Project: Euro Style Universal Clamping Jig
By David White

The first issue right out of the box for a new CNC
machine is creating a spoil board and clamping
system for work pieces. This is generally when
most operators have the least experience with
their new machine and software.

This is a good early project because it's easy, it
is in-expensive, and exceedingly useful with
those with those of any experience level.

This type of jig offers:

* Fast repeated parts

« Can hold just about any shape

* Massive lateral clamping force

* Very hard for a tool to hit

* Can be used directly on T-Track

» Doesn’t cover the surface of the part so
you can “surface plane” in place

My inspiration for this was many projects using
irregular stock and spending too much time
thinking about how and where to clamp a project
work piece. Since we are using MDF as a spoil
board one doesn’t want to impart any force other
than compression in the soft material if doing
precision machining.

By using oval nuts and hurricane bolts, we can
use the metal t-track that has great rigidity. By
using the hurricane bolts, we also don’t have any
protrusions above the height of the cams as in
using toggle bolts and knobs. Hurricane bolts are
also designed not to come lose with vibration. If
you don’t want metal anywhere close you can
use nylon bolts.

Using the cam levers on the on the deep part of
the table reduces the likelihood of crashing the
tool if you home to the front. The stationary cam
plates only rise .365 inches above the spoil
board. You can also use this system right on the
bed itself if a spoil board is not needed.

Brass inserts, oval nuts, oval head bolts, and hurricane
bolts. Digging out thread inserts out of old spoil boards is
no fun.
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Some like to use threaded inserts in MDF. That
can be very expensive and time consuming as
they are hard to reuse. Also, since mounted in
the weak MDF, it can induce error in critical
tolerances when tightened.

Make several spoil boards in your down time and
the only thing that becomes a waste item is the
spoil board itself. One can also have a spoil
board set up to a specific project to drop right
back on the table. Hence the title, universal
clamping jig.

Cutting the original prototype plates using the maximum
cutting area of the Piranha.

Design Goals:

* Very low vertical profile so thinner stock
and attachments like the laser can still be

used
* Should scale to different size tables The original prototype levers and plates. Notice that they
« Reasonable cost are not mirrored with right and left pivot points. In these

. Easily adaptable for production use production CAM files they are and will add more versatility.

+ Little tooling is needed, just a 2" upcut bit
and a 1” spoil board cutter

» Use off the shelve cut 12" x 12" x 3/8”
plywood stock for levers and cam plates
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Cam levers are two pieces glued together. | used the bolts
and oval nuts to clamp while drying. The levers keep the
cam plates firmly to the spoil board.

Spoil board prototype. This final project has the thru holes
on %" spacing to match the t-track spacing. This one had
1” on the Y. Tighter spacing is better.

Parts List:

e Hurricane bolts 1/4x20 (~20) assorted
lengths in ¥2” increments

e Oval nuts 1/4x20 (20)

e 3/8” Baltic birch 12” x12” plywood (2)

e 12" x12” 3/8” MDF or working bed size.

Completed parts.
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Step by Step In V-Carve 9.5

This tutorial highlights the process we took in
creating the CAD and G-Code files for this project.

Different sized tables can be easily adapted using W JobSetup
the same techniques. Job T

pe (®) Single Sided
This project really includes three separate 3 () Double Sided

projects. The spoil board, cam levers, and cam ' () Rotary
plates and the fixed plates.

Job Size

Remember to set your speeds, feeds, and cutting _ Width 00: X Jinches
depth for your specific router, CNC machine, and f{r Height m; inches
material thickness. 1" Thickness (2] 0.575 |inches
Also, if you are reading this as a PDF, remember Units ~ @inches  Cimm
that holding the control key down as you move

Z Zero Position

the mouse scroll wheel will let you zoom in for

more detail (®) Material Surface

- () Machine Bed

XY Datum Position

Of course, the first o O [use ?f_fset
thing to do is create 5 O
VCG rve" a new file. ) i S
Modeling Resolution

Startup Tasks EE Very High (7 x Slower) w
|j Create a new fj

Spoil Board Project

Open an existiig file AFI'PEﬂri‘mCE
%,/ | MDF v
. ) , ) =
Then set up the size. This one is for a Piranha
andis 12" x 12",
_':IK Cancel

On the Piranha, the T-Track is spaced .75” for
three tracks and then a 1.5” gap before the
pattern continues.

Remember to change the project to match your T-Track
spacing. This shows the new HD5 spacing which is 10mm.
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Pull guides to %” on both sides of the working Create the four bolt head pocket circles
piece and then top and bottom or matching the % in from each corner.

T-Track spacing.

I_I_ | A0 @ Draw Circle
Tl ]

E—: Center Point
z O x[F Jv[x ]
_: 6 () Radius (@) Diameter
E D: inches

= &

= 489 To edit an existing shape

= ' hold shift while selecting

Until there are four guides.

