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1. What is PhCNC?

PhCNC is an user friendly, extremely accurate, specialized software for PCB (Printed Circuit Board)
prototyping for the Accurate Accurate 4xx (A4xx) & Accurate 6xx (A6xx) desktop CNC machines. The
Clear and simplified user interface utilizes pop-up menus, function buttons and high quality graphics. It
offers many automatic selections and calculations for standard operations, which can be accessed and
modified by the user for special and custom designs. PhCNC also offers a wide variety of control tools
for panels/nameplates engraving, solder paste stencil production, and small parts production.

1.1 How to use PhCNC

PhCNC has two modes of operation, namely, the CAM and CNC modes. At start up, PhCNC enters the
CAM mode, where you can open your files and edit the final layout of your prototype. Here, you can
also specify the tools, which will be used when the prototype PCB is being produced by all Accurate
models. In the CNC Mode, the user can execute the programs that have been generated by PhCNC to
control the Accurate A4xx/A6xx. Note that you can switch between the two modes at any time. If you
have our video camera/microscope you will be able to measure and inspect your project, and use
precise optical registration to align your work piece. Below is a screenshot of each of them:
CAM mode - CNC mode

Below is a list of available operations in the CAM mode:
¢ Load one or more PCB designs (new visual interface helps Gerber/Drill/Stencil* files selection)
¢ Group/Ungroup multiple PCB designs and other separate objects
¢ Copy/Delete/Select/Deselect/Move objects or groups
 Rotate objects or groups by an arbitrary angle
e Visually check generated insulation tool paths.
e Insulation with up to 8 insulation tools.
¢ Automatic detection of Design Rules Violation (DRV). *
e Forced Insulation. *
e Remove spikes (IPD). *
e Assign regions for excessive copper rubout and choose the tools to be used in the rubout process
» Additional traces insulation. A mode that can replace “copper rubout” in many cases, it is faster and
saves tools. *
e Rubout with up to 16 tools (8 insulation + 8 rubout tools). *
e Select inner/outer tool diameter compensation for all cutting operations.
 Breakout tabs insertion. *
e Vector text insertion. *
¢ Holes and pads insertion. *
e Universal input "PhCNC printer" driver allows you to import your design for front panels and
nameplates from any CAD software (not available in the demo version).
e Load/Save/Import PhCNC project files (PHJ). Excellent function for repeated projects manufacturing.
e Panelization
e Gerber Export *
e Print *
o Import of CAM350 CAM files (includes visual interface for CAM layers). *
e Import of 2D DXF files for parts machining. *
* available only in PhACNC Pro
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Below is a list of available operations in the CNC mode:
e Insulation (top and bottom layer)
e Rubout (top and bottom layer)
e Drill (top or bottom layer)
e Cutout (top or bottom layer)
e Stencil (top and bottom layer) *
¢ Countersink (top or bottom layer) **
e "Peck” mode is now available in PhCNC Pro version. It is used for high aspect ratio machining.
¢ Auto Fiducial Registration. *
¢ Quality control. Positioning and measurements with optional camera/microscope for A350/A36x/A56x
* available only in PhCNC Pro
** available only in PACNC Pro, when DXF import is used.

CNC Video mode #1 ‘ CNC Video mode #2

1.2 How to produce PCB prototypes using PhCNC?

e Load your CAM data (Gerber, Drill, Drill definition, and Mechanical) that comes from your CAD system

e Enter cam mode arrange your board (one or more) in the work-space, determine the copper rubout
regions, clone (copy), rotate, check cutout (mechanical layer).

e Enter CNC mode, run the control (G-Code) programs created by PhCNC. Depending on your design,
you will have to run some or all of the following: drill, insulate, copper rubout, cut internal shapes,
and cutout.

Fle CAM CNC Sctup Tools Calc Language

1 PR VRIS 5 (B3 [ £.9 ] ot em 4 Os
4mx- 10000 | x+mp i Program: Entire (Top)* ¥
$u- “ RUN (G0)
1pm 0.001 0.01 0.5 10 MDI:
X -1.00000 Tt 02 8 ea
Y 4.00000 rem: 0
Z 1.26020 v o ) s
Home X Gopen | i
Home XY
Home ¥

2 Rubout (Top)
[w]3 Drill (Top)
Spindle

¥ spindieon § E‘:""‘ &

orpm 5000 60000 rpm

Feed Rate Overide
+15% 0.0% -25%

park || @ B @ +¥

||=:a|u|s]e Emerg Stop

Clear TTY

LS Z+: 1.27528"
LS X: -1.03496™
LS ¥: -1.29988"

Fower: 0.00W I: 0.00A
Ls: -2.0pm Board: 26.5°C
Status: PWM:Off
Nm]
[a]
i NG e

FrFo: ||

7l -
[+ NSRS  <2.10723, Y5.75555 ox8.10723, dy-7.79446, d11.24637  1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360:x64 ~ MTCLE: 13.5e-6/°C (FR4) @ 2299°C

Page 7 of 170



PhCNC User’s Manual

2. CAM mode

When you start PhCNC it loads in CAM mode. In this mode you will be able to load and edit your CAM
data in order to be ready for prototyping in CNC mode.

i PhCNC
File CAM CNC Setup Tools Calc Language

S48 =l O & 1on Y QB W BN E 4 eSS Sloc §IEG n

ST
I

. Fl
=, Bl

e
¥ msulate: 8.00, 10.00
¥ cut: 62.00

§ rubout tools: 125.0, 625,
313, 15.6,10.0, 8.0

y drill tools: 20.0, 320, 40.0,
480, 60.0, 120.0

Er-{w]EB Top Layer

PNL-TC77-TOGATC

[l PNL-TC77-TOGAta
=-[]EB Bottom Layer

PHNL-TC77-TO6A.BC

L PNL-TC77-TO6A.BC

(

[Oby[1]: "PNL-TC77-T0SA.TOP]
| area [inZ]: 11.080

size [in]: 3.680 x 3.011

s

warnings:
tool path T0: 0.400in , duratior

[Obj[2]: PNL-TC77-T06A.BOT']
total area in2]: 11,091

0

tion:
tool path T1: 253.960in , duration: «

& nowarnings X4.84768, V7.72563 oxd 84768, dy-582436, d7.57781  1000dpi [in]

Default.mpf

PhCNC Prov5.09.9319.A360:64  MTCLE: 13.5e-6/°C (FR4) @ 2299°C

When in CAM mode you will be able to perform the following operations:

e Load one or more PCB designs

e Group more than one PCB in a single object

¢ Ungroup already grouped objects

e Clone (copy) objects or groups of objects

¢ Delete objects or groups of objects

e Select and deselect objects and groups

¢ Rotate selected objects or groups by an arbitrary angle
¢ Move selected objects or groups

e Visually check insulation tool paths

e Determine tools and regions for excessive copper rubout
e Select inner or outer tool diameter compensation for all cutting operations

2.1 Gerber/Drill Import

The newest revisions of PhCNC (1.9.2 and up) utilize a visual approach to the process of Gerber/Drill
files import. It is based on GerberView technology of PhCNC.

The new button #%¥, replaces = === sed on older revisions.

2.1.1 Window for Gerber/Drill files import

Shown below is the basic view of the new Gerber/Drill file import window. Note the numbers in the red
brackets. The meaning of each one is explained below.
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[Iselect  C:\Program Files\PhCNC Demol\SAMPLESYDEMOC3 (1) wv| o # | layers:

¥ Name

[ ]

| DEMOC3.BOT

DEMOC3.B0T
[ bEMoC3MECH .
[] pemocasee (2
[ oeMocaset &5

3)

05-01-2009 09:46:36

= DEMOC3MECH
DEMOC3.SPB
@ DEMOC3.sPT
"~ DEMOC3.tap
|# pEmMoc3.Top

[J1op []Bottom [ |Mech Shne
)

05-01-2009 09:46:36 Photoplot resolution [dpi]: 1000 %

& s55% v & ‘G}-I

(5)

Profie: Default.impf [ 5.050" x 4.622"
Ci\Program Files\PhCHC DernohS&MPLES\DEMOCWDEMOC3.BOT 05-01-2009 03:46:36

SOKB  X5.6435,Y0.0583  oX5.6435, dY0.0569, d5.6430" dX143.346, dV1.495, d143353 mm

(1) — Currently selected folder

(2) - List of current folder contents. It can be sorted out by any column in ascending or
descending order (either numeric or alphabetical)

(3) — List of files selected for import to PhCNC and the layer assigned to them.

(4) — The graphics of currently selected Gerber/Drill file from the list (3)

(5) — “Gerber View” window of all selected Gerber/Drill files from the list (3)

The selection of Gerber/Drill files is now very simple. Folders can be selected with this button ' &= or
by entering the path manually in (1) and pressing the ENTER key. In the left part of the screen (2)
you will find the contents (files and folders) of the selected folder. Folders inside the selected folder can
be selected by double clicking on the folder name. Returning to the upper folder can be done by double
clicking on this button = -, or using the left arrow button (.

In field (1) (drop down) are listed the last 20 used paths. In many cases that makes the selection even
easier.

;3 Gerber & Drill Import

"] select  cC:\Program Files\PhCNC Demo!,SAMPLES\DEMOC3 v| £ 44 | Layers:

¥ Name DateTime Size Ext Top [_|Botto
D . DTnp Botl
DEMOC3.BOT 05-01-2009 09:46:36 49 KB BOT
[ DEMOC3.MECH 5- " - » [ Jtop [ ]Bor
view file (internal viewer) Top [ Bt
=| DEMOC3.SPB 0501 a
view file (notepad)
DEMOC3.SPT 05-0.
— Open (explorer)
| DEMOC3.tap 05-01 e
DEMOC3.TOP 05-01-2009 09:46:36 ‘ 85 KB‘ TEIF‘|-

From the list of files (2) you can open files in different programs by right clicking on them.

The current window arrangement, such as columns size and position etc., will be saved, so the next
time you open it they will be the same.

2.1.2 Gerber/Drill files import

To select a file simply click on it in the list (2). PhCNC analyzes the file content and if it is a valid
Gerber/Drill file adds it to the “Layers” list (3).

The selected file has an initial status of “none” and will not be selected for import in PhCNC.

At this point you can see a small image of the file content in the right (4) and decide what status to
select for this file. All selections except “none” will import the file into PhCNC.

The choices for Gerber files are “Top”, “"Bottom”, "Mech” (means mechanical).

The choices for Drill files are “Top”, “Bottom”.

The Gerber file choices are the same for manufacturing solder paste stencils.

Files with status “none” will be removed from the list after next file selection.
Note:

You can change the status/layer of selected files at any time.
Beginning with v3.24.2 it is possible to import more than one drill/drill-slot files (up to 8).

Note:
Only drill-slot files containing G85 command are good for this import
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Below is an example of the export of drill-slot files from Altium Designer CAD system.

0j

[ NC Drill Setuy

ptions

NC Diill Format.
Specify the units and format to be used in the NC Dril autput files.

This controls the units (inches or milimeters), and the number of digits before and after the
decimal point.

Urits Format
® Inches 23
24

Millmeters
@25

The number format should be set to suit the requirements of your design. The 2:3 fomat
has a1 mil resolution,

24 has 2 0.1 mil tesolution, and 2.5 has  0.01 mil resolution. If you are using one of the
higher resolutions you

should check that the PCB manufacturer supports that format. The 2:4 and 25 formats
only needto be chosen

ifthere are holes on a gid finer than 1 il

Leading/Traiing Zeroes Coordinate Posiions
) Keepleading and tiaiing zeroes Reference to absolute origin
) Suppress leading zerces © Reference to relative origin

@ Suppress biailing zeroes

Other

] Optimize change location commands

[7] Generate separate NC Dril fles for plated & non-plated holes

] Generate Board Edge Rout Paths

200mil

Important:

PhCNC User’s Manual

A router bit or drill bit designed for drill-slot operations will serve you better than traditional

drill bits.

Here is an example of importing files:

We will select the first file from the list (2). This file is a valid Gerber file and appears in the list (3)

and you can see the image of its content in (4

24 Gerber & prill Import

[[Iselect  C:\Program Files\PhCNC Demo\SAMPLES'DEMOC3

¥ Name DatefTime:

DEMOC3.B0T
|=) DEMOC3.MECH
DEMOC3.SPB
DEMOC3.SPT
~| DEMOC3.tap
DEMOC3.TOP

Ci\Program Files\PhCNC Dern o\ SAMPLES\DEMOCHDEMOCI BOT

05-01-2009 09:46:36
05-01-2009 09:36:02
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2009 09:46:38
05-01-2009 09:46:36

V| <o 4| Layers:

= Top  Bottom  Mech

Phatopiot resolution [dnil: 1 000

& s5% [ & EEEH

Profie: Default.mpf

03-01-2008 09:46:36 S0KE  X0.0000, V02686 dX0.0000, d¥0. 2686, d0.2636"

DEMOC3.80T

B I‘E‘
copper:z1.5emz  ~ S Import
s050" w4622" | TN

DEMOC3, B0

5.050" % 4.622"

ox0.000, d¥6.823, d§ 823 mm

We will select “Bottom” as the status of this file.

2! Gerber & prill Import

[[Iselect  C:\Program Files\PhCNC Demo\SAMPLES'DEMOC3
¥ Name:

DatefTime

DEMOC3.BOT
|=) DEMOC3.MECH
DEMOC3.SPB
DEMOC3.SPT
] DEMOC3.tap
DEMOC3.TOP

05-01-2009 09:46:36
05-01-2009 09:36:02
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2009 09:46:38
05-01-2009 09:46:36

Ci\Program Files\PhCNC Derm o\ SAMPLES\DEMOCHDEMOCI BOT

V| <o 4 | Layers:

= = Top _ Bottom  Mech

Profie: Default.mpf

03-01-2008 09:46:36 SOKE  X3.8507, V0.0141  dX3.8507, d¥0.0141, d3.4598"

DEMOC3.B0T

5.050" % 4.622"

03,038, d¥0.359, d98.038 mm
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It will appear in the “Gerber View” window (5) with the color for bottom layer.

Next file selection:

T4 Gerber & Drill Import

] select

¥ Nlame:

C:\Program Files\PhCNC Demo'\SAMPLES\DEMOC3

DatefTine

|# DEMocz.BoT
[ pEMOC3I.MECH
& pEmoca.spB
|# pEMoc3.spT
"] DEMOC3.tap
El DEMOC3.TOR

05-01-2009 09:46:36
05-01-2009 09:36:02
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2009 09:46:38
05-01-2009 09:46:36

Ci\Prograrn Files\PHCNC Dermo\SAMPLES\DEMOCI\DEMOC3 TOP

Layers:

[7op []Bottom

Top  Bottom

v <= 4
Ext

[IMech []

Mech

Fhatoplot resolction [dpi]: 1 000

tenet [ ] Gienet, [) DEMOC3.80T
DEMOC3.TOP

Profie: Default.mpf

05-01-2009 03:46:35 86 KB

X0.3535, ¥3.0939

dX(0.3535, 43,0539, d3.0743"

5.050" x 4.622"

dX8.978, d¥77.568, d78.086 mm

PhCNC User’s Manual

] select

¥ Name

C:\Program Files\PhCNC Demo}\SAMPLES'DEMOC3

DatefTime

|2 DEMoca.BoT
|5 DEMOC3MECH
DEMOC3.SPB
@ DEMOC3.SPT
] DEMOC3.tap
E DEMOC3.TOP

05-01-2009 09:46:36
05-01-2009 09:36:02
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2009 09:46:38
05-01-2009 09:46:36

Ci\Program Files\PhCNC Dema\SAMPLES\DEMOCHDEMOCITOP

Layers:

[ <] [

size Ext
Top | Bottom

Profie: Default.mpf
05-01-2000 004636 6 KB

Mech

X2.6721, V0.0990

[[J7op []Bottom [ Mech [ Sk5et []Eisnel, [ pEMoC3.BoT

DEMOC3.TOP

dX2.6T21, d¥0.0000, d2.6740"

copper: 32.6 cm2
5.050" x 4.613"

k)
DEMOC3. TOP.

5.050" % 4.622"

67,872, d¥2.514, d67.910 mm

|

Third file selection:

] select

¥ Name

C:\Program Files\PhCNC Demo}\SAMPLES'DEMOC3

Date/Time

& pEmoca.Bor
DEMOC3.MECH
DEMOC3.5PB
DEMOC3.SPT
~| DEMOC3.tap
& pemoca.Top

05-01-2009 09:46:36
05-01-2009 09:36:02
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2009 09:46:38
05-01-2009 09:46:36

Ci\Program Files\PhCNC Demno\SAMPLES\DEMOCHDEMOCI.MECH

Layers:

¥ <)

Ext

Top | Bottom

Mech

Phatopiot resolution [dnil: 1 000

[[Jvop []Bottom [ Mech [ ]Skmt ]S, [ DEMOC3.BOT
Top [ |Bottom [ |Mech [ |Gt [] St [ bEMOC3.TOP

DEMOC3.MECH|

Profie: Default.mpf

03-01-2008 09:36:02 2KB

X0.1131, V12442

dX0.1131, d¥12442, d1.2493"

copper: 1.2 cm2
4.960" x 4.510"

DEMOC3, MECH

5.050" % 4.622"

dx2.873, d¥3L.602, d3L732 mm

This file is a “"Mech” (mechanical) layer file. It contains the internal cuttings and final cutout of the

board.
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2/ Gerber & Drill Import

[[Iselect  C:\Program Files\PhCNC Demo\SAMPLES'DEMOC3
¥ Name:

Layers:

Date/Time

& pEmoca.Bor
El DEMOC3MECH
= DEMOC3.SPB
DEMOC3.SPT
~| DEMOC3.tap
& pemoca.Top

05-01-2009 09:46:36 Top B [Bottom % [ Sct
05-01-2009 09:36:02
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2000 09:46:38

05-01-2009 09:46:36

[[Jvop []soteom [Jmech (]S [] Sk
/] Top Bottom Mech tepoi sl DEMOC3.TOP
i Hotiom

PhCNC User’s Manual
o o o ]

I
copper: 1.2 cm2
4.960" % 4.510"

[) pEmoc3.eoT S 1mport

DEMOC3.MECH|

DEMOC3, MECH

Profie: Default.mpf

Ci\Program Files\PhCNC Demno\SAMPLES\DEMOCHDEMOCI.MECH 05-01-2009 09:36:02 2KB

X3.7042, V0.0141

dX3.7042, d¥0.0141, d3.7043"

~] 5.050" % 4.622"

04,087, d¥0.359, d94.088 mm

The next selected file is recognized by PhCNC as a drill file. If it does not contain tool definitions, the

symbol ¥ shows that at least one tool has no definition.

[[Jselect  ci\Program Files\PhCNC Demo'\ SAMPLES\DEMOC3 V| o 4 | Lavers:

¥ Name DatefTime Size Ext
. [ 1op []Bottom []Mech []St5t [}
DEMOC3.BOT 05-01-2009 09:46:36
05-01-2009 09:36:02 Top
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2009 09:46:38
05-01-2009 09:46:36

Bottom

B DEMOC3.tap
= DEMOC3.TOR

Fhatoplot resol tion [dpi]: |1 000 %

[Jtop [ABottom [JMech []SH5* []SEm: [] pEMOC3BOT

a9x| Bor| [1Top []sottom [/mech [ 1SHE* [ SEE,

Profie: Default.mpf

ciiProgram Files\PhCNC DemnotSAMPLES\DEMOCI\DEMOC3.tsp 05-01-2009 09:46:38 9KB  0.0990, V15128

dX0.0990, 415128, d15160"

I
tools: 6, holes: 521 & Import
4731" x 4.451"

m [] DEMOC3.TOP

[) pEMOC3.MECH

| { DEMOC3.tap

LEMOC3.tap
~ 5.050" 3 4.622"
dX2.514, dY38.425, d38.507 mm

After selecting a “Top” layer for drilling, PhCNC shows the table of the tools used in this file (shown
below). Here you may make changes such as the coordinate format to Integer/Decimal, units of

measurement, and individual tool diameters (double click on each diameter box).

Drill file

Units Type Digits Zero suppression Coordnates
(@English [THCH] & Absolute Integer: 2 |v. (®Leading Zero
O Metric [MM] O Incremental pecmak s [v O Trailing Zero Auto detect |
OMone N
Tool tables & Drilldef
faf | e | teen | el cine G
#1 0018 Drillbit  (50000)  (40.0) - T1C0.018F2005100
#2 0031 Drillbit  (50000)  (40.0) T2C0.031F2005100
#3 0034 Drillbit  (60000)  (40.0) T3C0.034F2005100
#4  0.038 Drill bit (50000) (40.0) T4C0.038F2005100
#5 0079 Drillbit  (50000)  (40.0) TSC0.075F2005100
#6 0110 Drillbit  (50000)  (40.0) T6C0.110F2005100

Unfortunately, Excellon format does not contain Integer/Decimal information; therefore it is advisable
to look at the info file generated from your CAD system. The best way to avoid errors in this matter is

to generate an Excellon2 drill file, if your CAD system has this option.

If it is necessary, the tool definitions can be entered manually or from a tool definitions file. To import

from such a file click on the =em«= hutton.

Page 12 of 170



PhCNC User’s Manual

Button == is designed to do an automatic recognition of the data format for Excellon drill files. In
order to be used it needs at least one Gerber file to be selected in advance (Top, Bottom, Stencil Top
or Stencil Bottom). This option analyses the coordinates of drill patterns and compares them with the
coordinates of the Gerber's. This function allows you to automatically select all parameters of your drill
file. It may not work in 1 of a 1000 cases and will require @ manual settings. In such a case you can
study the "Excellon" format or contact us for help. In any case that there is suspicion about the file
format, a careful examination (using high zoom) is recommended.

Important:
Parameter “Coordinates” (“Mirror X" and “Mirror Y") should be used ONLY if a mirror transformation of
the drill coordinates is needed.

In all cases that the drill file(s) need manipulated we recommend the following sequence:
e Import your Gerber files completely (but without drill file(s))

e Start a new procedure “Import Gerber & drill”

e Import your drill file(s)

e Now you can select your drill file(s) as a separate object

e Make all transformations needed and align your drill files to the Gerbers

e Finally use high zoom for precise alignment (you will be able to match to 0.0001")
Important:

Contemporary CAD products usually export the drill file in Excellon2 format and it contains all the tools
definition information.

If for some reason the file format is not correct (like inch/metric, fractional digits, leading/trailing zeros
suppression etc.) it will be very obvious. To correct the problem use double click at file name and
change the necessary settings.

In the example below all files selected are ready for import into PhCNC.

21 Gerber & Drill Import o ol
o

[ Iselect c:Program Files\PhCNC Demo!\SAMPLESYDEMOC3 V| &5 4| Lavers:

¥ Name DatefTime Size. Ext [rop [/ Bottom [Jmech []S¥,
on

copper: 2.3 cm2 N Import
[Joemocasor | 5ign s posge | Bt

[] pemoca.Top
[) pEMoc3amEcH
¥ pEMOC3.tap
[] pemoca.seT
DEMOC3.5PB

o
|2 pEmoC3.BOT 05-01-200009:46:36| 49 kB| pot| [1Top []sottom [/jMech []
[E pEMocaMecH 05-01-2009 09:36:02 1KB MECH Top []Bottom

| DEMOC3.SPB 05-01-2009 09:54:54 < [I7ep [JBottom [J™ech [/ Sk
=) DEMOC3.SPT 05-01-2009 09:54:54|  10KB| SPT Top  Bottom _ Mech

| DEMOC3.tap 05-01-2009 09:46:38
DEMOC3.TOR 05-01-2009 09:46:36

DEMOCE. SFB

Profle: Default.mpf [ 5.050" x 4.622"

ciiProgramn Files\PhCNC DernatSAMPLES\DEMOCI\DEMOC3.SPE 05-01-2009 09:54:54 4KB  X5.8674 V0.0707  dX5.8674, dY0.0707, d5.6678" dX(143.032, dv1.796, 149,042 rarn

Important:
Stencil import is available only in PhACNC Pro versions (For more details see 2.1.4).

Note:

PhCNC revisions v3.19.3 and later, allows the operator to import more than one mechanical layer (up to
8 layers are allowed). This is shown on the screen below. Each layer is imported from a separate
Gerber file.
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i Gerber & Drill Import.
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[P

[]Select  5274x\PCB_PawerLED_R1\Project Dutputs for PCB_PowerlED_R1|v| <5 5 | Layers: ) o

¥ Name Dete/Tme E [Atop [JBottom [Imech ]St [] S, [] PCB_POWErLED RLGTL  5obe v ynaps  aies MM
[ [/ Top []Bottom § PCB_PowerlED_RLTXT

| PCB_PowerlED_R1.apr 12-09-2012 10:31:53 1x8| apr| | [Top []Bottom [Amech1[ ] Sit [[]Spmt, [ pcB_powerlep RLGMZ

< PCB_PowerleD_R1.DRL 12:09-2012 10:3207 | oxs| pr| | [1Top []Bottom [/mechz] ] Sieg ] PcB_PowerLED_RLGM3

| PCB_PowerlED_R1.DRR 12-09-2012 10:32:07 0kB| DRR [ ep ] eottom 7 Mechs O] G [ I PCE_PowerLED_RL.GM1

[E PCB_PowerlED_R1.EXTREP 12-09-2012 10:31:53 | 1KB (TREP

< PCB_PowerlED_R1.GBL 12032012 10:31:52 | 0KB| GBL

=/ PCB_PowerlED_R1.GM1 12-09-2012 10:31:52

< PCB_PowerlED_R1.GM13 12032012 10:31:53 | 1KB GM13 EmetnD ATRE Sioon oy .

& PCB_PowerlED_R1.GM15 12-09-2012 10:31:53 0KB GM15 e honer EDRIGHL
< PCB_PowerlED_R1.GMZ 12-09-2012 10:31:52 0KB | GM2 & 140% v & H ‘H ‘ S5

< PCB_PowerlED_R1.GM3 12092012 10:31:53 | 0KB| GM3 S £
< PCB_PowerlED_R1.GPB 12092012 10:31:52 | OKB| GPB

< PCB_PowerlED_R1.GTL 12032012 10:31:52 | 6KB| GIL

& PCB_PowerlED_R1.GTP 12-09-2012 10:31:52 | 3KB| GTP

| PCB_PowerLED_R1.GTS 12032012 10:31:52 | 3KB| GTS

[& PcB_PowerlED_R1.LDP 12-09-2012 10:32:07 | 0KB| LDP

< PCB_PowerlED_R1.REP 12092012 10:31:53 | 3KB| REP

[@ PcB_PowerLED_R1.RUL 12032012 10:31:53 | 0KB| RUL

) PCB_PowerlED_R1IXT 12092012 10:32:07 | OKB| TXT

[@ PCB_PowerlED_R1-macro. APR_LIB 12092012 10:31:53 | 0KBR_LIB

[ Status Report.Txt 12092012 10:32:07 | OKB| TXT

Profie: Peck.mpf v 2830" x 2.890"

<\gerber-rs28AMechanical Layers Test\Project Outputs for PCB_Mechanical | 12-00-201207:3152 | 1KB  X0.0UOD, Y20273' | d¥0.0000, V20273, d20273" 40,0000, V514941, 4514941 mm

After the import of more than one mechanical layer, PhACNC generates a single file that contains all
imported information. This file is named “Mechanical.GM”

2.1.3 “Gerber View"” window

Now you have all the needed files in the “Gerber View” window (5). Here you can zoom in for more
detail and perform measurements, the same way, as in CAM mode.

~

7] Select  c:\Gerber-rs274x\PIDtest

Gerber & Drill Import

Hame
= -
PIDtest -
PIDtest -
PIDtest -

CADCAM Bottom Copper.TXT
CADCAM Dril. TXT

CADCAM Mechanical 3.TXT
PIDtest - CADCAM READ-ME.TXT
PIDtest - CADCAM Top Copper. TXT

Bl PIDTest.PH1

B
[]
[B]
B
B

W Date/Time

28-10-2007 09:52:10
28-10-2007 09:52:10
28-10-2007 09:52:10
28-10-2007 09:52:10
28-10-2007 09:52:10
20-12-2007 11:07:11

ci\Gerber-rs27 4\PIDtest\PIDke st - CADCAN Drill TXT

- Layers:
. copper: 7.1 cm2
- — []T1op [/]Bottom [ |Mech [ |none ‘ PIDLest - CADCAM Bottom CopperT. 5 pac' s 5o0h
g, X Top Bottom Mech none | | PIDtest - CADCAM Top Copper. TXT - —
[ITop []Battom Mech [ |none PIDtest - CADCAM Mechanical 3TXT o /27 . e
9 KB | TXT Top [_|Bottom [ Inone ¥ PIDtest - CADCAM Drill.TXT )
1KB| TXT
1KB| TXT
L N N J -
6 KB| TXT e sesesece
8KB| PH1

FiDtest - CADCAM Top Copper. THT

Q

924%

e @ emes

|

Profils: Default.mpf

3.315" k 2.515"

28-10-2007 09:52:10 3KB X0.7263, ¥0.2929 d)0.1077, dV-0.0328, d0.1126" dX2.736, d¥-0.834, d2.860 mm

To set the reference point for a measurement press the SPACE BAR or make a right click. Move your

mouse pointer to the new point and read the difference (dX and dY) in the status bar.

In the video clip below, the "Gerber & Drill files import" is demonstrated:
http://youtu.be/JIX5SmMC7C

2.1.4 Profiles for automated Gerber & Excellon import

PhCNC v5.33+ has ability to be created profiles for automated import to the generated from the PCB

CAD systems Gerber & Excellon files for the layers.
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The predefined profiles are shown in the list below. When the user select the desired PCB CAD profile
and press the button "Apply", PhCNC will select automatically the files corresponding to the PCB layers

(according to the selected CAM profile).

On the picture below are shown the selected Gerber & Excellon files generated from Altium Designer:

2/ Gerber & Drill Impor lgl_l_g’

[_]select c\Gerbersamples\PhACdrive_LCD_R1 V| & 4 | Lavers:

S s = Ext [17op [/ Bottom [ JMech [ ]Gt ]St [ Ef PhACdrive_LCD_R1.GBL

Design Rule Check - PhACdrive_LCD_R1.dr:
Design Rule Check - PhACdrive_LCD_R1.htn
PhACdrive_LCD_R1.apr
PhACdrive_LCD_R1.DRL
PhACdrive_LCD_R1.DRR
PhACdrive_LCD_R1.EXTREP
PhACdrive_LCD_R1.GBL
PhACdrive_LCD_R1.GBO
PhACdrive_LCD_R1.GBP
PhACdrive_LCD_R1.GBS
PhACdrive_LCD_R1.GKO
PhACdrive_LCD_R1.GM1
PhACdrive_LCD_R1.GM13
PhACdrive_LCD_R1.GM15
PhACdrive_LCD_R1.GPB
PhACdrive_LCD_R1.GPT
PhACdrive_LCD_R1.GTL
PhACdrive_LCD_R1.GTO
PhACdrive_LCD_R1.GTP
PhACdrive_LCD_R1.GTS
PhACdrive_LCD_R1LDP
PhACdrive_LCD_R1.REP

PhACdrive_LCD_R1RUL

PhACdrive_LCD_R1-macro.APR_LTB
Status Report.Txt

e FEEEEE N L I L L LY

21-02-2013 11:34:54
21-02-2013 11:34:54
21-02-2013 10:51:58
21-02-2013 10:52:22
21-02-2013 10:52:22
21-02-2013 10:51:58
21-02-2013 10:51:57
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:57
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:51:58
21-02-2013 10:52:22
21-02-2013 10:51:58

21-02-2013 10:51:58

21-02-2013 10:52:22

79KB| DRC
747 KB|HTHL
3K

:_Altium Designer

Apply | i TT=mofie: Default.mpf v

c:\GerberSamples\PhACdrive LCD_R1\Status Report,

Tt

21-02-2013 08:52:22 1KB X00648, ¥0.0316"  d¥0.9648, dV0.0216, d0.9633"

Bottom Overlay BO PhACdrive_LCD_R1.GBO
Bottom Solder  |BS§| PhACdrive_LCD_R1.GBS

Top Bottom |./| Mech it {o PhACdrive_LCD_R1.GM1

o Eatiom

Toy Bottom Mech tenoit fencit PhACdrive_LCD_R1.GTL
e O Cmech st St DB - LeD_|
TopoOverlay TO PhACdrive_LCD_R1.GTO

Top Bottom Mech [/] Sigelt [ PhACdrive_LCD_R1.GTP
Cree [ O g 3

Top Solder  [T§| PhACdrive_LCD_R1.GTS

7 Top [] Bottom W ehacdrive Lo Rina

Cnirrorx O Hirror Y

v & @EH o el 5

PhACdrive_LCD_RLTXT

A 149%

3.530" % 1.250"
dX24.5059, d¥0.8035, d24.5190 mm

The predefined profile "Default" is universal profile, and will work for most of the PCB CAD outputs

(Gerber & Excellon).

The button ' # opens the "Gerber Import Profiles" window, allowing to the user to create/edit/delete

the existing profiles.

Profiles

Mask Bottom: GBS
Infol:
Info2:
Info3:

Infod:

Zero suppression
() Leading Zero
() Trailing Zero

Onione

(Altiom Designer | CADFrofie: [Alium Designer ferazaDsetrngs Hsove
CSIEDA v5 Units
Default Top: | GTL X Delete
Kicad Bottom: |.GBL (@ English [INCH]
Opuser O Metric [MM] Close
OrCAD Mechanical: .GM1
Proteus
Stendil Top: .GTP Digits
Stencil Bottom: .GBP Integer: 3 |
Drill: |.TXT T v
Silk Top: .GTO Type
Silk Bottom: -GBO @ Absolute
Mask Top: .GTS O Incremental

Each profile contains information (the file name extension, or part of the file name) about the names of

the files generated from the specified PCB CAD system.

PhCNC may support more then one extention for the file name for every layer. Typical example is the

profile "Default":

Profiles
CAD Profile: Default
[Altium Designer

COIEDA VS Top: .GTL; Fronkgtl; .top; _024
KiCad Bottom: .GBL; Back.gbl; .bot; _29.¢
Opuser
OrCAD Mechanical: .GM1; Edge_Cuts.gbr; Me
Proteus

Stencil Top: F_Paste.gtp; GTP; .spt; _
Stencil Bottom: B_Paste.qtp; .GBP; .5pb; £
Drill: | UnPLdrl; PLAF; .drl; .tap; .
silkcTop: .GTO; F_Ssilks.gto; Top Sil
Silk Bottom: -GBO; B_SilkS.gbo; Bottor
Mask Top: F_Mask.gts; .GTS; Top Sa
Mask Bottom: B_Mask.gbs; .GBS; Bottor

Tnfo1.

Tnfo2

Info3:

Tnfoa:

RS-274-D Settings.
Units
) English [INCH]
O Metric [MM]
Digits
Integer: 2

Decimal: 3

Type
(@ Absolute
Oncremental

Zero suppression

@ Leading Zero
(O Trailing Zero

Oione

Gerber Import Profiles ==
P

Hsave
¥ Delete

Close

v

v

The different file extensions must be separated with ";".
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In the example, in the "Top" layer will be selected Gerber file which hame ends with some of the next

strings:

IIGTLII

"Front.gtl"

".top"

"_02.GBR"
"top.gbr"

"Top Copper.TXT"
"Top Pattern.gbr"

The PCB CAD import profiles contains information about coordinates format of the RS-274-D gerber
files (not used during import of the RS-274-X gerbers).

The easiest way to create profile for automated Gerber & Excellon import is the next:

2! Gerber & Drill Import

¥ Name

)

¥ PhACdrive_LCD_R1.apr
PhACdrive_LCD_R1.DRL
¥ PhACdrive_LCD_R1.DRR
PhACdrive_LCD_RLEXTREP
PhACdrive_LCD_R1.GBL
PhACdrive_LCD_R1.GBO

PhACdrive_LCD_R1.GBP
PhACdrive_LCD_R1.6BS

PhACdrive_LCD_R1.GPB
PhACdrive_LCD_RLGPT
PhACdrive_LCD_R1GTL
PhACdrive_LCD_R1.GTO
PhaCdrive_LCD_R1GTP
PhACdrive_L(D_RLGTS
| PhACdrive_LCD_R1.LDP
A& PhACdrive_LCD_R1.REP
@ Phacdrive_LcD_R1.RUL
Bl PhaCdrive_LCD_RLTXT
[El ehAcdrive_Lcp_R1-macro. APR_LTB
7| status Report.Txt

 RRRRRRRRRRRRRRGD R R

CAD: Altium Designer

ci\GerberSamples\PhACdrive_LCD_RI\Status Report. Trt

[ select c\Gerbersamples\PhACdrive_LCD_R1

Date/Tme

21-02-2013 10:52:22
21-02-2013 10:51:58
21-02-2013 10:51:57

A& Design Rule Check - PhACdrive_LCD_R1.dr 21-02-2013 11:34:54
& Design Rule Check - PhACdrive_LCD_R1.htn 21-02-2013 11:34:54
21-02-2013 10:51:58
21-02-2013 10:52:22

Layers:
Top [] Bottom [ ] Mech []Gmet [] Gnet PhACdrive_LCD_R1.GBL
ow Eatiom
Bottom Overlay B0 PhACdrive_LCD_R1.GBO
Bottom Solder [BS PhACdrive_LCD_R1.GBS
Top [ Bottom [7]Mech [] Gt [] Ginet PhACdrive_LCD_RLGM1
o Battom
/] Top [] Bottom [ ]rech i el Phacdrive_LCD_RLGTL
O O O Dokt D&

Top Overlay  TO PhACdrive_LCD_R1.GTO

PhACdrive_LCD_R1.GKO Coitbaws T
Default
PhACdrive_LCD_RLGH1 Defau
PhACdrive_LCD_R1GH13 Opuser
0rcAD
PhACdrive_LCD_R1GH15 Proteus

21-02-2013 08:52:22 1KB | X00158, Y09121" | dX0.0158, d09121, 09122

[17op [ ]Bottom [ JMech [ Gt []GEmt, [ § PhACdrive_LCD_RLGTP

Top Solder  [T§| PhACdrive

CAD Profile: RS5-274-D Settings u Save
Units
tor [T ¥ Delete
Bottom: GBL @ English [TNCH]
Ometric [rM] Close
Mechanical: GM1
Stencil Top: GTP Digits.
Stencil Bottom: Integer: 2 v
Drill: X Decimalk 3 v
Silk Top: GTO Type
Silk Bottom: GBO @ Absolute
Bskpoed ors OIncremental

Mask Bottom: GBS
Zero suppression

Infol:

Tnfo2: g Leading Zero
Trailing Zero

Tnfo3: g

(None
Infos:

Profie: Default.mpf 4

3.530" % 1.250"

dX0.4017, dV23.1668, d23.1702 mm

PhACdrive_LCD_RLTXT

- Select the Gerber & Excellon files for the layers (ready for import into PhCNC)

- Press the button ' i

Now PhCNC will fill the unique file names extentions (as is shown above) using the names of already

selected files.

To save the profile, you have to enter the name for the profile and press the button "Save".

Video:

https: outu.be/KQ6m

ng90
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2.1.5 Gerber RS 274-D files import

Gerber files in RS 274-D format are considered obsolete. All PCB CAD systems now generate Gerber
files in RS 274-X (called Extended Gerber). Despite this we offer the possibility to import RS 247-D for
the users of older CAD systems. When such a file is selected an attention sign will be displayed in front
of the file name to alert the operator that the file does not contain the description of the used
apertures (Gerber RS 274-D):

4 Gerber & Drill Import =
N . 5

[ select  €:\Gerber-rs2Tdx\274-D

W Name
EA -

4 ZREGSDRL
-/ ZREGS.GBL
= zregs.mech
= zrecs.ssL

[] 2rEGS.TXT
< STANDARD.APT
= sTANDARDETL

Photoplot resolution [dpi]: 2000 % [CI™irror % [™irror A 2REGS.GEL

Q  100% v & H | e &=

Profile: Default.mpf v

Ci\Gerber-rs214:374-D\REGS.GBL 75-08-201112:1305 148 KB 26361 YLTOI0"  2.6361, d¥17030, d3.1383" (66,9565, dV43.2551, d79.7130 mm

During the file selection an additional window will appear for apertures to be entered. Due to the fact
that there is no standard format for aperture descriptions in RS 274-D they must be entered manually

2.1.5.1 Manual aperture entry

4 Missing Apertures

KL5876, YL3478"  dXL5876, dV1.3478, d2.0826" dX40.3253, 4342354, d52,8979 mm 4.960" x 8,580

To enter/change parameters you have to click on it. This will open fields for its aperture type and
parameters.

@ i s . ==
code ape Param1 Paramz Param3 Paramd »

oK
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After the apertures and their parameters are entered it is recommended to save them in a *.APT file for
future use (another layer or another project) using the button “Export Apertures”.

Important:
If the apertures are presented in a text file, you may use the “View Apertures” button. This will open an
additional window that will make the entry process more convenient.

Missing Aperturas ===
Param2 Param3 Paramd
oK
-: ! 0.0 _ c I
. 1mport
L& jpertures
[, Export
[] STANDARD.APT T T [
T mels szer s in wils (ohons) 1
undefined == e
Undefined ; <use>
Undefined
31%

D1l CIRCULAR 40 40 0
D1z SOUARE 10 10 o

DSz CIRCULAR 250 250 O

36,2459, Y0.0000"  d)6.2459, dY0.0000, df. 245

2.1.5.2 Aperture definitions import in PhCNC (file *.APT)

You can import apertures definitions in PACNC when you use a RS 274-D Gerber format.
Once the aperture file is generated (or supplied) you can enter it using “Import Apertures”

{ Import Apertures =X
Lock i 274D M cf &~ I
= Name " Date modified  Type Size
=2 35 STANDARD.APT

Recent Places

Deskiop

P

Computer

ir

Metwork

File name: | 1 Open

Files of type: Apertures b Cancel

Shown below is the format of *.APT file that you can enter in PhCNC.

|; use>
{ )

After the import of the apertures it is highly recommended to review the graphics of the layer for
missing or improperly entered apertures. After any changes in the apertures, PhCNC will redraw/display
the changes in the layer.
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Deode  Shape Paraml Paramz Param3 Param¢

oK
D01z Square width: 10.0 Angle: 0.0 <
D015 Round Diameter: 15.0 Cancel
D016 Square width: 20.0 Angle: 0.0 T
D016 Round Diameter: 25.0 Apertures
D019 Round Diameter: 30.0 [ Ernort

. Apertures
D020 Square width: 50.0 Angle: 0.0
D021 Round Diameter: 50.0 0O :';::mes
D02z Square width: 62.0 aAngle: 0.0 o B
D023 Round Diameter: 62.0 Settings
D024 Round Diameter: 70.0 &
Q w2 ¥ & Blewm es

{
H3.2650,Y0.7070"  o3.2630, d¥0.7070, d3.3618" dX#2.9540, d¥20.2440, d85.3895 mm 5.010" % 8.630"

2.1.5.3 Extra Settings

Gerber RS 274-D does not contain the information about the coordinates format, units of measurement
etc. They usually are sent to board manufacturers by separate letter or telephone conversations.

