CAMWorks — How To Create CNC G-Code for CO2 Dragsters

Creating the Left Side Smooth Finish Tool Path.

This chapter will focus on the steps for creating the left side smooth finish tool path. The objective of
this chapter is to create to an accurate and highly refined tool path for the CO2 Dragster that does not
require a lot of sanding and preparation work to get the CO2 Dragster body ready to paint. It is the
more refinement and fidelity of the tool path, the better the results of the CNC milling process.

The process for the right side smooth finish tool path is the same as the left side. As such, we will not
repeat these steps and create a chapter for the right side.

V.1.
Open the left side smooth you created earlier, named: Dragster left 001.sldprt. Rename the file to
Dragster left 001 smooth.sldprt.

V.2

—

@ |7 ||% _ﬂ;||g B Select the Stock Manager and right click and

CAMWarks NC Manager then click on Insert Mill Part Setup...
(E3] |,.Ea Zonfigurations

T Exam 5 Properties. ..
'@ BEY  Tncert Mill Part Setup..,

Edit Definition. ..

Rename
i Hide

V..
Select the face of the BEOE-TRE BEB@FE0IE@

wheel well wall. This - T Dragster Ieft 002 smogth (D,
is a flat surface and it
will orient our Mill or
Router 90 degrees to the
surface we need to mill
out.
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Associate
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Setup Direction

Your model should look
like what you see to the ' ¥ | = ]
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4
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" Click on the newly created Mill Part Setup,

¥ Shock

i Recye

| CAMworks NC Managsr
+ |% Configurations

Manager[1005]

.—E. Exarnple Mill-in

Recognize Features

Edit Definition, ..
5 Properties. .
Insert Mill Part Setup...

Insert 2.5 Axis Feature. .,
Insert Part Perimeter Feature. ..
Insert Multi Surface Feature. .,

Insert 2.5 Axis Mill Operations b

Insert Hole Machining Operations  #
Insert 3 Axis Mil Operations: 3
Sek Wiew

S8 Delete

Rename

| Suppress

G Hide

then right click, move your mouse pointer
down to Insert 3 Axis Mill Operations and then
drag over and click on Area Clearance
command.

We will use the same Area Clearance to fine mill
out this CO2 Dragster. However, the cut will be
very different than the roughing pattern.

[ Z Level
[i_Flat Area

5 Patkern Project

[& Constant Stepover
le. Pencil il
inCurve Project

[ Legacy Rough Mil
[ Legacy Finish rill

-
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V.S.

Click on the Insert Multi Surface Feature
button. This will highlight the CO2 Dragster in
blue. Remember your mill is oriented to 90
degrees based on the Mill Part Setup.

| Features | Sketch | Surfaces | Evaluate | Dimipert | Office Products | CAMWorks 20171 |———

Operalion type

|Area Clearance » |

Setup

1l

! tdill Part Setupy

Features

Part:

Insert Mulki Surface Feature
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V.6.

J@{\EW\L\E\

—

HOBPIEOA

@\D agster eft 002 smooth (D...

J ® \

Multi Surface Feature

Select mode.

JJJ JJ

[7] Select all and =

Stiategy A

E3

o

V.7.
CAMWorks created all the strategies to the
right that you see in pink. The Hole strategies

and the Mill Part Setup[8] will not be used. By not

using these will alleviate problems between
different mill part setups that would cause crashes
of the mill.

ST 2 8L B
| CAMWorks NC Manager

+ |8 cConfigurations
E Stock Manager[1005]
i, Exarnple Mill-in

= @ M|II Part SEtup?

: 1
Featured [Fine]

= @ fill Part SEtupa

0
.3? = S @]Generate Operation Plan
| ecycle Bin

Insert Multi Surface Feature, .

'8 @ @91 For the strategy select Fine from the pull down

Bmenu. Check the Select all and associate box.

s The CO2 Dragster body will turn blue.

S 07 R4 | B[
| CAMMWorks MC Manager

+ |,.Eh Canfigurations
E_ Stock Manager[ 1005]
T, Example Mill-in

= <5 Mill Part Setup?

e TMulti S

(TG

—@Ml

Part SEtupE

15 [Dorill]

T Recycle Bin

ﬁ

Select the Hole tool paths and delete as you see
to the right. Once these are in the recycle bin,
empty the Recycle Bin. This will cause confusion
later if you do not empty the recycle bin.
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V.8.

| S ENEA - 4=y Select and then right click on the Mult Surface

E| Stock Manager[ 1005]
X Example Mill-in
= %2 Mill Part Setup?
& Recyclet [El|enerate Operation Flan
FHProperties. .,

V.9.