Fla

Then create the thru holes for the bolt shatft.

@ Draw Circle

Center Point

O w075 |v|7d |

@ ) Radius (® Diameter
D: inches

To edit an existing shape

Select the Draw Circle vector tool. hold shift while selecting
Create Clozse
File Operations
| L
I.;? (.J
aBe
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It should look like this.

() ©) Create a new circle for the through holes in the
it spoil board. Place it %" from the edge and above
the lower left bolt head pocket.

@ Draw Circle

Center Point

O x[7 Jw[s ]

@ () Radius (®) Diameter
(5} (‘) D: inches

pus

To edit an existing shape

Select the bolt head circles and move them to a hold shift while selecting
new layer. Close

Node Edt Mode N

Guide Lines

Copy 1o Layes
Mave to Layer 3% Layert
Mave tn Shees

T L .
With it selected, click on the array copy tool.
Offset and Layout -
i i ElE =i -
o i O o8 BE & i
Call it BoltHeadHoles. | Array Copy - create a linear / block array of copies i
[l
Add Mew Layer
Layer Mame | BoltHeadHoles |

Drawing Color [ v]

Mew Layer is Visible
MNew Layer is Active D

CK Cancel
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Lol £ (i
[ Array Copy &) &
OO0 000000000000
Selected Objects Size OO0 00 0000000000
| x:|0.28 |v:|{0.28 | OO0 C o000 0000 0C0
OO0 00O 0000000 0«
Rows (Y) | 13 = 0000000000000 O0cC
Columns (¢)[ 15 s O 00000000000 OO0
cpaci OO0 0 0C0CO0O00 0000 0Cc
pacing ...
[1[] Ot @offket O 0000000000000
IDD 000000000000 0 O
i |75 yi|.75
L | || | OO0 00000000000
Symmetry ... O 0000000000000«
' ' OO0 0000000000 o0
C 0000000000000 C
) &
Row/Column Displacement ...
X: |n.n |~r: | 0.0 | Select every third row and delete those holes with

no T-Track slot beneath them.
|:| Group Copies

C\ -5 (A
2 2
O 000000000000
c q . o " SINoRIcINCINCINCINCINC IO RGN RNCING)
n I row between
opy and paste a part of a row between the 50 660600060606
corner bolt head holes.
SINoRIcINCINCINCINCINO IO RGN NG ING)
~ \ O o000 00000000
o L
©C000O000O0O0O0OO0O0 O 00000000000 0o0
O o0 0000000000
Copy and paste. O 000 0 00 0000 00
© 0 0000000000000
(ol o | |
(@t ffgre Gt GO ONNORIGINCENORNCENC RO NEO RO RN O RGN
© 0000000000000 0
OO0 0O C 0O 000000
QO 000 000000000
I T T T A T S YN . WY G T i ST S0 Y U W N W O WY AN ST A W A0 -
C\Q o LA
i N N
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Next Wave Automation Tutorial: Universal Clamping Jig

T (e
T P Q BoltHoles =
o O 000 O 0 0 O C O
o o ©c oo ©c oo 0o v | BB BoltHoles EQN
oo 0 o0 o 0o oo 7 @ © BoltHeadHoles E|
o O elNelNe O 0 0 O O
o o o 0 0 O 0 O O O % -
o 0 oRNelNe 00 0 O O :
o o 0 0 0 0 0 0 O O
o 0 00 O 0 0 O o o ™
O O 0 O 0 O O 0 O O O
© 0 © 00 © 00 © o Add Mew Layer...
O 0 0 O Q o O Q O O O
o O O QO O sINeINe e
o O O Q0 O o 0 O O O (¢
oo o o o o o o <> Click the light bulb next to the BoltHeadHoles to
L show just the thru holes that we will be drilling.

Select all the thru holes and move them to a

layer of their own by renaming the default layer

or by moving to a new layer.

&4 Layer1-

.. |7 M B Layer 1 '||""'u
o m Boltt Activate

Show >
Hide >
A Lock

Unlock

Y

Insert Mew Layer

Delete

Req}me

Merge Visible

[

Ac

¢

Select Layer Vectors
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With all the thru holes selected, open the
toolpaths tab and select the drill toolpath.

Material Setup XY Datum
sCY 4

2o Toors: | o

Home Pos: X:0.0 Y:0.0 Z:0.5 Y: 0.0

Toolpath Operations

In that dialog select the Tool to use and set
according.