Here they can be entered in PhCNC by using the “Extra Settings” button

Extra Settings (274-D)
Units Digts
< oK
@ English TINCHT Integer: 2 v
O Metric [MM] Decimak 3 v Cancel
Zero suppression Type
@Leading Zero @ absolute
OTrailing Zero OIncremental
ONone

Entering wrong parameters in this window will definitely create a wrong interpretation of the Gerber file
and will be visible in the graphic window. It is important to carefully check the image and its size and
make sure that it is what you intended to have.

Shown below is the file after correct import:

;‘{! Gerber & Drill Import

[ select ch\Gerber-rs274x\274-D v a4 | Layers: copper: 140.2 cmz | BN
¥ i ootine E S oo e
0. [/ Top [ ]Bottom § zrEGS.TXT
< ZREGSDRL 25-08-2011 15:13:06 3KB| DRL
< 2REGS.GBL 25-08-2011 15:13:06 | 147KB| GBL
[B) zregs.mech 26-08-2011 17:36:30 0 KB |MECH
[=) zreGs.sBL 25-08-2011 15:13:06 | 117KB| SBL

B ZREGS.TXT
9 STANDARD.APT 25-08-2011 15:13:07 18| apPT Photoplet resolution [dpil: 2000 |- [JMimorx  [Mirror ¥ REGS,GBL
@ sTANDARDETL zsosz0111su308 | 1k8| E|| @ 160 v @ H ._.‘ on
* g g
.

{
Profile: Default.mpf £l 5.010" % 8.630"
Ci\Gerber-r527 $274-D\IREGS T 25-08-2011 12:13:06 4KB  X2.8481 Y4.3100"  dX2.8481, dV4.3190, d5.1735" dX72.3416, d¥109.7023, d131.4074 rmm

Important:

If the CAD system that you are using can export Gerber files in both RS 274-D and RS 274-X, you
definitely have to use RS 274-X (Extended Gerber). This will save you time, efforts and reduce chances
of errors.
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PhCNC Pro (versions v1.10.1 and up) are able to import Gerber data layers designed to machine
stencils for solder paste placement. Stencil layers can be imported together with the files for board(s)
prototyping (recommended when cloning and reorientation of the board in PhCNC is needed) or
separately. This import is similar to top and bottom Gerber files for boards. You may import top and
bottom Stencil files ("Stencil bottom” is needed only for boards that are populated with components on
both sides). “Stencil Top” and “Stencil Bottom” are virtual names, that reflect the stencil for board top
side and the stencil for board bottom side, each made on separate work piece.

Shown below is a sample window with stencils import:

"] select

¥ Hame

c:\Program Files\PhCNC Demo)\SAMPLES\DEMOC3 Layers:
[ pemMoc3.sor

Date/Time ize
[ pEmMoc3.Top

05-01-2009 09:46:36
05-01-2009 09:36:02
05-01-2009 09:54:54
05-01-2009 09:54:54
05-01-2009 09:46:38
05-01-2009 09:46:36

| DEmoc3.BOT
[ DEMOC3.MECH

¥ pEMOC3tap
DEMOC3.5PT

Top [ |Bottom

Top  Bottom M

[ ]Top [ ]Bottom [ _|M:

E| DEMOC3.5PB
=] DEMOC3.5PT
" DEMOC3.tap
[ Dpemocz.top

DEMDC3.5PB

Q  s55%

Profil: Default.mpf )

ciiProgram Files\RhCHNC Dermal\SAMPLES\DEMOCI\DEMO C3.5PB 05-01-2009 09:54:54 4KB  X(5.8674,Y0.0000  oX5.8674, d¥0.0000, d5.8674"

copper: 9.4 cm2 N
4.748" v 4.235" | T

149,032, d¥0.000, d149.032 mm

DEMOC3,5PT

5.050" x 4.622"

When stencil files are imported in the project, additional buttons will appear
on the left side of CAM window shown below.

‘ Y stencik: 8.00+ 2.00 mil

The “Stencil” button allows you to select a tool and set the parameters for it.

There are two types of tools that can be used in this operation. “V” tip tools
(the same used mostly for insulation of the traces) and stub end mills. “V”
tip tools will allow you to achieve corner radiuses on square pads close to 3
mils without paying the price for a 6 mils stub end mill. Stub end mills will
make the openings in your stencil with completely vertical walls. Using “V”
tip tools the actual tool diameter is the track on the bottom side of your
work piece. This requires a precise depth setting. Stub end mills have lower
requirements for this setting. Tapered walls of the stencils made using “V”
tools may require a bit bigger “safety zone” (tool offset), an internal

Stencil tool ==

Diameter (d} [in]: 0.0080| | oK

Type: “¥" 60°
¥ select Tool

g Soect Tosl
ATC

ool tip ¢F) [mil]: 4.5
tool affset (F) [mil]: 4.0
Stencl thickness {m) [mi]: 6.0

Penetration Depth [mill:

]

v

]
2.0 v
m): (7.5) ¥
yml: (20.0) v
Speed [REH]: (60000} ]

Corment i SEM_15
Z=9.0mi

z

S

compensation to the pad size (usually 2-5 mils). The operator will be able to set this too. All settings
needed for the stencils tool appear with a click on the | ¥stenct | bytton. To the right is the stencil tool

window.

Where:
e 'd’is the tool track diameter calculated for the bottom side of your

work piece.

't’ is the tip diameter of your tool. In some cases it is not published

by distributor/manufacturer. Call the source and find this parameter.

It is important to know it in order to have accurate depth limiter

settings.

e 'f' is the internal compensation, technologically needed for the
process of solder paste application. (usually 2-5 mils)
e 'm’is the thickness of your work piece.

Tool penetration depth is calculated automatically by PhCNC and shown in
the tool change window.

Stencil tool ===

Diameter {d) [in]: 0.0080 ] ok
Type: Stub End Mill
¥ select Tool
tool tip (F) [mil: 4.5
 Solert Tool
tool offsat (F) [mi]: 4.0 atc

Stencil thickness (m) [mi]: 6.0
Penetration Depth [mill: 10,0
Feed rate [injm]: (7.5)

Plunge rate [injm]: {20.0)

< B |® F (=] =

Speed [RPM]: (60000)
Conmert t: SEM_15

z=6.0ml

When using a “Stub End Mill” the depth is only recommended (should be more than material thickness).
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If a project containing stencil layer(s) has been imported, additional buttons that control the

visualization of all layers will appear.

el —
el 5| B |
=-[/)28 Top Layer

Lz

The “PCB” button, shows all files except the stencils

The “Stencil Top” & “Stencil Bottom” shows Top & Bottom stencil images

Shown below “PCB” files only:

 PhCNC_

File CAM CNC Setup Tools Calc

S sp & & e MQH o B KB 4 EE-H §oc YT,
sHl =8 2R

§ Insulate  7.00mil [+ 10
Youe  z93rmil [+ 71
§ stencil | 8.00m|v[20 [V

yrubout tools: 0.125, 0.063,
0,031, 0,007

il tools: 0.018, 0.031, 0.034,
0.038, 0.079, 0.110

ot
2% TopLayer
- [wI=% pEmocs.ToP
[l THRUHOLE tap
[X]S DEMOC3.SPT
- [Z]28 Bottom Layer
+.[][°8 DEMOC3MECH

Sktiem

i [ peMoca.BoT
- [®]G§ DEMOC3.SPB

[oby{1]: "DEMOC3.MECH']
total area [inz]: 22,322

size [in]: 4,955 x 4,505

tool path 37,52 in

duration: ~5.85 min (F7.5 injm)

[objl2]: "DEMOC3.TOP']

total area [in2]: 26,342 =]
size [in]: 5,358 x 4.917 | 0
@ rowarnings | X6.0354,¥5.9755 60354, cy-5.4245, dB.1149  1750dbi [in] Default.mpf PhCHC Pro 3 .8.0.5159.A360
H .
Stencil Top:
{ Phene =)
File CAM CNC Setup Tools Calc
- - - Sl (Y] Project . ~ ~
Eg #p =& Qe Ve B BN EJ4EEE Soe 1T, options, | @- 8
- - -
sBY =B 2Bl
¥ nsulate | 7.00mil [ 10 [ ] tnerrnaneenenenioenn_ GRECRR0uOuneeEen  eoueenooonenneey
Yo so37mil [v] 11 = =
Stencil  8.00m|v[20 [v = =
Bisten s m : L = = frevraoouenaeeey  poeaveeononnnuone
rubout tools: 0.125, 0.063, = =
Y0031, 0.007 = = L e Iy
deill tools: 0.015, 0.031, 0034, = =
0.038, 0.079, 0.110 = =
= = = Drvevaeoeenaeeen  peaveeanoennuone e
= = =
= = =
] ORTEERROeeonIeafong L e
=
= = = Teoeenooueoneeen  Foweeeoooneeneee
= = L e
...... =
£ pce it £ TROCT00eeneeen  [eneeeooonsune
=28 Top Layer = = =
[X2 pemoca.Top = = =
L [X]W THRUHOLEtap = = =
[41S pemoca.ser = = =
=-[X]Z8 Bottom Layer = =
i DEMOC3.MECH )
DEMOC3.BO0T = = = = =
.[%]§ pemoca.ses = = = = = = =
= = = = =
"DEMQC3, MECH"] = - = = - = .
a i
total area i =]
size [in]: 5,358 x 4.917 7 I “
@ nowanings | X5.5972, Y5.9508 55073, dy-5.4492, 78117 1750dkpi [in] Default. mpf PhCNC Prav3,8.0.5150.4360

Below is an example of tool path dimensions and “safety zone” compensation
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S sl =& Qo M@ B o 8 KB 4B S-S ac VG
SB =B wE
¥ Insulate: 7.30, 16.00, 18.00

¥ cut: 1000
§ stencik: 8.00 + 2.00 mil
 rubout tools: 1250, 62.5,
313,156,100, 73
drill tools: 24.0, 28.0, 31.0,
¥ 31.5,35.4,36.0, 40.0, 433,
51.0,80.0, 118.0, 140.0

E-[ZE8 Top Layer
PhCNC360_R6.GTL
[x]#¥ Phcncsso_re.TxT
S PhCNC360_R6.GPT

£ [X]EB Bottom Layer
PhCNC360_R6.GHM1
PhCNC360_RS.GBL

2.1.6.2 Stencils machining in CNC mode
Entering the CNC mode the operator will see the programs for stencil machining:

Important:

PhCNC generates programs in CNC mode ONLY FOR THE OBJECTS/LAYERS
VISIBLE in CAM mode.

Example of a stencil machining p

PhCNC User’s Manual

Tool
Gane | @B (Y
ragram: Stencil (Top Layer v

Insulation (Top Layer
RUN (Cprill (Top Layer)
ut (T

Fle CAM CNC Setup Tools Calc Language

1o PO TG IR 5% [ O] oty banet
4mx- 10000 | Kemp

IS
1pm 0.001 Dﬂl 0.5 10

X -1.00000 Tool: T0,THO2
Y 4.00000 rem: 0
Z 1.26020 rem: 0

Home X
Home XY
Home ¥
Home Z x=0| v=0|[z=0 m = 1] ne
Y TY YR «_ E ®
¥ spindicon| EE= S = [
B EcON U =
a = - ® '.
LY ] / - ] NE o -
orom 5000 50000 rom & & U gy meomsw=ki= iE HEIENEDN
Feed Rate Overide != EEEE : EEEE g, ™ My §E E g 00
i = =in @
o 1 [T I ] = EEEE o o i
+15% 0.0% -25% il PRR— Wy
i BE g (T =
T : Pl - o
i o= || ] = -
(7 e (e Wi = =
2 Gem Yoy ® & LT E = = g5 eesase
im g 8 W LR R ]
[][] Hil E = nm
Pase | Emergency Stop = HLE e
Clear TTY L4 ’ - = I.I
- L1 = - W
LS Z+: 1.27520" 0‘. HE i "
LS X: -1.03496" &
Do 9 ® e - EE
LS ¥: -1.29988 ‘.0 0l FE mm @ § EONEE == s
@ LE = BEEE =S =@ D E@ =
W EE_EE -
- my Cmg Fem ® B
- - - -
. EEEEEEl i S EEEE i m ¥
L R K N
LI LI LI LR XL X1 BETYye

e — —]

@ no warnings X1.79524, Y4.89925 dx7.79524, dy-8.65075, d11.64480  1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360:x64 ~ MTCLE: 13.5e-6/°C (FR4) @ 2299°C

ea” | O
|~ Program: stencil (Top) ]
RUN (G0) Stop
MDI:
%
2 )
(& Open Compile

e 0.00W I: 0.00A
Ls -2.0pm Board: 28.3°C
Status PWM:Off
[hm]
- ™
7 B [ 9

Note:

When you machine a PCB, your “bottom” files are mirrored along the X axis. Stencil machining does not
mirror the “Stencil Bottom” file. Here the “Bottom” means for the bottom side of the board and does

not need to be mirrored. “Top” and “Bottom"” stencils are separate work pieces.

Important:

Due to significantly different properties of the materials used for stencils, there are separate settings

for the machining in the “Setup” menu:
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B Frofle: Default.mpf ¥ RepdHeght [ 0.1500 [v] Defauit config

= PCE Route settings
l Display Settings Route Depth [in]: 0.1000 ~ Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 ~ Feed Rate [i v
Oeck Route 0.0200 Plunge Rate [in/m]: 40.00 v
‘Tool Penetration Depth [ir]: 0.0030 v

G PCE Rubout settings
G-code Rubout Depth [in]: |0.1000 ~ Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 ~ Feed Rate [infm]: | 15.00 v
OPeck Rubout 0.0200 Plunge Rate [in/m]: 40.00 v
Feon Todl Penetration Depth [rl: 0.0030 -
B PCE Dril settings
[PCB Route, Dril, | Drill Depth [in]: |0.1000 ~ Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 ~ Plunge Rate [infm]: 40.00 v
Opeck dril 0.0200 Drill on Layer: Top Layer v
Safe Mode ‘Tool Penetration Depth [ir]: 0.0800 v
ﬁ G82DWELL[sec]: none v,
Accurate 636 PCE Cut settings
Cut Depth [in]: 0.1000 ~ Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 ~ Feed Rate [infm]: 7.50 v
OPeck cut 0.0200 Plunge Rate [in/m]: 20.00 v
‘Tool Penetration Depth [ir]: 0.0800 v
System Information ooy

Stencl Cut Depth [in]: |0.1000 ~ Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 ~ Feed Rate [infm]: 7.50 v
OPeck cut 0.0200 Plunge Rate [in/m]: 20.00 v
stendl thidness [in]: 0.0040 vl ‘Tool Penetration Depth [ir]: 0.0100 v

2.1.7 Convert Gerber to Drill

PhCNC allows drill files import in Excellon/Excellon2 formats. In rare cases it is possible that CAD
system generates Gerber format (using round apertures for each hole). In order to be able to use these
type of drill files we added the option Convert Gerber to Drill:

31 Gerber & Drill I
[)select  C\Gerber-rs274x\nano

L vi& f, Layers: ;o;:;r‘uls’(;;y gg mport
= -

@ nano_bottom.gbr
I @ nano_mech.gbr

| Top | Bottom (7] tech [ ]

04-12-2009132016 | 41%0 66 LRI

04-12-200913:36:26 | OB GBS

Ctierorx  [Itieror ¥

Q 3% v Q @ |OW oW o

Profie: LS_Superfastmpt

C-\Gerber-r:274xinenc\ nanc_top.gbr 04-12-2009112016  48KB X242, YOOU3" | dX28477, 9Y00LL3, d28827 (722035, dVD.2871, 4722041 mm

After execution of "Convert Gerber to Drill", you will find in the list of files a file with the same name as
the Gerber file, but with an extention .DRILL. The new file then can be selected as a Dirill file for the
project.

04-12.20091320:16 | 41KB| GBY,
04-12-20091336:26 | OKB| GBF,
04-12-2009 13:20:16

stmpl

C\Gerber-rs27dx\nano\nano_top.gbr.DRILL 14-09-2015094556 KB XOI76, YLS408"  dXD0L76, d¥1 5408, 4l 5405 04367, V467552, 4467574 men

IMPORTANT
In order "Convert Gerber to Drill" to function properly the folder should allow to write files.
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If a drill file already exist "Convert Gerber to Drill" option is disabled.

"Convert Gerber to Drill" option is also disabled if the file selected is not a Gerber file.
Please make sure that you are using full screen video in order to be able to see all details.

Convert Gerber to Drill - video:
https://youtu.be/U6KZnUt10Yo

2.1.8 Info layers import

PhCNC now allows the import of additional informational Gerber files in addition to the files needed for
machining such as: Top Silk, Bottom Silk, Top Mask, Bottom Mask, etc.

The additional files are not used for machining but offer convenience when a "Gerber Export" and
"Print" are used.

[ Select  C\PICHC|PRACdrive_LCD_PCB\Project Outputs for PCB_PRACdri

g
. mpt
viene Daterime 2 Fia

0

& Design Rule Check - PRACdrive_LCD_R1.drc

, holes: 71
2.999" % 0.827

[[]7op [/] Bottom [ ]mech [ ]
[J7on [ Bottom [ ech []

_Rapr 02 158
@ phacdive LD R1DRL 2102.2013 105232
@ phacdrive_LCD_R1LORR 21022013 10:5222 1| oyl &I Topsa I Phacdrive_L .GTS

H ehACdnve LD RLEXTREP 2102201310558 | 1xm crae [ Bottom solder [ Phacdive Lco_Ricos
@ phacdrive_LCD_RLGEL 21022003 105157 | miue| caf b Top [ Bottom ¥ I Pracdcive_LCD_RLTXT
-
i
1XB GXU [T Mirrer X [JHieror ¥
9 phACdrive_LCD_R1.GM1 21-02-2013 10:51:58 1KB GMI e
iy 8 v v @ [ e-m i

& phacdrive LD R1GI13 21-02-2013105056 | 1KBGHL]

</ PhACdrive_LCD_RLGTO " o —

< phacdrive_LCD_R1LGTP O ek e tmotepad)

& pracdrive_LED_R1GTS 210 gpen (enplorer)
PhACdnve_LCD_RLLDP 210 Convert Gerber

@ phacdrive_LED_RLREP 7o Top

E rhacdnve LCD_RLRUL 21-02-2013 105156 | OKB| RU| i

PhACrve_LCD_RLTHT wezamtesaz | o mrlf] Mokl
E PhACdrive_LCD_R1-macroAPR_LIB mormoestss | oxsrlfl (TP
Stotus Report Txt sorai3t0sa2z | oxm 7]

Bottom Solder
Info 1 Top
Info 2 Bottom
. [ Info 3 Top N 3530° x 1250
<\ PhCHCY PRAC drive, LCD_PCB! Project Dutputs for BCB_PhiCdrive LCD A1\ 21-02-2113 08:61:58 Info 4 Bottom b dxnssas, av000u, dnesis® 16274, 01108, d166278 mem

Layers for machining: "Top", "Bottom", "Drill", "Mechanical", "Stencil Top" (Top Paste), "Stencil
Bottom" (Bottom Paste), also can be selected from popup menu.

After an import in PhCNC, info layers can be shown/hidden the same way as the layers for machining.

4 PhCNC

File CAM CNC Setup Tools Calc Language
=88 ﬁrﬂ 20 / wee V@ B d BN 4 8 55 §oc U options, @~ ¥/ g v

o Y| o D8 jn
=3 =R =R

=

¥ msulate: 8.00
¥ cut: 3937
§ stencil: 8.00 + 0.00 mil

§ rubout tools: 125.0, 62.5,
31.3,15.6,8.0

 drll tools: 25.6, 24.0, 28.0,
40.0,130.0

0 Phacdrive LCD_R
S PhaCdrive_LCD_R

ACdrive_LCD_R:

[Obj[1]: "PhACdrive_LCD_R1.GTL]
total area in3]: 5.738

ze [in]: 3,808 x 1507
warnings: 0

Insulation:

tool path T0: 128.330 in , duration: -

[Obi[2]: "PhACdrive_LCD_R1.GBLY
total area [in2]: 5.739

@ rowamings | X6.67938, 407583 | [u6.67938, fy-9.47416, A11.59187 | [in] LS_Superfast.mpf PhCNC Prov516.610834.4440  |MTCLE: 13.5¢-6/°C (FR4) @ 29.65°C
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2.1.9 Gerber editor

PhCNC has a function that allows the operator to remove certain Gerber components when they are
considered not needed for the machining. Typical examples include text, dimensional lines etc., that are
(in some cases) included in the Gerber file. In the example below a large text field need to be removed
from the Gerber file.

R Gerber & Drill Impor

[]select  C:\Gerber-rs274x\GerberSample1 v &b
[ voiame E
| 7 sorron 03.09-201510:35:11 | 125K8
03092015 103511 | 7KB

Clrweror x “Jrwror v
S ameEesG. o

Gerber-1s274v GerberSempiel \ TOP 413,428, 25,3387, 429.2060 mem

Activate the button iz, Using the mouse select the area to be deleted. All Gerber primitives that are
completely included in the selected area will disappear from the selected file in the Layers list. If =
button is active it will remove the Gerber components from all layers. It is a real time operation that
allows the operator to see if the selection is right.

! Gerber & Dri
(] select  C:\Gerber-rs274x\GerberSample1 v G by | Lavers
| ¥ame Dete/Tme -
=]
BoTTON 03.09-2015 103511 | 125KB
DRIL -09- :
HECH 0309201510351 | 7KB

& toe 03-09-2015 103511 331 K8

Button = (Undo), reverses the changes made. The editor allows up to 32 stages of Undo command.
Button & changes the function of the selected region. When activated the editor deletes all Gerber
primitives outside the selected region. In some cases this is the more convenient way to edit the files.

Below are links to videos that show details of the Gerber editor in PhCNC. Please make sure that you
are using full screen video in order to be able to see all details.

Gerber import & export example (editor) #1
https://youtu.be/JY9IpaCIgEg

Gerber import example (editor) #2
https://youtu.be/4MSkDD8IGjw
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Gerber import example (editor) #3
https://youtu.be/v7VtASRZNOI

2.1.10 Single layer PCB import

When you import single sided PCB designs the Gerber file for the solder layer (normally bottom layer)
comes from your cad system as if you are looking at the board from the top. Our system mirrors this
when you declare it “bottom layer”, but this creates unnecessary difficulties in placing the project on

your work piece. This option makes the setup process more convenient when you are handling single
sided projects.

Using the mirror option you can import your Gerber and Drill files as a top and they will not be mirrored
during the machining (CNC mode).

In the example shown below is the standard method of import

2! Gerber & Drill Import [l ]
[ select = = \ V| & 4y | Layers:

tools: 4, holes: 35 =% ¥ Import
encil [ encit 3 8
¥ Name Date/Time [J7op Bottom [ |Mech [ |Gnet []GEmet [[] Adaptory - CADCAM Bottom Copper.TXT 5o, o gy | S8R

i ¢ adaptory - CADCAM Drill TXT

[ ADAPTERY.DRL 24-08-2007 22:48:08
] Adaptory - CADCAM Bottom Copper.TXT 26-03-2007 10:31:48
B Adaptor - CADCAM Drill. TXT

] AdaptorY - CADCAM READ-ME.TXT 26-03-2007 10:31:48

Photoplot resclution [dpi]: 1000 5 [C™irrorx [ IMirror ¥

& e V& B (em o=

Adaptor? - CADCAM Drill.TXT

. }||  Frofil: Default.mpf v 3.080" x 685"
ci\Gerber-rs 2144 Adspte¥Adaptory - CADCAM Drill. TXT 26-03-2007 07:31:48 KB )G.0242,V0.1008"  dX3.0243, d¥0.1008, d3.0259" (768145, d¥2.5605, d76.8572 mm

It is easier to use the “Mirror X" option, and Import the files as top layers.

25/ Gerber & Drill Import
(7] select v| &5 44 | Layers:

1ocme B
e Dete/Time Top | Bottem | Mech AdaptorY - CADCAM Bottom Copper.TxT [RRreiuapb=gill (o) [l |
Top [_]Bottom ¥ Adaptory - CADCAM Drill TXT
[Z] ADAPTERY.DRL 24-08-2007 22:48:08 LA N i
ghe;

] AdaptorY - CADCAM Bottom Copper.TXT 26-03-2007 10:31:48 B L j F;‘L
B AdaptorY - CADCAM Drill. TXT = l‘:" .
L] Adaptory - CADCAM READ-ME.TXT 26-03-2007 10:31:48 B

'-\_u‘_\-/

Photaplot resclution [dpi]: 1000 [VIMirrorx [ IMirror ¥ Adaptory - CADCAM Bottom Copper TXT

& w2 V& Hjem o=

. }||  Profil: Default.mpf v 3.080" x 685"
ci\Gerber-rs 2144 Adspte¥Adaptory - CADCAM Drill. TXT 26-03-2007 07:31:48 IKB  XLT380,V0.0336"  oXL7389, d¥0.0336, d1.7393" d(44.1683, d¥0.8535, d44.1766 mm

This way the imported files are all located as top layers, and the machining and setup are easier.

Loaded PCB projects will be placed at the center of the work-space.
If you would like to load more than one project, move the loaded project to the desired place (it is not
a final position you may move it again and again).
If you need to make more than one copy of any board, use clone (copy) function instead of loading
your files again.
Cloned objects have some advantages:
e Reducing calculation time for insulation and rubout calculations
e Saving memory space. Ten copies take as much memory as an original.
In the example below, four files have been loaded: Top, Bottom, Drill and Mechanical files.
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All files loaded together in a single project are presented as a single object in order to manipulate them
without generating undesired inconsistencies between the layers. You may clone, move, rotate etc. If
you need to move any of the layers individually use the Ungroup selected objects, command
described later in this manual.

File CAM CNC Setup Tools Calc Language

S =l S0 Q@ v Mo 8T BN E 4B S-S gao VI, oprons. | @) a8

sh =B =R
¥ msulate: 7.30, 18.00

¥ cut: 60.00
§ rubout tools: 125.0, 62.5,
313,156,100, 7.3

 drill tools: 30.0, 400,450,
600, 1.

E-{v]EB Top Layer
PIDtest - CADCAM
«.[/ll PIDtest - CADCAM
=-[w]EB Bottom Layer
PIDtest - CADCAM
L PIDtest - CADCAM

o

A

00 0

e
7

« »

[Oby[1]: "PIDtest - CADCAM Top Cop
I area [in2]: 8,467

size [in]: 3.360 x 2.526

warnings:

warnings:
tool path T0: 0.500in , duration: ~0
tool path T1: 67.220 in , duration: ~

[Obi[2]: "PIDtest - CADCAM Bottom |
total area [n2): 8,655 | . i

& nowarnings ¥5.56089, V635429 ox5.56089, dy-7.19570, d9.09405 ~ 1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360x64 ~ MTCLE: 13.5e-6/°C (FR4) @ 2299°C

F_A1.PH]

2.2 PhCNC Project Files

PhCNC saves the projects in .PHJ files, where all the necessary information concerning the project is
saved in a compressed format. Its file size is 4-5 times smaller than the volume of all files imported in
the project. The extension .PHJ] is registered in Windows Explorer so that if you want you can
open .PHJ files directly from Windows Explorer. When opening projects with Windows Explorer the
projects will be opened using the Import mode.

PhCNC supports two modes of loading .PHJ project files:

Button =& when pressed closes the current project (if it is not saved yet, you will receive a message
asking if you want to save it) and opens the .PHJ file you select with all the tools for insulation, cut-out
and rubout defined (including DPI resolution) in the .PHJ project that you open.

Button =& when pressed adds the .PHJ file you select to the current project, but the tools specified in
the imported file will be ignored in favor of the tools specified by the current project.

For your convenience, the “File” menu lists recently opened .PHJ projects (up to 8 files). Upon exiting
PhCNC, you will be asked to save the current project (if it has been modified) and even if you answer
“No” it will be saved to a special file called "Recent Project" available in the file menu automatically and
can be opened from the file menu by clicking on "Recent Project". The last file opened with the latest
changes will always be here just in case you accidentally close the file without saving.

2.3 Buttons and fields used in CAM mode

The Buttons & drop down area & =% ™ @ js for Zoom In/Out or to set the zoom percentage. If your
monitor is set for the correct resolution, you will have the correct size image at 100% zoom. It is very
convenient to use a mouse with a wheel for zoom In/Out. The zoom is always centered to the mouse
pointer.
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The button = ¥m=eron=  js 3 Very important setting! It is for the insulation tools, used in the
calculation of the insulation tool paths. If you change insulation tools, PhCNC automatically recalculates
and redraws all insulation tool paths.

Important:

PhCNC insulation tool path calculations, do not allow intrusion into the traces and pads, if your
tool diameter is bigger than the space between traces and/or pads they will be left non-insulated.

The standard version of PhCNC does not detect and display this problem (See 2.13 Design rules
violation (DRV) detector). It is strongly recommended to view and check all critical zones of your design,
using a high level of zoom!

bout tools: 0.125, 0.062,

Button Fisiatie™™ is for Rubout tools selection (described later in this manual).

Drop down Ve om is to set cutout tool diameter (if any). If you change this value, PhCNC
automatically recalculates and redraws all cutout tool paths.

Window is the panoramic window it shows all objects placed within the machine workspace.
The Panoramic Window is a convenient way to view your entire project. You can left click inside this
window, to view the desired portion of the workspace. This is convenient if you do not have a mouse
wheel.

=-[/]28 Top Layer

- [ pDtest - capcan
- [ pmtest - capcar

- [/Z8 Bottom Layer
[v=% PIDtest - CADCAN

Window | ¥@r=-== ig the loaded files window it shows all the loaded files and the layer they are on.
Clicking on the check-mark = will turn it into a cross-mark, disabling and hiding the corresponding layer.

Note:

When you enable or disable layers in CAM mode you may use the CONTROL button on the keyboard.
When it is hold down the enable/disable function apply to all layers with the same name. This offers
convenience to handle the function when you have many copies of the same project on the screen.

Important:

Disabled layers are not manipulated by the CAM edit functions. For example, if you like to select a
rubout area in one of the layers, you can disable (hide) the other ones. If you need to move a file from
one layer to another click on file name, hold and drag.

E-{v]E8 Top Layer
.[v]% PIDtest - CADCAN
B JPIDtest - caDCA

E!-'_’P Botto ﬁ‘utest - CADCAM anical 3.TXT,
-.[v]% PIDtest cADCAM ﬂ

- A EDrest - CADCAD
In the example above, the Mechanical layer is being moved from the Bottom to the Top Layer.
File type symbols:
% - Gerber file
B - Drill file

- Mechanical layer ("PhCNC Printer” or “Insert Text")
- Mechanical layer (Gerber)
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[Obj[2]: "PIDkest - CADCAM Bottom
total arsa [in2]: 8.659 i

Window b —— is the statistical information window. Here, you can find the calculation for
the time needed to complete the job based on the feed rate. For more detailed information, make a left
click inside this window and then press F1.

=319, y593 34611, ¥1.4276 d¥1.2131, dv-0.3577, di.2647

This is the status bar it contains the following fields in the order listed below:

The progress bar, which shows the progress of the current task

The screen coordinates of the mouse pointer

The real coordinates of the mouse pointer

The relative coordinates of the mouse pointer to a specified origin and distance from that origin.
Use the “space bar” on your keyboard to zero the relative coordinates at any point on the
project. This feature can also be used to measure the distance between any two points.

Drop down ®®~ s for controlling the way objects are displayed on the screen and will give you the
following choices:

Selecting ! image will display the tool path center line only

Selecting image will display the tool path & real thickness

Selecting ©~-) image will display the tool path & real thickness & center line

Selecting ®#® image will display the tool path & real thickness & Gerber

Selecting ®#® image will display the tool path & real thickness & center line & Gerber
Selecting ®#® image will display the Gerber only

Selecting “~f image will display the tool path, center line only & Gerber vectors

Selecting © = image will display the tool path & real thickness & Gerber vectors

Selecting ©“ image will display the tool path & real thickness & center line & Gerber vectors
Selecting ## image will display the tool path & real thickness & Gerber vectors & Gerber
Selecting ## image will display the tool path & real thickness & center line & Gerber vectors & Gerber
Selecting ## image will display the Gerber vectors & Gerber

The options drop down menu gives you the following options:

e Show spindle path this PhCNC Pro option will show/hide spindle
positioning lines generated in CNC mode. Active when you return from

CNC mode. Useful for positioning objects on the desktop. ElEREra——
e "Show thumb tacks" - this PhCNC Pro option will show / hide ‘f‘f’, o
thumbtacks and is discussed in detail in section 2.14 2§ Futrom

e "Design rules violation" - this PACNC Pro option will activate/deactivate = D@l s
the DRV and is discussed in detail in section 2.13

e "Forced Insulation" - this PhCNC Pro (1.16.1+) option will activate/deactivate the forced
insulation and Calculate tool paths used in “forced insulation”. If the tool paths are never
calculated the first activation will do so. If DRV function wasn't activated it will start it. This
is discussed in detail in section 2.23

e "Full Rubout" - this PhCNC Pro option will activate/deactivate the full rubout and is
discussed in detail section 2.15

e '"Transparent Mode" - this PACNC Pro option will give you a transparent top layer and the
ability to see top and bottom layers at the same time. This option is useful for
review/inspection of double sided projects. Bellow is an example of the usage.
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Fle CAM CNC Setup Tools Galc Language

S | ay
=R =R =R

¥ mnsulate: 8.00, 16.00

¥ cut:45.00

 rubout tools: 125.0, 625,
313, 156, 10.0, 8.0

29.5{d31.3}, 30.0{d31.3),
¥ 315(d31.3), 35.4(d30.4),
40.0(d39.4), 42.9(d39.4),

{7188 Top Layer
PCB_PhSTdrive_VE
PCB_PhSTdrive_VE

PCB_PhSTdrive_Ve
PCB_PhSTdrive_VE

] »
[Obj[1]: PCB_PhSTdrive_V5_R0.GM
total area ind]: 10,253

size [in]: 2.528 % 4,058

tool path: %.23 %s

duration: ~2.13 min (F7.5in/m)

[Obi[2]: "PCB_PhSTdrive_V6_RD.GTL

total area [in2]: 12.278
size [i]: 2.816 x 4350 il

[ CSSmneS 579350, V6.97402

ﬁﬁﬁﬂ O 8 B ¥ & F o B )

x5.79350, dy-6.57599, d8.76403

1000dpi [in]

4 325 S ac WL,

Default.mpf

PhCNC Pro v5.0.9.9319.A360x64

MTCLE: 13.5e-6/°C (FR4) @ 22.99°C

options, @~ [~ i B
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PhCNC
Fle CAM CNC Setup Tools Calc Llanguage

g S =& & v M QB || &
B =R 9
¥ Insulate: 8.00, 16.00

{ cut:29.00
§ rubout tools: 125.0, 62.5,
313, 15.6,10.0, 8.0

20.5(d31.3), 30.0(d31.3),
§ 31.5(431.3), 35.4(d39.4),
40.0(d39.4), 42.9(d39.4),

Er-{w]EB Top Layer
PCB_PhSTdrive_Ve
PCB_PhSTdrive_Ve
ttom Layer
PCB_PhSTdrive_Ve
PCB_PhSTdrive_Ve

« »
[Oby[1]: "PCB_PhsTdrive_Ve_RD.GM
total area [nZ]: 10,259

size [in]: 2.528 x 4.058

tool path: %.23 %s

duration: ~2.13 min (F7.5in/m)

[Obj[2]: "PCB_PhSTdrive_V6_R0.GTL
total area [nZ]: 12.278
size [in]: 2.816 x 4.350 i

[ 552623, V697503

ox5.82623, dy-6.57197, d8.78270

1000dpi [in]

4 8 5.5 & ac E;’;‘?\ic{tﬂ\)

Default.mpf

PhCNC Pro v5.0.9.9319.A360:64

MTCLE: 13.5¢-6/°C (FR4) @ 22.99°C

With "Transparent Mode” active it is recommended to turn off the tool path traces (®=") and enable

Top & Bottom layers (#=%~).

Note:

This option has no effect if a single layer is enabled.
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Drop down I is for visualization modes.
Buttons @& & @k are for a special visualization mode called “copper view”. In this mode the screen
shows what should be the final result after executing all machining programs. It uses close to real
colors to show copper and typical base material. In CNC mode of PhCNC these buttons are inactive!
Buttons: =R, &1, @ & &% are for review of top and bottom layers:

&8 - top, bottom, drill & mechanical (natural layers order)

&1 - bottom, top, drill & mechanical (bottom layer on top)

@k - top, drill & mechanical (bottom layer hidden)

5 - bottom, drill & mechanical (top layer hidden)
by default is active.
In CNC mode of PhCNC all these buttons are inactive!

Below are examples of “copper view":

Top layer (rubout region, cutout contour with tabs, drill and traces/pads insulation):
[RE encnc

fle CAM CNC Setwp Tooks Cic L

S@ P 2O & v YA B A MNE4EBS o KN, opons, @V EE
=B <R =R

¥ tnsulate: 7.40,10.00

@ rowerrgs  XISIIST, VERIIT el ST, dy-694695, d10.24333  1000dp [n) Defeutmpt PhCNG ProvS09.3319.436064  MTCLE: 135e-6/°C (Fd) © 2299°C

Bottom layer (insulation, drill and cutout and copper rubout):
S Sl GO @ e QB N 6o K i OF B
SR <R RR T

¥ tnsulate: 7.40,10.00

¥ cut:s000
§ robout tooks 1250, 625,
313,156,100, 70
dell tooks: 24.0, 280, 30.0,
¥ 315,360, 400, 435, 433,
510,550, 600, 1420

@ rowerrgs | NSD6I32 V59224 406132, 6762775, 4374250 1000dp [n) Deteultmpt PhCNG Pro 5099319436064 MTCLE: 135e-6/°C (Fd) © 2299°C
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All buttons above control the visualization of the project. They do not affect the settings or the
machining process in CNC mode.
The following Quick access tool bar buttons are accessible on the tool bar:

Button & is for enabling the panoramic view window

Button = is for the setup of PhCNC & Accurate A350/A36x/A56x/A4xx/A6xX

Button = is to access the built in calculator

Button i is to enter select objects mode (selected objects can be moved, cloned, rotated,
grouped in a single object, ungrouped, and deleted)

Button & is to enter tool diameter compensation selection mode (used in the mechanical layer)
Button = is to enter rubout regions selection mode

Button =-= is to start the rubout regions tool paths calculation

Button &« s to switch between CAM/CNC modes

Button =i is to enter the project tools list

2.4 Tools

In order to make the operation of PhCNC & Accurate A350/A36x/A56x/A4xx/A6xx easier and to
organize the tool settings we have tool tables. In the tool table you may enter all tools that are
available for use. For each tool you may enter size (diameter [inch]), type, useful operations, Plunge
Rate, Feed Rate, Speed [RPM]

To edit the main tool table click on “Tools” in the upper tool bar and select tool table from the drop
down. The tool table will then open as a window as shown below:

'+ Tool Table
Diameter i Speed Plunge rate | Feedrate | Tool Tip|
| 2 ‘ L Type ‘ Operation ‘ fheed {foe o fpdrate | Tpli Comment
#1 0015 Stub End Mill Insulate & Rubout  default default default - SEM_15

#2  0.0197 (0.5mm)  Stub End Mill Insulate & Rubout 55000 300 125

00313 (1/32")  Stub End Mill Rubout default default default = SEM_31
00625 (1/16™)  Stub End Mill Rubout default 156 6 - SEM_63
m 0.125 (1/8") Stub End Mill Rubout default default default - SEM_125
0.0135 orill bit orill default default - - DRL_13.5
0.0313(1/327)  Drill bit Drill default default - - DRL_31
m 0.0394 (1.0mm}  Drill bit Drill default default - - DRL_39

#9 0047 Drill bit orill default default - - DRL_47
#10 0.079 Dril bit Drill default default - - DRL_79
#11 0.1181(3.0mm)  Drill bit Drill default default - - DRL_118
#12 0.125 (1/8") Drill bit Drill default default = = DRL_125 #3
#13 0.125 (1/8") Dril bit Drill 50000 30.0 - - DRL_125 #2
#14 0.125 (1/8") Drill bit Drill 50000 40.0 - - DRL_125 #1

LORY] undef "y 307

#16 undef "y 450

nsulate & Rubout  default default default 4.0 v_30

nsulate & Rubout  default default default 4.0 v_45

I

I
#17 undef "V 60° Insulate & Rubout  default default default 50 ¥_60 5mil
#18 undef "y 607 I

nsulate & Rubout  default default default 4.0 ¥_60 4mil

LO0L undef v 90° Insulate & Rubout
([P 0.0313 (1/32")

#21 0.0394 (1.0mm})

default default default 4.5 v_90
uter bit Cut & Drill default default default - R_31
uter bit cut & Drill default default default - R_39
#22 0.049 uter bit Cut & Drill default default default - R_19

#23 0.050

22 2 2 B B
§ 8§ 8 &8 &8 §

t
b
uter bit Cut & Drill default default default - R_S0
#24 0.0984 (2.5mm) uter bit Cut & Drill default default default

b

#25 0.1181 (3.0mm) uter bit Cut & Drill default default default

+ add — Delete

Buttons = ** & | ™™= are used to add or delete a selected tool by left clicking on it in the list.
Selecting a tool in the list will also allow you to edit the tools parameters. The description of each
parameter field is as follows:

Diameter is the cutting diameter of the tool. You can select it from drop down list or enter it
manually. Entries are in inches, if the entry is bigger than 1.0, it is accepted as mils. For
example if you enter 15 — this will be 0.015”

Type is the type of the tool. It is recommended to fill this field. It helps during the selection of
tools for certain operations. The Possible types are "undefined", “Drill bit", "Router bit", "Stub
End Mill", "V 25°", "V 30°", "V 45°", "V 60°", "V 90°", "V 100°" and "V 120°"

For tools of type “V”, the track size (diameter column) depends on the tool penetration into the
material. It is recommended to select “undef” (or enter 0.0)!

Operation is to show the possible usage of the tool. The choices are "undefined", "Insulate",
"Rubout", "Cut & Drill", "Drill", and "Cut". For example if the type of tool is a “Router Bit”, then
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the possible choice of Operation will be limited to: "Cut & Drill", "Drill" and "Cut"; The reason for
this is a router bit can be used for drilling holes larger than its diameter.

e Speed is for setting the RPM of the spindle for this tool. If the choice is “default”, the setting
speed is selected from global parameters table for this operation (see 3.4 CNC process control
settings). Possible settings are 5,000...60,000 and 5,000...100,000 RPM depend of the model.

