using the Denford CNC for composites
Loraine Clarke — Fab Academy

Using the Denford CNC for Composites

Working out tool bit sizes and ensuring the machine can cut the

required model.

Because the material depth | would like to cut is 50mm | need to check what tool piece can do this
and if it can clear the material and cut deep enough. To test this out we us the ‘VR Milling V5’
(shown below) to jog the tool piece to where it should go, with the material thickness and depth cut
taken into account.

7L VR Milling V5

Clearance is a problem so we moved the holder of the drill up further to make sure the tool would
clear the material and it can cut down to 50mm. Tool wouldn’t go down far enough or clear the top.
Now we need to be careful that the back board {photographs shown below} doesn’t hit the material.
To avoid this we’ll have to stop the machine mid-way through the cutting. | only realised this was
going to happen mid-way through cutting. Otherwise | would have set the it so it would clear the
material from the start. Lower the tool piece and then zero the Z coordinate.

Then | moved the tool holder to hold the tool much higher so we could get the clearance (shown in
the above photographs).
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Opened up ‘VR Milling V5’ or “Virtual Reality CNC Milling’, then we need to open the control panel,
shown below on the right of the screen. When the control panel opens then open up the Jog setting
by clicking on ‘Jog’ shown below. How fast you can move the tool can be changed by moving the
black dial. To move it quickly set it at 3000. To move it slowly set it at 500. You should move it slowly
when it is close to the material or anything the tool might hit off. To move to tool up and down use
the ‘page up’ and ‘page down’ buttons on the key board. To move from side to side and forward and
backwards use the arrows keys. Note that when moving it backwards and forwards it is the bed of
the machine that moves back and forward and not the tool.
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Securing the Material

Once you have set up the cutting paths put the material piece into the machine using double sided
tape (shown in the below photograph) The next step is to set the zero zero for the XYZ in relation to
the billet position. | screwed down the foam to some wooden board to hold it in place.

¥ ,
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Import the Model.
The model was in an stl. format that was exported from a solidworks model.

Open up the ‘QuickCAM Pro’ software. This software will set all the machine setting using your stl
model and then convert it to gCode to communicate with the machine.

PRO

First, import the model.
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This will then show the imported model, shown below. If there was no issues here so, then select
next.
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It will bring up a bit red dot in relation to the model, shown below. This indicates what direction the

tool will cut from. You need to reset this.

By clicking on the buttons at the side to ‘Orientate Model’ you can tell the software where the
machine will position the tool to from a direction in relation to the model.
s —— — - = —_—
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We want it to cut from above, shown below. Then press next.
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JHIEN TATESEIES

It will bring up the next step which is to ‘set cut depth’. At the moment it’s set to -25mm.
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We want it to cut the whole way through the material to press the bottom button and it will set it to
the depth of the material, which is 50mm. Then press next.

Then we need to set the size of the material piece we have to cut from, which is known as the Billet.
Once, I've entered the dimensions then press next.

st LIRS 22
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Next we have the options of adjusting the model size. We don’t need to do this so just select next.
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Next you can choose what part of the material the model will be cut out of. | left it in the centre as
there wasn’t much material to be left over. You can position it by using the control shown below.
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Next you can choose to cut out only the model or cut away all of the material in the Billet. | choose
to cut away all of the material so | would have only one piece left when the cutting was finished.
Then select next.
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Next | chose the size of tool | used to cut. In this case it was quiet big because it was a big piece of
material and | didn’t need a perfect finish. Although a ball nose will still give a good finish. Once
you’ve selected the right tool bit then select next button.
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The next step is to calculate the machine paths. Similar to a lot of this type of software, select the

add button to add a machine path.
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A pop up window will appear. The first pass of the tool we want to create a rough cut to take away
the majority of the material. Afterwards we’ll go over it again with a finishing pass to give it a
smoother surface. Select ‘Raster Roughing’ option shown below.