Tool Database

Tool List

1-1)1 Imperial Tools o D
1] End Mills Mame End Mill Upcut(0. 25 inch)
----- [# EndMil (0.125inch) ToolType  |EndMil »
[ End Mill Upcut(0.25 inch)
----- [ End Mil Downcut (0.25 inch) Notes
----- [ EndMil (0.5 inch)
£-1]1 Ball Nose
----- 1} Ball Nose (0.0625 inch)
----- 1} Ball Nose (0. 125inch) Geometry
1! Ball Nose (0.25 inch) Diameter (D) 0.25 inches  ~
----- 1} Ball Nose (0.5inch)
|1 v-Bits
@ v-Bit (50 deg 0.257 ;
@ V-Bit (30 deg 0.57) Cutting Paramet 3
V-Bit (30 deg 1.257 ng Parameters
rmTools pass Depth nches P
Ogee - 1/4"Rads 1 1/4"Dia =
0.125 ich 50.0 %
Roundover - 3/8" Rad 1" Dia EEznE nenes |: =
graving
i Engrave (20' 0.02" Tip Dia)
=111 Specialist Feeds and Speeds
# Diamond Drag (20 deg 0.020
1)1 Drills Spindle Speed r.p.m
| Drill (0.2507 Feed Rate ;
u inchesjmin v
il etrcTeos
E111 End Mills v|  PlungeRate inchesjimin
< >
Tool Humbe: 1 = Apply
New ... Copy ... Delete ool Humber %
New Grou Import... Export...
e — car

\:‘;&- Drilling Toolpath

Cutting Depths

E::I Start Depth (T} inches
Cut Depth (C) inches

|] Took End Mill Upcut{0. 25 inch)
Select ... Edit ...

Use Peck Drilling

I] e Retract above the cutting start
depth

ﬁa ® Retract above the height of the
F previous pass

Retract Gap (R) inches
Peck Depth (F) 0.125inches

Mote: Peck depth is controlled by the
'Pass Depth' for the tool

[~] Dwell at the bottom of each drill pass

Dwel Time seconds

[J use vector selection Order

safe Z 0.2 inches
Home Position  ¥:0.00 Y:0,00 Z2:0,50

[] project toolpath onto 30 model

Vector Selection:  Manual Selector ...

Mame: | DrilBoltHoles

Calculate Close

Click the Calculate button.

In the Layers section, click the light bulbs so just
the “BoltHeadHoles” are now visible.

&4 BoltHoles~

¢ M 3 BoltHoles
? @ © BoltHeadHoles

i i

Add New Layer...
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With all the bolt head pockets selected, open the
toolpaths tab and select the pocket toolpath.

Material Setup || XY Datum
] g
S Z0 i
W o7 X: 0.0
Home Pos:  X:0.0Y:0.0 £:0.5 ¥ 0.0
Toolpath Operations

@E\ ©

2] 1%
4 & 4
-L G5||'—ﬁ

6 & @

Set the tool to the same as the one in the drilling
toolpath.

\"\. Pocket Toolpath

Cutting Depths

@:::% Start Depth (D) inches
- Cut Depth (€) inches

[] show advanced toolpath options

E Took End Mil Upcut(0. 25 inch)

Select ... Edit ...
Clear Pocket ...
(O offset (@ Raster
= Cut Direction
E () climb
(®) Conventional
Raster Angle degrees
Profile Pass Last v

'I_' [ ramp Flunge Moves
i 1.0

Safe Z 0.2 inches
Home Position ;0,00 Y:0.00 Z;0,50

Name: | BoltHead

Calculate Close

Click the Calculate button.

We need to now add a rectangle slightly larger
than the spoil board. This is necessary to get the
spoil board corners cut to the same level as the
rest of the board. The software will not cut
outside the bounds of the materials size without
us making a larger target.

Make a rectangle slightly smaller than the project
size. Move the rectangle to a new layer and turn
off the visibility of all other objects. Select the
rectangle and size it to fit half an inch over all the
sides of the work piece.

&) o @ ote)
©co ooo = = | o
N o0 0 o R !

o 0 o 0 o 0
o0 C O O O
©o0 OO0 O 0
oo ooo EE a
o 0o o e ©
00 ©0o0 o e o e

o0 o 000 00O o o
OO0 000 000 OO0

Oco0oo0o o000 OO0 ©O0
o0 000 000 OO0
oo 000 00O OO

PN o o o o o o N
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Corner Type
(®) Square
() Radiused External
() Radiused Internal

Radius | 0.0 inches

Size

Width (X) inches
Height () inches

To edit an existing shape
hold shift while selecting

Gose

We are ready to make a new toolpath for the
spoil board cut. This will depend on what cutter
you purchase. | am using the WhiteSide 6210
which is available around the mid $35 level or

better.

With the rectangle around the project piece
selected we are going to create a new pocket

Cnc Spoilboard Cutter

_
»
3
i

N
~
i
5

toolpath.

Toeolpaths [+

l \C\_ Pocket Toolpath

Cutting Depths

s Start Depth (D) inches
E Cut Depth (C) inches

[] show advanced toolpath options

|] Took SpoiBoard (1inch)
Select ... Exit ...