¢ Plunge Rate is for setting the speed of Z axis toward the table, e.g. the speed that tool will
penetrate the material. If selection is “default” the setting is from global table for selected
operation (see 3.4 CNC process control settings). Possible values are 40...0.1 in/min.

¢ Feed Rate is for setting the tool movement speed in XY plane (in/min). If “default” is selected
it takes the speed setting from global table (see 3.4 CNC process control settings). Possible
settings are 15...0.1 in/min. This parameter has no meaning for “Drill bit” type.

e Comment is a field for making notes, maximum length 256 characters.

Notes are shown in the tool change prompt window.
PhCNC -> Change Tooll NN =

[
- Please, replace the tool with T1 @

( 0.060 DRILL DRL_47 ) Emergency
Stop

oK

|
e Tool Life [in]/# is a field that shows maximum tool usage acquired by the manufacturer
specs or by own experience

In this column of the tool table (Tool Life [in]/#) you can enter a value that if exceeded will prompt
you to change tool. It can contain the information below:

« total length of cut for this tool (for routers, end mils and V-tools)

« total number of material entries for this tool (for drill bits and routers)
It can be set for every tool (if needed) and will prompt the operator that the limit set is exceeded.
PhCNC records both (total number of material entries and total length of cutting) for routers and
end mils. It records only the number of drill cycles for the drill tools.
Example:

f o
4

R
o
g
2
2
]
£
b

ameter F
= « Type ‘ Operation ‘ Sheed ey

{TRE o035 Drill it orill default default 00U pRL_sa
#13 0047 Drill bit Dril default  default - - 15000  DRL_47

Speed Plunge rate ‘ Feed rate |lnn
Lin/m] [in/m] L

#14 0.079 Drill bit Drill default default - - 15000  DRL_79
#15 01181 (3.0mm)  Drill it orill default default - - 15000  DRL_118

#16 0.125 (1/8") Drill bit Drill default default = = 15000  DRL_125#1
#17 025 (1/87) Drill bit orill default default - - 15000 DRL_125#2
#18 0125 (1/8") Drill bit Drill default default - - 15000 DRL_125#3
#19 undef ¥ 30° Insulate & Ruboul
undef "y ase Insulate & Rubou

#21 undef ¥ 450 Insulate & Rubout

b default default default 35 2000in  ¥_30
t 45000 default default 6.5 20000 ¥_45
b default default default 1.5 2000in
#22 undef ¥ 45e Insulate & Rubout  default default default 40 2000in

102 ] “[ve0r l[[imsulate s rubou ~ J[EETE [FEEE V][5 £ zwem [F50

#24 undef ¥t a0 Insulate & Rubout  default default default 40 - ¥_90

(T3] undef ¥ 90° Insulate & Rubout  default default default 1.5 500in

#26 0.0313 (1/32") outer bit Cut & Drill default default default - - R_31

uter bit Cut &Drill default default default - 10000in R_39

{IRE] 0.0394 (1.0mm)

Ry
Ry
#28 0.049 Router bit all default default default - - R_49
Ri
Ry
Ry

0.055

#30 0.0984 (2.5mm)

k
t
outer bit Cut &Drill default default default - - R_50
uter bit Cut & Drill default default default

k

#31 0.1181 (3.0mm) uter bit Cut &Drill default default default

+ Add — Delete fy Select

Shown above is the column in the tool table that handle the tool life (in red circle).

Clicking on the column for any tool (in green circle) will allow you to enter needed parameters in the
window below. Holes/plunges represents number of entries in the material. Current tool usage is listed
in the lower portion of this window.

Max Life Cycles
OK
Max Life Path [in] | 2000in ||
Max # of holes/plunges: | T ]
Current Life Cycles

Current Life Peth [in] 2427in v

Current # of holes/plunges: 1512 V]

Important:

You may sort out the table by clicking on the column title.

( “*” shows which column is selected for sorting order ).

Second click on the column title changes the order of sorting (ascending to descending and back).

In the left portion of the screen (PhCNC in CAM mode) you will find buttons for tools and tool tables for
each operation.
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¥ Insulate: 7.30, 16.00, 18.00
¥ cut 10.00

¥ stencil: 8.00 + 2.00 mil

 rubout tools: 125.0, 62.5,
31.3,15.6,10.0,7.3

drill tools: 24.0, 28.0, 31.0,
§ 315,354, 36.0, 40.0, 433,
l 51.0,80.0, 118.0, 140.0

2.4.1 “Insulate” Tools

PhCNC (v5 and up) offers traces and pads insulation using up to 8 different tools. The selection and
settings of the tools are performed in the "Insulation tools" window.

To select it click on ¥t r701000
Insuiation toois i Diameter (d) [r: 0.0077 v | SeectTool oK

"v" 60° Tip{0.0055"/0.140mm "y 600 v
| THo2 Te: 77 mil plaio0ss S > 2.6 mil Type: "V" 60  seketTod
o ATC
Qv ooms RIS som ey -
0@ - Plunge rate [inf]: (40.0) vl Ho2)
[THO1
Speed [RPM]: (60000) v

D Commen it V_60

] Penetration Depth [mil: 2.6 v

] m tool tip (1) [mil: 5.5 v
Cutting depth Z = 2.6 mil

0

a

Design Rules Violation Arc precision: High hd

ed Insulation \.J Corner precision: Medium | }._.‘
t5.5mi

Remove spikes (IPD)
Miimal tool path overlapping [mil: 0.50 [+ Spike size: Small &

Mirimal copper width [mill: 200  |v] T
v
[insulation tools order - ascending (smallest to largest)

In the left part of this window you will find the tools entered as tools for insulation. In the right part are
the parameters of the currently selected tool.

During the insulation process, PhCNC is using only the selected tools (=).

There is a requirement for tools diameters. The minimum difference in the tools diameters must be
more than 1 mil (0.001 inch).

It is allowed to use a V tool with different penetration, thus achieving different tool diameters. In this
case the tool will be listed as two different tools. The system recognizes this and will use the same tool
(in ATC models).

The number of tools that will be used depend only of the project structure and is determinate by the
operator. Typical number is 2 or 3 tools. Very complicated designs may need 4 or even 5 tools. There
are some samples below that are giving you a picture of different number of tools used in the same
design. We create a possibility to use up to 8 tools, just to cover potential needs in the future. Limiting
the number of tools has its own advantages, for example less tool changes.

PhCNC optimizes the usage of the small tools (usually far more expensive and with shorter life). This
creates conditions to use them only in cases, that the larger tool is unable to do the insulation.

In "Forced Insulation" mode, PhCNC will always use the smallest tool available.

Additional options related to insulation process

* Design Rules Violation (DRV)

Activates DRV option that checks the project for regions that have spacing smaller than the smallest
insulation tool. Normally these regions (or simply spots) will not be insulated. In most cases the
problem can be resolved using the option "Forced insulation". Details about DRV option are described
under "2.13 Design Rules Violation".

* Forced Insulation

This option allows the insulation of critical regions/spots with small compromise, that should be a
matter of decision of the operator of the system. The option description is under "2.23 Forced
Insulation".

* Remove Spikes (IPD)

"Remove Spikes" option (renamed from IPD) finds the spots that have extremely small copper edges
that can be a source of future shorts on the ready board. This option eliminates them. Detailed info is
under "2.24 Remove Spikes (IPD)"
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The option "Insulation tools order - ascending (smallest to largest)"”, sets the order of tools usage.
When not selected (default), the insulation process starts with the largest insulation tool and ends with
the smallest, thus creating additional savings of the smallest tool life.
If the option is selected the process will go in opposite order (smallest to largest). This create kind of
convenience when a V tool is used with different penetration levels.

Buttons v=== & ¥z allow the operator to select a tool from main tools table or from tools already in
the tool holders (ATC models only). For ATC models it is desirable to select tools from the existing ones
(in tool holders). If this is impossible for any reason, PhCNC will stop the operation and require manual
tool change with the appropriate tool.

If the selected tool is type “V” with “undef” diameter, the current diameter will remain the same (as
shown 0.0080").

When you select an insulation tool from the main table, only tools that have “Insulate & Rubout” and
“Insulate” in the “Operation” column will be present in the list.

et [« e | operation |m PR Eﬁ."'ﬂﬁﬂﬁ-ﬂ" Comment
50000 350 75 - 3000in

TE oo StubEnd bl Al
0016 StubEnd Ml All default default default - SEM_15
0.0313(1/32")  SwhEndHill  Insulate & Rubout  default  default default -

StubEnd Ml Al default  default default - . SEM_63
StubEnd Ml Al defaull  default default - - SEM_125
Drill it o default  default - - 7500 DRL_13S
Drill it o defaull  default - - 10000 DRL_2165
Dl it o defaull  default - - 10000

Dl it ol default  default - - 10000 DRL31
il it ol default  default - - 10000 DRL39

(T wnoer v 600 Insulate s Rubout  default  default deladlt 55 00w V60
TI0 wndcr o0 insulote & Rubout  default  default  defauk 40 - .90

I ooss Raouter bit Cut & Orill default  default default - - RS0

The information contains actual parameters (If “default” is selected you will see the value from the
global table). These are the parameters that will be used for the program generation for this process.

If you place the mouse pointer on the tool button, you will see the information for the selected tool.

 Insulate: 650, 8.00, 10.00,
¥ 1560, 18.00, 25.00, 31.30,
6250

As we mentioned above é PCBV design can be insulated with one two or more tools. Shown below is a
single design machined with 1,2 and 3 tools

Single tool (7.7 mil V60):

Ele CAM CNC Setup Tools Calc Language

S S SO Q P QB A GNE 4SS s o I,

B <Rl =Rl
¥ 1nsulste: 7.70

¥ cut: s0.00
| [ubout tooks 125.0, 625,
313,156,100, 7.7
 drilltools: 160, 20.0, 320,
36,0, 40.0, 59.0, 1030, 165.0

m1
[P 145402_0.gbl

[osj{1): ML gm1]
total area fn2]: 12.527
= 3.157

(N 634105 VTAL126 634105, dy-5.03876, 346760 | 1000dpi [in] Defaut_Slow_Dril.mp| PRCNC Pro v509.9318.4360:64 | MTCLE 135e-6/C (FRA) © 19.30°C
— -

tool path TO: 511.990 inch
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Two tools (7.7mil V60, 10.0mil Stub End Mill):

4 PhONC T e,
Ble CAM CNC Setp Toos Gic langusge

S8 Fp O Qv Y QWA kN E AN S-S g ¥ opuons, (@ 8EREC
] -Rﬁ 2 Bl ]

| § tnsabate: 270, 10.00

¥ cut: s0.00
imlwmlvdsl?sﬂ,iis

§ il ool:
525,105, 300,105, 1650

(N 632331 V15000 632331, dy-5.07000, 340626 | 1000dpi [in] Default_Stow Dl mp| PRCNC Pro vS099310.A360:64  MTCLE 13.5e-6/"C (FR4) © 19.36°C

tool path TO: 114.540 inch
tool path T1: 462.920 inch

Three tools (7.7mil V60, 10mil & 16mil Stub End Mill):

T PhENC FE
[Ele CAM CHC Setup Tools Calc Language

T SO Q@ svew v @ B oA M E 4SS o

-m‘ap% l|l‘l

| ¥ tnsulate: 7.70, 10.00, 16.00

¥ cut: 5000
‘lwummknsu_sas

il kol 16,200, 32,
36.0,40.0, 59.0, 1030, 165.0

(TN 630850, V161020 ch636A%, dy-5.03082 0810864 | 1000dpi [in] Default_Stow Dl mp| PRCNC Pro vS099310.A360:64  MTCLE 13.56-6/"C (FR4) 8 10.36°C

tool path TO: 114.540 inch
tool path T1: 177.600 inch
tool path T2: 389.940 inch

Important:

The tool paths are calculated with maximum precision. Using more than one insulation tool will give
you the same precision as with the smallest one, but will significantly reduce the usage of the smaller
tools when possible.

Tool paths calculation process can be stopped using the "Stop" button in the progress window shown
below.

Page 36 of 170



PhCNC User’s Manual

S T 20 & w Y@ EA LN E 48 8-S §oc W, orens, @ T
=B =B =R

| Insulate: 7.70, 10.00, 16.00,
25.00

¥ cut:s0.00

§ [obout took 125.0,625,
313,156,100,7.7

Toolpath T3(16.00) ...
th TH(25.

Toolpath T3(16
Toolpath T4(25
Intersection T

Intersection DRUSF

@ rowernngs | GASIO, VESOTI | di3A47S, dy~486331, 4593364 | 1000cipifm] Defout Slow Dril.mp PRCNC Pro 5099319436064 MTCLE: 13.5¢-6/°C (FR)*

In case of interrupted tool paths calculations they can be resumed by pressing "OK" button in
"Insulation tools" window.

Insulation tools: i Diemeter (d) [r]: 0.0077 ¥ | Y Select Tool
= il Type: "Vv" 60° Al E :?r\étt'rnn\
T 10.0 mil g;-;l;s;d';;«;lllsnl;?éns?;ﬁo.lumm 2.0 mil Feed rate in/m]: (15.0) v
Plunge rate [n/l: (40.0) ]
- Speed [RPM]: (60000) v
D Comment: V_60
D Penetration Depth [mi]: 2.6 v
O tool tip (9 [mil: 55 )
O Cutting depth 2 = 2.6 mil

0@

Design Rules Violation Arc precision: High ~|
Forced Insulation Corner precision: Medium |~

Remove spikes (IPD)

Minimal tool path overlapping mil: | 0.50  [v/ Spke size: Small &

Minimal copper width [mi]: |2.00  [v/] v
[Jinsulation tools order - ascending (smallest to largest)

If there are no changes of the tools and settings resuming the process will just complete the
calculations interrupted by using the "Stop" button. In case that any changes are made the tool paths
calculation will start all over again.

In all cases entering the CNC mode will initiate all needed calculations if for some reason they are not
completed in CAM mode: insulation, rubout, stencil, cutout, FI, IPD.

2.4.2 “Cut” Tool

To select the cutout tool left click on the vesasn | putton.
The same window that was used for Insulation tool appears but this time only shows tools with “Cut”
and “Cut & Drill” in the “Operation” column.

To select a tool from main table click on the 4 == button.

| g o twe | omersten | g | “the| “Galm® il |  commen
0.010 Stub End Mill Al 50000 350 75 - 3000 in
0.016 Stub End Hill Al default default default - - SEM_15
0.0625 (1/16") Stub End Mill Al default default default - - SEM_63
0.125 (1/8") Stub End Mill Al default default default - - SEM_125
o T T T S S o o N N
%\' Select

If the selected tool uses default parameters its actual value is in brackets. For example if the RPM is set
to default (60000) will be shown. This means that, according to current tool profile, the spindle speed
will be 60,000 RPM because the global table RPM value was set to 60,000.
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If you place the mouse pointer on the tool button, you will see the information for the selected tool in a

popup window.
I ¥ cut:ss.00
¥ stencil: 8.00 + : cutting took: ‘

10005501 297mm Router bit $60000 FR7.5 PR20.0 R_50 {Z-0.0800"/-2.032mm, TH14}
yy rubout tools: 135:vrox=a;
B YL

The information contains the actual parameters. If the selected tool uses default parameters its actual
value is in brackets. For example if the RPM is set to default (60000) will be shown. This means that,
according to current tool profile, the spindle speed will be 60,000 RPM because the global table RPM
value was set to 60,000. These are the parameters that will be used for the program generation for this
process.

2.4.3 “"Rubout” Tools

PhCNC now allows usage of up to 8 additional tools for the "copper rubout" process in addition to 8
tools available in "insulation" process. This way the maximum number of tools used in rubout process
can go up to 16 (8 insulation tools and 8 rubout dedicated tools). Copper rubout process is actually an
extension to the process of insulation and can be considered or rejected depend of the final goals of
the design. We consider the total number of tools quite excessive, but like to have it in order to meet
the requirements in technology that may come up in the future. This will allow us to meet more
complicated needs without making structural changes in the program. Currently a medium complicated
project needs total of 4 to 5 tools to execute the processes of Insulation and Copper rubout.

To select the Rubout tools table click on the = ¥:55%5% % button.

’ Penetration
'Ruhnutmo\s‘ Depth [mil: Diameter (d) [in]: 0.0100 >/ | selectTool oK
‘Stub End Mill 0.0100" /0.254mm : v
£2 THo3 To:  10.0mil  StubEnd B 0.01007/ 3.0 mil Type: Stub End Mill o
. ATC

: Stub End Mill 0.0156" /0.396mm Feedrate [injm]: 7.5 v
W T asemil 2 RI5.0 PRAD.O 3.0 mil \ i = .
@B v s13mi StubEnd 00313 /0795mm 3.0 mil e 103

ST 560000 FR15.0 PR40.0 Speed [RPM]: 50000 v

" Stub End Mill 0.0625" /1.587mm
Wy ™3 e25mil S6000 FR1s.0 PRA0.O 30 mil Comment:
@I 7+ 125.0mit Ztub End 11 03250°/5.175mm 3.0mil Penetration Depth [mil: 3.0 !
[0 &Y tool tip (£) [mil: 0.0

o Cutting depth Z = 3.0 mi
O &Y
[ WG
e
z:3.0mi
d: 10.0mi
Rubout type: | Full Rubout ~ \ o
0.0360" |- — =
Rubout drection: X-Serpentine ¥ Tool overlap: | High ~

Important: In the table above you have to enter the desired copper rubout tools. PhCNC software will
use all insulation tools declared as the smallest rubout tools. If the rubout tools table contain any tool
smaller than largest insulation tool it will not be used in the process. In the rubout tools button

Eseines ™ you can see the list of the tools that will be used in the process. The requirement for the
tool diameters is the same as for Insulation tools. The difference in diameters must be larger than 1 mil.
Only tools with check mark will be included in the process.

The process has 3 options for the rubout direction
e X serpentine
e Y serpentine
e Conical
They determine the moving direction of the tool when large copper areas are processed.

PhCNC offers 2 types of copper rubout .

e Full rubout
A standard (and recommended) process, that removes all excessive copper in the entire project or in
the selected area of it.

e Insulation rubout
This process removes the copper using a preset distance (when available) from the pads and traces.
This option saves machining time and tools life, but in many applications may create conditions for the
circuits to behave differently from the original design. Commonly not recommended for any circuits
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using 100 KHz and up signals. In "Auto" mode it clears the copper to the size of the larger rubout tool
(when posible).

Rubout process starts with the smallest tool in ascending diameter order. This process is usually next
after Insulation and this order saves one tool change.

The information contains the actual parameters. If the selected tool uses default parameters its actual
value is in brackets. For example if the RPM is set to default (60000) will be shown. This means that,

according to current tool profile, the spindle speed will be 60,000 RPM because the global table RPM
value was set to 60,000.

Important:

When Full rubout is selected it is not needed to select the option Remove spikes. Full rubout covers
Remove spikes process. If you change your mind after performing Remove spikes this will not create
any problem. Simply the time used for the Remove spikes will be a wasted time.

Examples:
Below you can see the patterns of tool paths in different modes.

X-Serpentine:

FHle CAM (NC Setup Tools Calc
S Sl =& & v MR R BN E 4 EES $lac VI optons, | @0~ 33

~EBY - EBY ==Y -
B =B =Rl

| ¥ msulate: 7.30, 10.00
¥ cut: s0.00
f rubout tools: 62.5,31.3, 25.0,
16.0,10.0,7.3
ril 0, .0,
433, y

31.5,36.0, 40.0, 43.0,
51.0, 55.0, 60.0, 142.0

E-f ]2 TopLayer
[wZ% PhaCdrive_R3.6TL
drive,

m Layer
PhACdrive_R3.GM
V= PllACdrlve_R_!.Gnl}

F L5 5 =
. S

(oSG ¥6.53175, Y140638 4292020, Ay2.13615, A3.61811 [in] Default.mpf PhCNCE4 Pro v5.4.1 9601 A260x64  MTCLE: 13.5¢-6/°C (FR4) *
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Y-Serpentine:

5 PhCNC

==
Fle CAM CNC Setup Tools Calc
3 & 9 S = =1 e Project vl o % v
SE8 Sl 20 Qv QB LN E 4 SEE P ¥ ontons, | @8 ) g2
ey | o EEl 2] - =
SRl =B 9B
I
¥ msulate: 7.30, 10.00
¥ cut: s0.00
PhACdrive_R3.6M!
v PhAcnrwe,m.Gmﬂ @
( [
[Oby[1]: "Phacdrive_R3.GM17T
total area i
size [in]: 4.7C
tool pa
duratior
[Obi[2]: PhACdrive_R3.GTLT
total area [n2]: 19.36: £
size [in]: 4.992x 3.879 )
[!_ X7.10692, ¥7 08185 0349537, Ay1.81164, A3.02696 [in] Default.mpf PhCNCE4 Pro v5.4.1 9601 A260:64  MTCLE: 13.5e-6/°C (FR4) *
Conical:
"
7 PhCNC (=)
File CAM CNC Setup Tools Calc
X & p K = o &l Project Tor,
S Sl #0 QU QB AL KD 4 BEE Hac v, @ R
S NN o DY o DY B
FRe =me @

¥ Insulate: 7.30, 10.00

¥ cut:50.00

haCdrive_R3.GTL

3
drive_R3.GM

V]
[V Phacd rweju..:m]

[Obj[2]: "Pha
total area [in2]: 19.364
size [in]: 4.992x 3.879

)
(NSRS ¥725687,¥715795 | Ax364531, Ayl 88773, 40510 | [in] Default.my

Notes:

"X-Serpentine" and "Y-Serpentine" are recommended for usage in PCB projects that contain significant
surface of copper to be removed.

"Conical" is more efficient for designs that have "poured copper" or when "Insulation rubout"
has been used.

The options below "Limit the rubout area to the mechanical layer" Allows to use the area defined

by the "mechanical layer" as a "copper rubout" area. Very convenient option for boards with more
complicated mechanical shapes and internal cuts.
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When "Limit the
rectangular:

(A CNC Setup Tooks Cakc

S il 20 ] v FAE A LNE 4 BEE §oc ¥

=B =B wRl
¥ Insulste: 8.00

¥ cut:3037
¥ stencik 8.00 + .00 mil
 rubout tools: 1250, 625,
250,19.7,80

drill tools: 20.0, 32.0, 36.0,
¥ 39.0,44.0,55.0,62.0,103.0,
1260, 1380

W 5t G
& (2 Top Layer

28 1sesmaer

(2 1568R3TXT
(XG 1sesces
& (18 Sottom Laver
268 156srGm1
1568RIGBL

[ooy{1): *1563R3.GM1]
total 535

sze [in x2652
oam:

O 74963 V0030 AA063 845160087515 [in] Defautmpl
e

PhCNC64 Pro v5.10.29832.436064  MTCLE: 13 5e-6/"C (FRA) *
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rubout area to the mechanical layer" is not checked, the rubout area is

When "Limit the rubout area to the mechanical layer" is checked, the mechamical layer is used like

rubout region:

=====

] ‘Stub End il 0.0197° /0.500me
o 197 mil

‘Stub End Ml 0.0250°/0.635mm
T 250l S60000 FR15.0 PRA0.0

R el -

D ¥ e AL —
[ § Penetraton Depth [l 3.0
[mR ] ool 1) ol 00
ovw

0w

Rubout type: Full Rubout

0.0600

Cuttrg depth 2 = 1.0

@ wm

Fle CAM CNC Setup Tools Cak
S s 20 Q v M@ B A mNE4EEE §ac I
=@l =B =B

¥ Insulste: 800
¥ cut:3037
¥ stencik 8.00 + 400 mil

§ Tubout tooks: 125.0, 625,
250,197,890

drill tools: 20.0, 32.0, 36.0,
¥ 39.0,44.0,55.0,62.0,103.0,
1260, 1380

(8 1568R3.6M1
1568R3.GBL

[Om{1): *1568R3.GM17]
total aves [n2): 8.959
s x2.692

n
~1§1mn (7.5 )

OO 085101064 A085L &y-4A236 083526 lin] Defauitmpt
Sincikal

PhCNC64 Pro v5.10.29832.436064  MTCLE: 13.5e-6/'C (FRA) *

The option "Exclude the defined rubout regions" has meaning, only when "Limit the rubout area to the

mechanical layer" is checked.

For example, when "Limit the rubout area to the mechanical layer" is checked and "Exclude the defined

rubout regions" is not checked:
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i CAM CNC Setwp Toos Gk
S S 2O & 1%
SR =B Rl e

| Y tnsulate: 8.00

¥ cuti3937

| ¥stenct 800+ ao0mt

f obouttoks: 125,625,
250,

dnilltooks: 20.0,32.0, 360,
¥ 390, 440, 55.0, 67., 1030,
| * 12601380

(V8 1568R3.51
5 156smaGaL

{
SN 7 4686, 195331 L7 AG%6. Ly-40169, 08403 Lin] Defauttmpt PhCNC64 Pro v5.10.29832.4360%64  MTCLE: 13.5e-6/°C (FRA) *

Example, when "Limit the rubout area to the mechanical layer" is checked and "Exclude the defined
rubout regions" is checked:

il Stub End Hll 0.0250°/0. p
¥ TE Bomil RS0 pRa0 Ll
y Stub End 1l 0.0625°/1.588mm
2 easmi ! 30mi
ZiR © 560000 FR15.0 PRA00
o] il Stub End Hll 0.1250°/3.175mm "“
MY amsemi s o pra0 om

O ¥

[
= e =

ET
[ Ele CAM CNC Setup Tools Cak

S8 s 20 & v A EALNE4BEES §oac ¥ options, @~ ~ RERE°
# s, =<
B =B wR 3

|

¥ cut 3037

¥ stencik 800+ 400 mi

\ rubout tools: 125.0, 62.5,
250,197,80

A 1568R3.GBL

M 6432 VORSL | Lo6ASS) &y-4863, 79980 i) Deaut mpt PRCNCSH Pro 5102

"Fish-tail SEM optimizations" menu option
PhCNC always is trying to use the largest possible tool for insulation & rubout programs, but in case of using Fish-
tail Stub End Mills (SEM, shown below) because of its geometry this can create some problems.

(‘b . ““\\i =

One rubout example:
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S8 S 2O Qe v QE A LN B 4EES §ac VI,
=B =B Wl

¥ Insulate: 730

¥ ot 3037
¥ stencik 8.00 + 2.00 mil
f rubout tools: 125.0, 625,
250,156,7.

3

 rovemngs  X13627, V43241 £x-07165, 8y-00386, 807175 fin) Defoultmpt PHCNC Pro 523211934 8440

In this case, PhCNC will use 15.6 mil SEM (largest possible tool) to do the job:

zu- AM Setup Tools Cak Language
S s 2O Qe QB AW NE4EEE §ac VN,
=B =B wRY

¥ Insulste: 730

¥ cut 3037
¥ Stencik: 8.00 + 2.00 mil
§ robout tools: 125.0, 625,
250,156,73

drill 5.0,
¥ 300,310, 31.5, 35.4, 360,
433,510, 80.0, 118.0, 140.0

 rowemngs  X13633, V43288 | &x07150, 4y-00340, 07167 | (in) Defoultmpt PHCNC Pro 1523211934 8440

PhCNC User’s Manual

Because of fish-tail geometry - in the center of the very small regions is possible the copper to stay (Fish-tail tool

needs movement of at least one R to work like standard SEM).

To avoid such problems, PACNC will use smaller tool for the problem regions:

74 PhONC TR
Ble CAM (NC Setwp Tools Cakc Language

S o 2O Quwes v QB L NE4EEE $ac N, optons, @
=@ =B =@

¥ tnsulate: 7.30

¥ [ \J & Design Rules Violation
Cut:39.37 4
DO )

¥ stenc 8.00 + 200 mil DIZ)) Remove spkes

§ rubout tooks: 1250, 625, ] Q4R forced insulation

250,156,73

drill tools: 13.0, 25.0, 280,
¥ 300,310,315, 354, 36.0,

43.3, 510, 80.0, 1180, 1400

@ rowemngs  X73804, V43307 0x-0.6968, 8y-0.0320, 406995 [in] Default.mpf PHCNC Pro v5.23.2.11934 840

The the "Fish-tail SEM optimizations" option is enabled by default.
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2.4.4 "Drill” Tool Table
To select the Drill tools table left click on st s,

e | - e Comment
#1 0020 0.0197 (0.5mm) | Drill bit (60000)  (10.0)
THO9| 0.028 ~| Drillbit |v| TEEND [v] TEETE [v| EEEEM | DRL_31
0036 00313(1/32")  Router
0.040 0.0313(1/32")
0.043 0.0313 (1,/32")
0047 0.0313(1/32")
0.051 0.0313 (1,/32")
0055 0.0313(1/32")
0.060 0.0313 (1,/32")
0.142 0.0313(1/32")

(60000)  (20.0) (1.5) R_31
(60000) (20.0) (7.5) R_31
(60000)  (20.0) (1.5) R_31
(60000) (20.0) (7.5) R_31
(60000)  (20.0) (1.5) R_31

ik
it
ik
it
ik
it (60000) (20.0) (7.5) R_31
ik

it

2 222 P P2
§ 5§ 8§ g & & &

(60000)  (20.0) (7.5) R_31

(60000) (20.0) (7.5) R_31

default router: T0 0.0313"/0.795mm Router bit S60000 FR7.5 PRZ0.0R_31

% Apply default Y select default v T '] [}
A roarte to) A romter toor 7 Reset drill table 4 Selectatc 7 Select

The column “hole [in]” can NOT be edited; it contains the hole sizes from your CAD system (usually
Excellon2 format file).

You have to select a tool for each hole size. In some cases the operator may select to drill the hole
using router bit. To use this option you have to enter a router bit with diameter smaller than the hole.
The example above shows what happens if you select a drill bit larger then the hole. The 2™ tool in the
tool has a slightly larger size drill bit then its hole and will be shown in Red. (If selected from the main
tool table a prompt message will appear). The rest of the holes in the tool table, from 0.036" to 0.142"
will use a Router bit with a diameter of 0.0313".

If some of selected tools use default parameters its actual value is in brackets (60000) this means that,
according to current tool profiles, the spindle speed will be 60,000 RPM.

The new drill table contains a few new buttons related to usage of router tool for drilling of larger holes.
If your project has a small number of larger holes it is more efficient to drill them using router tool,
thus saving tool expenses and tool changes during drill operations.

Button i =it selects the router tool that will be used to “drill” large holes.

Button ‘4 assigns all holes with diameter larger or equal to the default router diameter for
“drilling” with selected router. If a router tool is not selected this button is inactive.

Button % === regets all tool selections.

Important:

All tool tables and selections will be saved in the project files (.PHJ).

When you use “Open” to load an existing project you do not need to select your tools again.

When you use “Import” to add a project to one already loaded it will keep current settings and tool
tables and ignore those of the imported project!

Rubout tool table is global, e.g. you do not need to create it if you start a new project, or import an
existing project.

Drill tools table usually is specific for each project. Therefore, you have to select your tools and fill out
the drill tools table for every new or ir]jported project.

drill tools: 0.020, .
§0.032(D0.047), 0.040, 0.048, [
0.060(R0.050), 0.12N(RA.NSAY [

drill tools

Hole 10.020{D0.020) Drill bit S60000 FR7 5 PR40.0 T1C0.0200F 2005100
Hole 2 0.032(D0.047) Drill bit S60000 FR7 5 PR40.0 DRL_47
Hale 3 0.040(D0.040) Drill bit SE0000 FR7 5 PR40.0 T3C0.0400F 2005100
e Hole 4 0.048(D0,048) Drill bit 360000 FR7.5 PR40.0 T4C0.0430F 2005100
Hole 5 0.060(R0.030) Router bit 360000 FRT.5 PR40.0 R_30
Hole 6 0.120(R0.050) Router bit S§0000 FR7.5 PR40.0 R_50

If you place the mouse pointer on the drill tools button, you will see the information for the selected
tools listed.

Note:
Right click on the “drill tools” button will provide you a popup menu that allows you to change the drill
layer. All drilling programs will move to the selected layer.
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rubout tools: 0.125,0.062,
0.031, 0,008

drill teols: 0.031,
0.039(R0.039), 0.penn noey
0.110(R0.039) v Drill on Top Layer
Drill on Bottom Layer

2.4.5 “Stencil” Tool (Pro version only)
“Stencil” button allows you to select a tool and set the parameters for it. For more details see 2.4.1.

2.4.6 Project Tools

In order to make the reading and understanding of this manual better, we will call the positions that
tools are placed in the ATC (automatic tool change) models “tool holder(s)” or simply “holder(s)". Also
we will call the entire array of tool holders in a machine the “machine magazine” or simply “magazine”
(The machine will have 12 or 16 tool holders depending on the model).
Button =& opens a window that contains a list of tools, that consists of default “insulation” and “cut-
out” tools and all specific tools involved in your project. The list contains information for each tool. Here
is what information is included:

e Tool holder number (ATC models only - A4x6/A4x7/A6x6/A6X7)

e Type of operation and sequence number in it (TO ... Tn)

e Tool type description (Router Bit, Stub End Mill, Drill Bit, etc...)

e Penetration depth into the material

|| Project tooks: 9in ATC tool holders, 0in undefined location Depth [mi]; g Insuiats Tool I
Setup

THO4 Insulate To ¥ 90° Tip{0.0045"/0.114mm} {Insulate,Rubout,Stencil}
¥_90

PR Cut 1o :ng:&r bit 0.0313"/0.795mm {Drill,Cut,Stencil} (80.0) mil

P Rubout T1 z;:ll: gnld Mill 0.0313"/0.795mm {Rubout,Stencil} (3.0} mil
) Rubout T2 2;.: EEr;d Mill 0.0625” /1.58Tmm {Rubout,Stencil} (2.0) mil
P . bout T3 z;:ll: Elréds Mill 0.1250" /3.175mm {Rubout,Stencil} (3.0} mil
TR il T1 ::;T hlit3 .t;mas“/n.aﬂmm {rill} (80.0) mil
SR Dl 12 :n;:&r bit 0.0313"/0.795mm {Drill,Cut,Stencil} (80.0) mil
BB Dvill T2 Router bit 0.0313"/0.795mm {Dril, Cut,Stencil} (80.0) mil
’ Router bit 0.0313"/0.795mm {Drill, Cut,Stencil}
RE orill T+ R (80.0) mil Auta tool depth|
update

If “Auto tool depth update” check box is checked, changing the penetration depth of a tool will change
the penetration of all tools in this operation. As an example if you change the penetration of one tool
in the “copper rubout” operation, the change will spread to the rest of the tools involved in this
operation. If you like to have individual tool penetration depth for each tool this option should not be
checked.

Here the operator will be able to make changes in the selected tool penetration depth (if needed).
When the penetration depth values are in brackets, they are default values for this operation or tool.
“V" types of tools have as default penetration the one calculated in the “insulation tool” window.

Tool penetration values are entered as positive values to cut into the material. A negative value will not
cut the material and will display a warning message before you start this is handy for test runs. A value
of Zero “0” will recall the default value for this operation or tool. For changes of tool type you may use
the button “Xxxx Tool Setup” (where Xxxx is the type of operation). For example you will be able to
change your “V” insulation tool with a small stub end mill. Using an ATC machine it is always
recommended to select tools from the machine magazine or prearrange the magazine to fit your
project. This will allow you to machine the entire board side without any manual action.

Some examples of tool selection:

“Insulation Tools"”
To change/select the insulation tool click on "Insulate Tools Setup":
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Penetration

insulation tools: Dizmeter {d) [in]: 0.0073

T Depth mi]: ¥ | ¥ selectTool
il V" 60° Tip{0.0055"/0.140mm " .yt B0°
B2 tHo2 T0: 23 mil ek + 23 mil Type: "V 60 v y seecrTo
ATC
- il Stub End Mill 0.0100"/0.254mm Feed rate [in/m]: (15.0) v
{DE = r0omit B O Rant 3.0 mil \ M= =
fPP 12 15.6ma StubEnd Mill 0.0156"/0.396mm 3.0 mil et L 1H02
S60000 FR15.0 PR40.0 Speed [RPM]: (60000) v
D [Lhila Commen t V_60
1 (LS Penetration Depth [mi]: 2.3 &
o] tool ip (9 [mil: 5.5 v

m]oc]
o)

Cutting depth Z = 2.3mi

[“IDesign Rules Violation
[JForced Insulation
[Z]1nsulation tools order - ascending (smallest to largest)

t 5.5 mil
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If you have (or already arrange) the necessary tool in the machine magazine simply click on "Select
Tool ATC”, it will show you only the tools that are currently in your machine magazine. Using similar
technique you can make your selection for the tools for other operations.

“Cut Tool”

Y cutting tool

Diameter {d) [in] v

Type: Router bit

Feed rate[injm]: (7.5) v
Piunge rate[infm]: (20.0) ]
Speed [REM]: (60000) v
Comment k: R_31L
Penetration Depth [mi]: 80.0 V]

oK
§ select Tool

et Tool
ATC

“Rubout Tools”

Penetation P
Rubout todls; Depth (mil: Dizmeter {d) [in]: 0.0160 [¥) | select Tool oK
o il Stub End Mill 0.0160"/0.406mm i Type: Stub End Mill v
A ¢ 1o 16omil = R 3.0 mil
Stub End Mill 0.0250"/0.635mm Feedrate infm]: 7.5 K
BT asomit RS 0 PRADO 3.0 mil = T ) =
§ T2 313 StubEndMil00315"/07ssmm s0mil HPas (i fnint:| 35
560000 FR15.0 PR40.0 Speed RPV: 50000 £
il Stub End Mill 0.0625"/1.588mm
B ™ e2smil 2000 FR15.0 PRAO. 3.0 mil
: Stub End Mill 0.1250"/3.175mm
§ Te aasomin e s PO 3.0 mil Fer v
O ¥ tool t (1) [mil: 0.0
0w Cutting depth 2 = 3.0 mi
l z:3.0mi
d: 16.0mi
Rubout type: Full Rubout v Mp
0.0300"
Rubout diection: Conical V| Tooloverlap: Medium ~

“Drill Tools”

Y Drill Tool Table

hole Diameter Speed | Plunge rate] Feedrate
lin] fin] Trpe Grpm] | [injm] | Tin/m] Comment t
WLk 0015 0.0135 Drill bit (60000) (40.0) - DRL_13.5
iIME] 0.030 0.0135 Drill bit (60000) (40.0) DRL_13.5
M7 0.04s 0.0313 (1/32") Router (s0000) (20.0) (1.5) R_31
LLRF 0.125 0.0313(1/32") Router (60000) (20.0) (1.5) R_31
default router: TO 0.0313"/0.795mm Router bit 560000 FR7.5 PRZ0.0R_31
Apply default Select default ] ']
router tool router tool % Reset drill table & '.\’

Note:

The “Project Tools” table actually duplicates the function of buttons “Insulate”, “Cut”, “Drill tools”,
“Rubout tools”. It is simply more convenient to have all needed information in a single window when

you have to edit it.

IMPORTANT (ATC models only):

Button ¥waan will appear with red text if any tool(s) involved in your current project are not found in
the machine magazine. The number in brackets shows how many tools are not in the machine
magazine. These tool(s) are marked with a hand with pointing finger when you open the project tools

list.
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Project tools: 9 in ATC tool holders, 0 in undefined location

e § Insulate TO ;‘1"":[;““' ,{0.0050"/0.127mm} {Insulate,Rubout,Stencil}

CutTo Router bit 0.0313"/0.795mm {Drill, Cut,Stencil} (s0.0y mil
Rubout T1 gg\: End Mil 0.03137/0.735mm {Rubout Stencil) .0y mil
Rubout T2 g;:::i-;d Mill 0.0625"/1.587mm {Rubout,Stencil} 3.0y mil
Rubout T3 §E'ﬁ77§'£'§ Mill 0.1250"/3.175mm {Rubout,Stencil} (3.0} mil
Drill T1 g'r‘iEEluta .ns.mas"/ 0.343mm {Drill} (80.0) mil
@I ovin 72 Dril b 0.0135",/0.343mm {Orily ts0.mymil

B orill T3 sn;:zr bit 0.0313"/0.795mm {Drill,Cut,Stencil} (o0.0y mil

R il T4 :n:gﬂ bit 0.0313"/0.795mm {Drill,Cut,Stencil} (80.0) mil

ko tool depth
uDdate

During the execution of the operations the PhCNC software will offer manual tool change for the tools
that are not in the machine magazine. After the machining with this tool ends the control software will
ask for manual removal of the tool.

2.5 Object selection mode

Button * is used to enter object selection mode or left-click and select “Select/Clone/Move objects”
from the pop-up menu.

Ruring the active Object selection mode, the cursor has the shape shown below.
b

Selected objects can be moved, cloned, rotated, grouped in a single object, ungrouped, and deleted.
To select an object click on it or click & hold and move the mouse to draw a rectangle that includes all
the desired objects. Selected objects can be manipulated using the functions described below. To
deselect selected objects click away from them inside the main window, click on “Clear selection” from
the pop-up menu, or hit the (Esc) key.

Important:

During the object selection some objects may be covered by other objects, thus the object on top will
be selected instead of the one targeted for selection. In this case use “Send to bottom” (Ctrl+B)
function from popup menu. Selected objects will move “under” the targeted object and it can now be
selected.

Note:

“Send to bottom” function has nothing to do with “Send object to Bottom Layer”.

“Send to bottom” only changes the drawing order on the screen to improve selection process of objects
that overlap each other.
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2] PheNC e P e
File CAM CNC Setup Tools Calc Language

S sl 50 @ v M e B N3 4 E S §ac VN, options, | @ SiEBTB
SR @R 2Bl

¥ mnsulate: 7.30, 10.00, 15.60

§ cut:s5.00
§ stencil: 8.00 + 2.00 mil

 rubout tools: 125.0, 625,
313,1556,10.0,7.3

drill tools: 24.0, 28.0, 31.0,
§ 31.5,35.,36.0, 900,433,
51.0,80.0, 118.0, 140.0

-[]=% PhCNC360_R6.GTL
/]l Phonc3s0_R6.TXT
[%]§ Phcuc3so_R6.GPT

_- - .- N Q =

[Vl% Phacaso_Ré.GBL - .
V - RGAF
=3

g ) —!'h ::

4 )
[Obj[1]: "PhCNC380_R6.GM17T
total area [n2]: 9.213
G
tool path: %.23 %s
duration: ~2.06 min (F7.5injm)
[Obj[2]: "PhCNC360_R6.GTL]

area [n2ls 11,1

size [in]: 4,352 % 2,557 i )

J nowarnings | X10.99935, Y268406 | dx10.99935, dy-1086595, d1546138 1000dpi [in] Defaultmpf PhCNC Pro v5.0.9.9319.A360:64  MTCLE: 13.5¢-6/°C (FR4) @ 22.99°C

2.6 Move Objects

PhCNC in CAM mode has several ways to move objects:

- click and drag using mouse

- "Rotate & Move Selected Objects ...” function from popup menu
- “Move To ...” function from popup menu

In all cases the operator must select the object(s) first. To select an object(s), click on *: (Object
selection mode). Now you can make a left click within the desired object(s) to select it (them).

