ oo lIEE
+0,0000 [ %%eq

+0,0000 % eq
| ?2’°_ | +0.0000. 2]

_Load Wizards | LastWizard || "Regen: e
Toolpath Mode Follow

Zcro

=]

* Load your g-code into
Mach3 on CNC desktop
computer

\l"]_<

* An image of your tool
NS Wizards | SR

path should appear in cocoe | _Rounscun| | [iooUinformation | [ FeedRaten | [spindiesped

ycleStarth | o —— ey il
Recent File J Single BLKAILN | [l 0 Chance OvwrRidden FRO% SRO %
th e SOftwa re Close GCode | _ReverseRun_|m | TOOI o m— __Spmdlecwrs
m

File:|No File Loaded.

Load G-Code i FRO

FeedHog | —LoadGCode | | Dia. +0.0000

<Spo> . _BlocknDelete | H w0 @ f o -+
_SetNextLine | ™\ o0ionaisiop [ M +0.0000 FRO

“Swp ]  Line 0 ioocuir M| _AwoTooiZero | 6.00 RPM

S _Fun Fron o [CVMode || Remember| Retum | Feedrate STV 0

m . |l Elapsed 00:00 200 -
Emergency Mode Ac 2ol fite o J UnitsMin 0,00 Spindle Speed
_GCodes | MCodes| +0000 | "= funtsRev __ 0.00 0

| =

History | Clear ‘Status; ReConfiguration Estop. Profile:|Kickstarter CNC |




PREPARE CNC ROUTER FOR

PLATE

* To begin prepping the machine for cutting, we Simbie '
need to make sure it has a proper 0,0,0 point to 5)]_Setings (At6) |_Dagnostcs (Alt7) [Mil->G15 G80 G17 G40
run the g-code from

* Begin by selecting “REF ALL HOME” in Mach 3

* The router will go to its machine O points in X, Y
and Z directions

+0.0000
* Using remote jogger, move spindle to the ‘ .mo ” @ o
desired 0,0 (X,Y) location. Once there select

"ZERO X” and “ZERO Y” v | Load Wizards | Last Wizard |
NS wizards | SRS

* Note machine O is different from the O position
you set for the piece!




PREPARE CNC ROUTER FOR

PLATE

* Move router bit over where you will be

cutting to prepare to zero Z | Tool Infonna::::

 Connect touch pad alligator clip to side of T90| 0 -
spindle and place pad directly underneath the | Dia. #0.0000
bit; hold in place. H +0.0000

* Have a second person press "auto tool zero” in Auto Tool Zero_|
Mach3; bit will move down until circuit is Remember | Return |
completed by the metal bit touching the plate | Eiased  00:00

« Machine will automatically set Z-zero for you, | Jog ONOFF Ctrl-AltJ J
ensure Z-offset for touch pad is accurate in
Mach 3 or this operation will not work =




PREPARE CNC ROUTER FOR

PLATE

Ensure correct tool is in router, and
dust collection system running (follow
toolpaths with vacuum by hand if no
chip clearing is present on your
machine

Chip loading with aluminum can
compromise quality of your parts and
break or wear out bits quickly

Once you are zeroed and the machine
is ready to safely run, start your
program by pressing “cycle start”!

File:|No File Loaded.

Edit G-Code | Rewind CtrlW_|
ycle Start . :
Recent File | Single BLK Alt-N N.
Close G-Code | Reverse Run ||
Feed Hold Load G-Code |
<po> _Block Delete |
Set Next Lme '

11 Optional Stop.|

Line ~ Flood Ctrl-F |
_ Run From Here |CV Mode |

=
_ OnlOff |

Emergency Mode Ac Z inhibit

G-Codes | M-.Codes |  +0.000

Histoz | Clear lSﬁtUS'J ReConfiguration Estop.




PREPARE CNC ROUTER FOR TUBE

e To begin prepping the machine for cutting, we ol Help
need to make sure it has a proper 0,0,0 point 5)| Sottings (Al6) | Disgnostics (A7) | Mill>G15 G80 G17 G40
to run the g-code from

« FRC7407 has written special code to make
zeroing tubes in Mach 3 a breeze! Please see
next slides for instructions on importing the
code.

* Begin by selecting “REF ALL HOME” in Mach 3

. The router will go to its machine 0 points in X, Y
and Z directions

«  Note machine 0 is different from the O position OFFLINE |§’§;§ |T°G° ’l ‘Coord': Limits
you set for the piece!