Clear Pocket ...
() offset (@) Raster

| Cut Direction
(2 climb
(®) Conventional

Raster Angle degrees

Profile Pass Last ~

[N ramp Plunge Moves
E Distance | 1.0 inches

Safe Z 0.2 inches
Home Position  X:0.00¥:0.00 2:0.50

Mame: | SpoilBoardPass

Calculate Close
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| call it the mowing the grass toolpath. Adjust the Toolpaths (42
cut depth as necessary. Running this file multiple
times is preferable to taking big swings to level E Save Toolpaths

the spoillboard.

Cutput all visible toolpaths to one file
Output Tiled Toolpaths
Add side to toolpath name

Toolpaths to be saved ...

DrilBoltHoles

[1] End Mill Upcut(d, 25 inch)
BoltHead

[1] End Mill Upcut(d, 25 inch)

Post Processor
CMCPiranha-Arcs (inch) (*.tap) e

Now its time to create the G-Code for the three Output direct to machine

different toolpaths. Since two of them use the

same tool, they can be combined. Save Toolpath(s) ...
Select the two toolpaths, DrillBoltHoles and Close
BoltHead and get ready to export the G-Code
files. ] Toolpaths T
—[#] I DrillBoltHoles
Material Setup | XY Datum _____ 5 BoltHead
1.

Z0g T o 575 g ------ MR ¥ SpoilBoardPass

Home Pos: X:0.0Y:0.0 Z2:0.5 ¥: 0.0

Toolpath Operations Remember to select the Post Processor for your

g o & FE machine.

bl &

WD) % (B

7l 9 RE

anl =
& 0l 2 (H
(m] Toolpaths ‘ﬁ‘

...... i DrillBoltHoles

.[7] | BoltHead
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Deselect the “DrillBoltHoles” and “BoltHead” Cam Levers Project
toolpaths and export the G-Code file for spoil
board pass. Create a new project with the thickness of your

plywood. Its good to take an average of the
board on all sides and use that as the thickness.

ﬁ Save Toolpaths

Output all visible toolpaths to one file
JobTYPE ) single sided
Cutput Tiled Toolpaths \ ingle Side

% JobSetup

Add side to toolpath name O Dauble Sided
D Rotary
Toolpaths to be saved ... Job Size
il width (0:( 0 [inches
SpoilBoardPass z
[] SpoilBoard (1inch) A Height (Y):] 12.0  [inches

M%7 Thickness [2}:ir|ches
Units  ®inches (" mm

Z Zero Position
(®) Material Surface
. {_) Machine Bed

XY Datum Position

O O [Juse Offset

Post Processor Jg| O =

v:| 0.0
CMCPiranha-Arcs (inch) (*.tap) v
Output direct to machine Modeling Resolution
Diriver: o % Very High (7 x Slower) ~
I Save Toolpath(s) ... Apm:‘a:ﬂzn peints
é;,/ MDF “
B solid Color: [T I
n _DK Cancel
(] Toolpaths 4L
[ | i DrillBoltHoles
.["] || BoltHead , : . : ,
BEE ¥ spoiBoardPass Zj-iglem f(larts(;trstep is to create circles of the size 1.5
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To where we have something that starts to
@ Draw Circle resemble a bullseye.

Center Point

O x:|HEE | v.|e7847 |

6 () Radius (®) Diameter
D: inches

To edit an existing shape
hiold shift while selecting

[

Then we need to more circles on the same
center point of .28 (a little larger than the bolt
shaft) and one a little larger .78 than the bolt

head. , . L
Select the inner two circles. This will be the bolt
head pocket and the bolt shaft thru hole.
@ Draw Circle
Center Point
O x|3203 | v:|6.7647 | [

6 i) Radius (®) Diameter
o inches

To edit an existing shape
hold shift while selecting

Using the keyboard arrow keys move it halfway
i to the edge.
@ Draw Circle
Center Point
0 x:|3-2039 | 'f;|6.]-"64}' | [

6 ORadius (@ Diameter That will give us the eccentricity for the cam and
D: inches give approximately half and inch of travel.

To edit an existing shape
hold shift while selecting
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We need to have the bolt thru hole the same on
the top and bottom of the cam head, so we want

to copy and paste this now. Delete the bolt head
circle from one.

Zoom in to the handle and make sure all vectors
are closed.

Select the handle and move over the cam about
three quarters to one side.

Create Vectors

Qe o %

Draw Line / Polyline

Select the Trim tool.

v
i Edit Objects
Mg Ox .
Time to draw the cam handle and it starts with b Do B 28 2% 4
the polyline tool. & @ e @@5
C VSO 7

\7 ©3 >3

¢

L04
AD00
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Cut the over lapping lines away. Verify there are
no open vectors.