Left click outside an object will clear selection (unselect). For more information see 2.5 Object selection
mode.

2.6.1 Moving objects using the mouse

In CAM and CNC mode of PhCNC, you can push and hold the left mouse button. Mouse movements
now will scroll the screen (convenient option, especially when you have high zoom).

In CAM mode left clicking and holding the left mouse button on a selected object(s) will move the
object(s) together with the mouse cursor (known as click and drag).

When more precision is needed you can increase the zoom and repeat the operation without the need
to unselect the object(s).

On the screen below an object is selected (note the frame around it). Left click and hold inside the

frame will move the object to a new position when you move the mouse and release the left mouse
button.

Page 48 of 170



"2 Phene
Fle CAM CNC Setup Tooks Calc Language

s sl ¢ @ #e FaEd uEE4Ess & Wk,
B =B ol
¥ Insulate: 7.30, 10.00, 15.60

¥ cut:s5.00
¥ stencil: 8.00 + 2.00 mil

 rubout tools: 125.0, 625,
313,156,100, 7.3
drill tools: 24.0, 26.0, 31.0,
315,354, 36.0, 40.0, 433,
51.0,80.0, 118.0, 140.0

i
=-[ZE8 Top Layer
[VI=% Phcnc3so_Re.GTL
[/l PhCNC360_R6.TXT
[%]§ PhONC360_R6.GPT
-[w]E8 Bottom Layer
n PhCNC360_R6.GM1
[VI=% Phcncsso_Re.GBL

] ’
[Obj[1]: PhCNC350_R6.GM1]
total zrea [in2]: 9.213

size [inl: X 2,257

tool path: %.23 %s

uration: ~2.06 min (F7.5 injm)

[Obj[2]: PhENC350_R6.GTL']
total area [inZ]: 11.128
size [in]: 4.352 x 2,557 0

J nowarnings X6.01916, V2.83346

dx6.01916, dy-9.71653, d11.42984  1000dpi [in] Default.mpf PhCNC Pro v50.09310 A360164  MTCLE: 13.5¢-6/°C (FR4) @ 22.99°C

PhCNC User’s Manual
e

options,  (@- ¥

After moving

S/ PhONC

the mouse to a new

position and releasing the left mouse button:

File CAM CNC Setup Tools Calc Language

S8 el 208 > v B|w ukE 4885 §ac ¥,

SR B 9l

¥ Insulate: 7.30, 10.00, 15.60

¥ cut: 55.00
¥ stencil: 8.00 + 2.00 mil
 rubout tools: 125.0, 62.5,
313,156,100, 7.3

drill tools: 24.0, 28.0, 31.0,
§ 315,354, 36.0,40.0, 433,
51.0, 80.0, 118.0, 140.0

=-[Z]E8 Top Layer

[VI=% Phcnc3so_Re.GTL
[V Phcncsso_RETXT
[%]§ PhCNC360_R6.GPT
Bottom Layer
PhCNC360_R6.GM1
PhCNC360_R6.GBL

o ®eeonh [ AT B
e | Lo

FEC
o

=

[l [
[Obs[1]: "PhcNc350_RE.GM1T

total area [in2]: .213

duration: ~2.06 min (F7.5n/im)

[Obj[2]: "PhCNC360_R6.6TL]

total area [inZ]: 11.128

size [in]: 4.352 x 2,557 i

& nowarnings X2.33251, Y3.64079 dx2.83251, dy-9.90921, d10.30609  1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360:64  MTCLE: 13.5e-6/°C (FR4) @ 2299°C

options, @~ ¥ gleBi8 1~

During the object(s) movement, object(s) are continuously redrawn, this may create some screen

flicker in computers with slower graphics or when the object is more complicated.

For extra precision positioning we recommend selecting the mode that shows Gerber vectors.
In this mode the centers of every flash aperture and start/end points of each vector in your Gerber file

are clearly marked. In addition all traces and pads are “transparent”.

Using this option will allow you (in high zoom: 20000%) to match two layers at the level of resolution

of 1um (0.04mil).
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=y oy
& e = e

o ¥
H e

¥ Insulate: 730, 10.00, 15.60

File CAM CNC Setup Took Calc Language

S8 sl @O Q wn QW 8 E 4 Es §ac Uik,

PhCNC User’s Manual
Py

O

Options,,

¥ cut: 55.00
§ stencil: 8.00 + 2.00 mil

 rubout tools: 125.0, 625,
313,156,10.0,7.3

drill tools: 24.0, 2.0, 31.0,

+

51.0,80.0, 118.0, 140.0

=

el S | S,
E-[Z]E8 Top Layer
[ PhCNC360_R6.GTL

[V Phcncsso_re.TXT

[X]5 PhCNC360_R6.GPT
E--[]E8 Bottom Layer

PhCNC360_R6.GM1

PhCNC360_R6.GBL

[Obj[1]: PhCNC360_R6.GM1]
total area [in2]: 9.213

size in]: 4,064 x 2,267

tool path: %.23 %s

duration: ~2.06 min (F7.5 injm)

[Obj[2]: PhCNC360_R6.GTL]
wtalarea [nZ] 11128
52 x 2.557 q

@ nowarnings

+ W+
| +/+/+

¥373622, V360252 | 373622, dy-9.94749, d10.62600 | 1000dpi [in] Default.mpf PhCNC Prov5.08.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4} @ 2299°C

2.6.2 Move using “"Rotate & Move Selected Objects ...”
This is the best mode when you need to move an object(s) to a predetermined distance. Described in

paragraph 2.8.

2.6.3 Move using "Move To ...”

In this mode you can

move an object(s) from its current coordinates to new coordinates a specific

distance in relation to a specific point on the object(s) utilizing full accuracy. First (the object must be
selected) go to the desired position, in this case the exact center of a hole. Make a right click (the
. Select "Move To ...".

menu will appear

file CAM CNC Setup Tools Calc Language

2= 3 BE =&
Bl | o DeK

=Rl =Rl 2R

§ 1nsulate: 7.30, 10.00, 15.60

¥ cut: 55.00
{ stencil: 8.00 + 2.00 mil
 rubout tools: 125.0, 625,
313,156, 100,73
drill tools: 24.0, 28.0, 310,

¥ 31.5,35.4, 36.0, 40.0, 43.3,

51.0,80.0, 118.0, 140.0

=
! gwwl St E2m

Top Layer
i =% PhCNC360_R6.GTL
i [ Phcncsso_re.TxT
[X]§ PhCNC360_R6.GPT
=-[/]E8 Bottom Layer
H PhCNC360_R6.GMI
[~1=% Phcnc3so_re.GBL

[ob3[1] ’PhCNCKEEI_RE GM1]
total area (n2]: 9.2i3
= nl: 4,064 2.267
tool path: %.23 %s
duration: ~2.05 min (F7.5 in/m)

oz ¥ @ B H B

2 4l BB § e WU,

TR Select/Clone/Move objects
Select All

Clear selection

1 Ungroup selected objects

{#} Add rubout region

X Delete Selected Objects
Clone Selected objects Ctrl-C
@ Zoom +
& Zoom -
[EH Panorame

PgUp

! Rotate & Move Selected Objects

% Registration pins & Thumbtacks 3
b Insert »
[5% Breakout Tab 3

) Undo [2] -> Move (Ctrl+Z)

[Obj[2]: PhCHC360_R6.GTL']
mu\area [in2]: 11.128
ze [ 52 x 2.557 {

@ rowarings

X0.76037, ¥254898  cbx).76037, cy-11.00101, d11.02725  1000dpi [in] Default.mpf PhCNC P

10v5.099319.A360:64  MTCLE: 13.5¢-6/°C (FR4) @ 2299°C
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Selecting “"Move To ...” the "Move To...” window will appear:

To: X 0.7 v 235

| From: X 0.7595 v 2.5490 |

“From” contains (for reference only, not editable) the coordinates of your right click.
You should enter the new coordinates for the selected point in “To” and left click on the “"Move” button.
In this example the center of this hole will be at X = 0.7000, Y = 2.3500.

2.7 Clone (Copy) objects

e Select an object or group of objects

e Select “Clone Selected objects” from popup menu
Cloned object(s) appear selected and shifted on the x and y
axis at + or - 0.5 depending on the location of the original.
The original is deselected automatically. Newly cloned object(s)
can be moved to any position, rotated or cloned again.

Sy =, |

5= X" gelect/Clone/Move objects
Iz  select AN Ctri+A
17  dear selection

# ungroup selected objects

&  Add rubout region

X Delete Selected Objects Del

Eiclone Selected objects ctrl+c

@ Zzoom +
Q zoom -

To move a cloned object, click, hold, and drag the object.

ove To

Note: @z te & Move Selected Objects ...
See also the Panelization (2.29 Panelization)!

al
i

t:
gistration pins & Thumbtacks

Cloned object

2.8 Rotate objects
Select an object and click on “Rotate & Move Selected objects” from popup menu:

@, zoor,
w2 Zoom -
Banorame \

< BRotate Move Selected Objects >

Rotate Selection Window will appear:

Ratate angle [* degrees]:
6 = | g |

Mave [inches]:

tr
4=3x- 05 Krmp
-

You may set any angle and distance.
Using the direction buttons you will be able to move and rotate the object.

For Example the object below has been rotated at 7.5° CW
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Example 2:
Five oies of a board rotated at different angles:

Fil

CAM CNC Setup Tools Calc Language

st el & & = YeB|w k(EE 4885 Hac ¥, optons, | @8 | ST
SR =B BB

¥ mnsulate: 7.30, 15.60

¥ cut: 60.00

 rubout tools: 125.0, 625,
313,156,100, 7.3

g drilltools: 30.0, 40.0,45.0,
60.0,125.0

[ 2 2
[ Y]

E-{Z]E8 Top Layer

[V PIDtest - cADCAM
[V PiDtest - capcan
-..[]<% PIDtest - CADCAM
[]I¥ Piptest - capcanm
[V PIDtest - capcan
-..[/]ll PIDtest - CADCAM
[V PiDtest - cADCAM
[V PiDtest - capcan
[l PIDtest - CADCAM
[]I¥ PiDtest - capcanm
- []28 Bottom Layer
-..[]% PIDtest - CADCAM
[V]FS Piptest - capcanm
[V PIDtest - CADCAM
[ PIDtest - CADCAM
[V PiDtest - caDcAM
[VIF2 PIDtest - CADCAM
[l PIDtest - CADCAM
[V]FS Piptest - capcanm
[V PIDtest - CADCAM
w..[]o8 PIDtest - CADCAM

<1 ] b1

[Obj[1]: "PIDtest - CADCAM Top Cop
total area [nZ]: 8.457

size [in]: 3.360 x 2.526

warnings: 0 T
tool path T0: 0,310 , duration: ~0

tool path TL: 66,470 in , duration: ~

[Obj[2]: "PIDtest - CADCAM Bottom | =
total area [n2]: 8.655 [ o

@ rowemings | X183392 VOISM5 88392, dy-439557, d478228  1000dpi fin] Default.mpf PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5e-6/°C (FR4) @ 2299°C

Example 3:
Five projects imported and arranged (some are rotated):
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I PhcNe. oo |
File CAM CNC Setup Tools Calc Language
S el & & e MA@ T 8K E 48 S0 $oc KRG, optons, | @80 ¥ lBR8 ¥

B =B 2R A I i
—_— o — T = T

¥ Insulate: 730, 10.00, 15.60

¥ cut:30.37

§ stencil: 8.00 + 2.00 mil

 rubout tools: 125.0, 625,
313,1556,10.0,7.3

[ DEMOC3.TOP
[V THRUHOLE.tap
[X]S DEMOC3.SPT
-..[|Z% PID_ Top_Copper.
[V Pro__prillxr
V% jtag-lart_Rev_X1.
-]l jtag-lart_Rev_x1.
[vl% podex.pcb.output
(VI podexpcb.output_
-..[]=% TERMOSENSETOP
[V]W¥ TErRMOSENSE.tap
=-[Z]E8 Bottom Layer
-..[/]°8 DEMOC3.MECH
=% pEMocz.BOT
[X]S DEMOC3.5PB
-..[/]58 PID_Mechanicalt
[VIZ% PID_ Bottom_Cop
[V jtag-lart_Rev_X1:
-.[]o8) jtag-lart_Rev_x1.
[VIES podex.pcb.output_
[VI=% podexpcb.output_
-..[]°8] TERMOSENSE.MEC
[V]=% TERMOSENSE.BOT

YA

Soson

<1 ] b1

[Obj[1]: "DEMOC3.MECH]
total area [n2]: 22,355

size [in]: 4.960 x 4.507

B 45_1
S <500 o 7.5 ) Se BB 3

[Obj[2]): DEMOC3.TOR"]
ea [in2):

[in2]: 26,439 =
size [in]: 5.376 x 4.918 o [ ] 0
= [ SISRGE  *¢97028, V637610 | x4 97028, dy-717388, d8.72744  1000dpi[in] Default. mpf PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4) @ 2299°C —

F_A5.PH]

2.9 Group/ungroup objects

Select more than one object, click on “Group selected objects” from popup menu:

s Ungroup setecied objects

All grouped objects behave as a single object and they maintain their relative position during further
manipulations.

To ungroup, select the desired objects and then click on “Ungroup selected objects” from the pop-up
menu. It is not necessary to create group in order to rotate, move or delete. Just select all objects that
should be affected.

For Example all below were rotated at a 30 DEG angle CCW.
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2.10 Delete objects

To delete objects, select them, and then click on “Delete Selected objects” from the popup menu.

2.11 Rubout — excessive copper removal

Button ‘& is used to remove any unnecessary copper that is not defined in the gerber files from
selected regions of the board. To create the regions that will be removed you have to click on the
rubout button. Now, you are in the rubout definition mode. Use click & hold and move to create a
rectangular region. If your object is rotated, the rectangle created will be rotated too. The number of
regions is unlimited. If you have cloned objects, the region specified on one object will apply to all

clones. During the active rubout region selection mode, the cursor has the shape shown below.
i

Example of rubout region creation (short dash line):

e

File CAM CNC Setup Toolks Calc Language

g epT SO Q wee ¥ QB W n KB 4EES o VI, optons, | (@ 8™
=B =B el 1

¥ mnsulate: 7.30, 15.60

¥ cut: 60.00
 robout tools: 125.0, 625,
313,1556,10.0,73

g drilltools: 30.0, 40.0, 45.0,
60.0,125.0

alily

L]
E-{Z]E8 Top Layer

[V PIDtest - cADCAM
[V]I¥ PiDtest - capcanm
[VI=% PIDtest - CADCAM
[]I¥ Piptest - capcanm
[V PIDtest - capcanm
[V PIDtest - cADCAM
[V PiDtest - cADCAM
[V]I¥ PiDtest - capcanm
[VI=% PIDtest - CADCAM
[]I¥ PiDtest - capcanm
=[] Bottom Layer
-..[F]<5 PIDtest- CADCAM ——
[V]FS Piptest - capcanm
[V piDtest - capcan | +
- [Ze8 PIDtest - CADCAM g &
[V PiDtest - caDcAM L
[IFE PrDtest - cADCAM e %
L Eﬁmmabumn;‘_'ﬁ%l o § ¢
(V8 PIDtest - capcam gy, g ] $=‘<
1

[vl% Prptest - cancan gy

--[/]o5] PIDtest - caDCAM =3

6o

[Obj[1]: "PIDtest - CADCAM Top Cor
total area [n2]: 3.457

size [in]: 3.360 x 2.526
war 0

tool path T0: 0,310 , curation: ~0 =T w0 A

tool path T1: 66.470 in , duration: ~ \:ﬁ @ - ’!YG}”%

[Obj[2]: "PIDtest - CADCAM Bottom _$‘;' - l,ﬁ o

totol area [in2]: 8.655 | r ()
& nowarmings | 611369, V6.66850 | 611369, cy-6.38148, d9.20500  1000dlpi [in] Default.mpf PhCNC Prov5.09.9319.A360:64  MTCLE: 13.5e-6/°C (FR4) @ 2299°C

F_A3.PH]

A created rubout region will apply to all visible (enabled) layers, in this example Top & Bottom. If you
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need to create different regions in top and bottom layers, hide (disable) one and create the region in
the other, then swap them and create the regions in the other.

Button ¥ allows you to set the right sizes for your rubout tools.

{ Rubout tools o]
Rubout tools: ;‘;g‘ﬁ;i“ Diameter (d) in]: 0.0313 | g setet oo o
t o Stmi Suubind Ml 03130 755mm i Type:| Stub End Mill v
¥ o easm Shbediilooesissemm o mi I =
Vo e SREGAGEIL som ooy
speed [RPM]: (60000) v
D H Comment it
O ¥ Penetration Depth [mil: 3.0 [+
O ¥ tool tp (8 [mill: 0.0
El y Cutting depth Z = 3.0 mi
O ¥

d: 31.3mi

Rubout type: Full Rubout [ Mp
0.0300"

Rubout direction:  Conical v Todl overlap: Medium M

The first and the smallest tool in the rubout process will always be the insulation tool. The rest depend
on your design and you can create any combination you want. Enter 0.0 for the positions that will not
be used (or press “Delete”). Enter the right sizes for the tools you will use. Rubout will sort them by
size and will start with the smallest. If you change a tool in this table recalculation of rubout region(s)
is needed.

Important:
Tool sizes entered in the rubout table must be accurate! The overlap between the tools is
approx 0.001 inch.

In the example below 4 regions are created:
(=

Fle CAM CNC Setup Tooks Calc Language

g epT SO Q v QB W NN B 4EES $oc W, options, | @ TR

SE SR WE
¥ mnsulate: 7.30, 15.60

¥ cut: 60.00

 rubout tools: 125.0, 625, )
313,156,100, 7.3

g drilltools: 30.0, 40.0, 45.0,
60.0,125.0

)

{7128 Top Layer

[V PIDtest - cADCAM
[V]I¥ PiDtest - capcanm
[VI=% PIDtest - CADCAM
[]I¥ Piptest - capcanm
[V PIDtest - capcanm
[V PIDtest - cADCAM
[V PiDtest - cADCAM
[V]I¥ PiDtest - capcanm
[VI=% PIDtest - CADCAM
[]I¥ Piptest - capcanm
[V PIDtest - capcanm
[V PIDtest - cADCAM
{28 Bottom Layer

[V PIDtest - capcanm
[V]8 PIDtest - capcam
[V PIDtest - cADCAM
[V]FE Piptest - capcanm
[V=% PIDtest - CADCAM
[v]FE PiDtest - capcanm
[V PIDtest - capcanm
[v]e8 PIDtest - caDcAM
[V PiDtest - caDcAM
[V]FE Piptest - capcanm
[V PIDEest - CADCAM

[VIF2 Pibtest - cancam o
[Obi[1]: PIDtest - CADCAM Top Cop

tot a [in2]: 8,487

sz

tool path T0: 0.310in , duration: ~0
tool path T1: 66.470 in , duration: ~

[Obj[2]: "PIDtest - CADCAM Bottom |
total area [n2]: 8.655 |
& nowarings | 652392, V983398 | 652392, dy-371602, d7.50802  1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4) @ 22.99°C
F_A4.PH]

To calculate regions click on the #-# button. First click will calculate the “Rubout regions” and all
consequence clicks will toggle between hide/show them on the screen (v1.17.5+)

Here is how they look after calculation:
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File CAM CNC Setup Tools Calc Language
G el O @ 7 Y OB BN E 48 EE §ac ¥,
SRl =Rl 2R

¥ mnsulate: 7.30, 15.60

¥ cut: 60.00
 robout tools: 125.0, 625, )
313,1556,10.0,7.3

g drilltools: 30.0, 40.0,45.0,
60.0,125.0

)

{7158 Top Layer

[V PIDtest - cADCAM
[Vl PIDtest - cADCAM
[l PIDtest - CADCAM
[]I¥ Piptest - capcanm
[Vl PIDtest - CADCAM
-.[]ll PIDtest - CADCAM
[V PiDtest - cADCAM
[Vl PIDtest - cADCAM
[l PIDtest - CADCAM
[]I¥ Piptest - capcanm
[Vl PIDtest - CADCAM
«.[/ll PIDtest - CADCAM
{28 Bottom Layer

[wI% PIDtest - CADCAM
[ PIDtest - CADCAM
[V PiDtest - caDcAM
[VIF2 PIDtest - CADCAM
[l PIDtest - CADCAM
[V]FS Piptest - capcanm
[V PIDtest - CADCAM
[ PIDtest - CADCAM
[V PiDtest - caDcAM
[VIF2 PIDtest - CADCAM
[l PIDtest - CADCAM

[VIF2 Pibtest - cancam o

q D
[Obj[1]: "PIDtest - CADCAM Top Cop

total area [in2]: 8,437
size [in]: 3.360 x 2.526

warnings:
tool path T0: 0,310in , duration: ~0
tool path T1: 66,470 in , duration: ~
[Obj[2]: "PIDtest - CADCAM Bottom |

totol area [in2]: 8.655 |

& no warnings

X6.09332, V1137307 | 609332, dy-217694, d6.47052  1000dpi [in] Default. mpf PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5e-6/°C (FR4) @ 2299°C

options, (@~ I~ i B

F_A4.PH]

Here is the example above spread to all copies:

Fle CAM CNC Setup Tools Calc Language

S8 sl 50 @ e MA@ B u N E 48 EE Sac VLT,

SE =R 2R
¥ msulate: 7.30, 15.60

¥ cut: 60.00

§ rubout tools: 125.0, 625,
313,1556,10.0,7.3

 drilltools: 50.0, 400,450,
60.0,125.0

£l

~{V]E® Top Layer

[v% PIDtest - CADCAM
[/l PIDtest - CADCAM
[V PIDtest - capcanm
[ PIDtest - CADCAM
[/ PIDtest - CADCAM
[V]I¥ PiDtest - capcanm
[V% PIDtest - CADCAM
[/l PIDtest - CADCAM
[V PIDtest - capcanm
[ PIDtest - CADCAM
[l PIDtest - CADCAM
[v]I¥ PiDtest - capcanm
{28 Bottom Layer
[l PIDtest - CADCAM
[V]FE PiDtest - capcanm
[¥% PIDtest - CADCAM
-..[Z]8 PIDtest - CADCAM
[V PIDtest - cADCAM
[w]FE PIDtest - cADCAM
[l PIDtest - CADCAM
[V]FE PiDtest - capcanm
[¥% PIDtest - CADCAM
-..[Z]8 PIDtest - CADCAM
[V PIDtest - cADCAM
[v]FE PIDtest - cADCAM

« »
[Oby[1]: "PIDtest - CADCAM Top Cop
totzl area [nZ]: 8,487

ize [in): 3.360 x 2.526

warnings: 0

tool path T0: 0.310in , duration: ~0
tool path T1; 66,470 in , duration; ~

[Obj[2]: "PIDtest - CADCAM Bottom |
total area [n2): 8,655 |

@ nowarnings | X1.76002, Y10.46882

bl 76002, dy-3.08119, d3.54843  1000dpi [in]

Default.mpf PhCNC Prov5.09.9319.A360:x64 ~ MTCLE: 13.5e-6/°C (FR4) @ 2299°C

F_A3.PH]

If for any reason you do not calculate the regions before entering CNC mode, PhCNC will calculate

them automatically!

If you would like to delete some of the rubout regions, place the mouse pointer on the region and click
on “Delete rubout region” from the popup menu. When you delete a region from a cloned object, all

copies will be affected.
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Add rubout region

Delatz all rubout regions

@ zoom +

If you would like to delete all rubout regions click on “Delete All rubout regions” from the popup menu.

2.12 Editor for the mechanical layer

2.12.1 Contour cutting selections

If you have loaded a mechanical layer for contour cutting, PhCNC automatically selects outside tool
diameter compensation for the most outside contour and inside compensation for the contours inside
(if any). If for some reason you need to change the automatic selection or disable some contours you
have to click on the & button.

The example below shows active (contour cutting selection mode:
}gg sl 36 @ vee M@ B x| N(E 4 8 EE Sac VLT, B oprons, (@ glegf8
B =B 2R '

¥ msulate: 7.30, 15.60

¥ cut: 60.00

§ rubout tools: 125.0, 625,
313,1556,10.0,7.3

 drilltools: 50.0, 400,450,
60.0,125.0

ﬁ 2

~{V]E® Top Layer
[V]=% PIDtest - CADCAM S
[/l PIDtest - CADCAM
V% PIDtest - caDcam
%% F’lDlesl-CADCAMo 0o o
[/ PIDEest - CADCANM "oty o
[V]I¥ Piotest - cancan O o
[V% PIDtest - CADCAM
[/l PIDtest - CADCAM (+]
[V PIDtest - capcanm (] (+)

[ PIDtest - CADCAM

[l PIDtest - CADCAM
[v]I¥ PiDtest - capcanm o
[w]E8 Bottom Layer 0
5 PIDtest - CADCAI S oo
(8 PIDtest - CADCAN F gy g =
[=% PIDtest - CADCAM & o O
-.[7]Fg PIDtest - cADCAM D” o]
[V PIDtest - cADCAM 0
[V]FE PIDtest - capcam
[l PIDtest - CADCAM
[V]FE PiDtest - capcanm
[¥% PIDtest - CADCAM
-..[Z]8 PIDtest - CADCAM
[V PIDtest - cADCAM
[v]FE PIDtest - cADCAM

1} [
[Obi[1]: "PIDtest - CADCAM Top Cop g
total area [in2]: 8.487

size [in]: 3.360 x 2.526
warr 0

warnings: \ .

tool path T0: 0.310 in , duration: ~0 gy ﬂ

tool path TL: 86,470 n , duration: ~ - O,

= L?! P=p o % - o 2lo. 00 . =
area in2]: 8.

! {

& nowarnings XB.99813, V8.37465 ox8.99813, dy-5.17536, d10.38030  1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360:64  MTCLE: 13.5e-6/°C (FR4) @ 2299°C

Selected contours are in light brown and the possible, but not selected, opposite compensation
contours are in light gray. You may change the selection with a mouse click on the contour. When you
leave contour cutting selection mode, unselected contours will become invisible and will not be
executed.

2.12.2 Contours selection in the mechanical layer

In this mode, you can perform the following operations with the contours generated by “PhCNC Printer”
and 4 (import of text and graphics).

2.12.3 Contours generation with "PhCNC Printer”

Upon starting PhCNC, the “PhCNC Printer” driver is installed, which allows you to import vector
information in PhCNC from any application or CAD/CAM system.
On the figure is shown the test page of the printer.
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B =B PR
T ﬁw
. B

Vot som

§ bttt 1258, 025,
TSk 100,73

=)
= ol TopLaver
£E2 oo

[ sortmLaver

@ ovmrep | BMEN VIO | ASAE 4.0 45561 116N 1500 o] Dt PG Fro 508531 AE0Y | MTCLE 13.506C (A} @ 2299°C
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Example:
Name plate generated with MS Word:

Review  View

Home | Insert  Pagelayout  References  Mailings
= %t . s (@ [ = o=|(a]|(a R 4 Find -
B Times flew Roman 12 -|[A &% 84| | acBbcel | AaBbCI AaBbC AaBb( AaBbCcl faB5Cel AaBbCel AaBbCC iy

a1 Copy = a4,

Paste B c Aav|[®2 - A~ ~ _ Change
S Format Painter 'B I U abe %, X' Aa|| il - | \g_ | TNormal | TNo Spaci.. Heading1 Title Subtitle  Subtle Em.. Emphasis  IntenseE.. - Coneds || fy select -
Clipboard & Fant & Paragraph & Styles 5| Editing
. g . i - B -7

PhCNC

PCB Prototyping Software

Page:lofl | Words:0 | G English (United States)

To import a name plate into PhCNC — simply select the printer *PhCNC Printer” and press “Print”.

Print
| Printer
e | & (S 8
Status: e Find Printer.
Type: PhCNC Printer
Wihere:  PhCNC [ print to fie

Comment: PhCNC Printer © 2007-2013 TELENET LTD. [ Manual duplex

Page range Copies

Currentpage Selection

@Al Number of copies: |1 +
(O Pages:

Type page numbers andjor page

ranges separated by commas counting

from the start of the document or the

(F 7 o
section, For example, type 1, 3, 5-12

or pist, pis2, pis3-pss3
El Zoom

El Pages per sheet:

Scale to paper size: | No Scaling

Print what: | Document
1page

||

Print: All pages in range

Remark:
PhCNC must be started (you can also start it after the printing)!

The vector image is imported automatically in PhCNC (as a separate object):
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e LT TN HEE TEEReeTTE.S

D CAM OB Sabw Tosh G Laruge
G S EO @ v ME B A LN E AN as g VI, e
=M =M R

[p———

vvvvv

@ v | ASSISH, VSAUTS | diSSISH, 814772, 1504 | 1000 Dt PRCHC Pro 508531 AE0Y | MTCLE 13.506°C (A} @ 2299°C

By default all contours will be processed with the tool for insulation (TO). If you want to select contours
for cutout (for example the external contour), enter into the mode for editing of mechanical contours

by left clicking the & button.

There are two possibilities for selection of contours:

By clicking with the mouse over a single contour. In this way you can select/deselect the

desired contour
By defining a rectangular region with the mouse. All contours fully located in the region are

selected.

KRty

Ble CAM ONC Setup Tooh Cik Lingumge

S ep S0 & e A @ uNE4E S §oc VI, optees, @ SGBTE
B =@ oR

¥ tmeulete 1300

¥ co o000
§ bt toc: 125,623,
S3ise

Sotd

[PCIB Protetyping Setfw

Right clicking on selected contours allows you to enter the “*Mechanical” menu.

Show selected contaurs
Hide selected contours

Set Tool »
Invert selection

Select 3l contours

Clear sellection

This menu will allow you to select the following options:

Show the selected contours.

Hide the selected contours. The hidden contours are not processed and are viewed only in the
mode for editing of the mechanical layer

Set tool menu tools that will be used to process the job

Invert selection

Select all contours used to select all contours

Clear selection used to unselect the selected contours. This can also be accomplished by left

clicking with the mouse outside of the contours, all selected contours are deselected.
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The set tool menu allows you to select the tools used for the machining process.

Show selected contours
e Hide selected contours
% Registration pins & Thumbtacks

& Insert

[ Rreakout Tah

Insulate tool (T0)
Cut tool (T1)

Here, TO is the current tool for insulation and T1 is the current instrument for cut-out.

On the figure below, the frame and the inscription PhCNC will be processed with T1 (cut-out) and the
remaining text will be processed with the tool for insulation TO:

PhCNC

You can also use rubout. On the figure below the inscription which was selected only for insulation is

now selected for rubout.

PCB Prototyping|
Software |

To produce the plate above, we can enter CNC mode and PhCNC will generate the following programs:
Top Layer; Rubout (Top Layer); Cut (Top Layer);

As with Gerber objects, you can rotate and clone the objects, generated with “"PhCNC Printer”:

Fle CAM CNC Setup Tools Calc Llanguage

Eg s ¢ e Me|Bw ek E 48 S8 8o ¥, ovuens, | @ g3
=
SR =R =R
¥ Insulate: 15.60
¥ cut:60.00
H ;l;gllltst-znls 125.0, 62.5,
—— Ph : E N ] ; P[h] ] E N ] E

e PGB Proteiyping Sefiware ||PCE Pretelyping Seitware

©bj207
L 0bj207
obj207
©bj207

2heNC | PheNC

PG Prototyping Seftware ||PEE Prototping Seiftware

PCERIG | PInCRIG

PGE Pretetyping Scoftware ||PCE Prefetyping Software

[obi[1]: "Obj2077]
tool path T0: 77.350 1 , duraton: ~

[Obi[2]: "Obj2077]
tool path T: 77.350 n , duration: i

[OBi[3]: "Obj2077]
tool path T: 77.350 1 , duration: i
[¥]

[ [

@ no warnings ¥6.45234, V4.22634 dx6.45234, dy-9.32366, d11.33858 ~ 1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360:x64 ~ MTCLE: 13.5e-6/°C (FR4) @ 2299°C

[1]
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2.12.4 Generation of contours with < (“Insert Text"”)

LS. 0
Tahoma viis Bz 0 =E== oK
he Quick Brown Fox Jumps Over The Lazy Dog
01234567890+-=

The result is shown on the figure below:

[
File CAM CNC Setup Tools Calc Language
S48 = 20 & W Y@\ W BN E 4 eSS $loc §IEG options, @~ ¥/ gle18
SB =R 2R '

¥ Insulate: 15.60

¥ cut: 60.00
§ rubout tools: 125.0, 62.5,
313,156

(]

Er-{w]EB Top Layer
Obj208
{788 Bottom Layer

The Quidk Brown [Fox Jumps Over The Lazy Deg)
012345678904-=

[Oby[1]: "Obj208"]
tool path T0: 38.450in , duration: ~

p Layer]
Tool path: 38.45in
luration: ~3.05 min (F15.0 injm)

]
rubout tools: il [ 0
@ no warnings X1.55636, Y4.78827 dx7.55636, dy-8.76173, d11.57006 ~ 1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360:x64 ~ MTCLE: 13.5e-6/°C (FR4) @ 2299°C

2.13 v« Design Rules Violation (DRV) detector (Pro version only)

PhCNC Pro utilizes DRV calculations. The main function of DRV is to check all tool paths for
compatibility with the selected insulation tool (diameter). If the selected tool is bigger than the distance
between the traces/pads, DRV detector will prompt you.

22 2 show tumb tacks

@@ Design Rules Violation
] @88 Forced nsulation

. T2 8 Full rubout

T

When this option ¥ is checked DRV detector is active. It checks for DRV compatibility for each
generated tool path. The DRV spots are presented with easy to see default pink:
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1 PhENC =
file CAM CNC Setup Tools Calc Language
3 e G G 5 —
S EpT SO & e ¥ QB W BN E 4B B3 o VR, options, (@ 580
-

. o

T L @i- v
¥ mnsulate: 8.00, 10.00

¥ cut:30.37

 rubout tools: 125.0, 625,
31.3, 156, 10.0, 8.0

§ drill tools: 16.0, 19.7, 40.0

[

=-{v]EB Top Layer _
=% Top \
il o ) @

- [v]EB Bottom Layer
N

MECH
v sotTOM

[Obj[1]: "MECH?]

total area in2): 0555

size [in]: 0.736 x 1,207

tool path: %.23 %s

duration: ~0.70 min (F7.5 in/m)

[Obi[2]: "TOPT]

total area [in2]: 1635 /

size [in]: 1.056 x 1.548 { )
[ SSRGS 724280, V4.80804 | dx784280, dy-8.74107, d11.74375 | 1000dpi [in] Default. mpf PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4)

The status bar displays information («=ssm) about DRVs and their number (for all layers on).

§9 Top Layer > TOP-> 28 warnings
total wamnings: 28

Button ¥ # also shows/hides DRV spots. If it is not activated during the tool paths generation you may
turn it on later and DRV detector will check for DRVs.

21 PhCNC PR
File CAM CNC Setup Tools Calc Language
4 =il = _a 2ove )@ (E 7 B K ED 4 B - o N?;‘:ﬂi“(é) oriers, @~ 33l
-m e on N (N = 4
¥ mnsulate: 8.00, 10.00 |
¥ cut:30.37 w

 rubout tools: 125.0, 625,
31.3, 156, 10.0, 8.0

¥ drill tools: 16.0, 15.7, 40.0

[

E-{]E8 Top Layer
[

BOTTOM

[oh,[l] MECH]

55
size [n] 0. 73 % 1,207

ea [In2]: 0.5
tool path: %.2
duration: ~0.70 min (F7.5in/m)
[Obi[2]: "TOP7]
total area [in2]: 1635
size [i]: 1.056 x 1.548

3 %s

793883, V486681 | x] 93883, dy-8.68321, d11.76534  1000dpi [in] Default. mpf PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4) *

If there are no DRVs the status bar will show the @ == indicator. If DRV detector was not activated
during the tool paths generation the status bar will show the @ indicator. If DRVs exist the only
practical solution is to reduce the diameter of insulation tool (See 2.23 Forced Insulation). In the
example below we changed the insulation 8.0 mil tool to a 7.7 mil tool:
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=/ PhCNC P =)
file CAM CNC Setup Tools Calc Language
3l o S A R Niera) Project ) T
SE8 Gl 20 Q e v Q@ W 8N E4EES $oc VG, ontiens, | @8~ gEEe
= BN B oY =
Bl ol N _ZC N =2
¥ msulate: 7.70, 10.00
¥ cut:39.37
§ rubout tools: 125.0, 62.5,
313,15.6,10.0, 7.7 —
§ drill tools: 16.0, 19.7, 40.0

E-f )28 Top Layer
[ ToP
[V pric
-f ] Bottom Layer
- MECH
BOTTOM

[oby[1]: "MECH]
total area [in2]: 0.8

s v:'é [

5
size [in]: 0.736 x F
ool path: %e.23 %s
duration: ~0.70 min (F7.5infm)
[obi[2]: "ToP7]
total arca - 1635 / s A : |
size [in]: 1,05 x 154 )

{
& nowarnings X193227, Y4.83098 dx7.93227, dy-8.71900, d11.78736  1000dpi [in] Default.mpf PhCNC Prov5.09.9319.A360:64  MTCLE: 13.5e-6/°C (FR4)

In many cases the DRVs are located in the “copper text” (as shown below) and can be ignored. It is
advisable for the operator to check all listed DRVSs.

DRV detector will prompt you for shorts (non insulated area that belong to two different
contours/pads/traces. If the area belongs to the same circuit (has a common contour) it will not appear
as a DRV. See the case below (in red circles). The traces belong to the same circuit and are not DRVs.

2.14 Thumbtacks & Registration pins (Pro version only)
PhCNC Pro allows you to see and add thumbtacks & registration pins visible in CAM & CNC modes of
PhCNC.
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Button = & shows/hides the active thumbtacks & registration pins.

2.14.1 Registration pins

Registration pins show the position of (normally two) pins that create the mirror axis for double sided
jobs.

Y &
Registration pin

During the setup process you should not place any objects closer than 0.5 inch to registration pins.
Using this option you will be able to see the real relative position between any pin and your design.
Around each pin you will see 1.0 inch diameter circle (dashed line) that represents the area that should
be clear of project objects.

The usage of the pins depend of your configuration. If your system is equipped with video camera (all
ATC models come with it), it is far more accurate to use it in an optical feducial registration. Also we do
not offer registration pins on all systems equipped with vacuum holding table. This option comes with
camera too, if it is manual tool change model.

For manual tool change systems that do not have camera option, the operator need to install the
registration pins. It has to be a center line in the middle of Y coordinates and strictly parallel to X axis.
This is the line that create a mirror image and tool paths for the machining of the bottom layer.
Adding/editing of registration pins is in the popup menu:

X . Select,/Clone,/Move objects

"

Edit Registration pins & Thumbtacks

Below is the window that allows you to add/edit registration pins and thumbtacks:

% Registration pins & Thumbtacks (0 [
% 0.0000 : 4.9500 + add { ndate
type: reg. pin V] color: W oray v
= Delete.
Tacks:

£2%0.0000 ¥4.9500 req. pin
¥ X7.5000 ¥4.9500 reg. pin

X4.8687 ¥6.0082 thumbtack
v1%3.6517 Y¥5.8339 thumbtack ‘*
¥X3.4858 ¥4.1395 thumbtack
¥1X4.0756 Y6.0857 thumbtack

It is a good practice to disable (remove the check mark) instead of deleting a pin or thumbtack.
Registration pins and thumbtacks settings are “global” and not saved in the project files (.PHJ).
In the example above we have 2 registration pins at X=0.0000 and X=7.5000 shown below.
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]

|

e T T .

CAM CNC Setup Tools Cale Language

1 go (& Va8 N 48 (S it
=% 10000 | Xemp
T $z

1pm 0.001 0.0L 05| 10
X -1.00000 Tool: T0,TH02

Y 4.00000 ren: o
Z 1.26051 ren: 0

Home X
Home XY
Home ¥
Home Z x=0| y=0|z=0
spinde

Y spindleon ¥ E’p""m i

0rpm o 60000 rpm
Feed Rate Overide
+15% 0.0% 25%

B Gem Qb

Park

Pause Emergency Stop

Clear TTY

LS Z+: 1.27551"
LS X: -1.03402"
LS ¥: -1.20076"

Fro [l

~ Tool
|- g OB
Program: [+
RUN (G0) Stop
MO

(O s U 2 )

(K1) 0]
Power: 0.00W I 0.00A
Lt -3.0um Board: 32.4°C
Status: PWH:OfF

[m]

[A]

T B e

X433661, V7.24807 | 433661, dy-6.30192, d7.64986 | 1000dpi [in] Default.mpf

“L @ no warrings

PhCNC Pro v5.0.9.9319.A360x64

MTCLE: 13.5¢-6/°C (FR4) @ 2885°C

Here is an example for an improperly set object:

SE Sp =& e R @0 B KB 4SS $ o KR,
i

SR =B BB

¥ Insulate: 9.00, 16.00, 25.00

¥ cut: 98.40

H rubout tools: 125.0, 62.5,
31.3,15.6,10.0, 9.0

drill tools: 31.0(d31.3),
§ 39.0(d31.3), 59.0(r49.0),

Fle CAM CNC Setup Took Calc Language

[Obj[1]: “TERMOSENSE.MEC]
total area [inz]: 3.006

size [in]: 2.144 x 1,402

tool path: %.23 %s

duration: ~1.23 min (F7.5in/m)

[Obj[2]: "TERMOSENSE.TOP']
total area [inz]: 4.241
size [in]: 2,464 x 1.721 “I
(G (05211, V551661 1000dpi fin]

ox0.52111, dy-8.03337, d8.05025 Default.mpf

110.0(r49.0)
fin g o -
~
=[] Top Layer e o
&2 7 )
n /
% TERMOSENSE.BOT /
/
f \
[ L
| \
\ \
4
\
N //
™ s
- ~
. ~ = -

PhCNC Pre v5.0.0.9319 A360164

MTCLE: 13.5¢-6/°C (FR4) @ 28.85°C

[1]

0]

The area above in the red circle is in violation of restricted space. The depth limiter ring will hit the pin

during the machining process.
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Thumbtacks are markers visible in CAM and CNC mode. They are very convenient tool during the setup.
Thumbtacks are markers visible in CAM and CNC mode. They are a very convenient tool during the
setup. Thumbtacks transfer their position between the two modes (CAM, CNC) without errors. You can
set their position using one of the following ways:

e Current mouse pointer position (CAM & CNC mode), “Add thumbtack (mouse position)” from

popup menu.

e Current camera/microscope center (CNC mode only) “Add thumbtack (camera position)” from

popup menu.

e Current spindle position (CNC mode only) “Add thumbtack (spindle position)”“from popup menu.