Load Wizards \ I.asthjgg_r_q_‘l

_NFS Wizards | SR




PREPARE CNC ROUTER FOR TUBE

Using alligator clips, clip one end to the =~ T e — ,
touch pad and the other end onto the Sase mioek st [ e, ;
tube. Take the touch pad alligator clip and «="" """ | £

secure it to the side of the spindle : e =Hh ——_ —
4 \ S = +0.0000
Move the bit to the side of the y-axis where Fiease Seloct Edge Finder Location

you want your y-zero to be. Navigate to < @
Offsets tab in Mach 3 and select “XYZ” e

The bit should move towards the Y-axis until “iEE» > > "
the circuit is completed when it touches the T »

metal. This will automatically set y-zero for
you.

. @ | CECRRTETes J I
- ]

I Edge Finder Dia. |
J +4.0000

Repeat the same procedure for x

MAKE SURE YOUR EDGE FINDER DIAMETER
MATCHES YOUR BIT DIAMETER!

{Edge Finder Dia_

+3.1700




PREPARE CNC ROUTER FOR TUBE

* Move router bit over where you will be
cutting to prepare to zero Z

e Connect touch pad alligator clip to side of

spindle and place pad directly underneath
the bit; hold in place.

e Have a second person press "auto tool
zero” in Mach3; bit will move down until
circuit is completed by the metal bit
touching the plate

* Machine will automatically set Z-zero for
you, ensure Z-offset for touch pad is
accurate in Mach 3 or this operation will
not work




PREPARE CNC ROUTER FOR TUBE

* Ensure correct tool is in router,

and dust collection system running File:|NoFile Loaded
(follow toolpaths with vacuum by S ——

" . " . 1nG. | win W
hand if no chlp clearing is present ReconFlegl | SeeBLXAKNA/
on your machine Close GCode | ReverseRun |l

. . . . d G-Code |
*  Chip loading with aluminum can e o = T
compromise quality of your parts and s Set"exttme |t Optional stop |
break or wear out bits quickly - Line " Flood Culf |
_Run From Here -m [CV Mode
* Once you are zeroed and the '_‘el
machine is ready to safely run, Emergency Mode Ac 2 oot
start your program by pressing G-Codes | M-Codes | +0.000

1] ” '
cycle Sta rt - Histoz | Clear lSﬁtUS'J ReConfiguration Estop.




MACH3 TUBE ZEROING CODE

Google Drive Folder with Zeroing Scripts

To load these scripts,
navigate to Operator
dropdown menu and
select “Edit Button
Script”

Upload appropriate
script for each axis into
the following:

X&Y zeroing buttons on
offsets tab

Auto too zero button on
program run tab

x Operator Plugln Control Help

\C Licensed To: OMIOCNC 5120
| Function Cfg's View Wizards 'Operator | Plugln Control Help

mBun ARG MDAk Lok

Unlock

ool Path (Altd) if _Ofisets (Als)
: Settings (if & - 5

Auto-Calculator
Control OffLine

Maintenance Hours

~ +371.5500
-191.5219 |
-79.0656 %

UDE oo e

Edit Button Script

Restore Seftings
Brain Control..

s
Brain Editor.. I +0.0000

Check Config ..,

—— S

Edge Finder Dia '
\ s {

GCode Var Monitor +3.1700

ifindicating
ACircle

TR 2veoy —
L NOFF ciany s M og L Tables
i B ——

Profilc.: [ Ik Offse

5 [—————

a =
ToTne: IViachanii

e



https://drive.google.com/drive/folders/1cusxGRv1uAc5Jk5r-QDLdzNvm_SYOeVr?usp=sharing

THINGS TO LOOK OUT FOR

« Make sure your tool path doesn’t hit any screw heads - bit will likely break

* Make sure your parts are secured to the router via screws in the spoil board, inside
the tube jig or clamped down in a secure fashion

 If you try to cut too much material at once or use too fast or too slow speeds based
on material, you may damage the bit or your part

|t takes lots of practice to make good g-code, so don’t worry if you make mistake --
> that is how we learn!

 Always wear safety glasses and watch cuts as they happen = be ready to
emergency stop if something goes wrong

« Always CNC with a buddy!



QUESTIONS OR COMMENTS?

Please feel free to email robotics@choate.edu with any questions
you have!



mailto:robotics@choate.edu