Select the filet tool.

e B $Im =
VSOR = ]

Fillet - create fillets between spans i

Offset and Layout i

C  CreateFillets

Fillet f Tool Radius: inches

Click on an angled corner to change
corner into a drcular fillet

Fillet Type

(® Normal fillet

() 'Dog-Bone' Fillet
u These fillets are used for
creating dearance in internal
corners to allow slotted
pieces to fit together,

(O 'T-Bone' Fillet

u These filets are used for
creating dearance in
internal corners when the
slotis the same size as the
tool

() 'Plasma/Drag Knife' Fillet
These external fillets are
used for machining past a
corner when using plasma
tools or drag knives
Removing Fillets

To remove a fillet, h on the fillet arc.

Close

Set the radius to half the length of the end of the
handle.

Click on the inside of any of the corners you
want to smooth out.

Select the cam handle and all internal circles to
cut/paste them as a copy. Using the keyboard

arrows move it away from the original one. Same

with the lower half of the cam handle.

Using the Rotate Selected Objects transform, flip
them so they appear as so.

Transform Objects
P oo n e

Edit Ghject-l Rotate Selected Objects I

190

©)

©)

Select the outside edges.
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Move them to a new layer.

Activate Layer of Selection

Group Objects
Ungroup Objects
Break Text Block Into Lines

Convert To Curves

Join / Close Vectors...
Nede Edit Mode

Guide Lines
Object Properties...

Copy to Layer
Move to Layer
Move to Sheet

¥
»
¥

~  Layer1
New Layer ...

When we are done, each part will have its own
layer to make it easy to select the objects for a
toolpath. There will be three for this project.

& Layer 1~

oo | E O Layer 1

Ve
Ve
Ve

OutSideCut
ThruHole
BoltHeadpocket

) o) o) o

Add New Layer...

Select all the items and paste them repeatedly
until we fill the work piece. Once you have three
at the top, you can select them and paste them
on the lower half of the job.

Using the lightbulb control in the layer's menu,
show just the Thru Holes.

Q }DutSlig eCut-
Loy

o | B B OutSideCut
7 B O ThruHole
7 B BoltHeadpocket

1 T

Add New Layer. ..

Page 17
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L

O O O
O O O

O O O
O O O

O O O
O O O

C o o
O O O

Select them all and add a Drilling Toolpath from
the Toolpath menu.

Toolpath Operations
9 oHre
\I'/ ﬁ’/ jDriIling Toolpathi

Toolpaths |E +

\‘5&_ Drilling Toolpath

Cutting Depths

.jj:h Start Depth (D) inches
.

Cut Depth (C) inches
| Took Endmill upcut(D.25 inch)
Select ... Edit ...
Use Peck Drilling

|] '®) Retract above the cutting start

depth
I -

Retract Gap (R) inches
Peck Depth (P) 0.125inches

Retract above the height of the
previous pass

MNote: Peck depth is controlled by the
'Pass Depth' for the tool

Dwell at the bottom of each drill pass

Dwell Time seconds

[Juse Vector Selection Order

Safe Z 0.2 inches
Home Position  X:0.00Y:0.00 Z:0.50

[] Project toolpath onto 30 model

Vector Selection:  Manual Selector ...
Name: | ThruHoles
Calculate Close

Click the Calculate button.

Select the “OutSideCut” layer and de-select the
others.

&# OutSideCut -

[NER ﬁ' ! & QutSideCut
T 2 © ThruHole
7 W © BoltHeadpocket

(T 1

Add New Layer...
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Selecting the outside of the objects we want to Set the tool you want to use to cut out the cams
cut out in the project we create a Profile and cam spacers.
Toolpath.

Toolpaths |E'F'

l\';,\_ 2D Profile Toolpath

Cutting Depths

5] Start Depth (D) inches
cu Cut Depth (C) inches

T [] show advanced toolpath options

ﬂ Took End Mil Upcut(0.25 inch)
Select ... Edit ...

Machine Vectors...
(®) Outside | Right

() Inside / Left
OOn ~

Direction () Clmb (@) Conventional

[] ramp Plunge Moves

H; Distance 4.0 inches

Add tabs to toolpath

j’_( Lenath inches
;_, Thickness inches

Edit Tabs ...
Material Setup XY Datum
:[ 0.7" a Safe Z 0.2inches
' Home Position  ¥:0.007:0.00 Z:0.50
K e
ZO%N To.3525- | ¢
X 0.0 Name: | OutSideCut
Home Pos: X:0.0%:0.0 2:0.5 Y 0.0

Toolpath Operations

Hlowry
Jprofile Toolpath [ &)

€

EDE
odNEO

2 &
ol X
o & &

==
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Next Wave Automation Tutorial: Universal Clamping Jig

Then set the tabs.