Below is an example of adding a thumbtack to the position of the camera in CNC mode:

Calc

File CAM CNC Setup Tools
T
d=3- 01000 X+

4z
ol

0001 0.001 0,01 05 L0

X  4.9331 1ool: T0
Y 21707 rem: 0
Z 0.9870rrm: 0

Home X

Home XY
Home ¥

Home 2 %=0| ¥=0| 2=0
Spindle
: warm |[ ¢
¥ spindeon ¥ Up ‘57
0rpm 0 60000 rpm

Feed Rate Overide

+15% 0.0% -25%

B[S e
0 o)

Pause Emergency Stop
Clear TTY

LS Z+: 1.2627"
LS X: -1.8328"
LS ¥: -1.3818"

FIFQ: {

\ BT

¥6,3543, ¥4.3912

Q zee M@ B B K E A S0 o

\ Edit Registration pins & Thumbtacks

% Add Thumbtack {spindle position)
\ Add Thumbtack {mouse position)

v Video Mode
Fiducial Registration Mode

Tool Test (at Camera position)
Auto Focus Ctrl+Space
Micro Focus Shift+5pace

x6.3543, dy-T.0088, d9.4605 1000dpi [in]

Default.rmpf

v Tool
oa| Change 6
== Program: Entire {Top}* -1

RUN (GO) Stop

8
ca ol
(& Open G Compile

1 Insulation (Top)

[w]2 Drill (Top)

Pawer:  D.00W I 0.00A
Spindle:  ---°C Board: 25.82C
Status: PWM:OfF

R i 5,354
) By 45911

PhCMC Prov3.8.5.5194.4360
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2.15 Insulating copper rubout (Pro version only).

This mode is designed to save time and tools during the prototyping process. It creates wider strips of
insulation around the traces and pads (where possible) in order to have a better condition to populate
the board with components leaving most of the unused copper behind. It depends on your particular
design, but basically we do not recommend it for RF designs (10 MHz and up), and high speed digital
circuits etc. Remaining copper (unconnected) may serve as a vehicle (mostly capacitive) for
interferences between the circuits and make your prototype different from the board in regular
production. It will give you an advantage, saving time and tools, in your audio, power supplies and
other low frequency designs.

Rubout has two modes:
e Complete rubout removes all unused copper around the traces and pads in selected regions or
the whole board
e Insulating rubout removes extra copper around the traces and pads.

Complete or insulating rubout can be selected by this toggling button l&=//
. PhCNC calculates tool paths for complete rubout
e &= PhCNC calculates tool paths for insulating rubout

Below is an example of complete rubout:

PhONC

fle CAM NC Setup Tooks Cac Languige
S i 20 & W QB A BND NS $ac VI
=@ =B 2l

§ insutate: 9.00,25.00

¥ cucaso

§ houttooks 1258, 625,
Sin 154 100,08

¥ dottonke 08,400, 28,

e
;—%: o

ayer
-5 PiDtest - CADCAM
[ PiDtest - CADCAM

@ rowaregs | X2.20004, VAT i7. 20004, 6y-517376, 86776 1000 i) Oetaut.mpt PHCNC Pro V309931943604 MTCLE: 13.56-6/°C (FR4) © 7885°C

Below is an example of Insulating rubout:

Fle CAM CNC Setwp Tooks Cak langusge

S spf 20 ] W YA B NNE4NBE §oc VI
B =B PR

¥ tnsulote: 9,00, 25.00

\cm;uwu
§ ot on 253,25,
frexterier]

§ it 300 0,20,

e
peher

o o © o
°°o ° o °
o

STleS B 3
°H_°°6—Ig
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Insulating rubout will create a minimum insulation (D) of all selected regions. This does not apply for
the spaces between the traces/pads that are less then the rubout minimum. The tool table for (full)
copper rubout is used for Insulation rubout too. Now (rev 1.15.9 and up) you can select desired
insulation width in the Insulation rubout mode. If you select “auto” the insulation width will be equal to
the largest tool in the table.

Rubout tools b Diameter () [n]: 0.0100 ] | §sdectTool p
a1 Stub End Mill 0.0100" /0.254mm - !
[ o3 To: 100 mi SEebERCERIC m“’ 3.0 mil Type: Stub End Mill yiceeres
v e TEEWELETn  ew | weners
fml: 352 v
fP® 12 313ma StubEnd Mill 00313/0.795mm 3.0 mil Phnge rate nfnl:| 25.0 oz
560000 FR15.0 PR40.0 Speed [REN]: 50000 3
. i Stub End Mill 0.0625"/1.587mm
QOB v sasmi RS hrdod 30 mil
: Stub End Mill 0.1250"/2.175mm
W T 12somil O 150 PRAD.0 3.0 mil v
] Cutting depth 2 = 3.0 mi
O T
l z:3.0mi
d: 0.0mi
Rubout type: | Insulation Rubout || \) o
Insulation rubout width [n: | Auto v —
Rubout drection: X-Serpentine  [v|  Tool overlap: | High )

In the example above 100 mils is selected. This means all pads and traces in the selected region will
have an insulation of 100 mils (when possible). The algorithm that creates the tool paths is very
effective and uses the smaller tool only in places that next (larger) tool can not penetrate (without
interfering with design features).
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2.16 CAM350 import (Pro version only)

PhCNC Pro is able to import CAM350 files without the need to export them (from CAM 350) in Gerber
and/or Excellon formats.

Notes:
1. CAM350 ® is a registered mark of Downstream Technologies, LLC.
2. Files generated by CAM 350 do not have released specifications. We consider this option an
“Alfa” revision and we are not responsible for errors.

Button “ € will allow you to select a CAM350 file (.CAM).

Once you select a .CAM file the “CAM layers” window will appear. In the list are the layers of
loaded .CAM file:

Import "C:\PhCNC\CAMiles\Dc-dc3.cam” (alfa) o]
CAM Layers:
Top [ Battom [ IMech ]S [] [ 1spL e e MikRLE
[Jop [ Bottom [ |Mech [ SEe BEE _
[JTop []Bottom [ 3.spL

Top Bottom lecl 4.5PL
[JTop [ ]Bottom [ |Mech [ |Gyt [] [ be-des.drl
Top []Bottom § Drilldrl

Layer: 4.5°L

Profile! Default.mpf (] size: 3.510" & 2.210"
09-08-2006 14:36:54 46 KB 340995, V00062 dX4.0995, dY0.0062, d4.0995" 104,138, d¥D.158, d104138 mm

Similar to importing Gerber/Drill files, the operator should select layers for import. The drill file is
generated from the information embedded in CAM file. A click over the layer shows the graphics in the
right window. Selected layers appeared in the lower window.

By default PhCNC selects the first 3 layers as Top (copper), Bottom (copper), and Mech (mechanical).
The operator should check if this order is correct. Similar to Gerber/Drill import you can use the lower
window for detailed inspection and measurement of the files. (See 2.1.3)

copper: 9.2 cm2
Top  Bottom  Mech 1.5PL 3.510" x 2.210"

o [ 2sp oo,
[J7op [ ]Bottom [AMech [] " [ sspL . -l
[JTop [JBottom [Mech g [ 4.5pL R
[JTop []Bottom [ [Mech [|Sis* oot () De-de3.drl .
Top []Bottom ¥ orilldrl N

Photoplat resalution [dpil: |1 000 %

& e M QB em|oH

Layer: 1.5L

Profile! Default.mpf (] size: 3.510" & 2.210"

09-08-2006 14:26:54 46KB 19265 ¥11048  dx0.5184, d¥0.1029, d0 5385 dX13.167, dY2.615, d13.425 mm
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2.17 DXF import (Pro version only)

PhCNC Pro imports 2D DXF files (AutoCAD).
Button #E. initiates DXF files import in PhCNC Pro. After DXF file selection a window for layers
selection (for machining) comes up. Here are the conditions that are related to import of DXF files in

PhCNC.

Each operation (cutting, drilling, countersinking, and milling) must have a separate layer.

Only closed contours are recognized for machining.

In a layer that has 2 objects (for example lines) closer than 0.001”, it is approximated that they
are connected.

Drill/countersink information is extracted from the existing circles in the DXF file.

Text information in the DXF files is not processed.

Usually DXF files contain more information than is needed for machining. By default all layers are
visible and included. As a first task you have to unselect all layers that are not related to the machining
process.

Units: Millimeters ] Z E Import
[ Size: 1.284" ¥ 0.988" :
|| DxF visible Layers Cut | Drill & Countersink = Mill

Visible DXF layers: Color: [ silver v

Profile:

Default.mpf )
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2.17.1 Selecting DXF layers for “Cut” operation

E" DXF Import

units: Milimeters v 0 —

Size: 1.284" x 0.988"
DXF Visible Layers | Cut | Drill & Countersink | Mill

DXF layers for cutting: Color: [l Red ¥

logic bece drill
logic taper drill
logic alignment dril
logic spring hole mil

logic clip shelf mill
) G e i —

Profile:

Default.mpf k1

PhCNC User’s Manual

Here you have to select the layer for the “Cut” operation. Usually it is the last one in the machining

process.
In the example above it is in red (more than one layer is allowed).

2.17.2 Selecting DXF layers for Drill & Countersink

E" DXF Import.

Uniits:

size: 1.284" x 0.988"
DXF Visible Layers | Cut | Drill & Countersink | Mill
Holes for drilling color: [] Yellow v
+ logic bece drill
¥ 0.330 (89 items)
% logic taper drill
% 0.457 (89 items)

M logic alignment drill
¥ 1.200 (2 items)
¥ logic spring hole mill

¥ 1651 (4 items)

Holes for countersinl

<

king (Top): Color: M Blue

% 0.330 (89 items) =
-/ logic taper drill
¥ 0.457 (89 items)
% logic alignment dril
% 1.200 (2 items) ]
% logic spring hole mill
% 1.651 (4 items)

Holes for countersinking (Bottom): Color: [ Lime v

/% 0.330 (89 items) [4]
+ logic taper dril

¥ 0.457 (89 items)
% logic alignment dril

% 1.200 (2 items)
 logic spring hole mill

% 1.651 (4 items)

Profile:

Default.mpf )

As you can see above, all layers in the list contain closed contours. They are interpreted as shapes,

holes, and countersinks. Possible assignments of each layer are.
- Drill

Countersink Top Layer

Countersink Bottom Layer

Milling

Cutout

To assign a layer to desired operation replace the red “x” mark with check mark.

2.17.3 Selecting DXF layers for milling (MILL)

PhCNC is able to mill closed contours at pre-selected Z axis position (depth). For each different depth

and each different layer (Top/Bottom) you have to set separate programs.
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This button = **m===m - 3dds a new milling program.

Mill depth Z[in]: 0.050/ ¥ Add program

Layer: Top Layer bt Cancel

You have to fill in the “Mill depth Z” field (zero is the surface of your work piece), and “Layer” field (Top
or Bottom). Z depth values are from 0.0001” to 1.0000” but actual limitation comes from the tool
specifications. The deepest tool penetration that we know is 0.6".

If you already have a program with the same definitions a new entry will be blocked.

Important:
Depending on the material properties, type of operations, machining aspect ratio and type of the tool
you may need to use the “Peck” options. They are described in 3.4 CNC process control settings.

Once a program (Z depth/layer) is created it is necessary to select a corresponding DXF layer that will
be machined with these settings (a DXF layer can be selected in more than one program).

First select the program from the list “Mill programs” and then select the DXF layer(s) that correspond
to the settings.

\+". DXF Import

—

Units: | Milimeters ¥ > | -
Size: 1.284" x 0.988"
DXF Visible Layers | Cut | Drill & Countersink | Ml
Mill programs:

2-0.050 (Top Layer

+ Add mill program

= Delete mill program

DXF layers for milling: Color: [l Green v
logic bece dri
ot er dril
ot nment dril
log ole mill
vl o mil
logic perm cut mil

Profile:

Default.mpf v

Each layer can be used in more than one program. After the import in PhCNC they will generate
programs for layer insulation and rubout in CNC mode. The execution of the programs depends on the
machine type. With a standard model equipped with depth limiter, PhCNC software will ask the
operator to reset the depth limiter, to a new depth setting bringing the milling head to tool change
position. If the machine has a program controlled Z axis depth all operations (including “peck” mode)
do not need operator intervention (except tool changes). If the machine is one of our new ATC models
everything is automatic.

Important:

If your applications are using different materials (like FR4, plastics, Rogers, Aluminum, Brass, Bronze
etc.) it is advisable to create a number of profiles corresponding to material properties (actually you
may have more than one for each material if you need to). You can set and create profiles in the
“Setup” menu (see 3.4 CNC process control settings). All the profiles you create are listed in the
“Profile” list and can be selected from it.

Example of an imported DXF file:

Page 72 of 170



Fle CAM CNC Setup Tools Calc
SE Sy 30
= BN B o D
Fms =me b Rd
¥ insulate  15.00 mil v
Yot s13mil [v
grubuut tools: 0.125, 0.063,
0.031, 0.015
drill tools: 0.013,

{{Fo.018(20.009),
FO.047(20.024), 0.065

042208 korea logic
[V 042208 korea logi

q D
[Obi[1]: "042208 korea logic aceurat:
= ]: 0,490

4 0,697
tin
du 88 min (F7.5 injm)
[Oj[2]: "04220 korea logic aceurat
total area [in2]: 0.053
size [in]: 0.608 x 0,087 i

@ nowamings | X5.6165, V38194

5.6165, dy-7.5006, d9.4346  2000dlpi [in]

@ e M@ @W 8N E 4SS oo ¥

Default: mpf

PhCNC User’s Manual
Sl

options, | @ ¥ 5T~

PhCNC Pro v3.8.15161.A360

After the process of importing the DXF files and all arrangements, you will enter the CNC mode. PhCNC
will generate all machining programs needed, according to your settings.

The machining programs will be one of the following:

Drill (Top Layer) is for drilling holes on the top side.

Drill (Bottom Layer) is for drilling holes on the bottom side.

Countersink (Top Layer) is for countersink machining on the top.

Countersink (Bottom Layer) is for countersink machining on the bottom

Insulation (Top Layer) will create the contours of the machined region on the top.
Insulation (Bottom Layer) will create the contours of the machined region on the bottom.
Rubout (Top Layer) will machine the internal part of the regions on the top.

Rubout (Bottom Layer) will machine the internal part of the regions on the bottom.

Models A4x1/A4x2/A6x1/A6x2 will require the operator to change tools, flip the part over, but the
settings of the Z axis depth will be done automatically from the information included in the program.
The new ATC models will require no intervention by the operator other than flipping the part over to be

machined.

2.18 Holes and pads insertion (Pro version
only)

CAM mode of latest PhCNC Pro (v1.11.2+) allows you to insert
additional holes and pads in order to meet the needs of fiducial
registration process. This option can also be used for many
other purposes like for instance when you need an additional
hole or pad in your project. All inserted holes or pads are
treated as separated objects and can be moved, grouped,
selected...etc. as any object in CAM mode of PhCNC.

@ Zoom +
@, zoom -
Panorame

Registration pins & Thumbtacks »
+ Hole G-39.4 mil
o
@ Through-Hole Pad C-39.4-180.0 mil
) custom Round Through-Hole Pad ...
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2.18.1 Holes insertion

The submenu of “Insert” (from main popup menu) will provide you with two options

e Hole with current diameter (visible in the menu)
e Hole with custom diameter (it will become current)

Below is the window for custom diameter.

ot

Hole diameter [mi]: 3940 mil [V ok

Select Tool

The centers of inserted holes will be placed on the mouse cursor position at the time when you call the
popup menu (right click). If you need to determine them accurately use the high zoom feature. Actual
position of the holes used for references in fiducial registration is not important. Place them anywhere
convenient for your design (we recommended along the X axis). Placing them at the maximum distance
apart will improve the accuracy of your fiducial registration. Using the same Y coordinates will make
finding the second fiducial easier.

Note:
There is no limitation where to place your holes. They can be placed outside of your project or inside
the existing objects from your project.

Important:
Holes that will be used for fiducial registration (existing in the project or added as dedicated for the
registration) MUST be in the camera access frame (The smaller internal frame in your CAM screen).

2.18.2 Through-hole pads insertion

The process of inserting through-hole pads is the same as in 2.18.1
You have two choices, a current size or customized (that becomes current after usage).

Insert Through-Hole Pad ‘ ]

Hole diameter [mil]: 39.40mil v oK

Pad diameter [mill:  180.00 mil |+
Select Tool

Notes:

e The pads are insulated circles that are entered in both the top and bottom layers.

e The drill diameter for the hole and through-hole (with pad) is the same if you change one, the
other will follow

e Pad diameter can not be smaller than hole diameter. If pad diameter is entered smaller then the
hole diameter it will be equal to the hole diameter.

2.18.3 Insert Target ...

Menu option "Insert Target ...", allows inserting of different "target" apertures at the mouse cursor
position.

Target 3
Circle 40
Circle 60
Circle 80
Donut 60x40
Donut 80x60
Target 1
Target 2
arge
Target 4
Target 5
Target 6
Target Cross

All apertures are predefined but adding new ones can be done by request to Accurate CNC.
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2.19 Vector Text insertion function (Pro version only)

PhCNC Pro (v1.13.2+) allows you to insert simple vector text into your design or as a separate project.
The execution of the text is in “Insulation top” or “Insulation bottom” programs in CNC mode. This
function offers a single line of text which is different from standard text 4 (see 2.12.3) where the
symbols are engraved as an outline of their shape. The thickness of the line in this mode is equal to the
size of your insulation tool. The vector text function will allow you to insert very small size symbols in
your project. For example 32 mills (0.8mm) high symbols look good when you are using a typical 8 mil
(0.2 mm) insulation tool.

To use this function you have to select Insert from the popup menu:

57 phonc
Fle CAM CNC Setup Tools Calc Language

S =i s& Qv A B BN E4EEE S o VRS

w\ulﬂ_?/
3,

. BSY | . BBl =y
B =B =8k
§ msulate: 7.30, 10.00, 16.00

¥ cut:3037

§{ stencil: 8.00 + 4.00 mil

y rubout tools: 125.0, 625,
31.3,15.6,10.0,7.3
drill tools: 11.8, 31.5,
¥ 47.2(r39.4), 63.0(:39.4),
98.4(r39.4), 106.3(r39.4)

B

s Syt Bk

B[] Top Laver
RF230_321.6TL
[Z1# rr230_21.TXT
[%]§ Rrr230_21.6TP

£ [ZE8 Bottom Layer
RF230_21.6M3
RF230_21.6BL

Add rubout region

[Obj[1]: RF230_21.GM3]
fotal area [n2]: 3.820
size in]; 1.984x 1976

& + Hole C-39.4 mil

\ \_ 'K Select/Clone/Move objects
Delete rubout region
. Delete all rubout regions
[ Breakout Tab } 4+ Custom hole.

s
anorame
i @ Through-Hole Pad C-30.0-50.0 mil

% Registration pins & Thumbtacks
4 Custom Round Through-Hole Pad ...

s
min (F7.5 injm)

[Obj[2): 'RF230_21.GTL"]

total area in2]: 4.805

size fin]: 2.272x 2.115 i

A
(4 JENERGE 114835, V761768 | ch1.14836, dy-593231, d5.04243  1000dpi [in] Default.mpf PhCNw

You will then be presented with the vector text window as seen below:

[Nectortort ==
IATMEGA1281 oK.
TQFP64
Cancel
BT WOOW L size: |FMI]  |v| Size:0.227%0.110 " (5.76 x 2.78 mm)
ATMEGA1281
TQFP64

The upper portion of the window is a simple text editor. The lower portion shows how the text will
actually appear according to your settings.
The text size will be the same as the standard text sizes found in other text editor programs.

Buttons < >Z are for text slant (left or right).
Buttons <% are to change symbols width.
Buttons =< >~ are to change the spacing between the symbols.

After you confirm your text is ready with “"OK” button the text will be inserted in the position of the
mouse cursor that you initially called the popup menu from.
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a?f

ATMEGA1281
TQFP64

T

Wit

=
Y ]

ST

Inserted text objects can be manipulated just like other objects can they can be cloned, rotated, moved,

grouped etc.

In the sample below the text is rotated at 45 degrees:

=

File CAM CNC Setup Tools Calc Language
S i 20 8 o

o ey | - DS oy
B =R =R

I8/

(o EWERGE  <1.28615, V747453 | o 28615, dy-6.07546, d6.21010  1000dpi fin]

Default.mpf PhCNC Prov5.09.9319.A360:x64 ~ MTCLE: 13.5e-6/°C (FR4) @ 2885°C

ﬁ‘5_0_

If you need to insert text in bottom layer, you have to use the (drag & drop) function.

In the sample below text from the sample above has been cloned and moved to bottom layer.
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SiPheNC e
[File CAM CNC Setup Toos Galc language ]
EE w & @ v M@ (R E 48 B8 $ac KN, options, @ ¥ 8T8~

=y oy "'i‘
e *me G5

¥ msulate: 7.30, 10.00, 16.00

¥ cut:30.37
§ stencil: 8.00 + 4.00 mil

 rubout tools: 125.0, 625,
313, 1556,10.0,7.3

drill tools: 11.8, 31.5,
¥ 47.2(r39.4), 63.0(r39.4),
98.4(r39.4), 106.3(r39.4)

Becs] S Eaiom
Top Layer
% RF230_21.GTL

RF230_21.TXT
-.[X]§ RF230_21.6GTP
V] vIxt210.pNC
- [7]28 Bottom Layer
. RF230_21.GM3

™ A VTxt210.PNC

[Obj[1]: RF230_21.GM37]
total area [in2]: 3.920

size in]: 1.984x 1.976

tool path: %.23 %s

duration: ~1,33 min (F7.5in/m)

[Obi[z]: RF230_21.GTL]
total area in2]: 4,505
size [m]: 2.272x 2.115

[oGISRRGEM 20589, V746534 | cbx1.20589, dy-6.08405, d6.20241  1000dpi [in] Default. mpf PhCNC Pro v5.09.9319.A360x64  MTCLE: 13.5e-6/°C (FR4) @ 28.85°C

Note:

When the text is moved to bottom layer it is automatically mirrored along the Y axis. It will be mirrored
again when you machine the bottom layer and will become readable.

Machining programs in CNC mode will automatically include the text in the machining process.

Top layer:

I PheNe =
File CAM CNC Setup Tools Calc Language
vy Tool
T 1z Q| 2093% M| @ EH) ¥ | Wl N = -’J €nE | contratpanel oa 4 Cronge (&2
o | e s S T AT AT T AT AR A A T T A T AT A N e
T ' --\ anie
I 1pm 0001 0.0t [01] 0.5 10 fo— L DI
SaE
X -1.00000 root o2 NudD (s (0 xXEle=
Y 4.00000 ren: 0 =
" = il 8=
Z 1.26051 ke o == ‘N CA Ea co
Home X = G open i
Home XY f————
Home v
-‘- ‘ 2 Rubout (Top)
e ae—— ¢ [J]30ril(Top)
soinde
- o miD (
spindle o e 5
Ysondeon § 7 7 S - =
T 0w, D (D =
Feed Rate Overids = 4
ced Rate Overide
] — o
+15% 0.0% R e
| /]
i o+ D l--.
Park | e —
0 Q@ = _——
— —
Pause Emergency Stop
ceorr SN D l--
LS Z+: 1.27551" f— ——— e
0V e o d (D=
LS ¥z -1.20076"
f— e =l
(D [ L=
e (7"
pi— ‘ﬁ
—— :4?
p(lD =Y
— e % A h
Power:  0.00W I: 0.00A
= n 4 Lt -3.0um Board: 33.8°C
i W = V,<> Stetus:  PWIMLOFf
i
'J 2seaelaaasaacseanas &
» !H Il [T T Ml Nl A=y =
FIFO! { [ @
a KL31157, V747260 | cbd 31157, cy-6.07740, d6.21731  1000djpiin] Default. mpf PhCNC Prov5.09.9319.A360:64  MTCLE: 13.5¢-6/°C (FR4) @ 28.85°C

Bottom layer:
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1 oy < e N i Y ESIEIET [ @) e conbane oa”-
=% 10000 | Xemp
T $z

1pm 0.001 0.0L 05| 10

X -1.00000 Tool: T0,THO2
Y 4.00000 rem: o
Z 1.26051 reu: 0

Home X
Home XY
Home ¥

Home Z x=0| [v=0|z=0
&

60000 rpm

Spinde
Y spindleon ¥ B’p""m

0rpm o

Feed Rate Overide

+15% 0.0% 25%

[+ )+

Park

ifi

Pause Emergency Stop

Clear TTY

LS Z+: 1.27551"
LS X: -1.03402"
LS ¥: -1.20076"

Fro ] [ [»
“L [ CISRRGRI 26240, V3.07385 | dx1.26240, dy-10.47616, d10.55194 | 1000dpi [in] Default. mpf PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4) @ 2885°C

DI

I8 8 [esa)
ca
& Open

[w]2 Rubout (Bottom)
[]3 Cut (Bottom)

T EE o

Tool
Change
L= Program: Entire (Bottom)* |V

RUN (60) Stop

ower:  0.00W

@

L 0.00A

-3.0um Board: 33.8°C
PWM:OF

[m]

[A]

2.20 Breakout Tabs (Pro version only)

PhCNC Pro (1.14.4+) allows you to insert breakout tabs in the cutout contour.

2.20.1 Breakout tabs insertion
Breakout tab insertions are possible in PhCNC in the CAM mode. Place the mouse pointer at desired
position of cutout contour and make a right click. Select “Breakout tab” menu then select the “Insert”
option from the list as seen in the sample below:

Breakout tabs are small interruptions of the cutout contour that allow your ready board to remain firmly
attached to the main work piece until you decide to remove it by breaking them. Using breakout tabs
will allow your finished board to remain on its relative position to the work piece and any registration
holes that may be in the work piece. This will allow you to use the registration holes for further
operations like solder dispensing or automatic component placement. It will also prevent your board
from being picked up and dragged by the vacuum (debris collection) system.
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=t} PhONC | ot e
File CAM CNC Setup Tools Calc language

S S =0 Qv Me @y m N E4EES $a VL,

options, @ ¥/ 8 R

_. T ol
w iy | =R

= %! 'K Select/Clone/Move objects
§ Insulate: 7.30,10.00, 16.00

¥ cut: 3937

Y stencik: 8.00 + 4.00 mil

 rubout tools: 125.0, 625,
313,156,10.0,7.3

drill tools: 11.8, 31.5,
¥ 47.2(r39.4), 63.0(r39.4),
98.4(r39.4), 106.3(r39.4)

[(Bec]| St B
[%]§ RF230_21.GTP ~
[V=% RF230_21.GTL
-]l RF230_21.TXT
[%]§ RF230_21.6TP
[W]=% RF230_21.6TL
[v]8 rF230_21.7XT
--[%]§ RF230_21.GTP
[W] A, vTxt210.PHC
M=% RF230_21.GTL
-[Z/]ll RF230_21.7TXT
[%]S RF230_21.6TP

=) [T

= [V]ES Bottom Layer
RF230_31.GM3
=% RF230_21.GBL
A VTxt210.PNC
RF230_21.GM3
RF230_21.GBL
RF230_21.GM3
RF230_21.GBL
RF230_31.GM3
RF230_21.GBL
RF230_21.GM3
<% RF230_21.GBL
VTxt210.PHC
-.[/]b8] RF230_21.6M3
[W]=% RF230_21.GBL

nsert
B

1 Undo [Z] -> Move (Ctri+Z)

IK\K\\ELIILIMEMSII‘\\KH{IM

[Obj[1]: "RF230_21.GM37]
total area (n2]: 3.920

size [in]: 1,984 x 1.976

tool path: %.23 %s

duration: ~1.33min (F7.5 infm)

[Obj[2]: 'RF230_21.GTL]
total area [in2]: 4,805
size [in]: 2.272x 2.115

[ iSRG 257294, Y8.93000

h2.97894, dy-4.62000, 549713 1000dlpi [in] Default.mpf PhCNC Prov5.08.9319.4360x64

MTCLE: 13.5-6/°C (FR4) @ 28.35°C

The

Shown below is the inserted breakout tab:

%] Phcne
Fle CAM CNC Setup Tooks Calc Language

FE el @O Q@ e M@ B u N E 4 EE & ac VI,

SRl e Gl

¥ Insulate: 7.30, 10.00, 16.00

¥ cut: 3037
¥ stencil: 8.00 + 4.00 mil

§ rubout tools: 125.0, 62:5,
313,155,10.0,7.3
drill tools: 11.8, 31.5,

§ 47.2(r39.4), 63.0(r39.4),
98.4(r39.4), 106.3(r39.4)

s ]
s

foncil

e g

size [in]: 2.272x 2.115

[ CISRRGE 1294053, V879795 | x2.94053, dy-4.75206, d5.58827  1000dpi [in] Default.mpf PhCNC Pro v5.0.9.9319 A360x64

TAB Width
it
[X]S RF230_21.GTP |~
V2% rF230_21.6TL
[V rr230_21.7XT
-.[X]§ RF230_21.6TP
V2% rF230_21.6TL
[V rF230_21.7XT
%S rF230_21.6TP
V)4 vixta10.puC
[l RF230_21.6TL
[V rr230_21.7XT
[X]S RF230_21.GTP
=-[]E8 Bottom Layer
[V]8 rF230_21.6M3
[l RF230_21.6BL
V)4 vixt210.puC
[w]c8 rF230_21.6M3
[l RF230_21.6BL
[v]-§ rF230_21.6M3
V=% RF230_21.6BL
[v]8 rF230_21.6M3
[vi= rF230_21.GBL
[0 RF230_21.6M3,
[V]=% rF230_21.GBL
[V]A vTxt210.pHC
[v]-8 rF230_21.6M3
[V RF230_21.GBL
[Obi[1]: "RF230_21.GM37]
total area [in2]: 3.920
size [in]: 1.984x 1.976
tool path: %.23 %s
duration: ~1.33 min (F7.5in/m)
[obj[2]: "RF230_2L.GTL] :
total area [in2]: 4.805 . 4 K
{

“Insert” option is allowed only when the mouse pointer is on a cutout contour (mechanical layer).

=)

options,, - B

MTCLE: 13.5¢-6/°C (FR4) @ 28.85°C

Tab width is calculated by PhCNC and is independent from other contour parameters e.g. if you set 20

mils, the remaining material (at the closest point) will be 20 mils.

When you have cloned objects, inserting breakout tabs in one object will spread to all copies.

Thus inserting tabs before or after cloning will have the same result.
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54 PhCNC E=E=)
[Fle CAM CNC Setup Tools Calc language ]
-3 B"‘l{'ﬂ ¢ Q@ a v @ 3 W R 4 BB & o Wikt options,  (@- ¥
e | - Y '} -
s =Bl =Rl

¥ Insulate: 7.30, 10.00, 16.00

¥ cut:39.37 m ; )
¥ Stencil: 8.00 + 4.00 mil S— i

 rubout tools: 125.0, 625,
313,156,100, 7.3

drill tools: 118, 315,
¥ 47.2(r39.4), 63.0(r39.4),
98.4(r35.4), 106.3(r39.4)

[®]§ RF230_21.GTP |~
RF230_21.GTL
[ rF230_21.TxT
[®]§ rF230_21.6TP
[l RF230_21.6TL
(VI rF230_21.7xT
S RF230_21.GTP
[ A VTxt210.PHC
VI rF230_21.6TL
[l RF230_21.TXT
[%]§ RF230_21.6TP
-[w]E8 Bottom Layer
- RF230_21.GM3

(VI rF230_21.6BL
| A% VTxt210.PHC
(VI8 rF230_21.6M3
RF230_21.GBL
o RF230_21.GM3
[V rF230_21.6BL
]c8 rF230_21.6M3
RF230_21.GBL
RF230_21.GM3
[l RF230_21.6BL
| &4 VTXE210.PNC
RF230_21.GM3
RF230_21.GBL [

[Obj[1]: 'RF230_21.GM37
e: 3,920

[Obj[2]: RF230_21.GTLY
total area [inZ]: 2.305
size [in]: 2.272x 2.115

{
[oJEERGE x4 18619, V518304 oxd.18619, dy-5.36608, d6.80581  1000dpi [in] Default.mpf PhCNC Pro v50.09310 A360164  MTCLE: 13.5¢-6/°C (FR4) @ 28.85°C

Shortcut: Place the mouse pointer on the desired point of the cutout contour.
Use Ctrl+T to insert tab.

Note:

Tabs can not be inserted over another existing tab, or placed were there is not enough space for the
tab.

Note:
e Tabs positions and size are stored in the .PHJ] project files so when you load a project file it
comes with the individual settings of the tabs already in place.
e When you Import a project file it uses the current settings of the tabs. The imported files tabs
will be recalculated in order to use current cutout tool.

2.20.2 Breakout tabs removal

To remove a tab place the mouse pointer over the small “x” (tab center) and make a right click. A

popup menu will then appear. Select option “Breakout tabs” from the menu then select option “"Delete”
from sub menu.

Shortcut: Place the mouse pointer on the desired point of the cutout contour.
Use Ctrl+T to remove tab.

Note:
Removing a tab from a cloned object will remove the tabs from all copies.

2.20.3 Breakout tab width setting
Select “Breakout tabs” then select “Setup”.

I st o s SO

Tab size [mi: 20.0 mil

By “default” tab width is 20mil (~0.5mm), but can be changed to meet certain material requirements.
When the width is changed PhCNC recalculates all tabs to the new setting.
If the width is increased and there is not enough space for a particular tab it will be removed.
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Important:
If you change the cutout tool diameter, PhACNC will remove all tabs. Therefore it is recommended to
insert tabs after the selection of a cutout tool.

2.20.4 Breakout tabs complete removal.
Select “Breakout tabs” and then select option “Delete All” from sub menu.

2.21 Units of measurement [mm]/[in]

PhCNC (1.15.24+) now handles imperial [inch] and metric [mm] units. By default the active
measurement units are set to inch and this will allow for the use of mils [mil], (1/1000 of an inch).

Switching between measurement units can be done from the Cam menu by selecting the Units menu
option.

4 Phene
File CNC Setup Tools Calc

= 'k Select/Clone/Move objects |&
=
Yo
¢
¥

gar A rubout region

n

v inches [in]
milimeters [mm]
L r T
LR

Selected units are shown in the status bar:

I| @ rowarnings 3(5.5904, 4.8153 dx5.5904, dy-6.5847, dB.63T7 1nnnd® Default

Note:
Tool profile settings now are using different units for feed & plunge rate. Imperial units are using [in/m]
(inch per minute), metric units are using - [mm/s] (millimeter per second).

2.22 UNDO/REDO

PhCNC (1.15.4+) now has an UNDO/REDO function. The size of UNDO/REDO buffer is 16 commands
deep for PhCNC Pro and 2 commands deep for PhCNC Std.

The following operations can use the UNDO/REDO function:

MOVE (objects move)

IMPORT (import of project or gerber/drill files)

CLONE (copy/clone of objects)

GROUP (group of objects)

UNGROUP (ungroup of objects)

SEND_TO_BOTTOM (Send to Bottom)

ROTATE (rotation of objects)

DELETE (removing of objects)

INSERT_HOLE (insertion of drill holes)

INSERT_PAD (insertion of pads)

INSERT_TTF_TEXT (insertion of TTF text)

INSERT_VECTOR_TEXT (insertion of vector text)

NEW_PROJECT (new project)

FIDUCIAL_MOVE (positioning project - CNC mode - point one) available in PhCNC Pro only
FIDUCIAL_ROTATE (rotating project - CNC mode — point two) available in PhCNC Pro only
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If you start a New Project by mistake you can “UNDO -> New Project” This will take you back to the
old project as it was when you were there before the New Project was opened. But there is no REDO
for New Project you simply need to select New Project for the file menu again.

Note:
e Standard PhCNC Undo/Redo commands are located in the CAM menu and can only be used with
CAM functions.
e PhCNC Pro Undo/Redo commands are located in the CAM menu and the CNC popup menu for
UNDO/REDO of Fiducial positioning commands.

Tk Select/Clone/Move abjects
Select All Ctrl+A

{#l Add rubout region

@ zoom + Pgup

% Registration pins & Thumbtacks
b Insert
[} Breakout Tab

 Undo [8] -> Clone (Ctrl+2)
~ Redo [1] -> Undo Move (Shift+Ctrl+2)

Each Undo/Redo command contains the information for operation that is reversed, and the digit in
square brackets shows the number of commands in the corresponding buffer.

Undo and Redo have short cuts on the keyboard Ctrl+Z (Undo) and Shift+Ctrl+Z (Redo).
Most of Undo commands activated by Ctrl+Z need additional conformation.

Commands that are executed without conformation are:
MOVE, GROUP, UNGROUP, ROTATE & SEND_TO_BOTTOM

The rest of the commands when called by Ctrl+Z, will display the window bellow:

@ Do you really want to execute:

"Undo [8] -> Clone " 2

Yes No

Note:
e All UNDO commands activated from menu are executed without conformation.
e All REDO commands despite how they are activated DO NOT require conformation!

REDO reverses the last UNDO command, but if you have another command that is in the UNDO list, the
REDO buffer will be cleared.

Important:

REDO/UNDO buffers are cleared after execution of the following commands:
Load Project

Save Project

Entering CNC mode

Tool size change (insulation; cut; stencil) or project dpi

Execution of the G-Code program (CNC mode)

e UNDO/REDO in the CNC mode is only for FIDUCIAL_MOVE and FIDUCIAL_ROTATE (PhCNC Pro):
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% Edit Registration pins & Thumbtacks
% Add Thumbtack (camera position)

% Add Thumbtack (spindle pasition)

% Add Thumbtack (mouse position)

v video Mode

+ Fducial Registration Mode

©: Move To Camera Pasition (Fiducial Paint 1)
i ighow Possible Fiducial point 2 positions

©* Rotate To Camera Position (Fiducial Point 2)

< Undo [2]-> Rotate (Fiducial) (Ctrl+2)

2.23 Forced Insulation

PhCNC has a function “Forced Insulation” that allows the system to handle sections of the design
marked by DRV (See 2.13 Design Rules Violation) as impossible to insulate. The standard response of
PhCNC tool path generation doesn't allow the tools to penetrate inside the traces/pads contours in this
situation. When the distance between the traces/pads is smaller than selected insulation tool diameter
it leaves them not insulated. Those sections are shown in different color (pink-red default settings)
when the DRV is on. The “Forced Insulation” algorithm creates a practical compromise, reducing the
size of both (all) features affected and will generate a single tool pass that reduces the size of them
equally.
Button 88 s for “Forced Insulation” and has the following functions:

e (alculates tool paths used in “Forced Insulation”. If the tool paths are never calculated the

first activation will do so. If DRV function wasn't activated it will start it.
e Shows/hides tool paths related to “Forced Insulation”.

This option can be activated also from Insulation Tools Window!

Shown below are sections of a design detected by DRV:

sl =]

T4 PhCNC
File CAM CNC Setup Tools Calc Language

oprons, | @ 285

¥ cut: 98.40

 rubout tools: 125.0, 625,
313, 16.0

dré

[Obi[1]: “TERMOSENSE MEC]
total area [n2): 3,006

size [in]
toal path:
duration:

3
[in2]
x

23 %s
~1.23 min (F7.5infm)

[Obj[2]: "TERMOSENSE.TOP']
total area [in2]: 4.241
ize [n]: 2,464 x 1.721

{
(TSR <0348, V625002 | bt 03489, dy-7.29006, 9833219 1000dpi [in]

Default.mpf

PhCNC Prov5.09.9219.A360x64  MTCLE: 13.5e-6/°C (FR4) @ 2885°C

Shown below are the same sections insulated by “Forced Insulation” function:

Page 83 of 170



i) PhCNC

¥ Insulate: 16.00

¥ cut 9820

File CAM CNC Setup Tools

=% ﬁL‘Efz O & e Y@ B o B E4W

CGalc Language

4

; chc ¥

Project
Tools (41)

7

PhCNC User’s Manual

o e

1%
options, (@ 3583
(=¥ Showspindie path
22 {2} Show thumb tacks

\Z 1! Design Rules Violation

O Insulatien Problems Detector
a

ads

g Fullrubout

O @ Transparent Mode

=
C

Yo Ll

N=

 rubout tools: 1250, 62.5,
313,160

drill tools: 31.0(d31.3),
§ 39.0(d31.3), 59.0(r49.0),
110.0(r49.0)

h

Default.mpf

ar
size [in]: 2,464 x L.721

d.13248, dy-7.21875, d8.31782  1000dpi [in]

PhCNC Prov5.089319.4360x64  MTCLE: 13.5-6/°C (FRd) @ 28.85°C

(TR % 13248, ¥6.33126

Light blue (default) strips shows additional copper removed from the design features when zoomed in
to view the “Forced Insulation” paths.

Button %€ will also serve as a switch to include/exclude the problematic sections in the machining
process. “Forced insulation” tool paths are not automatically recalculated when you change the
insulation tool diameter. If you change the insulation tool diameter you need to run the DRV function
again to see if the new tool diameter will correct the DRV(s) or leave an acceptable amount of copper
on the affected areas when using “Forced insulation”.