RoughingiRlans? (
m Area Clearance. @@ﬁ Horng)ergmaa t % Raster Roughing

\
% Corner Offset Pasa%’ % Raster Finishing @ Constant Stepover
[ -
prral Milling Pm Raster + Waterline . Base Raster

@ Pendil Milling @Pﬂﬂldl’eﬂdlMﬂliﬂ% @ Waterline Milling
— —

Right click each plan button for help
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A pop up window will appear. Adjust the settings to match what you are doing. In my case. The tool
is a % inch ball nose tool. | want a step over of 80%. This means only 20% on each pass will overlap
with the last pass. It will give a rough finish but will get the job done much faster than less step over.
Step down is how much each pass will go down by in relation to the last pass of the tool bit. Feed
rate is how quickly it will move from one position to another. Spindle speed is how fast the tool
piece will spin. In our case we don’t ever adjust this because it always runs at one speed. We can
adjust this manually as the machine is running on the front of the machine (shown in the photograph
below). The safe height is the distance the tool will be above the material; while it’s not cutting. Bi-
directional is what | use because it means it cuts both ways and therefore reduces the time by
reducing the amount of passes it takes to cut the material. If it can cut in both directions the it’s
faster than on direction. Then select ok.
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It will start calculating the tool pass for this, shown below.
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Next we need to make the finishing pass to make the final surface smooth. Select the add button to
add a machine path.
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This time select ‘Raster Finishing’.
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Right click each plan button for help
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The parameters will be different from Raster Roughly. Make sure the step over is at 15% and the
correct tool bit is selected. The rest of the setting should be as shown below. Then select ok.

Edit parameters for the ne'fv‘glﬂé ———- - 7 P ‘
Description:  Raster Finishing
Tool Data Machining Boundary
Took [ 7.4 - D:6.300mm - 1/4 inch ballnc » Minimun ____ Maximum
0.000 A’ 302.000
Step Over: (945 G0 <> 15000 £, =
=YL e 0.000 @ 97000 =
Create vertical step overs . =
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General Machining
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0K ’ ‘ Cancel

The software will calculate the paths for this machining step and add it to the list of ‘Machining
Plans’ shown in the right column. If it all looks ok, then select next.
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The next pop up window will be a ‘Toolpath Simulator’, shown below. Press Play to show a
simulation of the paths the tool will cut and the final resulting piece.

- ———

 OTEATHIS VLRSI LN

o
000

Page 18 of 39



using the Denford CNC for composites
Loraine Clarke — Fab Academy

.

LUOTEATHIS MU (RSIUN]

Then select next.
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The next step is to output this file for the CNC. Make sure the ‘DENFORD {METRIC) — Milling’ option
is selected from the drop down menu. Then Press the ‘Post Process’ button.
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Next it will ask you where to save the file. In our case the machine works best with files saved on the
desktop so best to do that.

Organize v New folder g - 0

-
{ Favorites bibidies
2 e | ? 2

Bl Desktop System Folder System Folder

4 Downloads

Recent Places ' L Computer Network

stem Folder

- fer
y Libraries o

Denford Applications
| Documents | Eile Falder

Composites Nov 2015
@' Music
=/ Pictures middle block-V2-post process.fnc

E Videos

|

"% Computer
&, 0SDisk (C:)
o USBDISK (E)

File name: [ 2| v

Save as type: | DENFORD (METRIC) - Milling Files (*nc) v

“ Hide Folders 1 Save | ‘\ Cancel ‘

Once you have saved this it will automatically opn up the software to communicate with the CNC,
‘Virtually Reality CNC Milling’ shown below.
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Denford software registration details . - .

This Software is Registered to:- Denford Software License

Strathclyde University

James Weir Building 75 Montrose Street

30 User License
Froduct: VR MILLING 5

Modules Machine Dutput Conect Machine
Sim3D Output Past Output
SimYR Output

FanucOM Source
Fanuc21i Source
EdgeCaM Source

Registration date: 1171072004 | Update License... |

Select real machine to open up the control panel settings, shown below.
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{Babat Stzo X 207,000 Y76 009 263 900

AModed Sitee X 248 000 (N
{Modet Sice ¥ 05 000 [~ et

Mote Mgk (O Commmna | Corte Toms U0 B8 g bt 67 gt pomwvn e Bkt Dl

Page 21 of 39

e Bl

v
|




using the Denford CNC for composites
Loraine Clarke — Fab Academy

Then press the XYZ button. This will get the tool to travel to XYZ zero zero. Before it does this make
sure the tool won'’t hit the material? Otherwise you won’t get the other options you need like ‘jog’

menu to come up on the screen.