$ Toolpath Tabs

Add Tabs

(®) Constant Mumber E =
(") Constant distance between tabs
Distance 8.0
Min, number | 1 -

Max. number | 10

-

qél:irst tab at machining start point

| AddTabs

Interactive tab entry

Add Tab - Click on a selected wvector to
insert a tab at the cursor position.

Delete Existing Tab - Click on it.

Move Tab - Click on it and drag it to the
new position with the button pressed

Select or Deselect Vector - Press shift key
while dicking on the vector

Delete All Tabs

Close

Adjust the tabs and run a preview to make sure

you have enough meat to hold them through
cutting.
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Next Wave Automation Tutorial: Universal Clamping Jig

The last Toolpath to create is the bolt head \"'""'k Pocket Toolpath
pockets.

Cutting Depths
Select the layer only for the bolt hole heads and g::::l Start Depth (D) inches
select them all. Then create a Pocket Toolpath. Cut Depth (C) inches

Show advanced toolpath options

Toolpaths [@+
|] Took End Mil (0. 125 inch)
Material Setup ¥ Datum Select ... Edit ...
e R P
Set... Z0 :
= Passes: 5 Edit Passes ...
W 106 o
Home Pos:  X:0.0Y:0.0 £:0.5 Y= 0.0
[ ]Use Larger Area Clearance Tool
Toolpath Operations

ﬂ Mok using area clear toal

Q @ .f{/ ? ..{f Select ... Edit ...
_]_/_? ,J Pocket Toolpath % Passes: 0 Edit Passes ...

= Q,- Clear Pocket ...
O Offset @ Raster

M) ¢ 8 5 cutbrecton

! ] Clirnb
@ @ @ & /ﬂﬁ} I ; gCunvenﬁunal
&,‘ -é |'|_HT| } ﬁ Raster Angle degrees
Profile Pass Last &4
o Toolpaths ? 4 Pocket Allowance inches
-[_| [} ThrouHoles —
P ] 5 & [ ]Ramp Flunge Moves
; Distance | 1.0 inches

[ [ ] use vVector Selection Order

Safe Z 0.2 inches
Home Position  X:0.00%:0,00 Z:0,50

[ ] Project toolpath onto 3D model

Vector Selection:  Manual Selectar ...

Mame: | BoltHeads

Calculate Close

Set the options and then click the Calculate
button.
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Time to save the Toolpaths and export the G- Since all the toolpaths use the same tool, we can
Code to a file. run the G-Code in one file. The order is
important and it’s a good habit to get the stuff
L s [ inside done before the cuts with the tabs. You
Material Setup | XY Datum can edit the order with the arrow tool pointed at
 Jo. by the big red arrow.

2O To.s6ast v 0.0

Home Pas:  X:0.0 Y:0.0 Z:0.5 YEID
Toolpath Operations

QoEHFY Cam Plates Project

Yoy y

- Create a new project with the thickness of your
g @ ,

- plywood. It's good to take an average of the

B 1D I = board on all sides and use that as the thickness.
7l 4R

é— -G Hir[!'ll -a & JobSetup

\—@_ Job Type (®) Single Sided

Toolpaths T T () Double Sided

I ThrouHoles (JRotary

I QutSideCut
L Job Size

Width D{):inches

z
‘| Height (Y):lnches
E Save Toolpaths /=% 7 Thickness (2): 0.3525 |inches

Units ®inches (Omm

[ output all visible toolpaths to one file

Output Tiled Toolpaths Z Zero Position
Add side to toolpath name @ Material Surface
(") Machine Bed
Toolpaths to be saved ...
ThruHoles
[1] End Mill Upcut{D. 25 inch)
BoltHeadPockets XY Datum Position
[1] End Mill Upcut{D. 25 inch)
outsidecut o 2 [Juse offset
[1] End Mill Upcut{D. 25 inch)
O 0.0
®—O0 0.0

Modeling Resolution
% Very High (7 x Slower) w

Post Processor

CNCPiranha-Arcs {inch) (*.tap) ~ Appearance
Qutput direct to machine ."I,, P »
Save Toolpath(s) ... hd

Close Cancel

Toolpaths \ ?

- J} ThruHoles
/! BoltHeadPockets

S JoutSideCut
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We are going to be making a template for the

both cam plates, the fixed and those that fit the

cam lever and spacer. /m\
T

File Operations AN
D@ @ TIEN

L . '._' 1= e <- /_\

He 2392 ¢ | ( N7 ) |
Create Vectors \\\s\v/?///

v 5 .
These are the sizes | used. Remember you can
_ _ use the mouse wheel to zoom in and out to see

It will look like a bullseye when completed. more detail.

Copy and past a copy of the “bullseye” and place

it well away of the original. Using the arrows
@ keys to do this is something | like to do.