2.24 Remove spikes (IPD)

When the insulation only is used (not full copper rubout) very tiny copper strips may be left over from
machining (hair sized). They do not have enough foundation to the board substrate and usually
become free moving copper hairs that can create a condition for fine (hard to see) shorts on the board.
It is relatively easy to remove them using "scotch bright". In some cases (extremely fine board pitch)
the use of "scotch bright" is not recommended just because it may damage the original circuit. PhCNC
software offers a secure option "Remove Spikes (IPD)" (Insulation Problems Detector) that locates and
removes this potential source of problems. Shown below are some examples.
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File CAM CNC Setup Tools Calc

[Obj[7]

¥ Insulate: .00

¥ cut: a9.00

¥ stencil: 8.00 + 1.00 mil

PhCNC User’s Manual

=aray

@ 5907w v @& FH

fay Project .
& OHC W o0is (s Erims,

(=B Show spindie path

Show thumb tacks

7 1) Design Rules Violation

O

5
rubout tools: 125.0, 62.5, Q35 Forced Insulation

¢ 29.5(d31.3),
31.5(d31.3), 35.4(d31.3),
42.9(d39.4), 43.3(d39.4), O @ Transparent Mode

[Obj[1]: "PCB_PhsTdrive_V6_R3.GM
total area (in2]: 10.259

size [in]: 2.528 x 4.053

tool path: 13.25in

duration: ~2.13 min (F7.5 injm)

toncil tencil

p Layer

PCB_PhSTdrive_Vt
PCB_PhsTdrive_Ve

"PCB_PhSTdrive_V6_R3.GTL
total area in2]: 12.241
size [in]: 2,816 x 4,347 {

0,
o o Full rubout
0.0(d31.3), & Full rubou

Eattom

[EEWETRE] 738010, V538465 &7 38010, dy-8.16535, 1100631 | [in] Default.mpf PhCNC Provs.349588.4360  MTCLE: 13.5¢-6/°C (FRY)*

With the activation of IPD, the zones that have potential problems will be additionally machined in
order to remove them.

size fin]

NC

¥ msulate: s.00

¥ stencil: 8.00 + 1.00 mil

§ rubout tools: 125.0, 62.5,
313,15.6,10.0,8.0

20.5(d31.3], 30.0(d31.3),
31.5(d31.3), 35.4(d31.3),
22.9(d39.4), 43.3(d39.4),

[Obj[1]: "PCB_PhsTdrive_V6_R3.GM
total area (ind]: 10.259

2,528 x 4.058

tool path: 13.251n

duration: ~2. 13 min (F7.5infm)

[Obj[2]: "PCB_PhSTdrive_V6_R3.GTL
total area ind]: 12.241
size [in]: 2.816 x 4,347 ]

§ cut:49.00

Top Layer

B8 PcB_PhSTdrive_ve
[X]§ PCB_PhsTdrive Ve
Bottom Layer

o8] PCB_PhSTdrive_ve

~ P t Tio%o
& ac |yt options, @< 3333

@ 5907%

YR B B ME4dE

&

tencil encil
Top Botiom

PCB_PhSTdrive_V¢

PCB_PhSTdrive_Ve

24

[ X7.26746, Y5.37520 dx7.26746, dy-8.17479, 1093815  [in] Default.mpf PhCNC Pro v5.3.4.9588.A360 MTCLE: 12.5¢-6/°C (FRd) *

Remove spikes (IPD) has optional parameter settings in the Insulation Tools window:
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Stub End Mill 0.0100"/0.254mm
50000 FR7.5 PR35.0

K il
|| 7 @B v 00mi
0@

O
0o
O @
O
0@

Design Rules Violation
Forced Insulation

Remove spikes (IPD)
Wimal tool path overlapping [mi]

' Arc precision: High [

050 v

Corner precision: Medium v/

Spike size:

Ssmall

Minimal copper width [mi]: 2.00  [v

[ ]Insulation tools order - ascending (smallest to largest)

PhCNC User’s Manual

Dizmeter (d) fin]: 0.0077 ¥ | g sdectTool

Type: "V" 60°

~]
y SeectTosl
ATC

Feed rate in/m]: (15.0) b |
Plunge rate [in/m]: (40.0) [~ [THoZ}
Speed [RPM]: (60000) [+
Comment t V_60
Penetration Depth [mill: 2.6 [
tool tip (£) [mil: 5.5 ~)

Cutting depth Z = 2.6 mi

The parameters you may set are:

- minimal distance between tool paths that can be considered problematic (usually 0.5 mil).
- minimal residual copper width that can be considered source of potential problems (usually 2 mil).

As a bottom line, using IPD when you do not use full copper rubout is very recommended.
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2.25 Measure

This is a very convenient function that allows the user to measure distances on
the project. After activation it shows the distance to the current mouse position.
To measure distance place mouse cursor on the first point and make a left click.
Move the mouse to the second point and read the measurement results. In order
to have maximum accuracy use high zooms.

PhCNC

File [CAM) CNC Setup Tools Calc
5+« K Select/Clone/Move objects

e | xR E4dEz3 o

!

Canceling the Measure function can be done from the menu or simply by pressing space bar. Another
convenient way to use it (for single measurement) is to place mouse on the first point, press and hold
the space bar, move the mouse to the second point and read the results.

§ PhCNC ===

Fle CAM CNC Setup Tools Galc

S S 6 Q voe M A H ol BN DA S P VT, optens, | @) 35RE

o = =T Il
& e =5 Fea
=
e 70 I
¥ cut:49.00 '
f rubout tools: 1250, 625,
313

, 15.6, 10.0, 7.6
20.0(d18.0), 32.0(d25.5),
¥ 36.0(d31.3), 40.0(d31.3),
59.0(r49.0), 103.0(r49.0),

=88 Top Laver
1494r2_0.gtl
rl

[Obi[1]: MILLgm1]
total area 7
i

size [in]:
ool

[Obj[2]: 19952,
[i

0.gt]
total area [in2]: 16.569
size [in]: 4.768 x 3.475

[BNSRRGEE  *9.51144. V623260 | 1007800, £y0.06194, A0.09960 | [in] Default.mpf PhCNCE4 Prov5.3.5.9589.A360:64  MTCLE: 13.5¢-6/°C (FR4) *

On screen information contains the distance, X difference, Y difference and the angle related to X axis.
It is shown in the measurement units selected (inch/mm).
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2.26 G-Code Export (PhCNC LS/LSSE)
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The software revision named PhCNC LS/LSSE (Std & Pro) generates G-Code that can be executed on
almost any CNC machine that accepts G & M codes.

The button = & o«

G Code Export

Output Settings

Project Tools!

! Insulate TO

v,

[“5ave profile settings

“¥" 60° Tip{0.0045"/0.114mm} {Insulate,Rubout,Stencil}
¥_90

in PhCNC LS/LSSE calls a window for G-Code export:

& Export
GCodsUnibs: G20[in] [+
Pre MD354 X Cancel
File Name Ext: -G [
Destinat ata'\PhCNC A3604Export
[Flenc simuator ke ool
B gapth Lpclats

 Ineuata ool
Setup

Depth [mi]:

¥ cuo Router bt 0.099+"/1.001mm {Orill Cuk Stencl} ts0.0ymil
¥ Rubout T g;::: gl;d Mill 0.0313"/0.795mm {Rubout,Stencil} (3.0) mil
¥ Rubouttz  StubEdMill0.0625/1.587mm {Rubout Stenci} 2.0 mil
§ Rubourrs  Stub End MII0.A250°/3 A75mm {Rubout Stencil} 50y mil
» Drill bit 0.0310"/0.787mm
¥ oaim PR15.0 T1C0.031F2005100 (s0.0) mil
; Drill bit 0.0390"/0.991mm
¥ otz PR15.0 T2C0.039F2005100 (60.0)mit
¥ oanta .'3&"1'5".3 g.ussgsu '/1.499mm {Drill,Cut,Stencil} (50.0) mil
; Drill bt 0.1100"/2.794mm {Drill CutStencil}
¥ orillTd PR150D_110 (80.0) mil

PhCNC LS/LSSE, generates a G-Code program for each machining process needed in your design:
e Insulation (Top)
Insulation (Bottom)
Drill
Rubout (Top)
Rubout (Bottom)
Cut (Bottom)
Stencil (Top) *
Stencil (Bottom) *
Only with PhCNC LS/LSSE Pro

X 6 o o o o o o

Basic parameters that you must determinate are:

G-Code Units:
Units of measurement that will be generated in G-Code program(s), G20 ([in]) or G21 ([mm]). By
default measuring units are in [in].

Tool penetration for each operation:

For systems that are using a depth-limiter, penetration is set in Setup menu.
Note:

the actual tool penetration depends on your depth limiter settings.
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Profie: Default.mpf ] i i

Rapid Heioht g 1 500 (| Defaul corfig
PCE Route settings &
g Route Depth [in]: 0.1000 vl Spindle RPM [rpm]: 80000 v
Display Settings Rapid Height [in]: 0.1500 vl Feed Rate [inim]: 15.00 v
[peck roure 0.0200 Plunge Rate [injm: 40.00 -
Tool Penetration Depth [in]: 0.0030 v
G PCE Rubout settings
Rubout Depth [in]: 0.1000 vl Spindle RPM [rpm]: 80000 v
Greode Rapid Height [in]: 0.1500 ~ Feed Rate [infm]: 15.00 v
[peck rubour 0.0200 Plunge Rate [injm: 40.00 -
Tool Penetration Depth [in]: 0.0030 v
"'?,? PCE: Dril settings
T, Drill Depth [in]: 0.1000 v Spindie RPH [rpml: 30000 E1
[Rubout, Cut & Stencil Rapid Height [in]: 0.1500 v Plunge Rate [infm]: 40.00 v
[eck dril 0.0200 Drill on Layer: Top Layer v
Safe Mode Tool Penetration Depth [in]: 0.0800 v
g PCB Cut settings
PhCNC360LS Cut Depth [in]: 0.1000 ~ Spinde RPH [rpm]: 80000 v
Rapid Height [in]: |0.1500 ~ Feed Rate [inm]: 7.50 v
[reckcut 0.0200 Plunge Rate [infm]: 20.00 4
Tool Penetration Depth [in]: 00800 v
Stenal settings
Sytem Information Stencil Cut Depth [in]: [0.1000 [, Spindle RPH [rpm]: 80000 v
Rapid Height [in]: |0.1500 ~ Feed Rate [inm]: 7.50 v
[CPeck eut 0.0200 infm]: 20.00 v
Stenci thickness [in]: |0.0060 v ool ion Depth [in]: 0.0100 v

PhCNC User’s Manual

If you are using a system without a depth limiter (we expect this to be so in most cases), the
penetration depth should be set according to the calculations shown in (APPENDIX-D) for V shaped
tools. The rest of tools used such as End mills, Drill bits and routers will use the values set in the Setup
table (Tool Penetration Depth).

The operator will be able to make changes (if needed) in the selected tools penetration depth (see
paragraph 2.4.6 Project Tools)

Insulation tool Z depth:

Systems with depth limiter:

Z depth penetration is set in the Setup menu, but the actual penetration is the one set by the limiter
micrometer.

Systems without depth limiter;

When the V tool is chosen, the tool penetration is calculated by PhCNC, it calculates the penetration
depth based on the tool geometry.

When an End mill is in use, the penetration is set in the Insulation block of the Setup.

Rubout tools Z depth:

This sets the penetration depth of rubout tools.

Important:

Our rubout program always uses the insulation tool as the first tool for rubout. The following tools are
normally stub end mills and have to have the same penetration settings.

Project Name:
This is the name of the project and will be a prefix for all G programs generated.

Example:
Project name: MD354,

Output Settings

B export
G Cods Units: G20[in] [
Project Nome: MD354 X Cancel
[luse curent project name rename st [ Y
Destination Falder: C:\ProgramData’PhCNC A360%Export
[“Iopen Destination Folder [Zlcnc simulator [Auto tool
i depth update
Frofile:  Default.mpf El

Project Tools:

! Insulate TO

§ cumo

Save profile settings

¥ 60° Tip{0.0045"/0.114mm} {Insulate,Rubout,5tencil}
¥_90

Router bit 0.0394”/1.001mm {Drill,Cut,Stencil}-
R_39

N Rubout T1 gg::r gl;d Mill 0.0313" /0.795mm {Rubout,Stencil} (3.0ymil
y Rubout T g?;.::?;d Mill 0.0625" /1.58 7mm {Rubout,Stencil} (3.0ymil
y Rubout T3 s;::'_?;dsMi“ 0.1250" /3.175mm {Rubout,Stencil} (3.0ymil
¥ oo o (o0
§oowre  pidmomeesnn (a00)
§ ot I?::I;ii: g.ug;u"/l.asqmm {Drill,cut, Stencil} (80.0) mil
§ ol .'3;"1' ;2 3}1‘ l[l[lll"/2.794mm {Drill,cut,Stencil} (50.0) mil

g Insulste Tool
Setup

Depth [mill:

(80.0) mil

Page 89 of 170



PhCNC User’s Manual
Generated files are:

Name B Date modif
MD354 - Cut (Bottom).G 14.7.2011
[/MD354 - Drill (Top).G 14.7.2011
[/MD354 - Insulation (Bottom).6 14.7.2011
[/MD354 - Insulation (Top).6 14.7.2011
[/MD354 - Rubout (Battom).G 14.7.2011
[/MD354 - Rubout (Top).G 14.7.2011

Falders A

6 items (Disk free space: 3.8 GB)

If there is no project name — generated files will have names related to the operations that they
represent only.

g O/v| Computer » OS (C:) » ProgramData » PhCNC A360 » Export

Date mod
|7 cut (Bottom).G 14.7.2011
|/ Drill (Top).G 14.7.2011
|7/ Insulation (Bottom).6 14.7.2011
|7 Insulation (Top).6 14.7.2011
|7 Rubout (Bottom).G 14.7.2011
|7 Rubout (Top).G 14.7.201

B Recently Changed
B Searches
Public

Folders ~

12 iterns

If “Use Project Name” is selected, the project name will be the name of current project (if any). The
files extension name is .GNC (by default) but can be changed if needed.

“Open destination folder”
If this option is selected, the folder that contains the G programs will be open (see examples above).

“CNC Simulator”

If this option is selected the system goes into CNC simulation mode after the G-Code programs are
generated. In this mode all programs can be started.

The CNC Simulator — for PhCNC LS/LSSE is a hardware USB dongle that is supplied together with the
PhCNC LS/LSSE and LS/LSSE Pro software.

All parameters of the simulated machine (dimensions, kinematics, etc.) can be set in the Setup menu.
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LS

Display Settings

llLL?

PCB Route, Drill,
Rubout, Cut & Stencil

&

PhCNC360LS

Sytem Information

Options
[Ipepth Limiter

FhCHC Power Management Options

Disable Windows Sleep &
|Hibernate, when machine
works

isplay is Always Dn

creensaver is Disabled

isable Windows
estart /Shutdown & User
Logoff, when machine works

Tool change script

GO04 PO.OL
GO0 20.1500
MOS

™09

G04 P2.5

GO0 %-1.0 Y0.0
™Moo

Default

Maching
Size % [in]: 11.20000 |+
Size ¥ [in]: 9.90000  |v
SzeZ[in]: 1.00000  |v
Resolution [steps/in]: 10000.0000 |+
Kinematics

Acceleration [sps2]: | 386220 (0.10g)
Start speed [sps]: 3000
Max speed [sps]: 50000
Home:
Home position % [in]: -1.0350
Home position ¥ [in]: -0.1000
Home position Z [in]: 0.0420
Home speed [sps]: 3000
Home traverse speed [sps]: 7000
Tag
Jog speed [sps]: 50000

G code header & footer
header:
Reset

footer: mog
Reset  MO5
Moz

™

[»
[+
[+
[v
[v

v

PhCNC User’s Manual
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2.27 Gerber Export ...
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PhCNC now allows an export of all Gerber and Excellon drill files in the current project . All visible files
are exported including the info files that are not involved in the machining process.

4 PhCNC
CAM CNC Setup Tools

Import Gerber & Drill ...

Import DXF .

Import CAM350 ...

Calc Language

I New Project Ctri=N

Open Project .. Ctrl=0

Import Project .. ctri+1

Sar jgct ... Ctrl+5

T

1: CAPRCNC\work!\Projects\PRCNCA40_R2_with_Info_Layers.PH)

: Recent Project

: CAPhCNC\work\Projects\PhCNCA440_RLPHI

: CAPhCNC\work\Projects\Accu filter_1000dpi_1pcs.PHJ
CAPhCNC\work\Projects\Wireless Mouse Cypress PHJ

6: CAPhCNC\work\Projects\PIDtest_AdapterY_spartprot_insulationamp1.PHJ

7: CAPRCNC\world\Projects\SinglePad_x0y0.PHJ

8: C\PRCNC\work\Projects\Gerber_PrintExport_Debug_Project.PH)

RN

About PhCNC ...
Exit

[ Phcnicaso_pcs,
V]S Pphcncaso_pce
+-[/|BO PhCNC440_PCB,
[VIBS Phcnicaso_Pce
[1-8 Phcricado_pca,

% PhCNC440_PCB
[]S Phcticado_PcB,
-[]BO PhCNC440_PCB,
[VIBS Phcncaqo_Pce
-..[7]lg Phericado_pcs,
¥
™
v

PhCNC440_PCE
S PhCNC440_PCB,
B0 PhCNC440_PCB,
S Phcncado_pee,

28] ohencasn ore

[Obj[1]: "PhCNC440_PCB_R2.GM1]
total area in2]: $.23

size [in]: 4.064x 2,267

tool path: 12,78 in

duration: «2.06 min {F7.5 infm)

[Obj[2]: PhCNC440_PCB_R2.GTL]
totel area [nZ]: 11098
size [i]: 4352 x 2.550 i

@ nowemings| X-1.57227, V1018602 | Ax-157227, y-33639, 4371328 | [in]

4 8 5-5 oac PN,

=

options, (@~ V

Default.mpf PhCNC Pro 5166108344440 MTCLE: 13.5e-6/°C (FR4) @ 29.65°C

Gerber Export window allows to scale the files exported in Gerber and Excellon format (if needed).

Output scale factor & origin
Origin X [in}: 0.00000 v

Origin ¥ [in]: 0.00000 |v|

Project name: Example

Output folder: C:\ProgramData\PhCNC A360\Export

scale X [%]: 100.0000 v/

scale V [%]: 100.0000 [v

&l Export

Cancel

After the export PhCNC automatically opens the folder that contain the exported files.

(> computer

» 0S(C) » ProgramData » PRCNCAIE0 » Export

janize > Includ ary v aewith v Bum

& My Pictures. 4 Name
B My Videos
MyComponents

O example.GTS
ExampleINFO1

= Computer
5 05 (€
ProgramData
PHCNC A360
Al Users
Export

11 items

Exported Gerber and drill files can be imported back
or used in another CAD/CAM software.

in PACNC (for example after scaling on X/Y axes)
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@ Example.DRL 14-09-2015 14:34:54

9 Example.GBL 14-09-2015 14:34:54 Bottom [ Hech ey
@ txamplecto 14092015 143454 | 58 kB| Goq /] Bottom Overlay B Example.GBO
@ xample.GBP 14-09-2015 14:34:54 sks| Gaf /] Bottom Solder BS txample.Gos
@ camplects 14092015 143454 | 6940, nio17op (] Exampte. o1
@ campleci 14092015 143454 | oKks| GMi =

[ S
@ EamplesT 14-09-2015 143454 | 918K8| Gl

@ Example.GTP 14-09-2015 14:34:54 | 167K8| GTI
9 vamplesTs 14-09-2015 14:34:54 | 240K8| GTY)
4 examplenror 14-09.-2015 14:34:54 | 55 KB JNFO;

Srafie: Defaultmpl

C:\ProgramDets\ PHCNC A360\Export\Exsmple NFOL 14-09-201511:3454  56XB

%]

TS & v @ [ oa

6, Y0083 32136, d¥0.0893, 432148

0] § bamplecr?

) § Example.cep

SEL6254, d

copper: 51.7 cm2
8.842" x B.054"

-
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Import & Export Gerbers & Info layers - video:
https://youtu.be/huY sy04yi4
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2.28 Print

PhCNC now has an additional capability to print the layers of the project.
Print Preview window has the following options:
e printer selection and its settings
e scaling the print with individual scale factors for X and Y (common for all layers)
e individual settings for each layer
e Positive/Negative
e Mirror
e Print - allows the layer to be printed
e Caption - includes the name of the layer in the print
e Mirror - prints the name in mirror

Frinter Scale factor

op Layer

Caption ol

EX ¥l sealex: 10000 % IEER @0
i [Fvisible

Settngs: Page: 11.00"x8.50" 1200dpi Seale Vi 100.00 % [Imirror =11

Page 1-Top Layer | Page 2 - Bottom Layer | Page 3 -Top Paste | Page 4-Bottom Paste | Page 5 - Bottom Mechanical | Page & - Top Sik | Page 7 -Bottor| <[>

Layers list include all visible layers in the project. It is advisable to disable (hide) all layers that you
don't have an intention to print. In the center window you will see the selected layer.

Using left double click on the layers name is the fastest way to enable/disable the layer for printing.
This button & serves to set the printer, page orientation and other printer specific settings.

Individual settings for each layer (Negative, Mirror, Caption, Caption mirror) and the printer used for
PhCNC are saved in order to shorten the time needed in the next usage of Print option.

Button = 2L  sends all selected layers for printing and closes the Print Preview window.

Button = =2 sends the current page only and leaves the Print Preview window open.

Note:

In the field for printer information you may have a message "Invalid printer". This can happen in the
cases when there are problems with the printer driver and it's settings, missing DLL file

or non existing network printer or other problems related with the printer - PC connection.

Print preview video:
https://youtu.be/zFNuUN GkVo
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2.29 Panelization

Panelization means placing multiple smaller objects/projects on a large work piece (panel) in order to
be machined/manufactured together.

This PhCNC function allows fast and accurate multiplication of objects/projects or a group of them.

—
P i O sep T gt
S S 20 &
SRl =B wRl
¥ tnsulate: 7.00
¥ cut:49.00

¥ stencik 8.00 + 2.00 mil

§ fubout took: 125.0, 625,
313,156,7.0

Y QB %R E 4N S

X Delete Selected Objects

The first step is to select the object (or group of objects) using "Select/Clone/Move objects" from the
popup menu.
Shown below is the Panelization window:

[ - Panelization ‘L- |

PCB Panel Number of copies
Panel
Size ¥ [in]: 12.0000 Border space ¥ [in]: 0.2500
Size ¥ [in]: 8.0000 & Border space Y [in]: 0.2500 Close

Fiducial marks
[“]Include fiducial marks [“]include fiducial holes
Offset X [in]: 0.1000 OffsetX 0.1000

Offset ¥ [in]: 0.1000 OffsetY 0.1000

Fiducial aperture: Hole diameter [n]: 0.0200
+ Target 3 v

PCB Object
Digtance X [in]: |0.1500 Offeet X [in]: 0.9031
Distance ¥ [in]: |0.1500 Offset ¥ [in]: 1.9031

Total cbjects: 12x4 =48(192)  [|Create new group
Selected object(s): 0.753 in x 1.753 in

Panelization function has two modes of placement:
e PCB Panel
e Number of copies

2.29.1 "PCB Panel" mode

"PCB Panel" mode allows placing the object(s) in a panel with predefined size (Panel->Size X/Y) and
on certain space from the physical edges of the panel (Panel->Border space X/Y). The number of
copies is calculated based on:

¢ size of the object(s) (Selected objects(s))
e required distance between them (PCB Object->Distance X/Y)

The offset of the objects (PCB Object->Offset X/Y) is calculated automatically regarding the parameters
above. It can be entered manually, but any changes in the parameters will return it to the automatically

calculated values and new manual entry will be needed. The array of objects will be centered on the
declared panel.

2.29.2 "Number of copies" mode

This is the easiest way to create the desired number of copies of your project entering the repeats on X
and Y axes.
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PCB Pan

Number of copies 22 Apply
Number of copies
Number of X copies: |3

Number of ¥ copies: |2 Close

Fiducial marks
[¥]Include fiducial marks [“]Include fiducial holes
Offset X [in]: 0.1000 OffsetX 0.1000

Offset ¥ [in]: 0.1000 Offset¥ 0.1000

Fidudial aperture: Hale diameter [in]: 0.0200
¢' Target 3 I

PCE Object
Distance X [in]: |0.1500 Offset X [in]: 0.9031
Distance ¥ [in]: | 0.1500 Offset ¥ [in]: 1.9031

Total ohjects: 3x 2 = 6 (24) [“]Create new group
Selected object(s): 0.753 in x 1.753 in

2.29.3 Fiducial marks

PhCNC allows inserting of targets & holes as a fiducial marks around the panelization objects. Settings
include: Offset (Fiducial marks->Offset X/Y); holes diameter (Fiducial marks->Hole diameter); aperture
type (selected from the list).

The offset (Fiducial marks->Offset X/Y) depend of the mode selected.
In "PCB Panel" mode, the offsets are defined in relation to Border space:

Size X
r >
L " 5D X
+ | |®
+
Fiducial OFfset ¥

If negative values are used the marks will enter the machining space.

In "Number of copies" mode, the offsets of the fiducial marks are defined related to the area of
placement of the objects. Again if negative values are used the marks will enter the machining space.
"Number of copies" mode allows easy adding of fiducial marks even on a single object. To do so the
Number of copies X/Y should be set to 1.

Example:

In this case "Apply" button will not add additional copies, just will add fiducial marks.

2.29.4 Buttons "Apply" & "Undo" (Ctrl+2Z)

Button "Apply", execute the placement of the projects/objects according to entered parameters and
adds the fiducial marks.

Button "Undo", reverses the changes made after "Apply" and thus allows the operator to make
changes in the parameters before next use of "Apply" with the corrected parameters.

2.29.5 Create new Group

This check box allows the result of panelization to be treated as a single object and moved without any
changes in the relative position of the projects in the panel. This is useful function in many practical
cases. If the individual object need to be moved operator can use "Ungroup selected objects" (popup
menu).

Panelization video:
https://youtu.be/02ziZL AYVwg
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2.30 Marking Drill

PhCNC allows generation of "Marking Drill" program (some call it "Spot drill") that marks the centers of
the holes to be drilled. The best tool for the marking process is a V type tool (V30, V45 or V60) small
diameter stub end mill will do the job too.

In order to have "Marking drill" program generated you have to select "Enable Marking Drill"

box as shown below. This also v!il.l allow you to select the tool for this operation.

224 PheNe . [P - [N - =8 = ]
Fle CAM CNC Setwp Tools Calc Language

g G ¢ & we MA@ S BN E 48 S0 §oc $TRG, optons,| @~ 8

- DBl = DY o Y
=5 Zme & me

Y msulate: 730

¥ cue 3037

{ stencil: 8.00 + 2.00 mil

rubout tools: 125.0, 6.5, T
¥ 35515673 o/ Drill Tool Table
3 Diameter Speed Plunge rate  Feed rate
S 4313, 350631 3), [in] in] s from] | (infm] | {in/m] Eroian
23.3(r39.4), 51.0(r39.4), T 0.0130 0.0135 Drill bit (60000) (40.0) - DRL_13.5

{{TRLi] 0.0250 0.025 Drill bit (60000) (30.0) = T2F00S00C0.02500

{10y o.0280 0.025 Drill bit (60000)  (40.0)

(BT 00300 0.0313(1/327)  Drillbit (60000)  (30.0) - DRL_31
00310 0.0313(1/32")  Drill bit (50000)  (40.0) - DRL_31
[Erm| St TS, a 0.0315 0.0313 (1/32") Drill bit (60000) (40.0) - DRL_31

E1-[ZEH Top Layer ITH 11 [EETS 0.0313 (1/327) Drill bit (60000) (40.0) = DRL_31
PhCHNC440_PCB_R1|

C
¢
C
C
0.0360 0.0313 (1/32") Drill bit (60000) (40.0) - DRL_31
C
¢
C
¢
C

¥ PheNC440_PCB_R1
S PhCHC440_PCB_R1|

00433 0.0394 (LOmm)  Router (60000)  (20.0) 7.5) R 39
0 PhCHCA40_PCB_R1 d
8 PhCNC440_PCB_RY 0.0510  0.0394 (LOmm)  Router (60000)  (20.0) (7.5) R 39
ttom Layer 0.0800 0.0394 (1.0mm)  Router (60000) (20.0) (7.5) R_39 I
o8] Pheticaso_pcB_R1
A Pt 01180  0.0394 (LOmm)  Router (50000)  (20.0) (7.5) R_39
S PhCHC440_PCB_R1 01400  0.0394 (10mm)  Router (60000)  (20.0) (7.5) R 39

[X]BS Phcrca40_PcB_R1

Enable Marking Drill

66-Foel0:0US0 /0.203mm "V" 60°
S60000 PR40.0 V_45

Default SR 0.0394"/1.000mm Router bit
Router 560000 FR7.5 PR20.0 R_39

U Marking Drill
i Tool
Y Apply default 4 select default 4, Resetariltable

{ b BrodE21d router tool router tool

[Ob3[1]: PhCNC-4+40_PCB_R1.GM17]
total area in2]: 9.213

size [in]: 4.06

tool path: 12
duration: 2.

in (F7.5infm)

[0b3[2): PhCNC440_PCB_RLGTL]
total area [n2]: 11.245
size [in]: 4.384 x 2,565 ]

G nowamings  X4.80653, V579640 | Axd 80653, Ay-7.75360, 4912256 [in] Default.mpf PhCNC64 Pro v5.20.311427.B440x54  MTCLE: 8.5e-6/°C (Glass) @ 13 88°C

Marking Drill (Marking Drill Tool Setup):

Comment
Diameter (d) ] V] oK

00130 0013 Tyt gov RL_13.5
0.0250 0.025 Feedrate Injnl| (15.0) = § sekctTodl IBronsooce.02500
ouze0 | o0z3 Plunge rate njl: (40.0) ! y Sclect ool

ED ||== | Speed [RPM]: (60000) ] RL_31
CED o Comment: V_45 fL_31
0.0315 0.031 Penetration Depth [mi]: 3.7 V| RL_31
0.0354 0.034 tool tip (£) [mil]: 45 v| RL_31
00350 0031 Cutting depth 2 = 3.7mil RL 31
0.0433 0.039 ] L 39
0.0510 0.039 39
0.0800 0.039 | 39
01180 0039 s L 39

{[EE) 0.1400 0.039 i L 39
Z: 3.7mil
tr4.5mi
Default 0.0394"/4 C Marking nril:
router: WAL 550000 A b Teal

¥ Apply default
e router tool

Notes:

The Marking Drill program will be applied only for the holes, for which drill bit will be used. The (usually
larger) holes for which router bit is selected and the slot holes are excluded from the Marking Drill
program.

In the example below, the larger holes will be cut with router bit, so they are excluded from the
Marking Drill program:
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1
4m- 10000
¥v-

Istep 0.001 0.01

Home XY

Home Z
Spindle
¥ spindle on
Orpm 0

Feed Rate Overide

0.0%

+15%
B e
Park | (i
Pause
LS 2#: 1.27195"
LS X: -1.03370
LS -1.20804"
LS X: -1.03494"
LS 2+: 1.27193"
LS X: -1.03500"
LS ¥: -1.29998"
LS Z+: 1.27201"
LS X: -1.03500"
LS ¥: -1.380800"
LS 2#: 1.27207"
LS X: -1.03496"
LS ¥: -1.20006"
FIFO:

X 13.97701 Tool
Y 4.00000 rem:
Z 1.25707 rem:

L

T0
0
0

Home X

Home Y

60000 rpm

-25%

et

Emergency Stop

Clear TTY

PhCNC User’s Manual
e

FATC
Control Panel

G nowamings | X9.00692, Y441217 | [x9.00692, fy-0.13784, 41283062 | [in] Default. mpf PhCHC64 Pro v5.20.311427 BA40x64  MTCLE: 8.5¢- (Glass) @ 1388°C

| Program: Marking Drill (Top| | ||

Y Tool
% Change

RUN (GD)

MDI:

Poser: 0.00W I 0.00A
Ls; 1.0pm Board: 19.6°C
Status: PWI:OFf

[Nm]
[al

The Drill

e CAM CNC

T
d=x- 000
_—

istep 0.001 0.01

Home XY

Home Z
Spindle

¥

¥ spindle on
0orpm o

Feed Rate Overide

+15% 0.0%

Park

i

Pause

| & (i

<

2+: 1.27195"
Xz -1.83379"
= -1.29894"
¥z -1.03494"
Z+: 1.27193"
X: -1.03500"
v: -1.29998"
1.27201"
: -1.03500"
1.30000"
1.27207"
-1.03496"
-1.29996"

v:

FIFO:

Setup  Tools

rogram.

1o
3=

Xemp

X 13.97701 Took: T0
Y 4.00000 rem:
Z 1.25707 rem:

[1]
[}

Home X

Home Y

25%

o

Emergency Stop

Clear TTY

Calc

Q

Language
413%

A B B

¥ATC
Control Panel

v &) B ¥ B

@ nowamings  XB.83384, V446541 | [xB.83384, Ay-0.08458, A1267148 | [in] Default.mpf PhCNCE4 Pro v5.20.3.11427 BA40x64  MTCLE: 8.5e-6/"C (Glass) @ 13.88°C

¥ Tool
4 Change

Program: Drill (Top)

RUH (G0)

D!

Poser: 0.00W I 0.00A
Ls: 1.0pm Board: 19.7°C
Status: PWIM:Off

Mm]

In the "Entire (Top)"

before Drill program.

& "Entire (Bottom)" ATC programs, the Marking Drill program will be executed
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2.31 Holes Properties

PhCNC now allows selected holes diameter change or removal.

In CAM mode, the operator have to push and hold "R" key on the keyboard and using the mouse can
create multiple rectangle regions. All holes inside the regions will be selected and will appear in
different color. Using the "Selected Holes" from popup menu the operator can change the diameter or
remove them.

X Select/Clone/Move objects

o hange Selected Holes' Diameter ..
Delete Selected Holes
@ Zoom +

% Registration pins & Thumbtacks
b Insert
[ Breakout Tab

1 Undo [1] -> Delete (Ctri-2)

[ Selected Holes

New holes

eter: Apply

0.0394 (1.0mm)| v
Cancel

Selected holes' dismeters:
() 0.0360 (0.036 mm)
() 0.0440 (0.044 mm)
() 0.0480 (0.048 mm) #9

«

«

() 0.0640 (0.064 mm) #2
() 0.0720 (0.072mm) 24 £

The window contains all selected holes and allows a manual diameter changes or link to the diameter
of the existing selected holes.

- If the holes removal is selected PhCNC will require additional conformation for the process.
A list of selected holes will appear including current diameter and the number of them.

HPI:CN( > Delete! E
E Do you really want to delete the selected holes:

0.0360" (0.914mm) - #87
0.0440" (1.118mm) - #15
0.0480" (1.219mm) - #9
0.0640" (1.626mm) - #2
0.0720" (1.829mm) - #4
0.0960" (2.438mm) - #2
0.1320" (3.353mm) - #2
0.1400" (3.556mm) - #1

Total: 122 holes

Yes Ho

Notes:

- All changes can be reversed using Undo (Ctrl+2)

- If the project has multiple copies the changes will affect all of them, PhCNC does not allows the
copies of the same project to be different.

Video #1 - holes & regions selection:
https://youtu.be/j3JyIfE8SVU

Video #2 - holes selection & panelization:
https://youtu.be/nFny2D8egBo
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3. Setup =

All adjustments needed to run PhCNC are located in the window below

5. PRCNC™

PhONC Pro v5.0.9.9319.A360x64 © 2007-2014 TELENET LTD. I
PhCNE360 v1.1.3.038, PhACdrive v1.0.2.021, PhSTdrive v1.0.1.231
Last Release: Jul 15 2014 [RsPrDxfVdUdSecPraTsMT]
G wwwaccuratecnc.com

G-code Model Name: Accurate 636

Product: PhCNC360

S/N: A360080

PhCNC360 firmware: v1.1.3.038

PhCNC360 time: 5h54:10

PhCNC360 status: KA;CATS™;ATC;ST1278;PhSTdrv;

AllEJ

PhCNC360 revision: ROS
PCB Route, Drill,  PhCNC360.dl Version: v1.3.6.121
Rubout, Cut & Stencil  PhCNC360.5ys Version: vL.3.6.121
PhACdrive time: 5h37:03
FhACdrive status: SEC;|
PhACdrive firmware: v1.0.2.021
a PhACdrive spindle/motor: Alfred Jager 33-1.26 W02 AC 170W/225W
PhSTdrive firmware: v1.0.1.231
Accurate 636 PhSTdrive X time: 5h53:03
PhSTdrive Y time: 5h52:20
PhSTdrive Z time: 5h52:18
C2520C: v1.0

0S: Windouss 7 (x64) v6.1.7601 (Service Pack 1)

. CPU: Intel(R) Core(TM) i7-3840QM CPU @ 2.80GHz x8
CIFAIET Py 1d: Genuinelntel, Intel64 Family 6 Model 58 Stepping 9
Admin rights: Yes (UAC:OFF, Level: default}

Fhysical memary: 24513 MB

Free physical memory: 19807 M8

Used memory: 19 %

system max
command: threads: & threads |

Note:
PhCNC has different setup capabilities for A350 and A36x/A56x/A4xx/A6xx models!

3.1 Accurate (A4xx/A6xx) Setup

Options Machine
Size % [in]: 1130000
g [VIPhENC Camera Size ¥ [in]: | 9.90000
5 . video format: 640480 %
Display Settings Siea z [in]: 1.75000
[Ipisabled depth control Resalution [stepsfin]:  10000.0000
PhCNC Power Management Options Kinematics
Disable Windows Sleep & Acceleration [spsz]: | 360000 (0.09g)
[“]Hibernate, when machine
works Start speed [sps]: 3000
G-code _ _
[Flpisplay is Always On Max speed [sps]: | 40000
[“]5creensaver is Disabled
He
Disable Windows ome
[“]Restart /Shutdown & User Home position X [in]: | -1.0350
EAL Logoff, wh hi ke
= (LG CNENHE RSO Home position ¥ [in]: -0.1000
PCB Route, Drill, Tadl change script Home position Z [in]: | 0.0420
Rubout, Cut & Stencil * in *
' I(EIJ:E;:I‘:: Ell'a"ge Begin *) Home speed [sps]: 2200
GO0 20.1500 Home traverse speed [sps]: 7000
™MoS5
M09
@ G04 PO.5 =3
{ATC) Jog speed [sps]: 30000
Moo
M03 500000 Model Name: Accurate 406 ATC
G4 PZ Product: PhCNC360
Mo7 S/M: A406057
(* Tool Change End *} PhCNC360 time: 0h03:38
PhCNC360 status: KA,CATS™ATCST1271;
ﬁ PhCNC360 firmware: v1.1.2.202
PhCNC360 revision: RO4
. PhCNC360.dIl Yersion: v1.3.6.121
Sytem Information PhCNC360.5ys Yersion: v1.3.6.121
PhACdrive time: 0h03:37
PhACdrive status: SEC;
PhACdrive firmware: ¥1.0.1.152
PhaCdrive spindle/motor: Alfred Jager 33-1.26
W02 AC 170W/225W

Listed below are the settings of the (A4xx/A6xx):

3.1.1 Depth Limiter

The “Depth Limiter” option changes the behavior of the machine for many of operations like
“Insulation” and “"Rubout”. If you use “Peck” mode it also affects the “Cut” operation. This is due to the
difference between the models. The default setting for “Depth Limiter” is checked. Standard
(A4xx/A6xx) models use closed loop feedback to limit the depth and should have this option checked

3.1.2 PhCNC Camera

This setting Enables or disables the PhCNC video module and allows you to select a video format/size
such as 640 x 480.
e Contact Pad Test (Home 2Z)
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This setting Enables or disables the “Contact Pad Test” (See 4.1 for Z home procedure: button “Home

7".

3.1.3 Disabled depth control

This setting when checked disables CAST™ (Continuous Automatic Surface Tracing) allowing the user
to keep the pressure foot off of the work piece and use CNC open loop depth control (Depth is
controlled by the g-code only).

"Disabled Depth Control" option, allows the system to operate without pressure foot. This option is
created for some special applications where the pressure foot can create problems.

When "Disabled Depth Control" is active the pressure foot is lifted at approximately 0.354 inches (9
mm). A specially designed clip is included in the machine accessories that can be placed and removed
quickly. In this mode (without CAST) the tool penetration will be less accurate and will depend of
material thickness variations and some additional factors.

Home Z procedure is extremely important for this mode of operation. The procedure is the same as
with pressure foot (CAST mode), but require empty spindle collet. An ATC machine will place the tool
back in the tool holder or ask the operator to remove it manually. Same apply for machines with
manual tool change (MTC).

Notes:

- when "Disable Depth Control" option is active, PhCNC does not generate a warning message for the
inappropriate tool installation. In this mode the tool should be installed the same way as in CAST mode,
but the automatic evaluation is impossible.

- the switching between CAST mode and "Disable Depth Control" mode can be done multiple times
without a need to re-home the machine. It is an important operator obligation to set the pressure foot
in appropriate position (lifted when "Disable Depth Control" is active).

- when "Disable Depth Control" is active Ls reading is shown on the screen with a line across it:

) e [

MTCLE: 13.5e-6/°C (FR4) *

Important:
This option is designed for special operations only, please consult with us in advance.

3.1.4 PhCNC Vacuum Control Options

Manual Vacuum Control - Designed for the cases that are using the debris collecting vacuum as a
source of vacuum for the table. Possible solution, but definitely not recommended by us.

Auto ON - This option starts the vacuum automatically at the start of the machining process. Turning
the vacuum off is operator's action. Designed to serve the application mentioned above. IMPORTANT!
Any interruptions in the vacuum supply for the table between the operations (insulation, rubout, drilling
etc.) may create significant error due to the board position changes.

3.1.5 PhCNC Power Management Options

PhCNC has embedded Power Management Options (PMO) that controls the systems operations. When
a request is placed outside (of PhCNC), in the operating system, for Sleep/Hibernate, Windows Restart
and User Logoff, PhCNC controls those requests with its (PMO) to keep from being interrupted at the
wrong time. All options are selected by default. Windows operating system versions below Windows
Vista and Windows 7/8 allow PhCNC full control of these features. Unfortunately Windows Vista and
Windows 7/8 do not. Listed below are the options and the differences in compatibility between
windows versions:

e Disable Windows Sleep/Hibernate:

When machine is working When this option is selected, PhCNC rejects the requests for Sleep/Hibernate
during the machine operations (program execution, active Home procedure, active Jog etc.). This
option is only effective for windows versions before Vista. Under Windows Vista/Win7/Win8 (most likely
also in the future revisions of Windows) PhCNC can not prevent Sleep/Hibernation mode. The user
must disable this in windows control panel. In any case PhCNC will put the machine
(A350/A36x/A56x/A4xx/A6xx) in pause mode before the Sleep/Hibernate mode is activated. After
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leaving this mode (A36x/A56x/A4xx/A6xXx) is able to continue from the pause point (if the machine was
not turned off).

e Display Always On:

This option prevents the operating system from turning the display off during machine active
operations. The display control returns to the operating system when the machine is in idle mode or off.
This option currently works on all windows revisions.

e Screensaver Always Off

This option if selected prevents the operating system from switching to a screen saver (if one is
assigned) during the machine operations. When the machine is in idle mode or off the control of the
screen goes back to the operating system. This option currently works on all windows revisions.

* Disable Windows Restart/Shutdown & User Logoff:

This option if selected rejects requests for shut down, restart, etc. (except Vista/Win7/Win8) during
machine active operations. Under Windows Vista/Win7/Win8 a “Forced Shutdown” is allowed. In this
case you will see a prompt similar to one shown below.

If you select “Log off now” (“Shut down now”, “Restart now”), PhCNC will cancel the program
execution and save the current project in “"Recent Project” and will shut down. If the machine is not
active it will save the current project and shut down.

Important:

In all cases of OS requests to shut down PhCNC it will save the current project in “Recent Project”.