[ Control Panel

Machine Position M:
TX 0.000 T4
H4: 0.000

'! Y 0.000 D4: 6.300
T Z 0.000 Spindle: #

o

| Home

Status: [Ready
Prog: F:1 mm/min  5:8000 RPM
Actual: F:1 mm/min - S: 7?77 RPM

Y2

Next select the jog menu. Now we’ll set the coordinates for the zero zero for XYZ.
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Setting the XYZ to Zero Zero

First we’ll start with X.

We need both the jog settings and the ‘Tool and offset editor’ at the bottom of the window, shown
below.
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Which will bring up the window shown below.
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Work Offsets ‘ Tooling Data | Tool Librany |

|

[Deseripon ]
o 1| 4| 1] o1

Default Offsets
< I

T  Ais
-307.600 [F-= I:é?(
T ' Ais
38.950 @%l l:é:a_c
T = Az
-27.975 @%l l:é:a_c

AllOffzetz. MOF | Machine: Real
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Very Important. Make sure the ‘Switch Between machine and program position display’ is selected

o~

Control Panel

Program Position M: 5
X 144250 H4: o.ogg
Y -3.150 460
Z -20.025 spindew
Home”J—og Auto I MDI l
JOG

Status: [Ready
Prog: F:2860 mm/min  S$:8000 RPM
Actual: F:2145 mmémin - S: 77?7 RPM
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Using the jog settings to move the tool piece to the side of the material (shown in the below
photograph) Be careful of not running the platform or the tool piece into the material.

~

Control Panel

Machine Position M:
X 0000 T
iy 0.000 &

D4: 6.300

F4 0.000 spinde ®

3|

E_‘E-?a‘

s

Feed I @
I

| 75%

Status: [Ready
Prog: F:1300 mm/min  S:8000 RPM
Actual: F:975 mm/min - 5: 7777 RPM
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Next we want to set the position of where the tool is as 0 for X. Press the icon shown below related
to the X coordinates. This will open up a pop up window where you can manually input the current

position as the 0 for X.

Tool and Offset Editor
Work Ofisets | Tooling Data | Tool Library |

< .

:
oxt| ov| oz| of

Default Offzets
Dz
-307.600 =
5 il P

T fis
38950  [p-2 ié,-x
£ Bz

-27.975 = o<

All0ffzetz. MOF | Machine: Real

Since we have positioned the tool at the side of the material (shown in the previous photograph) we
need to tell the software that the tool is at the side of the material by selecting the left image,
shown below. The tool offset amount is the half the thickness of the tool bit. This tell the machine to
calculate where zero is for X taking into account that the tool is at the side of the material and the
thickness of the tool bit itself is 6.3mm. Then press ok.

'Offset Datum Position

ool radius)

X Plus |

[ OK ][ Cancel ]
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When you do this the X coordinate should show up as half the thickness of the tool bit, shown
below.

~

Control Panel

D4: 6.300

Z 14275 sidew
HomeHJ—og Auto' MDI | ﬁ
JOG o lﬁ"

iﬁw 25 29

g =&
=

Feed @

| 75%

Status: Ready
Prog: F:2860 mm/min  S:8000 RPM
Actual: F:2145 mm/min - 5: 77?7 RPM

Do the same again for Y. Bring the tool bit to the front of the material and set the Y to zero
accounting for the thickness of the tool and the position of the tool in relation to the material.
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For setting Z, you bring the tool to touch the top of the material. This time because the tool isn’t
touching the side but the top of the material the offset is going to be set to 0, shown below.

Offset Datum Position * . |

Dffset Amount: 0] =2 (Slip Block)

| (7] Z Minus [X] Z Pus |

[ 0K ] [ Cancel ]
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Starting milling

Go into the auto Mode in the control panel. You cannot mill without being in this mode.

o

Contral Panel

Pragrarn Paosition b: B
X 332125 T4
1Y 34775 i
TZ 14.675 spinde: #

Home | Jog || auto | MDI | ﬂ
@l @

[

Status: [Ready
Prog: F:1300 mmdmin 5:3000 RP

Actual: F975 mmdmin S: T RPR
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Rewind button at the bottom of the page.
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Play button shown below. Make sure the vacuum is on before the tool. Runs.
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It may ask you to change the tool because it thinks there is another tool bit in the machine. It will run
both Raster roughing and then Raster finish one after another.
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It will ask if you want to run program now. Select ok.