Why you are constructing these you might want
to take advantage of the hot keys for setting the
size.

The radius or diameter can be specified while dragging out a circle:
Type the value while dragging followed, by g] if it's a diameter, or Ej if it's a radius:

Keys Result
BBALE Radus 12
EJ Radius2
EBEY Dametert NS

Also turning on Grid Snapping can make this
much easier.

ﬂ@é‘}pﬁp‘@ EHEEH
|

610 —— 10,0
........I...||Tn:ggleGritISnappingOn_r’OffL.I.........I.......
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The inner two circles are for the bolt shaft and
the bolt head. The others are the template so we
can see just what the offset of the plates is in
design. Move them to a new layer.

Unde Ctri+Z
Redo Ctrl+Y

Cut Ctrl+ X
Copy Ctrl+C
Paste Crl+v
Delete Del

Selection >

Activate Layer of Selection

Group Objects

Guide Lines >

Object Properties...

Copy to Layer >
Move to Layer
Move te Sheet

A O T

Let’'s move the inner two circles to a new layer of
their own to assist in selection later.

SO

&# BoltHeadPocket ~

7 B & OutSideCuts

Y B T nsideCuts

7 M B BoltHeadPocket
7 B ThruHole

T T T

_b Add New Layer...

| will have four layers when done. The outside
profile cut, the bolt head pocket, the thru hole,
and the inside cut for the plate that is used with
the cam layer.

Using the polyline tool, we will create the outside
dimensions of the plates.

Create Vectors
Ced ok
™S W

Draw Line / Polyline

Draw the ruff shape of the static plate, then use
the node edit mode to fine tune the positions.
You should have 74" incremental sides.

We can now delete the unused circles outside of
the bolt head circle on the first bullseye.

On the second, we can select the inner circles
out to the 1.5” diameter and delete them.
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Cut and paste the objects until you fill the work
piece. | flipped the static cam plates and move
the bolt head and bolt shaft holes to the opposite
side before | copied to give more variety in
spacing. The Cam plates can be always flipped
SO no reason to mess with those.

(@ @)
®) (@ @)
Use the polyline tool as before and then the @
node edit mode to fine tune the shape.
(® @)

Edit the 1.5” circle to something slightly larger to

allow it to fit over the cam spacer. 1.51” for me.
We can sand a bit if its too tight. @ @ @ @
@ Draw Circle

- OO

O x|2715 | v:|s57787 |

@ ) Radius (® Diameter
D: inches

Select just the “OutSideCuts” layer.

fREeBEE Ee ¢ BH

To edit an existing shape
hold shift while selecting

L - ideLuts
®  Thatole
P
Add New Layer

EEEE

H H ” ‘\/ VARt ) | \\3 { \\/
Delete all the unused circles outside the 1.51 A WA U A B’
hole. " —~
\ I"\ \
Use the fillet tool to ease all the outside edges. | N N N
used .25". (7 7  /7f
el A Im E = " — Yo W, —
L3 4 PAS PAS pA
'.J? f Q @ D i Y / \ / N\ / \
Fillet - create fillets between spans i e 4 ./
Offset and Layout i
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Select the Profile Toolpath operation form the
Tool Path tab and set the desired settings for the
outside cuts.

Toolpaths (4= Click the Edit Tabs button and add and move the
tabs so they make sense and for safety.
\"\;\_ 2D Profile Toolpath

Cutting Depths

) Start Depth (D) inches [ o
Cut Depth () 0.385 inches

show advanced toolpath options
[ul ": ] Jul
E Took End Mill Upcut{D. 25 inch) et -
Select ... Edit ...
: { L o ": )
Passes: 3 Edit Passes ... 5 .
Machine Vectors... - ; i " p )
(®) Outside / Right
(O Inside | Left
Direction () clmb  (® Conventional
Allowance offset inches . VS S ¢
[] Do Separate Last Pass e
_A: 0.0

%: Reverse direction

/] Add tabs to toolpath Select just the bolt head layer, select the bolt
= Length inches head circles and create a pocket toolpath for
— those.

g Thickness 0.07 | inches

. [ |30tabs Edit Tabs ...

Ramp Lead Order Start At Corners
[] Add ramps to toolpath

Smooth
l -
Ci) ig Zag

Spiral
Ramp on Lead In
Distance 4.0

Angle 20.0

4.0

Safe Z 0.2 inches
Home Position  X:0.00 Y:0,00 Z:0.50

[] project toolpath onto 3D model

Vector Selection:  Manual Selector ...

Name: | OutsideCuts

Calculate Close
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Select just the inside cuts layer and create a
Toolpaths [[4+ profile tool path for the cam plates.