Notice that once you selected Generate Operation
Plan, it puts in the CAMWorks Operation Tab
(see the icon). Select Mill Part Setup and right
click and select Edit Definition...

W] CAMiworks NC Manager Feature and then select Generate Operation
# & Configurations Plan

%IWIIEIJIEIEI

C.ﬂMWDrks MC Manager
[+ |.—ET:1 ConFigurations

‘:] Stock Manager[ 1005]

i. Exzample Mill-in

Edit Definition. ..

o Pattern Pri
&t Recyclz Bin fl5, Generate Toolpath

V.10.
Part Setup Paramsiars SEE) =« . On the Origin tab, select Sketch radio button,
Drlg; Axis | Offset | Indexing| Advanced | Statistics | NC Planes @] > o # 8 then Select “Off Set” SketCh from the pull down
Ouem menu. Notice the X-Y-Z Axis Triad jumps to
% ¥ & the origin sketch. The X Axis origin will need
S to be rotated 180 degrees. Go to the Axis menu
ey o o . | menu and make the changes.
) Top center
() Mid center
() Bottom center X
() Stack vertex s ol
| o S
=% ok [ cancel | [ Hep
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V.11.

Change the Angle to 180deg and notice the X
Axis has changed to the opposite direction. This
will allow the machine to mill in right direction. If
you did not set this direction, you would most
likely get an X Axis exceeds limits error.

V.12.

BES]

Part Setup Parameters

| Drigin || Avis Offset | Indexing | Advanced || Statistics | MC Planes

Rapid plane iz above Preview

| Setup Origin v/ Ti:
Distance : |.25 [ :
Clearance plane is above Preview
| Setup Origin “ T
2| 1
Distance: |1 =
v

Part Setup Parameters

E]\E\@ Mirror
3.0

Origin | A5 | Dffset | Indesing | Advanced | Statistics | NC Flanes

# Awiz machining direction

@ fngle

180deg

) Aukomatic to stock ]

() Edge

Tool asis
X
Yo
z: 0

ok | [ cancel | Heb

Change your Setup Origin Distance to .25 and

_|the Clearance plane is above Setup Origin to .1.

i 0K |[ Cancel ]I Help
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V3.

Sr7R |8 (@]

1 caMworks MC Manager

EX |% Configurations
Ej Stock Manager[ 1005]
X, Example Mill-in

= @ Mill Part Setup? [Group?]
P ke Pr (TS0 -
& Recycls Bin

Edit Definition. .,

Select the Pattern Project and then right click, select Edit Definition... Notice the tool T50 — 0.5
Ball Nose, CAMWorks has tried to select for this milling strategy.
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V.14.
Operation Parameters
Rest Posting Statistics
Toal F/S Pattern Finizh _ MC Linkz Entry/Retract Advanced
Mill Toal | kil Holder | Tool Crib
Turret :
Tools
O Usagel 5tn. Ilcr.| Tool Type | (1] | Comme
21 Flat End 709 3 4 FLUTE HSS EM
‘ Select 22 Flat End 711 |34 4 FLUTE CRE EM
23 Flat End |717 1" 4 FLUTE HSS EM
24 |Flat End 719 1" 4 FLUTE CRE EM
25 Flat End |71 |2" 3 FL INDEX&BLE CL
26 Flat End :?43 E" 6 FL INDEXABLE CL
27 Cernter Drill 4 #2600 DEG CENTERDR
il 25 | Center Dril 5 |#3 60 DEG CENTERDR
1/4 2 FLUTE BALL CRH
30 |Ball Mase 781|318 4 FLUTE BALL CRE
31 Ball Mose |78 1/2 2 FLUTE BALL CRi
Add... 22 [Hoe hlose SRT ME D FIITE FRA Hr
4 >
Holders
5tn. Ho.| Holder Type | Holder S|}ec| Top Dia| Bottom Dia| Ove)
1 Flange Adapter |CAT 30 3.875in 17350 3in
select 2 Flange Adapter CATS0Y  3.875n 1.75in 3in
3 |Flange Adapter | CAT 50 3.875in [1.75in 3in
4 |Flange Adapter | CAT 50 3.875in [1.75in 3in
5 |Flange Adapter | CAT S0 3.875in [1.75in 3in
B |Flange Adapter | CAT S0 3.875in [1.75in 3in
7 |Flange Adapter | CAT S0 3.875in [1.75in 3in
From library 8 |Flange Adapter |CAT S0 3.875in [1.75in 3in
9 |Flange Adapter | CAT S0 3.875in [1.75in 3in
@ 10 |Flange Adapter | CAT 50% 38750 |1.75in sin
A4 Clmmmes 0 adlmedme 0T S0 D OTE e 4 TSim e
£ >
=h._!| I_ Ok ] I Cancel I [ Previgw | [ Help ]