3.2 CNC process control settings

=X

e Profie: Default.mpf ~|  RapidHeight irl: 01500 [v] Default config
- PCE Route settings
Display Settings Route Depth [in]: 0.1000 ~ Spindee RPM [rpri]: 60000 ~
‘ Rapid Height [in]: 0.1500 ~ Feed Rate [infm]: | 15.00 v
Oeck Route 0.0200 Plunge Rat iml: 40.00 v
‘Tool Penetration Depth [ir]: 0.0030 v
G PCE Rubout settings
G-code Rubout Depth [in]: |0.1000 Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 Feed Rate [infm]: | 15.00 v
OPeck Rubout 0.0200 Plunge Rate [in/m]: 40.00 v
Feor ‘Tool Penetration Depth [ir]: 0.0030 v
B PCE Drill settings
[PCB Route, Drill, | Drill Depth [in]: |0.1000 Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 Plunge Rate [infm]: 40.00 v
Opeck dril 0.0200 Drill or op Layer v
Safe Mode ‘Tool Penetration Depth [ir]: 0.0800 v
Q G2 DWELL[sec]: none
Accurate 636 PCE Cut settings
Cut Depth [in]: 0.1000 Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 ~ Feed Rate [infm]: 7.50 v
Cpeck cut 0.0200 lun v
Todl Penetration Depth [ -
System Information ooy
Stencl Cut Depth [in]: |0.1000 ~ Spindee RPM [rpri]: 60000 ~
Rapid Height [in]: 0.1500 ~ Feed Rate [infm]: 7.50 v
OPeck cut 0.0200 Plunge Rate [in/m]: 20.00 v
stendl thidness [n]: 0.0060 vl ‘Tool Penetration Depth [ir]: 0.0100 v

Important:

The parameters included in this table are used in creating the G-Code programs. Therefore, changes
made after you enter CNC mode will not be effective. In the latest revisions of PhCNC, the access of
“Setup” window is disabled in CNC mode.

The Profile box is used to select the profiles you create to store your settings. You can create many
different profiles for different materials and job conditions. This allows you to do fast and complete
settings changes. The current profile is always stored in your .PHJ] file, so if you have to repeat your
project all tool and mode settings will be the same.

“Peck” options are used to machine nonferrous metals and some special plastics and laminates. They
are also very useful in drilling holes with an extremely high aspect ratio. For example you can drill 12
mil holes in a 120 mil brass work-piece. The drill penetrates 15 mils deeper at every cycle and goes up
out of the hole to clear the chips each time. It takes 8 cycles to do the hole, but this is a very high
achievement for drilling small holes in metal.

“Tool Penetration Depth” this parameter represents the default value for each operation. It will be used
if no other settings are made (as a tool setting or process/operation setting). These settings apply to all
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tools except the “V” type tools. Their default settings come from geometric calculations in the
“Insulation tool” window (CAM mode).

Drill option G82 - Dwell sets the time (in seconds) that the drill bit will remain in the maximum

penetration position before it is pulled up. By default this option is disabled.

Profile: Default.mpf ~|  Repdtieght [r]: 0.1500 |v| Default config
g PCB Route settings
Display Settings Route Depth [in]: 0.1000 ~ Spindee RPM [rpr]: 60000 v
Rapid Height [in]: 0.1500 A Feed Rate [in/m]: 15.00 hl
[Clpeck Route: 0.0200 Plunge Rate [in/m]: 40.00 !
Tool Penetration Depth [i]: 0.0030 ~
G PCB Rubout settings
G-cod Rubout Depth [in]: |0.1000 ~ Spindee RPM [rpr]: 60000 v
Rapid Height [in]: 0.1500 A Feed Rate [in/m]: 15.00 hl
[ClPeck Rubout 0.0200 Plunge Rate [in/m]: 40.00 !
Feon Tool Penetration Depth [i]: 0.0030 ~
= PCB Dril settings
Drill Depth [i1]: |0.1000 ~ Spindee RPM [rpr]: 60000 v
Rubout_Cut & Stendl Rapid Heicht [ 0.1500 || Plunge Rate [njm]: 40.00 v
Clpeck dril 0.0200 Drill on Layer: Top Layer o
Safe Mode Tool Penetration Depth [ir]: 0.0800 v
g G352 DWELL [sec]: none | V]
Accurate 636 PCB Cut settings
Cut Depth [in]: 0.1000 ~ Spindee RPM [rpr]: 60000 v
Rapid Height [in]: 0.1500 A Feed Rate [infm]: 7.50 hl
. [Clpeck cut 0.0200 Plunge Rate [in/m]: 20.00 !
E Tool Penetration Depth [i]: 0.0800 ~
System Information Stendi settings
Stencl Cut Depth [in]: |0.1000 ~ Spindee RPM [rpr]: 60000 v
Rapid Height [in]: 0.1500 A Feed Rate [infm]: 7.50 hl
[Clpeck cut 0.0200 Plunge Rate [in/m]: 20.00 !
Stenal thickness [i1]: |0.0060 | Tool Penetration Depth [r]: 0.0100 ~

If this option is selected it applies only for the use of drill bit. If a router bit is selected it is disabled
automatically.

Important:
Parameters set in the CNC process control settings are used as “default” for the tools. If you have any
particular setting for any tool in the tool tables it will override the setting in this table.

3.3 G-Code post processor adjustments and selections

The selections in the table below will affect the size and readability of the G-Code generated by PhCNC,

but they do not affect machine control.
i setup ===
G code
g [¥]Modal % (coordinate) [¥]Modal G (G-code)
Display Settings Modal Y (coordinate) Modal F (feedrate)
[AIModal Z (coordinate) [Amnelude ne numbers ()
Nstep: 1 j

3.4 Display settings

A proper setting of screen resolution will allow you to have the actual size of objects displayed when
the zoom is at 100%.

PhCNC has 7 built in skins, you are able to change them in this window.

Screen reseluten [dp: 1273 17.3in 1920x1080 Wide FullHD ~
g Current Skin: | icrosoft Office 2007 ~
Color Map
[Display Settings| Profie: | Default.mpf ~| | Default colors
Desktop | [l dBlack £l Object |[] dwhite  [v|
cerber Top [l dElue g1 Gerber Top Flash | [l clslue v
G Gerber Bottom  [Jl] dR=d | Gerber Bottom Flash  [Jl] cdRed |
Ccode Traverse aray dsitver v Feedgray | [l dTeal |
Feedarc [l dMaroon [+ Feedarcgray [l cPurple (v
spinde [l celue v Border dsiiver v
Rubout selection | [l cBlue £l Selection rectangle | [l cRed |
Fal g

= Tool path 1 |[l] dLime v Toolpath 2 [l dRed |
PCB Route, Drill, Toolpath 3 | [l dFuchsia ¥ Contour 1 |[] dskyBlue [+
Rubout, Cut & Stencil Contour 2 | [l dvavy v Contour 3 |l dMaroon  [v
Contour 4 | [] dMoneyGre: (| Centour 5 dsiiver v
Mechanical select=d [l Custom... %) Mechanical inside | [[] Custom... ||
g Mechanical outside |[] Custom... [+ Gerber vector [T dAqua v
Accurate 636 Polygon il | [ clime v Non polygon fil |l dFuchsia [~
Tool path Top [ clLime g1 Tool path Bottom [ dAqua v
Toolpathtop 2 [l dRed 4 Tool path bottom 2 | [ clBlue 4
Toolpath 4 | [Jll dGreen v Toolpath 5 [l dMaroon |
il |[Jdvelow  [» Dril point | [l dGreen (¥
System Information Traverse | [l celue ~ Feed [ cRed ~
Rubout Top from |[I] Custom... [+ Rubout Top to [l clLime 4
Rubout Battom from |[l] Custom... [+ Rubout Bottom to |[[] diskyBlue [+
Countersink [ custom... [+ warning [l Custom... (¥
D Top [ Custom... [v o Bottom [ custom... [
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You can change the colors for drawing of the objects on the screen, as well as create different color

schemes called profiles. You can select a profile by entering the name of the profile in the profile box or
selecting it from the drop down list.

Example:
If you want flash apertures to be in a different color:

e Select a different color from the "Gerber Top Flash" drop down list that is different than the
"Gerber Top" color.

e Select a different color from the "Gerber Bottom Flash" drop down list that is different than the
"Gerber Bottom" color.

Deskiop [ chwhite  [v Object [Jehwhite  [v| =
Gerber Top [l ciue v Gerber Top Flash [l custom... [ |

Gerber Botom | [ cRed ~|  cerber Bottom Flash [l Custom... [

Important:

In this manual white is the color we used for the Desktop & Background of screen shots for the

purpose of saving ink/toner when it is printed. By default, the color of Desktop & Background is black in
the actual program.
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3.5 Multithreading & PhCNC64

PhCNC does extraordinary volume of calculations during the detrermination of tool paths in Insulation,
Rubout, Remove spikes (IPD), Forced Insulation, ...

Beginnig v4.4+, all calculations are optimised for multithread execution. This creates conditions to
reduce calculation duration by 2 to 8 times (depend of the hardware in use).

When a paralel processing is in use, PhRCNC will need larger size of RAM. This problem does not exist
in PhCNC64 - the 64 bit version of PhCNC. This version is designed to run under x64 OS
(Vista/Win7/8/8.1) and is capable to address more than 4GB of RAM.

PhCNC64 is fully identical to PhCNC. The 64 bit version simply is capable of full utilization of the
capabilities of the new x64 OSs.

PhCNC64 and PhCNC can be installed on the same computer, but only one can be run at a time.

Ther is an option for manual setting of the maximum number of paralel threads in the Setup Window.

<. PRCNC™

PhCNC Pro v5.0.9.9319.A360x64 © 2007-2014 TELENET LTD.
2.021, PhSTdki 231

FhCNC360 v1.1.3.038, PhACdrive v1.0. hSTdrive v1.0.1.

Last Release: Jul 15
G .
G-code Model Name: Accurate 636

Product: PhCNC360
S/N: A360080
PhCNC360 firmware: v1.1.3.038
. PhCNC360 time: Sh54:10
=7 PhCNC360 status: KA;CATS™;ATC;ST1278;PhSTdrv;
= PhCNC360 revision: R0S
PCB Route, Drill FhCNC360.dIl Version: v1.3.6.121
Rubout, Cut & Stencil  PhCNC360.5ys Version: v1.3.6.121
FhACdrive time: 5h57:03
FhACdrive status: SEC;
FhACdrive firmware: v1.0.2.021
ﬁ FhACdrive spindle/motor: Alfred Jager 33-1.26 W02 AC 170V/225W
FhSTdrive firmware: v1.0.1.231
Accurate 636 FhSTdrive X time: 5h53:03
FhSTdrive Y time: 5h52:29
FhSTdrive Z time: 5h52:18
€252DC: v1.0

0S: Windouss 7 (x64) v6.1.7601 (Service Pack 1)

. CPU: Intel(R) Core(TM) i7-3840QM CPU @ 2.80GHz x8
CIFAIET Py 1d: Genuinelntel, Intel64 Family 6 Model 58 Stepping 9
Admin rights: Yes (UAC:OFF, Level: default}
Fhysical memary: 24513 MB

Free physical memory: 19807 MB
Used memory: 19 %

system max
command: threads: & threads

By default the maximum number of parallel threads is equal to the number of logical cores in the CPU(s)
of the computer in use.
PhCNC will utilize the maximum number of parallel threads when it is posible or needed.
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4. CNC mode

In CNC mode you will be able to produce the boards with your design, as edited in CAM mode. To enter

CNC mode, click on the ' & ow

Important:

button.

PhCNC User’s Manual

PhCNC will reject your request to enter the CNC mode if a (A350/A36x/A56x/A4xx/A6xx) machine is not
connected to the computer or not powered up.

Below is an example of CAM mode

¥ cut: 55.00

D"%g"ﬁ 20 & e Y& B oW BN
=B =Bl =Rl

¥ Insulate: 7.70, 10.00

[Obj[1]: MILL.gm17]
total area [In2]: 12.527
size [in]: 3.868 x 3.157
tool path: %.23 %s

[Obj[2]: "14842_0.qt"]
total area [n2]: 16.569
siz= [in): 4,766 x 3.475

| povemnell  *95282 985433

1494r2_o.gbl

B4 835 ac ¥

g bout tools: 125.0, 62.5,
31.3,15.6,10.0,7.7
20.0(d21.7), 32.0(d31.3),
36.0(d35.0), 40.0(d35.0),
59.0(r55.0), 103.0(r55.0),

duration: ~1.75 min (F10.0 in/m)

1000dpi [in]

495282, dy-3.69566, d6.17967

Project
Tools

Default_Slow_Drill. mp| PhCNC Pro v3.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4) *

options,  @- i28 1~

Below is the same project in CNC mode:

Ty
4

dmx- 10000 | Xemp

File CAM CNC Setup Tools Calc Language

1um 0,001 0.01 05 10
X -1.00000 Tool: T0,THO2
Y 4.00000 rem: 0
Z 1.26059 rem: 0

Home X
Home XY
Home V
Home Z X=0 Y=0 Z=0
Spinde
§ spindieon § [ &
orpm o 60000 rpm
Feed Rate Overide
+15% 0.0% 25%
AL
Pause Emergency Stop

Clear TTY

FiFo: [[ {
l [ PRETRE  )7.56222, 338449

o 58222, dy-10.16550, 01268178  1000dpi [in]

Q % Ma B BN A4S S S i

Default_Slow_Drill.mp PhCNC Pro v5.0.99319.A360:64  MTCLE: 13.5¢-6/°C (FR4) @ 2897°C

Tool

Crarge | DB
Program: Entire (Top)* | ¥
RUH (G0) Stop

0.00W L 0.00A
-3.0pm Board: 32.5°C
PWHM:
[Nm]
[A]
9
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On the left side of your screen are all the manual controls, and on the right side are all the program
execution controls.

Every time PhCNC is started, the first transition to CNC mode will put Accurate 350/36x/56x/40x/60x in
the Emergency Stop condition.

To proceed further you must click on the @ | button.

The next window will ask you to Home the machine. The Initial Home procedure is essential and
must be executed. To continue left click on the yes button.

Iol Accurate 360 not Homed! @

would you like to home the machine? Emergency
Stop

Yes No

Now the Accurate 36x/56x/40x/60x will move the Z axis first until it reaches the upper limit switch then
it will move the X & Y axes until they reach their home switches. The A350/A36x/A56x will then go to
machine X=0.0000, Y=0.0000 coordinates. A4xx and A6xx will go to manual tool change position.

The next window will prompt you to warm up the spindle. PhCNC keeps track of spindle usage and will
issue this prompt depending on the settings specified in this window. It is recommended to accept and
push the Start button. This will prolong the life of your spindle.

After this procedure the window above will close automatically.
If you select Cancel, this prompt will appear again when you start any of the G-Code programs.

4.1 Accurate A350/A36x/A56x/A4xx/A6xx manual controls

4.1.1 Spindle/camera positioning using Jog buttons or mouse

Pressing the arrow buttons shown below allows movements of all three axes using the

pu o ~» 1= specified step shown in the center box. One step is executed with every mouse click. If

| b ‘ you hold down any of the buttons for more than 1 sec., the respective axis will move
constantly until you release the button.

Another convenient option to move the machine head to certain coordinates is to use the “Chase

Mouse (Spindle mode)” by pressing the “*' toggle button (alternative action button- ON/OFF).
Point the mouse to the desired position and right-click. The machine will position to this point using its
traverse speed.

Important note:

In order to improve operator safety (beginning with PhCNC v1.11+) “Chase Mouse” functions
("Spindle” or “Camera” mode) will require the “Ctrl” button on the keyboard to be activated (pushed)
during the command. When you select "Chase Mouse (Spindle mode)" and push the control key, the

cursor will look like this —hE. Right clicking with the mouse will bring the spindle to the position of the
cursor. Using the status bar (described earlier in this manual) and the powerful zoom (up to 20000%)
you may position your work with the accuracy of 0.000039 inch (1um).
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The information fields below show current spindle coordinates for all three axes, current tool, spindle
(X 0.0000 10 speed in RPM setting and the actual RPM (A36x/A56x/A4xx/A6XX).

Y 0.0000 rem: o0
Z 0.0000 rePM:0Off

4.1.2 Home X &Y

The buttons = ™™ , | wmex | and | ==+  are for homing the X & Y axes.

4.1.3 Home Z (A4xx, A6xXx)

This button starts the "Home Z” process. To execute Home Z, you have to place (manually) the milling
head over your work piece and click on *Home Z". During the process the milling head will lower until it
touches the material and will go back to calibration station. It will touch the calibration station surface
(precisely known height).

Then it will update your “stack”* height. After successful execution the PhCNC will record your new
“stack” height. In every future tool tip calibration PhCNC will correct the Z coordinates so that the tool
tip will touch the material at Z=0.

* “stack” means - the thickness of your backing material + the thickness of your work piece.

Important:

You will need to repeat "Home Z" procedure only if you change the thickness of the stack e.g. change
the thickness of backing material or the thickness of your board material (work piece). The
determination of the surface of material is designed to allow the machine to work in proper conditions
but is not related to tool penetration accuracy.

PhCNC v5.0 and above executes the Home Z procedure automatically at first start of the program using
"Run GO" button. In this case the stack height are calculated based on first coordinate due for
machining in your project.

4.1.4 “X=0", “Y=0, "Z=0" Buttons

Buttons **, *=», and #* allow you to move the coordinate system origin to the current spindle position.
You may use them separately or in any combination. The usage is not recommended because it will
change your tool change position. They are designed for tests and maintenance functions. Normally
they are disabled.

4.1.5 Spindle & Vacuum control
The block below is for manual spindle and vacuum control:

During the execution of a G-Code program, it takes control of the spindle and vacuum.

Button #s== (alternative action button - ON/OFF) turns the spindle motor on and off.
You may adjust the spindle RPM using the slide bar located in this block.

Button ¥4 starts the Spindle warm up procedure.

Important:
Spindle must not be started without a tool mounted in the collet.

# Button manually turns on and off your vacuum system.

If a G-Code program is running it takes control of the vacuum system. In order
to use this option, you have to have an Automatic vacuum starter (shown in
the picture), or use one of our vacuums (all have this unit integrated).
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4.1.6 Feed Rate Override

The slide bar shown below can change the feed rate from +15% to -25% during G-Code execution.

Feed Rate Overide

0.0%

4.1.7 Emergency Stop
mescysion | 1 NiS button stops the machine immediately and unconditionally.

Important:

Homing procedure is needed after using this button!
A36x/A56x/A4xx/Abxx machines maintain the coordinates after Emergency Stop.
The Homing procedure will be offered as a prompt but you may skip it.

4.1.8 Pause

Il
== This button is Pause/Continue. It stops and resumes the machine operations. If you push pause
the machine will not execute any commands - manual or program controlled, until you push continue.

4.1.9 Park

w  This button moves the machine head to the corner opposite to the machine zero. It is designed to

provide access to the work piece and the tool magazine in ATC models.

4.2 Program execution in CNC mode

When you enter CNC mode, PhCNC generates all necessary programs to produce your board(s), based
on data entered in CAM mode.
In the field “Program” (shown below) are listed all programs. Based on the last example we have:
e “Insulation (Top Layer)”
“Drill (Top Layer)”
“Rubout (Top Layer)”
“Insulation (Bottom Layer)”
“Rubout (Bottom Layer)”
“Cut (Bottom Layer)”

The first 3 programs must be executed on the top layer and the last 3 on the bottom Layer, i.e. after
you flip the board. PhCNC has generated these 6 programs:

The operator sets the order of execution as desired.
Note that the cutout must be the last!

Shown below are the tool paths of each program:
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“Insulation (Top Layer)”:

anguage

930%

e
4=3x- 10000

T &
1um 0001 0.01 [0.1] 0.5 10
X -1.00000 Toot: T0,THO2

Y 4.00000 ren: 0
Z 1.26063 rem: 0

Home X

xomb

Home XY
Home ¥

spinde

§ spindie on §‘U’;"m i

0rpm o

60000 rpm
Feed Rate Overide
+15% 0.0% -25%
@ | G
Park | ) ¥
Pause

Emergency Stop
Clear TTY

FIFO: [|

[t 2wamings |

Ve B o B

X313649, V5.22272

313649, dy-8.32728, d8.89838

1000dpi in]

Default_Slow_Drillmp’ PhCNC Pro v5.09.9319.A360x64

MTCLE: 13.5e-6/°C (FR4) @ 29.13°C

PhCNC User’s Manual

~ ¥ Tool
La) ‘I~ Change

= Program: Insulation (Top) ¥

RUN (G0}

Power: 0.00W L 0.00A
Ls: -3.0pm Board: 32.9°C
Status: PWHM:Of
[im]
[A]

@

CAM CNC Setup Tools Calc
LES Q
ta
4=%- 0000 | xemp
de-
1pm 0001 0.01 [0.1] 0.5 10
X -1.00000 Toot: T0,TH02

Y 4.00000 ren: 0
Z 1.26063 reM: 0

Home X

Language

930%

Home XY
Home Y

Spindie
Y spindleon ¥ Up'

0rpm o 60000 rpm

Feed Rate Overide

+15% 0.0% -25%

P

Park

ifi

Pause

st

Emergency Stop
Clear TTY

LS Z+: 1.27563"
LS -1.63508@
-1.30008"

LS

FIFO:

vi& B o B

¥3.08173, V517965

309173, dy-8.37036, d8.92310

Al 2 -0 [ Slenc | conirbanet
—

10004 in]

4 Tool

5
Lo ‘I~ Change

Default_Slow_Drillmp’ PhCNC Pro v5.09.9319.A360x64

[Nm]
/_ I o
A =i
)

MTCLE: 13.5e-6/°C (FR4) @ 29.13°C

| Program: Drill (Top) &1

RUN (G0}

Power: 0.00W I 0.00A
Ls: -3.0um Board: 33.0°C
Status: PWH:Off

[k 2

“Rubout (Top Layer)":
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CAM CNC Setup Tools Calc
4y & | 930%
——
4=x- 10000
$e-
1um 0.001 0.01

X -1.00000 Tool: T0,THO2
Y 4.00000 rem: o
Z 1.26063 rem: 0

Home X

Language
SATC
‘Control Panel

L o B

Mea H o

o R
3z

0.5

P

10

Home XY
Home ¥

spinde

Y spindleon ¥ B’p""m ‘?

B

0rpm o

Feed Rate Overide

[ ENSRGE  %295236, V515850 | x295236, dy-8.39148, d8.89569 | 1000dpi [in] Default_Slow_Drillmp’ PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4) @ 29.13°C

= Program: Rubout (Top) |

+15% 0.0% -25%
fary - ! -

raric | @+ |G ¥ 7,

on @ 7 =

Fause L ST Fﬂ

Clear TTY | B2 5 —
LS Z+: 1.27563" iy
LS X: -1.03500"
LS ¥: -1.30008"
aln ==

FrFo: || {

PhCNC User’s Manual
e x|

Tool
Change

RUN (60)

Power: 0.00W L 0.00A
Ls: -3.0um Board: 33.0°C
Status: PWM:OF
[m]
[A]

“Insulation (Bottom Layer)” - insulation:

e CAM CNC Setup Tools Calc
ye & 930%

T 1tz
4=3x- 10000
T A
1um 0.001 0.01

X -1.00000 Toot: T0,THO2
Y 4.00000 rem: o
Z 1.26063 reM: 0

Home X

Language

Mea H o L o

xomp

Home XY
Home ¥

spinde

§ spindle on §B’;"m &

0rpm o 60000 rpm

Feed Rate Overide

[ ENSRRGS  x273359, V497268 | cx273359, dy-8.57730, d9.00237 | 1000dpi [in] Default_Slow_Drillmp’ PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5e-6/°C (FR4) @ 29.13°C

L= Program: Insulation (Botto: |

+15% 0.0% -25%
42} - I -
e || D Gt
Pause Emergency Stop
Clear TTY
LS Z+: 1.27563"
LS X: -1.035008"
LS ¥: -1.30008"
FrFo: || { [ [}

Tool
Change

RUN (G0}

Power: 0.00W L 0.00A
Ls: -3.0um Board: 33.0°C
Status: PWHM:OF
[m]
[A]

“"Rubout (Bottom Layer)”:
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4y & | 930%
4=x- 10000
$e-
1um 0.001 0.01

X -1.00000 Tool: T0,THO2
Y 4.00000 rem: o
Z 1.26063 reu: 0

X

Home X
Home XY
Home ¥
Home Z x=0| y=0|z=0
spinde

Y spindleon ¥ B’p""m i

0rpm o 60000 rpm

Feed Rate Overide

+15% 0.0% -25%
[P I I
= A VAL

L

Emergency Stop

Clear TTY

LS Z+: 1.27563" |
LS X: -1.03500"
LS ¥: -1.30008"

FIFO {
“L [ EERGE  2.51890, V5.20021

RATC
Control Panel
—

x2.81890, dy-8.34080, d8.80426

[ ]

1000dpi in]

Default_Slow_Drillmp’ PhCNC Pro v5.09.9319.A360x64

MTCLE: 13.5¢-6/°C (FR4) @ 29.13°C

PhCNC User’s Manual
!-'-—!l

! Tool
o il @%
L= Program: Rubout (Bottom) |
RUN (GO} Stop
DL

(O s U 2 )
A )

q | 0
Power:  0.00W I: 0.00A
Ls: -3.0um Board: 33.0°C
Status:

“Cut (Bottom Layer)":

Fle CAM CNC Setup Took Calc Language
v & 183%
4=3x- 10000
de-
1um 0.001 0.01

X -1.00000 T
Y 4.00000 ren: 0
Z 1.26063 reu: 0

Home X
Home XY
Home ¥
Home Z x=0| y=0|z=0
spinde

§ spindle on §E’p‘""“ &

0rpm o 60000 rpm
Feed Rate Overide
+15% 0.0% -25%

B e ey

Park

L

Emergency Stop
Clear TTY
LS Z+: 1.27563" |
LS X: -1.03500"
LS ¥: -1.30008"

FIFO {
“L [ ENERRGE  377737, V5.58177

M & w E ]

377737, dy-1.96823, d8.81823

[

10004 [in]

Default_Slow_Drill.mp’ PhCNC Pro v5.09.9319.A360x64

MTCLE: 13.5¢-6/°C (FR4) @ 29.13°C

v Tool
eoal Conge | BB
= Program: Cut (Bottom) b
RUN (60) Stop

-3.0um Board:
PWIH:0ff

33.0°C

[m)
[A]

If during the import in CAM mode you have layers declared as a stencil for solder paste (usually only on
the top layer) these additional machining programs will appear - “Stencil (Top Layer)” and “Stencil

(Bottom Layer)” (if any).
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File CAM CNC Seiup Took GCalc Language

1 Pl e N i Y ST S T P . ou Y | @e

4=x- 10000 | X+mp L=/ Program: Stencil (Top) Jhd
$v- 4z RUN (60)

1pm 0,001 0.01 0.5 .0 MDI

X -1.00000 Tool: T0,THO2 - x g-

Y 4.00000 rem: o

Z 1.26063 wu: o ca|Eal ca
Home X @ Open |

Home XY

Home Y 6240 X6.13735 Y4.03516) |

16241 X6. 13008 ¥4.03677]
16242 X6, 12269 Y4.03774)
16243 X6. 11525 ¥4.03807]
Spinde 16244 X6. 10781 Y4.03774)

T, (5245 X6, 10042 Y4.03677]
Y spindleon ¥ 4 ‘?

Feed Rate Overide

d
0 rpm o 60000 rpm
d
+15% 0.0% -25%
[P BRI o)
raric | @+ |G ¥

Pause Emergency Stop

3

Clear TTY

LS ¥: -1.063500"
LS ¥: -1.30008"
q D
st -3.0um Board: 33.2°C
Status:  PWH:ORf
1 e
- Tl
] r i
FiFo: [[ { } Q

& o warnin gs | XT09751, V505740 | x7.09751, dy-8.49259, d11.06791  1000dpi [in] LS Superfastmpf | PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5¢-6/°C (FR4) @ 29.13°C

4.2.1 Control buttons for G-Code programs execution

4.2.1.1 Tool Changes
During program execution, PhCNC will ask you to insert the necessary tool for each segment of the
program. When you are ready, confirm with the OK button:

.ﬁ‘
- Please, replace the tool with TD

(0.0150 Insulate "v" 90° V_00 ) Emergency
Stop

oK

Button % will allow you to initiate a tool change procedure at any time. If a program is in progress,
it will be interrupted. The spindle will go to the tool change position and the window above will appear.
After tool change is completed you have to calibrate the tool if your machine does not have automatic
calibration or computer assisted calibration. Confirm with the OK button if the machine has automatic
tool calibration or computer assisted calibration it will go through this process first then the spindle will
go back to the position, where it was before the interruption and the program execution resumes from
that point. Tool change windows contain tool size information that was entered for that tool.

4.2.1.2 v
Starts the execution of the selected G-Code program.

Important:
PhCNC does a single "Home Z" at first start of program after it is activated. (see Home Z)

4,213 o
Stops the execution of the active G-Code program.

4.2.1.4 MDI

MDI is a command line for manual execution of G-Codes. If you use GO, G1, G2, G3, or other
commands that require feed rate a feed rate value must be entered. Without it, the command will be
ignored!

MDI:
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During the execution of a G-Code program the MDI line is not functional.

Examples of MDI usage:
GO X0 Y4.950
Gl X7.5 Y4.950 F15

Important:

Execution of G/M commands from MDI line and G code programs generated by outside applications
require high level of the operator experience. The results of the execution are in full responsibility of
the operator.

4214 ©O=»

This button activates “Scroll In View” screen mode. When active, “Scroll In View” keeps the spindle
position visible by scrolling the window. This mode will be canceled automatically if the operator scrolls
using the mouse.

Shown below is an active “Scroll In View” mode:

(27 Phene E=ET)
File CAM CNC Setup Tools Cale Language
o for &[0 ¥ @ @ w8 & E 43 8- S o] ot e ea L= [ @% ]
4=%- 0000 | xemp ‘ | Program:  entire (Top)* |
v 2 RUN (G0)
1pm 0001 0.01 [0.1] 0.5 10 DI
X 7.32642 ool T0,TH02 C}C&\ @é} M\
Y 5.17185 rem: 0
Z 1.26063 re: o Colealca
Home x¥ Home X G open i
Home ¥

[w]2 rill (Top)
Home Z

Spindle

§ sondieon § [P &7

0rpm o 60000 rpm

Pause Emergency Stop

Clear TTY

LS Z+: 1.27563"
LS ¥: -1.063500"
LS ¥: -1.30008"

Power: 0.00W I 0.00A
Ls: -2.0um Board: 33.2°C
Status: PWH:Off

T EmE o

[m)
[A]

FIFO:

LS Superfastmpf  PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5e-6/°C (FR4) @ 29.13°C

4.2.2 Drawing control buttons in CNC mode

B Bles|
A Gaical
3 C

4

4.2.2.1

This button shows/hides accumulated RAW information generated during the spindle movements.

Red lines indicate negative Z coordinates (tool movements penetrated into the work piece), blue ones -
positive or zero (usually movements above the surface of work piece).

4.2.2.2 4t
This button clears accumulated RAW information.

4.2.2.3 &
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This button stops the drawing of the selected G-Code program, at the current cursor position.
Consequently, you can match the position of the cursor with the line of code in the text field on the
right in order to be able to run the program to or from this point. You will need to switch the (@&
Gerber hide/Show button to hide so you can see the G-Code drawing on the screen.
In the example below, the cursor is located at line N1233 and the screen shows all tool paths made up
to the execution of this line of code. You can move the cursor to different lines using Up, Down, Page
Up, Page Down or the mouse. The drawing on the screen will be updated immediately. This option
helps to determine the function of each line in a G-Code program.

E=rET==)
File CAM CNC Setup Tools Cale Language
e &) FATC
T 4o (&7 MaE R N E 4 G5 [ & o controtpanel om i O
4=x- 10000 | Kemp = Program: Entire (Top)* [/
$v- $z- RUN (GO)

1pm 0.001 0.01 ‘7&17‘ 0.5 10

X 7.32642 Tool: T0,THO2
Y 5.17185RreM: ©

2 wasseswn 5 (OO0 @T@ 1 A %ﬂj oo @
Spinde 1 K/

¥ spmdieon ¥ "7 &7 J C U

: : Al O _

MDI:

N14935 X7.61747 Y4.21650 |~
N14936 G3X7.61025 14,22015

U 14837 G1X7.60428 1422011
Orpm o 60000 rpm N14938 X7.36537 Y4.45893
14939 X7,36530 Y4, 70473
14840 X7.36527 ¥4, 70487

i

Feed Rate Overide

+15% 0.0% -25%
14844 X7,39614 Y4, 70473
14945 GO Z0, 15000
N14346 X7.32646
14847 G1Z-0, 10000

e | el G+
N14948 X7.32639 Y4.70357
N14943 X7.32646 ¥4.43572
N14950 X7.32641 Y4, 43529
N14951G3 X7.32922 ¥4.42789

Pause Emergency Stop N1452 G1X7.47861 Y4.27860
14953 X7,47863 Y4, 26665
14354 X7,46560

N14855 Y4.20435

14356 X7,47663

14357 X7,47667 Y4, 16172
N14358 X7.47662 ¥4, 16121
114853 G3 X7.43060 4. 15085
14360 G1X7.49161 Y4, 13991
N14361X7.49163 ¥4.13315
114862 X7.47410

114363 Y4,08785

14364 X7.53640

114865 74,13315

114366 X7,51885

Clear TTY

LS Z+: 1.27563"
LS ¥: -1.63500"
LS ¥: -1.30088"

N14872 X7,51090
N14373 ¥4.26665
14574 5743785 Kl

Power: 0.00W I 0.00A
Ls: -2.0um Board: 33.3°C
Status: PWH:Off

FIFO: { Q

Z nowarnings X9.67261, Y4.79004 ox967261, dy-8.75997, d13.04976  1000dpi [in] L5_SuperFast.mpf PhCNC Pre v5.0.99319.A360:64  MTCLE: 13.5e-6/°C (FR4) @ 29.13°C

[Nm]
8]

4.2.2.4 =

This button disables the == button and draws all tool paths generated by the entire G-Code. No matter
where the cursor is.

4.2.2,5

This button is used to recompile the G-Code and update the screen if changes were made by the
operator. This option is only intended to allow viewing the changes.

When you use =  PhCNC automatically recompiles the G-Code.

4.2.2.6 ==

Show/Hide button for Gerber information from CAM mode. When its background is orange all drawing
control buttons from CAM mode are available. Switching this button to hide is necessary to see the G-
Code drawing on the screen.

Shown below is a completed Top Layer insulation program the &= button is set to show allowing the
Gerber information to be visible:
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le CAM CNC Setup  Tools

T 4z
4=%- 01000 X+=p

¥
0001 0.001 0.01
X =1.0000 Toolk 10

Y 3.0000 rem: 60000
Z 1.2338rem: 0

Home X

Calc

Home XY
Home ¥

Home Z X=0 |¥=0| 2=0

Spindle

§ spindie 0N Em:’”‘ &

0rpm 60000 60000 rpm

Feed Rate Overide

+15% 0.0% -25%

e ¥

)

Emergency Stop

Park

a0

Pause
Clear TTV

X5.4162 v3.1780
G1 2-8.1000 F4B.8
F15.0
N1429 G3 X5.4162 ¥3.1780 1
N1430 GO Z20.1500
G684 PB.2
{ END )
Ho9
Hes
Haz2
ATC Place Tool THO4
AIR OH
AIR OFF
[12:19:88 / 14-87-2811]

N1426
N1427
N1428

FIFO: i

@ o warnings

¥ATC
control Panel

Tool
Change

162% [¥] @ B a8 By L o e

==/ Program: Insulation (Top) |v

RUN (GO) Stop

Fower:  0.00W L 0.004

© Spindle:  —.-°C Board: 33.9°C
Status: PWM:OFF

[Hm]

I (A1

Q »

X3.2664, Y4.8516 che3.2664, dy-6.5484, d7.3179 1000dpi [in] Default.mpf PhCMC Prow3.8.1.5164.8360

Same image with the

button switched to hide which leaves the tool paths visible:

File CAM CNC Setup Taols

te

Calc

Q

L0001 0.001 0.01

X -1.0000 Took: T0
Y 3.0000 rem: 60000
Z 1.2338rem: 0

Home X

Home XY
Home ¥

Home 2 x=0 |¥=0| 2=0

Spindle:

§ spindieon | B e &

0rpm 60000 60000 rpm

Feed Rate Overide
+15%

0.0% -25%

Gl Gt

Park

iji

Pause Emergency Stop

Clear TTV

N1426
N1427
N1428

354162 ¥3.17880

61 2-0.1000 F40.0
F15.0

H1429 €3 X5.4162 ¥3.1780 1
N1430 6O Z8.1580

Go4 PO.2

{ END }

Ho9

nas

Haz2
ATC Place Tool THO4
AIR OH
AIR OFF

[12:19:08 /7 14-87-2011]

FIFO: {

@ e warmings

Tool
Change

162%

¥ & H g |

==/ Program: Insulation (Top) |+

4 B/ 8%

¥ATC
Control Panel

RUN (GO)

Stop

(3 compile

T [~

Power: 0.00W L 0.00A
" Spinde:  —-.-°C Board: 33.4°C
Status: PWM:DIF

[]

! Al
L 2 B

X4.5720,%3.0204

cxd. 5720, dy-7.4796, dB.7663 1000dpi [in] Default mpf PhCNC Pro+3.8.1.5164.A360
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4.2.3 G-Code editor menu

Ctrl+C

=R -]
=5
2

28

Del
ctil+A

R
» =
3

Ctrl+s

_—
BpLRE g

F-l
E
g
g 2
0§ ¢
A

un to Gursor
Compile G code Ctrl+G

Goto First Line  Ctrl+Home

Goto LastLine  Gtrl+End

Ctrl+F

This menu is available by right clicking inside the text window to the right. You can perform the
following operations from this menu:

Copy: this is the standard copy function used in most text editors and windows programs.
Paste: this is the standard paste function used in most text editors and windows programs.
Cut: this is the standard cut function used in most text editors and windows programs.

Del: this is the standard Delete function used in most text editors and windows programs.

Select All: This function selects all the G-Code at once.

Run from Cursor: This function starts the machining process from the selected line.

Run to Cursor: This function starts machining from the beginning to the selected line.

Compile G-Code: This function is the same as the “+J button it compiles the G-Code after

changes have been made with the editor (and refreshes the screen drawing). If not used in

advance PhCNC executes this command automatically when the program is started.

e Goto First Line: This function positions the cursor at the first line.

e Goto Last Executed Line: This function positions the cursor to last executed line from your
TTY window (when the machine has been stopped during machining program). You can use this
command even during the machining progress.

e Goto Last Line: This function positions the cursor at the last line.

e Search: This function searches for a text match in the G-Code (Ctrl+F). Selects searched text

and draws the G-Code to the selected line. Search can be started with “Enter” as well.

4.2.4 Programs and operations execution using a ATC system

We will call each G-Code program generated by PhCNC in CNC mode “program”. There are different
programs in a single project that are separated by their type of operation. Drilling, Insulating, Copper
rubout, Cutting. The selection and the execution of the programs using an ATC machine is the same as
in our previous models. Select the program and run it. The main differences now are two additional
programs generated by PhCNC. They are “Entire (Top)*”, and “Entire (Bottom)*”. These programs
combine together all the programs related with the board side that is to be machined, and thus allow
completing the entire machining process without any user action required.

v ¥ Tool
’.V[::ngg 6
oy

v

i d Bottom)
Rubout (Bottam)
7] Cut (Bottom)
| |\ )

The “Entire (Top)*”, and “Entire (Bottom)*” are gene}ated only when there is more than 1 program for
the particular board side (top or bottom). When you select any “Entire ( )*” program it shows a list of
the programs contained in it.
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[Fle CAM CNC Setup Tools Calc Language

| o 4 (&) Flam e N E . = 358 & ac] it e |~ 1o, @O
4=x- 10000 | X+mp T || Program: Entire (Top)* ||
- = RUN (G0)
1um 0,001 0.0t [0:2] 0.5 | 10 MDL
X 5.60752 Tool: T0,THO2 ‘ Ci:g\ m““”
Y 5.17185 rem: 0 == |
Z 1.26063 o o Ca @l oo
Home X GFOpen i
Home XY
Home ¥
[w]2 Rubout (Top)

Home Z

[]3 rill (Top)

spinde

Y spindleon ¥ t‘:"m ‘2

0rpm o 60000 rpm

Feed Rate Overide

+15% 0.0% -25%

B e et

Park

ifi

Pause Emergency Stop
Clear TTY

LS Z+: 1.27563"
LS ¥: -1.063500"
LS ¥: -1.30008"

Power: 0.00W L 0.00A
Ls: -3.0um Board: 33.4°C
Status: PWHM:Of
[m]
[A]

FIFO 1 } e Q

@ rowarnings | X6.55039, V486063 | d6.55039, dy-8.68938, d10.88177 = 1000dpi [in] LS Superfastmpf  PhCNC Prov5.09.9319.A360x64  MTCLE: 13.5e-6/°C (FR4) @ 29.13°C

Shown above “Entire (Top)*” program is selected and this one includes:

e Insulation (Top)
e Rubout (Top)
e Drill (Top)

These are shown in the program list. The order of execution of these programs may be changed simply
by using a “drag & drop”. Each program comes enabled but you can disable any if needed. Simply left
click on the box to the left of the program you want to disable, and the check mark will change to a red
X. In the sample below we have disabled the “Rubout (Top)” program.

[w]1 Insulation (Top)
3 Drill (Top)

Once each of the programs included in the pack is completed it gets a green check-mark to the far
right. Shown below the “Insulation (Top)” program is complete and has the green check mark next to it
circled in red, also circled in red is the familiar windows progress indicator that shows the global
execution progress for the entire pack.

)
Tool [ ]
Torae | @B

Program: Entire {Top)*

Stop
MDI:

28 < ¥ o)
G Galcal
= G

[w]1 Insulation (Top) v
2 Rubout (Top)

[w]3 Drill (Top)

All the control buttons discussed in the previous chapters work the same with “Entire ( )*” programs as

with the individual programs such as the button.

Emergency Stop

“Run From Cursor” in “Entire ( )*"” programs
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The “Run From Cursor” option in the popup menu (described in paragraph 4.2.3 G-Code editor
menu) has completely the same function as with single machining operations, the only difference is
that it will continue with the rest of the programs in the pack (if any).

“Run To Cursor” in “Entire ( )*"” programs

The “Run To Cursor” option in the popup menu (described in paragraph 4.2.3 G-Code editor menu)
has completely the same meaning as with single machining operations, the only difference is that it will
execute the lines from the beginning of the particular machining program to the cursor position.