'\ﬂ Pocket Toolpath Toolpaths [E +

Cutting Depths _
; Start Depth (D) inches \9— 2D Profile Toolpath

i
= .

h Cut Depth (C) inches Cutting Deptt
Show advanced toolpath options EI:I Start Depth (D) inches

[}
i Cut Depth (C -m inches
u Took End Mill Upcut(0.25 inch) P

Cselect.. | | Edt.. | [] show advanced toolpath options
Passas: 2 | Edit Pasees ... | H Tool: End Mill Upcut(D. 25 inch)
| Select... | | Edit.. |

[]use Larger Area Clearance Tool

u Mak using area clear boal Machine Vectors... =

Select ... Edit... () Outside [ Right [E
(®) Inside | Left

Passes: 0 Edit Passes ... Jon
Clear Pocket ... Direction ()Climb  (® Conventional

() Offset (®) Raster

[ | Ramp Plunge Moves

ng:. Cut Direction =
— () Climb % ! Distance 4.0 |inches
(®) Conventional :
Raster Angle degrees
9 Add tabs to toolpath
Profile Pass | Last ~ i

= tengh  [0.2 ]inches
Pocket Allowance iﬂChES _-_! inl::hes

iz Thickness

—

! []Ramp Plunge Moves Edit Tabs ...

Distance | 1.0 inches

Safe Z 0.2 inches
[Du:ievecturﬁelecﬁnnﬂrder l Home Position  ¥:0.00 30,00 Z:0.50

Safe 7 0.2 inches
Home Position  X:0.00Y:0,00 Z:0.50

[] Project toolpath onto 3D model
Vector Selection:  Manual

Mame: | BoltHeadPocket |

Mame: | InsideCuts |
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The last toolpath we need is the for the bolt Now its time to export the G-Code to the .tab
shaft. Select hold the bolt shaft layer and select files for your machine.
those circles.

Create a Drilling Toolpath for them. Toolpaths ICE
Toolpaths [ = E Save Toolpaths
\:‘f:g Drilling Toolpath Output &l visible toolpaths to one file

Output Tiled Toolpaths
Cutting Depths

. Add side to toolpath name
0 Start DEI:I'H'I [:D:l inches
o
@ Cut Depth (C) 0.365 inches
ThruHoles

n r .
i Took End Mill Upcut(D. 25 inch) [1] End Mill Upcut{0. 25 inch)
Salect ... Edit ... InsideCuts
[1] End Mill Upcut{D. 25 inch)
BoltHeadPocket
Use Peck Drilling [1] End Mill Upcut{D. 25 inch)

) QutsideCuts
" E:;rﬂa_ft above the cutting start [1] End Mill Upcut(0. 25 inch)

%E @® Retract abowve the height of the

previous pass

Toolpaths to be saved ...

Retract Gap (R) inches

Peck Depth (P) 0.125inches Post Processor
CMCPiranha-aser (inch) (*.tap) e

Mote: Peck depth is controlled by the

'Pass Depth' for the tool Output direct to machine
Dwell at the bottom of each drill pass Save Toolpath(s) ...
L\, Dwell Time seconds

Close
[ Juse vector Selection Order
Toolpaths 4
Safe Z 0.2 inches
Home Position  X:0.00 Y:0.00 Z:0.50 = ﬁ m
[] Project toolpath onto 3D model J InsideCuts
et | I BoltHeadPocket

Vector Selection:  Manua Selectar ... P ﬁ OutsideCuts

Mame: | ThruHoles

Calculate Close

As always select the correct post processor and
select the toolpath order as all these toolpaths
can be cut at the same time. | like to go from
inside to outside when using tabs.
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About the Contributor:

David White is a weekend CNC and a computer
programmer/financial technology analysist during
the week. You can find him hanging out around
the Woodcraft store in Clearwater Florida
occasionally. The best way to contact him is
through his email at:

superdavewhite@outlook.com.
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Hurricane bolts are a low-profile clamp when getting started.
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Another quick way for a low-profile hold down while cutting a spoil board to the front of the T-Track.
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T LT T T

e S
e by

S \, ] cid et il

A fly cutter with an inexpensive dial gauge makes a good way to tram your router for perfect cuts. When
you surface the spoil board, if you have a scallop pattern, you might want to get some shim material and
tune the routers mounting.

Page 33



Next Wave Automation Tutorial: Universal Clamping Jig

-
-
-
-
-
-
-
-
-
-
-
s
-
-
-
-
-
-
-

Using the cams on the far side or the deep side of the beds is better, so tools don'’t hit the cam levers.

Oh, you live and learn.

Page 34



Next Wave Automation Tutorial: Universal Clamping Jig

COED (DES
(DD
(OGO
XXX
XXX

Page 35



Next Wave Automation Tutorial: Universal Clamping Jig

Page 36



Next Wave Automation Tutorial: Universal Clamping Jig

2019 Next Wave Automation. All rights reserved.

Page 37