Select the Tool Crib, and scroll down and select Tool 29 and the press the Select button.
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V.15.
Operation Parameters
thst _ Posting _Statistics
Toal F/S [ Pattern _ Finizh I MC I Linkz I Entry/Retract I Advanced |

Mil Tool | pill Holder | Tool Ciib

T ool number : | Presiew

Tool uzage :

Tooltype: BalNose v
Sub-type : Rough & Finish -
Cut diameter (D7) | 0 25
Shank dia (021 |0 25in

4 4

Erd radiuz (R]: | =]
Flute length [L2] : |0 £25in
Shaoulder lenagth [L4] : [1.25in

43 43 43

Dwverall length [L1] 2 |35

Ma. of flutes : [2

Tool matenal : Carbide Hand oficut

[ Cutting parameters... ] %) Right ) Left
TechDB ID . 772

Output through ;| Tip v
Combination [D

Comment: 11./4 2 FLUTE BALL CRB EM

=h_J [ ak. ]I Cancel I[ Presiew ][ Help I

Make sure your settings match the above. From the roughing tool path, CAMWorks, maintained the
previous tool settings for Tool 29, that was changed.
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V.16.
Operation Parameters
Rest ) Posting Shatistics
Toaol F/S Pattern Finizh [ MC I Links | Entry/Retract I Advanced |

Spindle
SFM : ER4. 498 |2 Spindle direction :
Spindle speed : '1 DDDD.DDDrme
[] Lock spindle speed
Feedrates
Feed per i 0.003in #
' feedrate ; Qindmin . =
Leadin feedrate : 24|:IDEI|na"m|n & [
Leadaut fesdrate - | %100 i
Conditions
Stock material : 'I DDE Machine duty : :.i_'i.g.ht'Dut_l,l

E I oK ll Cancel ]l Preview ]’ Help ]

Set Spindle Speed to 10000. You will notice it changes the XY-Feedrate to 63.50in/min. Leave that
setting. This is sufficient for this operation. Change the Leadin feedrate to 24.000in/min. This will
speed up the milling time.
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V.16.
Operation Parameters
Rest { Paosting _ ] Statistics
| Too | RS Pattem Finish | NC | Links | Entp/Retract | Advanced |
Fattern type ' stepover
Patter : | Slice W MEthDdiiF.'ercent g3
/ Cut amount ; i

1. .'

Maw. scallop :

Steporver % 15“4‘

Fattern options
Cut angle : E_E!EI “ 2‘
Crozs machining : | Mone . v_'_
M iminiunn radius ;|
h awimurn radivg ;|
Start angle : [

End angle : ;

4F

E wtenzian : ilEIin

[] Tangent extension

[ Reverze stepover
[] Stapdown

E [ 0F. l[ Cancel ][ Prewview ]l Help ]

1. Set the Pattern is set to Slice. 2. Set the Cut Angle is 90 degrees. 2. Set the XY stepover method
to Percent. 3. Set the Stepover % to 15%. The stepover % is small, however the finish on the CO2
Dragster will be very smooth with any tool deflection or very little cut marks. This will minimize the
amount sanding required for the CO2 Dragster.
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V.17.
ENCE  Lurves -~
heratign Daramete E & Ly Instant3D
Rest Pasting 1 Statistics ] =
| Toal I F5 I Pattern | Finish i HNC [ Lirks [ Entl_',J.-"HBllaCl I .&dvanced [ A g ) R ]
s DIPPGEo A ymMEB-F
Surface finish Depth parameters

¥ Allowance : |Oin Cut amaunt | 500in I
Z Allowance gﬁin
(— Ayial offsetting
Awnid allowance : | 0.025in

4

Murnber of cuts : |1

4 4 43 43

Mach. deviation : DDD4|n . T -
= Auial offzet : | 0.04in

Facet deviation : | -
[[] Use global facet deviation Lk
Firzt cut fram : Tc:p of Stcu:k
Direction control Offzet. : | 0.063in ‘,

() Zigzag Last cut at - | User Defined

O Zig Zend: i J

3 D il -
O Up mil ey slope 4

[] Reverse direction

tin angle : |
Max angle : |

Contact areas only

[ oK l[ Cancel ][ Preview ][ Help J

1. The first cut will be from the top of the stock. 2. The Offset is 1/16” above the surface of the
part. 3. Last cut at: User Defined. This allows the user to determine how low on the Z-Axis cut the
user needs to go. 4. & 5. As you can see the Z Axis depth of cut is going 1/10” past the triad. This
creates a smooth transition from one side of the CO2 Dragster to the other side. This alleviates a lot of
unnecessary sanding. 6. The start of the tool path is to high and needs to be lowered significantly.
This will be lowered in the NC tab. 7. The ending of the tool path does not go back to the start
point and is very high. This will be fixed on the NC tab.