==

It will ask again are you sure you want to run program now. Select Yes. This is the point to be sure
the tool is securely in place the vacuum is on and the tool won’t go into any material. Once you press
yes keep your hand over the emergency stop button.

Warning
r""""'-"-"--*
’ You are about to run the real machine |
' Do you wish to continue ?

M A E A A A N

[] Don't ask me again ’ Yes ] ’ Mo ]

As it’s running it will go through all the gcode line by line and show you what line it is currently on.
This is important if you have to stop the machine. You can restart it where you stopped it. It also
shows you how many lines of code there are.

=

middle block-V2-post process.fnc

X30b.0b6 Y160.528 - ﬁﬂl_t_)) Q

X304 835 Y160.712

X304 584 Y160.882 @
Freeze

X303.993 Y161.169 L4
X303.65b4 Y161.283

X303.285 Y161.375

X302 886 Y161.443

X302 458 Y161 .486

X302.000 Y161 .500 L Ad7i0
X280.720 of (41833

1
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To stop the machine there are 2 ways. The emergency stop button and the controls on the GUI, both
shown below. Make sure you are always able to stop the machine quickly.

L[ m [
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Exceptions to the other instructions

In one case the material thickness was greater than the model depth so | wanted to cut right down
to the base of the material. To do this | adjusted the Z position by the difference between the
material depth and model depth, which was 18mm.
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Stopping milling mid-way and starting again after resetting the tool Z

depth
Took note of where | stopped the machine at @ 12905
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Lower the tool bit so there is more clearance. Then re-set the Z coordinate.

. E Bl

Tool and Offset Editor

['Work Offsets | Tooling Data | Taol Library |

Default Offzets

| Default Offzets

¢ml¢w|¢al»¢»

# Ais

-354.850 @—l i
Az

3.150 J—l lir;é
£ Bz

42775 @4 E;,.c

Al ffsetz. MOF | Machine: Real
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| 3= — a
Offset Datum Position & » «

Offset Amount: 0] = (Slip Block)

I Z Minus

[ 0K ” Cancel ]

Then bring up zero as Z

Home to go to XYZ home.

Control Panel

Frogram Pogition M: 5

X 162.700 T4
H4: 0.000

Y 108'250 Ddg E:EEIEI
TZ 23950 Spindle: 4

[Home _Jog | auo | WDl | @)

Al

B2 <2 (HERX

IS

Feed

?5/

Statuz: Head
Prog: F 060 mmdmin 58000 R PR
Actual: F:2295 mmdmin 5 77 BPM
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Must be then restart. From the menu at the bottom of the page. Select the ‘block search’ icon.

<

o ol 31 "5 |FRlE Sl |

|| [Metiic | Skip Block OFF | Continuous | Cycle : / top block¥2-post process.fnc  |Default Offsets

This opens up a pop up window shown below.

Block Search ...
| Block: 12905:G00 Z-27.000

=electthe CHNC program line number you wish ta restart the
program fram ...

Select a target block: or, uze the current editor position:

12905 - | Get.

Select ALUTO mode and restart your program:

Restart E.

L7 [] Advanced mode

Must be in ‘Auto’” mode to be cutting.
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Frogram Poszition b: B

X 354.850 T4

1Y 3450 iox
TZ 23950 Spindle: 4

Hu:ume| Jog || Auta MDI | ﬂ

w o=
o

Status: (R eady
Prog: F:1300 mmdmin 5:3000 RPR
Actual F:975 mmdmin 5 7? RPM
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Extra

Control Panel

Machine Position h:

TX 0000 ¢
1Y  0.000 it

D4: 6.300

F 4 0.000 spinde ®
Home|[Jog”_tuwo | Mo | @)

oG
| 2k
®

AN

Status: [Ready
Prog: F:1300 mm/min  S:8000 RPM

Actual: F:975 mm/min - S: 2?77 RPM
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