These are issues you will become aware of as you use CAMWorks more and more on different types of
parts.
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V.18.
Operation Parameters
SRR 51 il il e
Toodl | F/S | Pattern | Fimish | MNC | Links | Enty/Fetract | Advanced |
Fapid plane iz Start hint
[Setup Orign 48 v | [[] Use start hirt
Distance : :_25 . _i s A l._'._—l
[JUse setup definition ' I ]
Auto zafe £ plane

Haome pozition

[¢] Start at hom
me
2low [N
vifpn ]2
z:Jon | @

E [ OF l[ Cancel ][ Preview ]’_ Help ]

Set your NC tab to the above settings. These will lower the traverse lines that will cause exceed Z-
Limit errors.
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V.19.

Operation Parameters

] Rest I ~ Posting | Statistics ]
Tool | F/S | Patten | Finish | NC | Links Enty/Retract | Advanced |
Yertical leadindout Fietract
Leadin radius :

Method : 'Sk‘im v“

Leadout radiuz :

Blend over radiug 1
Leadin length: | 025 Blend down radius | |
Leadout length : '.025 Feed clearance :

Skim clearance ; E.I:I.Ein

Famping ,
Method : i!:_‘_a_"f'l?_ |

Ramp from : Offzet

4

Harizontal leadindout
Leadin radius :

Leadout radiuz :

Leadout angle : | Odeg

;?I {}. 4

Z offzet ; U'II:T, 5

bax ramp angle : 3|:I_ 2,
Spiral radius ; ) ]

Rarnp rain. diarneter ; >

E [ 0k H Cancel H Prewview ][ Help ]

Set your Entry/Retract settings as you see above. Then select the Preview button to reprocess the
tool file.
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V.20.

00N “|||||| Wﬁﬂﬂ]ﬂ mmp"

The changes in the NC and Entry/Retract tabs have lowered the height of the rapid or traversing
lines and returned home the cutter after the last cut.

Note the tool path cuts all the way down the front of the CO2 Dragster and will need to use the
contain sketch we created in the Feature Manager.

Note the lower arrow pointing at an area on top of the car that needs to be addressed. This will be
addressed in the advanced tab.

V.21.

Features | Sketch | Surfaces | Evaluate | Dimj

llT

CF\MWDrks HC Manager

# |G Configurations
a Stock Manager[ 1005]
X Example Mill-in

= @ Mill Part Setup? [Group?]
=+ @
&l Recycle Bir

Edit Cefinition. ..

[l5; Generate Toolpath
g Simulate Toolpath...
= Step Thru Toolpath. ..
[gaPost Process. ..

Sirmulation Colar, ..
FHProperties...

Insert Contain Area,..

Exit from the Operation Parameters menu and click on the Pattern Projection and right click
and then click on Insert Contain Area...
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V.22.

Curve Wizard : Select Geometry

— P
-]

Select mode
(%) Default ) window sslection () Adiacent faces

Use -l Part Sky Selection filker ; |Dpen chain v

Entities zelected :

Sketchld

Sketchl2 Cantain
Sketchid
Sketchl
Offzet Shape
Uin | % [JReverse () Bounding box
(&) Silhoutte
) Multiple
[]5harp comers

Tool Condition : | Upto w
[ Help ] I_ Cancel ] Back

Select the contain sketch and it will take the sketch we defined in the Feature Manager and
highlight in pink as you see above. Select Finish.

V.23.

CAMWorks 2011 Warning

' Cperation parameters have changed, toolpaths need to be recalculated.
[ Regenerate toolpaths now?

[ es ] [ Mo

Select Yes and the tool paths will be recalculated.
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V.24,

Here you can see the newly processed tool path and how the contain sketch keeps the tool path
from milling the front of the CO2 Dragster.

Additionally, on the top of the CO2 Dragster you will notice how the tool path covers the whole
top side, eliminating the void area as identified as problem areas in section V.20.

Make sure you save your file.

The next step will be to simulate the tool path to see how the tool path should work.
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V.25.

SR EE |
CarMWorks NC Manager

£ |,.Ea Zonfigurations
a Stock Manager[ 1005]
X, Example Mill-in

= 3{32 Mill Part Setup? [Group?]
(E= o8 P abbern Proje
& Recycle Bin

Edit Definition...

fls, Generate Toolpath
g Simulate Toolpath,.,

Select the Pattern Project and right click and then select Simulate Toolpath...

V.26.

Toolpath Simulation

ECCETE
w/olv|a-|o| 6l ola2

~ ) 8dd.e
|37

Here you see the results of the simulation, the area behind the front axle is not of concern because
of the close tolerance of the tool path. This milling operation will work for our purposes.

V.27.

a CAMWorks NC Manager

I+ |E@ Carfigurations
E| Stock Manager[1005]
iﬁ, Exarnple Mil-in

=] \ék Mill Part Setup? [Group?]

£ o s
@ Recycle Bn Edit Definition, ..

[l5, Generate Toolpath
£ Simulate Toolpath,.,
= Step Thru Toolpath...

Click on the Pattern Project, and then Right Click and the click on Post Process...
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V.28.

Post Qutput File

Save in; |.:} test sequence ‘:| 3 ? » "

" r'i’l Dragster bottom 001 smoath
I -fa

ty Recent
Documents

Desktop

o)

by Documents

d

-
ty Computer
‘;} File narme: |Drag$ter left 002 smoath by | [ Save ]
-
MyMNetwork  Saveastype | TestFile [ ) v | Concel |
Test File [*.tut]) -

CHC Code [*.chc)
CHC Code [*.nec)

GZero File [*t

Select the Save as type: pull down and select NC Code [*.nc] for the file type the Techno CNC
and the Denford CNC mills and CNC routers will use.
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V.29.
Post Process Output El@
Dizplay
m [rr| o] ] op
- [] Centedine
= ) MEC code

MC code output:
k1060 = 0321 v 684 F24. -
W1060Y.6839 Z- 0652 FE3.5
M1070.6804 £-.0035
M1090 v 6654 2. 085
M1100%.65052.1379
M1110Y.6355 2.1736
W17120 . 5007 £. 2335 3
M1140%Y 547 7 3325
M1160 7. 5106 2. 37

W

Cantraller : ::Z:Kai;t-lman On H_l,l MachDocuments\CAMwark s\CAMW

Bytes: |

Parameter Value A
Machine Mame TECHMOISEL
Contraller Type | TECHMOIZEL
Z Hame |20,00000"

T e oy e AEEEEn

[ 0K I [ Cancel ] [ Help ]

Select the center play button to write out the tool path G-Code. Notice the tool path already
processing and writing the .nc file we just setup.
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V.30.
Post Process Output
Dizplay
[oo] |
: [] Centerline
MC cod
NI:_ code output: _ _ [FINE cods
[ PROGRAM NUMBER=0001 | ”~
[ MACHIME=TECHMOISEL ]
[CONTROLLER=TECHNOISEL ]
[MATERIAL= |
[ THICKMESS=1.] \

[ESTIMATED MACHIME TIME=0HRS. 13 MIN. 28 5EC. |
[STATION TOOL TYPE DIAMETER CORMER RaDIUS DESCRI

[ 023 BalLLMOSE 00250 00125 1/4 2 FLUTE BAL
b

Cantraller : Z-4plattrmarn On by MachDocuments\Cabiwork s\Cakdw

Bytes: 242952

Parameter Value M
Machine MName TECHMOISEL
Contraller Type TECHMOISEL
Z Home 20.00000"

e S e nials sl

[ kK ] [ lCanceI I I Help ]

Here you see the tool file has completed writing to the .nc file we created. This file tells us it will
estimated machine time is 13 MIN. 28 SEC. Remember you have machine speed over ride control and
can speed this up even more.

The highlighted blue line tells you what tool you are using and in this case it is tool 29. Notice it
describes the tool, flute and radius cut.

Additionally, note the Machine Name is TECHNOISEL. Always review the completed tool
process information as shown above.

Click OK.

Next save the .nc file to your thumb drive or memory stick and load the file on the CNC Mill or
CNC Router computer. If you have a network folder for that computer, then drop the .nc file into
a folder on that computer. Test your file.

The next chapter will show you how to use CAMWorks to precision mill out the axle holes. This will

significantly aid in problems with cant and camber and toe-in and toe-out for your axles and wheels.
This will help us to create a CO2 Dragster with balanced wheels, axles and bearings.
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