4.3 Tool Test (Pro version only)

PhCNC Pro (v 1.11.3+) has a new function that allows you to make a fast and reliable test of your
insulation tool settings. This is very important when you use the most common V type tools. This test
should be done before running the Insulation (Top), or Insulation (Bottom) programs. It requires a
video camera/microscope option installed and calibrated, and will provide you with real measurements
and visual information of the tool performance. The first step is to home your Z axis to your existing
work piece (if this is not already done). See 4.1 for Z home procedure: button “Home Z". This test will
provide you with the best settings of the micrometer head, controlling the depth limiter. If your project
uses expensive RF materials you may test your tool with FR4 material with the same thickness and
(most important) same copper thickness. The test cut pattern has a total size less than 0.1 X 0.1 inches.
It resembles a cross with the bars 10 mils wide and 40 mils long. The center of this test cut pattern will
be the current camera center when you confirm the process execution. The test takes a few seconds
and after it is done the camera goes back to show you the results. In order to execute this test you
have to:

e Activate the camera/microscope and position it at the desired place for the test. Your test
pattern will be entirely in the position (window) that you currently are able to see.

e Make a right click with the mouse inside the window (clicks outside the window will not activate
this option for safety reasons).

e Select “Tool test (at Camera position)”

] PhCNC (ecnl=h{ ]
File CAM CNC Setup Tools Cale
NS = g 7ATC vl 4 Tool
1 - Q 2634% ¥ @ F i B KX 4l B -5 &) ove | controlpanel ou bl | OB
4=X- 05000 X+=mp - Program: v
$v- = RUN (G0)
0001 0.001 0.01 0.1 [05] 10 Liclg
X 1.6133 Tool: 10,THO1 CR X% eam
Y 3.6545 rem: 100000 = =) |
Z 0.9994reM: 0 A & 8
Home X Sopen G
Home XY =
Home ¥
Home 2
Spindle
Y spindeon ¥ ;Y:"“ ,@7
0rpm 62000 100000 rpm
Feed Rate Overide
F15% 0.0% 5% % Edit Registration pins & Thumbtacks
: ¢ * Add Thumbtack (camera position)
park | jl B ()« * Add Thumbtack (spindle position)
% Add Thumbtack (mouse position)
[] I] v Video Mode
Pause | | Essioaney St Fiducial Registration Mode
Clear TTY
Auto Focus Ctrl+Space
Micro Focus shift+Space
{ »
Power:  0.00W I. 0.00A
Spindle: --.-°C Board: 35.3°C
Status: PWM:OFf
[him]
£ 1l
) = X:3.0346
FIFO: { ) Q By, s oo
@ nowarnin s | X3.0348, YS.8755 30348, dy-5.5245, d6.3032  2000dip [in] Default.mpf PhCNC Pro v3.8.4.5190.4360

The actual execution requires conformation.

0‘ PhCNC is going to execute a test program @

(with insulation tool) at camera position.

Emergency

inue 7
Do you want to continue ? ‘Stop

l Yes No
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The test program includes a tool change procedure that can be used for all needed adjustments.
After the execution, the camera will go back to the center of the test pattern and allow you to inspect

and measure it.

File CAM CNC Setup Tools Calc

tr o, Qe MQE W 6N D 4RSS0 e om- L. O
4=3x- 05000 X+mp |~ program: v
- s RUN (GO) Stop
.0001 0.001 0.01 0.1 ‘E] 1.0 MDI:
X  1.6133 Tool: T0,THOL i@‘ e @
e col@a co
Home X @open (5 compile
Home XY e =
Home 2 X=0 Y=0 2=0

Spindle

Warm
§ spindleon ¥ " 47
orpm 73500 100000 rpm
Feed Rate Overide

+15% 0.0% 25%

P?k ‘d‘ q-@n“ L ¥
i]i

i Emergency Stop
Clear TTY

G1 X3.8436 Y5.8659
G1 X3.0586 Y5.8659
G1 X3.8586 Y5.8839
G1 X3.8436 Y5.8839
G1 X3.6436 Y5.8989
G1 X3.6256 Y5.8989

60 20.9994
o9
5 =
GO X1.6133 ¥3.6545 i S
60 20.9994 ! -
He2 Power:  0.00W I 0.00A
(xx Tool Test End xx) Spindle:  —--°C Board: 35.4°C
[12:29:43 / 18-87-2611] Status:  PWMOIF
[hm]
=C —
= e (] e ¥: 3.0346
FIFO: | U b ‘8‘6\': 5.8749
[ = " rowarnings | X3.0372, Y5.8764 30372, dy-5.5236, d6.3036  2000dlpi [in] Default,mpf PhCNC Pro v3.8.4.5190.A360
V90° & 8 mil

If your settings are right the bars of the cross should be 10 mils wide. If you have a different actual
measurement and need to achieve better results check your tool settings and repeat the test using a
new spot.

Notes:
e The tool test can give you time saving information if the tool condition is poor when you are
using a used tool.
e The tool test procedure can be used in the camera calibration process described in Appendix A.

4.4 ATC Control Panel

When an ATC machine is in use (A4x6/A4x7/A6x6/A6x7) and the PhCNC is in CNC mode there is a new
button “"ATC Control Panel”. It will open a window that is designed to edit the machine magazines tools
content.

’ o

4o + & am% v @& B o ki E 4 B
|0 g 2 W

ATC Control Panel:

ATC toai bolders: 13 with tocks, 3 empty Ufecrdes Yool Holders Check

[0
(B L V" T(00040"10102mm) nsalte Rubout) 2t 108
(OB & 2 Tetoess /oatamm) finsuste Rubout tace Tool
vas
B & 3 renene e N a2
A St 118 0.03157/0.755mn (1nsulote Subout ril ot tenci) 215110509
QG L Sy [1587mm Drill Cut. Stenci 182in /23  Manusitool change
1250°/3.175mm Dl ut Stenci) - Open splindie’s
o R samias |
P 1 Onill bit 0.01357/0.343mm {Dril}
Rl o [Fe
T L Ol bit 0.0216/0.550mm (Dl
(@D & Barereg s
(D & P oo™ r0.35mm (o 139
D L O o307 55men o = | ERSTSOROP
ORL_31 -
undefined LU 4
@mi omso
it s et
(IR L Foster b 00384°/1.000mm (Drilcuty 154m/1e ol
R0 sl il
Router bit D.0490°/1.245mm {Tnsulate,Rubout, Brill Cut,Stencil —
CID A Root * c U Oril Cut, Stencil) Qinfo i et
- [Biescn
[ s
Lr1: P
Fropct tae: £ ATC ool hokdes, 2 uncefed ocston Dt il: X
o
Y tnsuate s 5190 14 111 00100°/0 2540 (Tnsulte Raboots 0yt
OB o Router b 0.0394°/1001mm (Orikcut) (00.0) mi
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This window is split in two parts:

e The upper part contains information about the tools that are currently in the magazine and the
spindle collet. All (12, 16 or 20 tool holders, depends on the machine model) are listed with the
tools descriptions or as an empty holder symbol. The spindle collet is treated as an additional
tool holder.

e The lower part contains the “Project tools” information discussed above.

In the list of tool holders we have an information for the current usage and if the usage exceeds the
usage limits it generates a warning sign 4, as it is shown above (3702in > 3000in).

Using the right click over the tool usage values will call an additional popup menu (shown below) that
allows you:

« to clear the current statistic of this tool, "New Tool"

« to edit settings, "Modify Tool Life Settings..." and limits "Max Life Cycles" also to edit the

THO3 o 'vr“u- Tip{0.0045"/0.114mm } {Insulate, Rubout } A '

Stub end Hill 0.0156"/0- nsulate, Rubout, Dl Cut. New Tool
O A s Modify Tool Life Settings...
{8 Chul End Ml 0.0313/0.795mm {Tnsulate Rubout Drill Cut.Shencl IETWT 80T

Modify Tool Life Settings...

The usage of worn-out (dull) tools may create significant burrs and as a result problems during the
"insulation" and "copper rubout" procedures. It is recommended to use the tools usage records in order
to replace promptly the tool that need replacement.

The "Machining Window" option allows the operator to repeat the machining of a problematic areas
due to an overused tool.

The option "Replace worn out tools", allows PhCNC software to request wornout tool(s) change

during the process of machining.
i ATC Contral

ATC tool holders: 13 with tools, 3 empty e cydes Tool Holders Check I

|
T

TR —

8 1V 45° Tip{0.00457/0.114mm]} {Insulate,Rubout}
MR-

B e N
DA
m A

1, Stub End 1l 0.062:
(1o E-ReT

ulate, Rubout, Dril Cut,Stencl}
sulste Rubout, Drill Cut Stencil}

 {Insulate, Rubout. Drill Cut. Stenci}

¥
B A
DR 2185
m A Drill bit 0.0250°/0.635mm {Drll}
E=N
A 2 ot oesis mrssmm o)
oL

I A e

(IR & Rowter b 00394 /1.000mm {DriCut)
ek R 39

1, Router bit 0.0490"/1.245mm {Insulate Rubout.Dril CutStencil)
IRt

B.a
0
ot i 10 7 et Pl 2 ot ot T

[ 7 e Tooeaa e 32mm Gt kot

=¥ Insulate 1  Stub End Hill 0.0100°/0.254mm {Insulate. Rubout) .
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Buttons in the “"ATC Control Panel” window:

4.4.1 “Tool Holders Check”

This button activates a scan procedure (using infrared sensors) that checks all tool holders in the
machine magazine and spindle collet. It will determine the status of each holder (occupied/empty) and
will assign the tool description if it exists in the records. Holders that are empty on the record and
appear occupied after the scan will have “unknown” tool description. This procedure will also check for
eventual plastic rings left in the empty holders (optional, but enabled by default), a rare but possible
situation. The scan will also detect a missing tool holder itself and report it to the user. In every new
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start of PhCNC, when you click for the first time on “ATC Control Panel” it will offer the check described
above.

Important:

If the holders scan above has never been activated it will be done automatically before first automatic
tool change. If the air pressure supplied to the machine is below the required level a warning
message will appear and all tool change operations will be terminated.

4.4.2 “"Return Tool”

This button is enabled only when the spindle collet is selected as a tool holder. It will return the tool to
the holder that is on the record to supply the tool to the spindle collet. If this holder for some reason is
occupied the operation will be terminated and an error message will be displayed.

4.4.3 “Get Tool”

This button is enabled only when an occupied holder (including spindle collet) is selected.

If a tool holder is selected and the spindle collet is not empty PhCNC will ask you to remove the tool
that exists in the spindle collet. If the spindle collet by itself is selected the procedure will be the same
as “Manual Tool Change”.

4.4.4 “Place Tool”

This button is enabled only when an empty tool holder/spindle collet is selected. When this button is
activated it will place the tool that is in the spindle collet in to the empty holder. If the spindle collet is
also empty the PhCNC will go to manual tool change position and ask for the tool to be inserted in to
the spindle collet. In the next step it will check for the actual existence of the tool in the collet and then
will place it in the empty holder selected. In the case of physical controversy between the content of
the collet or holder (checked by the infrared sensors) an error message will appear.

4.4.5 “Replace Tool”

This button is enabled only when occupied holder/collet is selected. It will create a procedure to change
the tool that exists in a holder or the tool that is located in the spindle collet. If you are replacing the
tool with a new one with the same parameters, this process will be completed after the change. If you
replacing the tool with a different one you have to change the tool description. In this case use the
process described below.

4.4.6 “Tool Settings”

This button is enabled only when an occupied tool holder/spindle collet is selected. A double click on
the selected item will activate the same function as this button. This action will recall the tool table and
you can select a tool from it. If your tool does not exist in the table you can add it by using this button

+xd | Be sure to enter the entire description of the tool it will make things much more convenient in
the future.
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4.4.7 “"Manual Tool Change”

This button will bring the spindle to the manual tool change position. Once you are at this position you
can use the target button on the calibration pad to open/close the spindle collet. Using the “"Manual tool
change tool” you can do this easily. The “Manual tool change tool” is included with the machine.

4.4.8 “"Open Spindle’s collet”

This button is for emergency situations only. It will open the spindle collet at any time including when
the machine is in the "EmStop” condition. It should not be used for other purposes. This button is
disabled when the spindle is running.

4.4.9 “Park”

This button is the same as the “Park” button in the main CNC mode screen of PhCNC. It moves the
machine head to the corner opposite to the machine zero. It is designed to provide access to the work
piece and the tool magazine in ATC models.

4.4.10 “"EmStop”

This button is the same as the "EmStop” in the main CNC screen. It will put the machine in emergency
stop conditions and will close the “"ATC Control Panel” window.

Important:
If you enter the “"ATC Control Panel” during the "EmStop” condition, the only button that will be active
is “"Open Spindle’s collet”. All other functions/buttons are disabled in this mode.

4.4.11 “Check tool’s ring”

This is an option that is active by default. It makes an additional check of the empty holders to provide
a detection of any plastic tool rings left behind in the holders. This is a rare, but possible situation. Due
to the relatively short time needed for this test we recommend you keep it active.

4.4.12 “Auto Tool Depth Update”

If “Auto tool depth update” check box is checked, changing the penetration depth of a tool will change
the penetration of all tools in this operation. For example if you change the penetration of one tool in
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the “copper rubout” operation, the change will spread to the rest of the tools involved in this operation.
If you like to have individual tool penetration depth for each tool this option should not be checked.

4.4.13 “"Manual Depth Control Mode”

This option is not active by default. It allows a manual tool penetration setting after every tool change.
The basic purpose for it is to allow the execution of G-code programs generated outside the PhCNC
control software. In some cases they can be in the wrong format or using improper values for PhCNC.
If you activate a manual tool change during the execution of any machining program this will also allow
you to set the proper penetration for the new tool.

4.4.14 Automatic change of worn out tools

When the option "Replace worn out tools" is selected and the tool holders contain more than one tool
with the same description PhCNC will return the worn out tool in it's original tool holder and take next
one with the same description. In case that there is not a tool with the same description in the tool
holders the software will request a manual tool change and wait until it is done. The life of the tools
can be set when the option "Replace the worn out tools" is selected.

For the drill bits it is the number of holes and for all cutting tools (routers and end mills) it is the length
of the cutting.

In the example below the 13.5 drill bit will be changed automatically when reach the maximum number
of holes allowed.

This option is very convenient for projects that exceed the life of a certain tool for the project
completion and allows the replacement to be automated.

Note:
If an ATC machine is in use, PhCNC is showing the selected tool life in real time. As the end of the tool
life approaches the color of the announcement becomes more and more reddish.

4.5 ATC tool magazine

Depending on the model the tool magazine will contain 12 or 16 tool holders (A4x6/A4x7: 12 and
A6x6/A6x7: 16). In order to have fully automatic execution, it is recommended that all tools involved in
your project are placed in the magazine. Keep in mind that all holes larger than the diameter of your
cutting tool can be done with it (it is usually a 39 to 50 mil router bit). A highly complicated project can
easily use 10 or more tools so this feature can be real handy. Placing the tools into the tool holders can
be done two different ways.

e Using the “"ATC Control Panel” (recommended)
e Manual placement, with the milling head in the “Park” position.

4.5.1 Tool placement using the "ATC Control Panel”

1. Click on the “Tool holders check” button. This will update the status of each holder in the
magazine.
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2. Select an empty holder by left clicking on it.

3. Click on the “Place Tool” button (it will be enabled only if the selected holder is empty). The
system will move the milling head to manual tool change position.

4. Press and hold the Target button on the Calibration pad.

5. Place the tool in the spindle collet applying light “upward force” in order to have the tool ring in
contact with the retracting collet.

6. Release the Target button on the Calibration pad. The tool should now be in the spindle.

7. Click “"OK" to continue. The system will check the tool existence and proper position and then
will place it in the selected holder.

If the system finds that the tool is not in the spindle collet or has a position outside the allowed limits it
will issue an error message and will request to change/replace the tool. After the tool is placed in the
holder you need to enter its parameters (type, geometry etc.) The easiest way to do this is to make a
double click on the selected holder, or use the “Tool Settings” button. Both will bring up the main tool
table. Select a tool from the table and close it, the parameters will be copied to the ATC Control Panel.
If your tool is not in the table, use the “+ADD” button to enter it and proceed the same way. You have
to repeat the operations above for every tool placed in the machine magazine.

4.5.2 Manual tool placement

Manual tool placement and removal is not recommended by us due to the fact that it creates a
possibility to damage the Machine, Tool holders, Tools, and can cause errors in the tool description.
The machine is the best tool for the job of loading and unloading the tools into the holders and should
be the only method used.

Important:

If you Move tools or change them, PhCNC will automatically regenerate the machining programs to
reflect the new tool position for every tool moved. If the spindle collet is occupied by a tool it will be
returned to the holder after the program is completed. If the tool is an extra (Not belonging to a empty
holder) PhCNC will go to manual tool change position and request it to be removed, in order to
continue with the program. If your program contains tools that are not in the magazine PhCNC will
request a tool change. Each program will end with placing the tool back in the corresponding holder.
When you start your first program you may have a request to “warm up” the spindle if it has not been
in use for the preset time. Always be sure there is a tool in the spindle before executing the spindle
warm up. Also if you did not scan the tool holders PhCNC will do it automatically before the first ATC.

4.6. Machining Window (Pro version only)

PhCNC Pro (v3.16.6 and up) has an option that we call “Machining Window”. This option allows you to
determine a square region of the board that will be machined in CNC mode. Any parts of the project
outside selected region will not be machined.

4.6.1 Applications of the "Machining Window" option
- Machining projects that have one dimension larger than the machine X axis. Machines
manufactured before August 2012 also can use this new feature but have more limits in Y axis
dimensions due to the position of the calibration pad. Beginning August 1% 2012 we have new
position of the pad that allows you to use more space on Y direction.
The maximum size of the machining object can be up to 65 inch/1651 mm on X axis.
- Repeat the machining of a selected region of the project.

Important:
“Machining Window"” option will be activated automatically in CNC mode if there are objects of the
project that are out of the XY envelope of the machine (called further work or machining envelope).

Example:
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The project shown above can’t be executed due to the fact that it exceeds the work envelope. Using
the “Machining Window” option it is possible to be executed.

As shown below, PhCNC has limited the machining of the project inside the work envelope.

All machining programs generated will cover only the part of the project that is inside the envelope.
The execution of the programs is identical to the projects that initially fit inside the envelope.

At this point we can move our board to the new position that the non machined part is inside the
machine envelope. Next step is to use the camera/microscope to align the project data to the new
board position (described in “6. Fiducial Registration”). The project shown below is quite tilted in order
to emphasize that the actual mounting is not critical. Defining the “Machining Window” for the non

machined part of the project is the next step. All machining programs generated will cover only the
selected “Machining Window".

4.6.2 Selection of "Machining Window" region

“Machining Window” region is set automatically to cover entire work envelope in case that there is a
project loaded that exceed the work envelope.

“Machining Window”, can be set or removed from the popup menu in CNC mode.

2 PhCNC (o=}
File CAM CNC Tools Calc
1 4o Q1 MlajE e K@ 4. 858 [ 8100 | conttpanet ou 4= | ©s
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Feed Rate Overide

+15% 0.0% -25%

7 Undo [2] -> Rotate (Fiducial) (Ctrl+Z)

Park
Pause

Emergency Stop
Claar TTY
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To select the “Machining Window"” place the mouse cursor on the point that you like to be the lower left
corner of the future “Machining Window” and make a right click. Then click on “Select Machining
Window” line and move the mouse cursor to the desired right upper corner of the future window. Make
a left mouse click that will complete the selection. Selected region must remain entirely in the work

envelope.

After selecting a new “Machining Window”, PhCNC will automatically recalculate all the machining
programs in order to machine only the selected region.

Example:

Shown below is a "“Machining Window"” that covers small part of the project.
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As seen below the “Insulation”
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If you need to remove the “Machining Window” select “Clear Machining Window” from the popup menu.
This function is also available in main menu CNC -> “Clear Machining Window” and in CAM mode of

PhCNC.
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Switching between CAM and CNC mode does not affect/remove the selected “Machining Window”.
Loading a new project will remove it.
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4.7 Regions Selection

PhCNC allows selections of multiple regions for machining. The selection has to be made in CNC mode.
Press the R key on your keyboard and use the mouse to select a region. Regions selected are united in
a single G-code that is updated after any change in the region selection. All objects that are included in
the regions will be machined.
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Machining Window option has a higher priority and works independent of the regions
selections. If there is a machining window already set and also regions selected the system will
proceed only with the regions selected that are inside the machining window. All components
outside the machining window will not be machined. The priority can be used in some cases,
but require operators experience. In the beginning we don't recommend the usage of both
region selections and machining window.

Clearing of the selected regions can be done using "Clear All Regions" of popup menu in CNC
mode or in "CNC->Clear All Regions" (available in CAM mode too!)
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4.8 Material Thermal Coefficient of Linear Expansion (MTCLE)

In the real world every material has a MTCLE. This leads to changes in its dimensions with changes of
it's temperature. In many cases MTCLE can be ignored, but when the accuracy of the operations
reaches the micron level it becomes the main source of errors.

Our PhCNC control software offers a thermal compensation of the machined material in order to

achieve maximum accuracy of the project.
This option is available to all systems with calibrated screws A42x and A62x and also to all servo

models A43x & A63X.

In order to achieve maximum accuracy the user must enter the right values of the following parameters.

e MTCLE of the machined material, or to select it from the list. By default it is FR4 glass epoxy
printed circuit material.

e Material Project Temperature, this is the ideal temperature that the finished product will be
exposed to and have maximum dimensional accuracy. For instance if the finished product is a
microwave antenna that will be used in an office environment of 72 °F this is what you would
set this parameter to. By default it is 68 °F (20 °C).

e Material Current Temperature. This is set automatically, PhCNC knows the approximate table
temperature this is done mathematically from the internal temperature sensor, but requires
the material to be placed on the table at least 30 minutes in advance in order to equalize its
temperature with the table. If you wish to have better accuracy you may measure the
temperature of the material and uncheck the auto box and enter it here.

!, Material TCLE & Temp

Material Thermal Coe! ion [1e-6/°K]: 13.5 (FR)|

ure [*Ck 20.00°C [V

™
r-) Material Current Temperature [°Ck 3149 °C | [Flauto Cancel

Any change in MTCLE requires machine homming in order to take effect. For maximum accuracy it is
recommended to have the system powered at least 30 minutes before usage.

Notes:

MTCLE is dependant on the temperature scale in use (°C or °F). For example, standard FR4 material
has 13.5e-6/°C, or 7.5e-6/°F. The selection of the temperature scale can be done at menu
CNC/temperature.

MTCLE is often called CTE (Coefficient of Thermal Expansion)
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5. Video mode of PhCNC

All Accurate (A36x/A5xx/A4xx/A6xx) and some of the latest Accurate (A350), are designed for factory
or field installation of a video camera/microscope (VC). It is a very useful piece of equipment that can
be added to any A350/A36x/A56x/A4xx/A6xx and is a standard factory installed feature on ATC models
A4x6/A4x7/A6x6/A6x7. (VC) has an integrated mode in PhCNC control software. Having this feature will
allow you to:

e Perform quality control of produced PCB's or other parts

e Conduct measurements with accuracy of 0.25 mil

e Perform fiducial registration of PCBs from the top layer to the bottom layer for unbeatable
accuracy (see 6. Fiducial Registration).

Due to the precision Z axis positioning of our machines, VC has the capability to auto focus.

Basic buttons for activation and control of VC are located at lower right corner of CNC screen.
9

Button &= turns on/off PhCNC video mode.

Button @ shows/hides the popup window of “PhCNC Video”. Hiding the “"PhCNC Video” window does
not turn off the video mode! This button is active only if video mode is on.

Button = turns on/off VC lighting. VC lights come on/off automatically when video mode is turned
on/off (A36x/A56x/A4xx/A6xx). A350 has the VC lights on all the time (when the machine is on the
lights are on).

Button = is to turn “Scroll in View” on and off. “Scroll in View” keeps the VC window inside the main
window. This button is available only in active video mode.

5.1 Video mode activation
Button & is used to activate the video mode in PhCNC. Video mode is available in CNC mode only.

PhCNC shows live video in two windows:

e The “"PhCNC Video” popup window shows the VC image and is not always directly related to
your project, and conforms to functions on the window such as Zoom IN/Out, positioning with
mouse etc.

e The “CNC Video” is integrated in the CNC window of PhCNC and shows the image placed over
your tool paths and conforms to functions on the project screen such as Zoom IN/Out,
positioning with mouse etc.

Important:

It is easier to position the camera by clicking on the project in the CNC window using "Chase Camera
Mode" and the "Hole Finder Photo Tool" than using the jog arrow buttons. The same arrow buttons
however are the perfect tool for measurement in “"PhCNC Video” mode. In order to use the VC and to
be able to activate PhCNC video, you have to check the PhACNC Camera box in the Setup menu.
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5.2 Popup window of “"PhCNC Video”

“PhCNC Video” shows real time video in a separate window as shown below.

[F5 PhNC Video

autorocus | stop | [H (@) B ] d0.0043 dV0.0580 d0.0S82  F:188.9

When you activate video mode the “PhCNC Video” window comes up. First you have to focus the VC.
To do so, simply click on the “Auto focus” button.

Note:
“Auto focus” procedure may not work if your Z axis is not homed to the work piece surface.

5.2.1 "PhCNC Video” control buttons
Button “Auto focus” — starts the automatic camera focus procedure.

Important:

PhCNC is searching for the best focus in the range of Z+0.1500 to Z+0.5000, therefore your Z axis
should be homed. See Section 4.1 for Z home procedure. If the VC cannot reach its focus distance,
you will have some error in your measurements. Also all VC adjustments and calibration (described in
APPENDIX-A), should be performed after the “Auto focus” procedure. “Auto focus” takes 5-7 seconds
and can be canceled with the “Stop” button right next to the “Auto focus” button. Manual focusing
and/or focus corrections are available using the mouse wheel or the Z axis jog buttons when video
window is open.

Buttons + and # shows/hides the target grid. The diameters of the circles are 20/40/60/80 mil by
default , but can be set to different values by pressing on the button «:

L0 YT 0,00 mil (0.2540 nnn) IR I

Button < turns on “Scroll in View” of the "CNC Video” window, and keeps the integrated video window
inside the main window (when possible).
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5.2.2 Other functions of "PhCNC Video” window

A right mouse click moves the VC center to the point of click. In the example bellow the red circle
shows the right click point.

Note:
All revisions later than v1.11.2 require the “Control” button on your keyboard to be held down during
the execution of this command.

= |
autorocus | stop | [ (&3 B ] 40,0205 dVD.0641 d0.0673'  F:197.9
—

The VC moves, till the selected point is in the center of the cross hairs.

RO
d%-0.0459 dD.0752

If the selected object is not positioned in the center of the cross hairs, your VC will need to be
calibrated. VC calibration is described in APPENDIX-A.

Left mouse clicking will set dX, dY and d counters to 0, they will show the relative position between the
click point and current position of X and Y. These are very useful for obtaining a distance measurement.

Note:
You can measure distances outside of Video mode in CAM/CNC modes as described before.

5.3 Integrated window “"CNC Video”

“CNC Video” is actually a real time video projected over your tool paths in CNC mode. This makes it an
extremely useful tool for inspection and measurement. It is scaled to the actual size and all operations
such as Zoom in/Zoom out, positioning, and distance measurements are valid. When video mode is on
this window is always active no matter what the status of "PhCNC Video” window.

Below you can see how it looks:
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After Zoom in:
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Button “*™ is to activate “Chase Mouse (camera mode)” It works the same way as “Chase Mouse
(spindle mode)”, instead of positioning the spindle it is positioning the center of VC image to the
selected point. The usage is also the same. Left click on the “Chase Mouse (camera mode)” and right
click on the desired point. The VC will position to this point.

Important:

In order to improve operator safety (beginning with PhCNC v1.11+) “chase mouse” functions (spindle
or camera mode) will require the control button on the keyboard to be activated (pushed) during the
command. When you select "Chase Mouse (Camera mode)" and push the control key the cursor will
look like this *&. Right clicking with the mouse will bring the camera to the position of the cursor.

Note:
Pressing the "Control" on your keyboard will suspend the "life video" in the embedded video window
until the control button is hold down.
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Do not click below the camera access frame (lower Y coordinates) it will cause the machine to hit the
lower Y limit switch. (Upper Y coordinates) are not a physical limit and can be crossed if needed.
they are shown only to know where your selection of camera related objects can appear after you flip

the board.

The VC image center and spindle center are shifted at a constant distance. Due to this offset not all the
work surface is available for VC inspection and measurements. Shown on the screen below are the
limitations that exist (including flip over for double sided boards). If you try to position outside these

borders (pointed with red arrows) you will hit a limit switch.

54 PhehC
Fle CAM ONC Setup Tools Calc
Ty
12
4=%- 00100 X+mp
e 3=

0001 | 0.001 01 05 L0
X 3.1089 tool: T0,THO3
Y 3.9565 rem: 60000
Z 09628 rem: 0

Home X
Home XY
Home ¥

Home Z
Spindle

¥ spindleon ¥ ma"” ‘7

orpm 60000 60000 rpm

Feed Rate Overide

+15% 0.0% -25%

arl

Park |
Pause

Emergency Stop
Clear TV

G1 X2.8765 ¥7.6713
G1 X2.8915 ¥7.6713
G1 X2.8915 ¥7.6969
G1 X2.8765 ¥7.6969
G1 X2.8765 ¥7.7119
G1 X2.8509 ¥7.7119
GO Z9.9628

Heg

GO X1.4405 ¥5 4631
GO 20,9628

12

(** Tool Test End *x)
[14:52:56 / 14-07-2011]

FIFO:

Qs Y B H BN E4E s S oe .

PhCMC Pro v 8.15164.4360

E=rET)

Tool
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I )
Porer 0.00w 1. 0.00A
Spindls:  —.-°C Board: 37.2°C
Status: PWM:Off
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EE sl

Note:

All machines A36x/A56x manufactured after November 1, 2009 have the new controller, PhCNC360 R3.
These machines have the capability to control the intensity of camera illumination. With these machines

and newer models you will have the slider in your video window.
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6. Fiducial Registration (Pro version only)

The procedure of matching the top and bottom layers of your project is named Fiducial Registration
(FR). Typically it uses the holes drilled as the last operation of machining the top layer. In some cases
the operator can add additional holes outside the project that can be used too. Depend of the system
model, a calibrated camera is needed for this procedure. All ATC models has the camera as a standard,
factory mounted unit. MTC (manual tool change) models can be ordered with this option or it can be
added later by the customer.
PhCNC allows Fiducial Registration to be done in a few different ways:

e Auto Fiducial Registration (AFR): Fully automated process.

e Assisted Auto Fiducial Registration: Semi-automatic process. The operator is using the jog
arrows (or mouse) to guide the camera to holes. Needed for large boards with small number of holes.

e Fiducial Registration: Manual procedure that is using two holes.

Supporting procedures that can be used as stand alone:

e Fine Auto Fiducial Registration: Fully automatic process of final precision positioning of the
project. It is activated automatically by Auto Fiducial Registration procedures.

e Auto Hole Detector (AHD): This procedure can find the center coordinates and diameter of
any hole in the camera window. Used in all Auto Fiducial Registration procedures.

6.1 Auto Fiducial Registration

PhCNC (v5.8.x+) allows Full Auto Fiducial Registration of the project, using the holes in the project drill
file without any need of separate special fiducial holes.

PhCNC, can use any hole in the project with a size 10...90 mil (0.25mm ... 2.3mm), to do the
registration. Hole diameter, from drill program is also used for identification using acceptable rounding.

All options are available from "Auto Fiducial

uuuuuuu

nnnnnnnnnnnnnnnn

Important:
The menu above is active only if a project loaded, contains at least 2 holes with the sizes in the range
of 10...90 mil (0.25mm ... 2.3mm)!

As we mentioned above, PhCNC offers 2 modes of Auto Fiducial Registration (AFR):
e Execute AFR
e Assisted AFR

In both cases the process is automatic. The difference is the camera movement. In "Execute AFR" all
camera movements are controlled by PhCNC. In "Assisted AFR" the camera movement is guided by the
operator. This mode is needed for boards that have large surface and small number of holes. The
assisted mode is then shortening the time needed to find holes for registration.

6.1.1 Execute AFR

If "Execute AFR" is selected, the process of Fiducial Registration is completely automated and the holes
search movements of the camera are under PhCNC control.

Before activating "Execute AFR", the following steps must be done:
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e select machining program for Bottom or Top layer, that will be a subject to Fiducial
Registration.
e turn on video camera (all PhCNC AFR functions are disabled without it).
e place the camera aproximately in the center of the project (camera lights are a good
guidance), execute "Auto Focus".
In the sample project below is shown the recommended zone (red circle).

"Execute AFR", can be canceled at any time using the ' = button!

Once the initial registration is completed, the system will continue with the precision part, "Fine Auto
Fiducial Registration" (FAFR) that is fully automated process.

In the video clip below, the AFR is demonstrated:
http://youtu.be/IPwkqxDNjLY

6.1.2 Assisted AFR

The option "Assisted AFR", allows to execute AFR, with camera movements under the operator control.
It is designed for large surface boards that have small amount of holes. Operator's movement of the
camera will short the time of finding the needed holes. Once the initial registration is completed, the
system will continue with the precision part, "Fine Auto Fiducial Registration" (FAFR) that is fully
automated process.

Note:
All changes in project position can be restored to original position using Undo (Ctrl+2)!

In the video clip below, the Assisted AFR is demonstrated:
http://youtu.be/PAmpTHY4M48

6.1.3 Execute Fine AFR
This function require manual or automatic registration to be done in advance. In case that it is not

done, this process will fail. AFR calls this procedure automatically, but it can be repeated with different
grade of accuracy (if needed). See the options below.

v Videa Mode

Fiducial Registration Mode Assisted AFR

HoleDetector ~ AlHah les

e Fast: Uses not less than 18 holes of the project (default option)

e Normal: Uses not less than 32 holes of the project

e Precision: Uses not less than 50 holes of the project

e All Holes: Uses all holes in the project, that meet diameter requirements - 10...90 mil.
Due to sophisticated statistical algorithm, higher number of inspected holes increases the actual
accuracy of the registration.

Note:
"Execute Fine AFR", can be canceled at any time using the ' == button!
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All changes in project position can be restored to original position using Undo (Ctrl+2)!

The video clip below shows FAFR:
http://youtu.be/jpFj4fkulLPE

6.2 Auto Hole Detector

PhCNC (v5.8.x+) offers the function "Auto Hole Detector" (AHD). This function allows detection of all
holes in the video window to be recognized in real time. It is used in all AFR procedures, but can be
activated as a stand alone function too.

—
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AHD function allows recognition of unlimited nhumber of holes that fit in the size limitations of 10...90
mil.

6.2.1 "Move to Hole Center"

The option "Move to Hole Center", allows fast and precision camera positioning in the center of the
hole on the video camera screen. Short cut "Ctrl+H". In case that more than one hole is on the screen,
the closest to the center of the video window will be selected. In the sample below the one with red
circle.
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The button ¢ in the video window shown below in red, activates "Move to Hole Center". If there is no
hole on the video window the button is deactivated.

Note:
Button ¢ is visible (active or not), only when AHD procedure is on. AHD is called automatically by the

use of "Auto Fiducial Registration" (AFR).

The video clip below demonstrates the use of AHD:
http://youtu.be/EM5zQBNgSjo

Page 139 of 170


http://youtu.be/EM5zQBNgSjo

PhCNC User’s Manual
6.3 Fiducial Registration (Manual mode)

Along with Auto Fiducial Registration (AFR), PhCNC offers also manual procedure for precision optical
registration. It is the process of using two reference points to recalculate and realign your project to
the current board position. Manual Fiducial Registration, can be used in projects where AFR is not
possible (projects without holes, oversize on X axis projects etc.).

Here are some of the applications.

e Align your bottom side of the board to the top one (already machined and drilled), using two
holes/points for reference

* Reinstall your board after plating through holes

e Any other precision alignments between your work piece and your project

You may use this new option with or without registration pins. If you use the existing pins and “Fiducial
Registration” your accuracy will increase. If you prefer to use tape, tape your board to the backing
material make sure that both, your work piece and the backing material are taped down securely on all
four sides. Our experience shows that if you forget to tape even a single side, you may experience
significant errors.

Below is the order of operations to produce a double sided board using “Fiducial Registration”:

1. Mount your work piece on the backing material. You may use registration pins, or tape but it is
not obligatory. Just make sure that the backing material and your board are firmly fixed to the
machine table.

2. Execute all programs for top layer (drill, insulation, and rubout). Drill must be executed. If you
do not have drilling in your project add two dedicated holes using the “Insert Function” from the
popup menu (See 2.18). The best place to add them is outside your project and along the X
axis. Using dedicated holes for fiducial registration is strongly recommended even if you have a
drill program. A size of 40 to 65 mils is recommended. For maximum accuracy you may use stub
end mils instead of drills. Also recommended is to reduce the plunge rate for this tool to 15-20
IPM (Inch Per Minute). The goal is to produce holes perfectly perpendicular to your work piece.
This will transfer the top layer coordinates to the opposite side with maximum accuracy.

3. Select a program to execute for the bottom layer. In most cases it will be Insulate bottom.

4. Turn the camera mode on using the button & or from the popup menu “Video Mode” If the
camera mode is not on the Fiducial registration mode is not allowed.

Edit Registration pins & Thumbtacks

Add Thumbtack (spindle position)
Add Thumbtack (mouse position)

video Mode

5. Focus your camera using “Auto focus” button on the video window. In order for the “Auto
focus” to work properly the Z axis needs to be homed to your work piece. (See 4.1 for Z home
procedure: button “Home Z")

6. Activate "Fiducial Registration mode"

Add Thumbtac o

Add Thumbtack (spindle position

Add Thumbtack (mouse position)
v Video Mode

‘ v Feducial Registration Mode

i “ Move To Camera Position (Feducial Point 1)
|
L

You will see the following changes in your screen:
o The centers of all flash apertures and drill holes are shown.
o Drill information is visible, no matter the layer shown.
o Inthe video (CNC Video window) the centers of the holes will be visible.
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7. Find the first reference hole, or other reference point (Fiducial Point 1). Finding the hole can be
difficult due to the necessary magnification to achieve accurate positioning. We offer a Hole Finder
Photo Tool (included with the camera option) that will help you to find the reference hole quickly.
Place the Hole Finder Photo Tool center at the center of your (reference) hole. It consists of a
center cross hair and thousands of small arrows (clearly visible with the camera) pointing to the
center. You may need to use a magnifying loupe to place it on the reference point. The placement
is not critical, and you do not have to fix it to the work piece, it is just to find the reference hole.
Then follow the arrows using the camera chase feature by right clicking + control key inside the
camera window. Once you can see the hole on the camera, remove the photo tool and align it
precisely to the center, using the target circles.

ca 4| O
[/ program: msulation (Bottor |

RUN (G0) Stop

X1 (ou)
o e CE

(& Open

[y L
n BB R

PHCNC Prov3.8.15164.4360
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8. Declare Fiducial Point 1 with your camera on the center of the hole (reference). Close the “"PhCNC
video” window and find your “Integrated CNC video”. (Use 5,000 to 20,000% zoom for maximum
accuracy). Place the mouse pointer on the center and make a right click (CONTROL BUTTON must NOT
be pushed). Select "Move To Camera Position (Fiducial Point 1)".
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Now your project data is moved to the actual position of your hole (reference). The yellow cross hair
shows the coordinates from your drill file. All G-Codes for your machining programs will be recalculated
at this time.
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9. Finding the second point for registration (Fiducial Point 2): Once the first registration point is
declared the project will be aligned to it. Now we need the second point to rotate the project in order
to get a complete alignment. To find the second point, you may use the function "Show Possible
Fiducial Point 2 positions" that will draw a circle of possible positions, centered at the first point and
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having a radius equal to the distance between references, or you can use the photo tool described in
the previous two steps. Again using a set of dedicated holes (references) will decrease the chance of
errors and the wider apart they are the more accurate your alignment will be. See Insert function

(2.18).
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Y 3.8029rem: 0
Z 0.9590 rem: 0

Home X
Home XV
Home ¥
Home 2
Spindle

§ somtieon Y 5T 47 B

I

arpm 0 60000 rpm
Feed Rate Overide

+15%

P]

Park

a0

Pause Emergency Stop e

Clear TTY y
LS 2+: 1.2452"
LS X: -1.8355"
LS ¥: -1.2999" —

Spindle:  —.-°C Board; 37.1°C
Stotus:  PWMEDFF
[tm]
L3 [Tl
; . ¥:3.0025
FIFO { ) By, onzm
@ rowamings | (5.6613, V51765 dx-0.5065, dy-0.0770, d0.5124 | 1000dpi [in] Default.mpf PhCNC Prov3.8.1.5164.A360

v Taol
é=' change | DB
== Pregram: Insulation (Bottor %'
RUN (G0)

(Gl X8 [ea)
oA @l oo

Hopen (5

Foner:  0.00W L 0.00A
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PN Q 5% M@ @ BN E 4B o] i
4=x- 00001 X+=p
$v-
0001 0.01 0.1

4,7428 1o0l: T0
4.5739 rev: 0
0.9590 rev: 0

Home X

05 10

X
Y
4
Home XY

Home Y

Home 2
Spindle.

§ spindleon § 1" 47
a

x=0 ¥=0| z=0

Orpm 0 60000 rpm
Feed Rate Overide
+15% 0.0% 25%

Pause Emergency Stop
Clear TTY
LS 2+: 1.2452"
LS X: -1.0355"
LS ¥: -1.2999"

Frro: | [l

6 No warnings 6.1639, Y6.7883 dx-0.0039, dy1.5348, d1.5348 lnﬂﬂdp?[vn] Default.mpf

v] Tool
om> 4
| Program: tnsulation (Bottor v|

RUN (G0)

bl

PHCNC Pro v3.8.15164.A360

ca @l oo

@open  (F compile

0.00%
---°C Board: 36.8°C

X:6.1660
B ;67949

O

Stop

I 0.00A

PWM:Off
[m]
[A]

Note:
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FE X

If your board is aligned to X axis to the best that human eye can do or you are using registration pins,
the second fiducial point (most likely) will be in the camera window already.

10. Declaring the second fiducial hole (reference): Once the second fiducial point is found, place the
mouse pointer on the center (use 5,000 to 20,000% zoom for maximum accuracy) and make a right
click (CONTROL BUTTON must NOT be pushed). Select "Rotate to Camera Position (Fiducial Point 2)"

CAM CNC Setup Tools Calc
1o PO VL SR 53 & 00| ot
R
4=x- 00001 X+mp
$z-
$v-
05 1.0

[0t 0001 001 0.1
X 4.7428 100: 10

Y 4.5739re: 0
Z  0.9590 rem: 0

Home X
Home XY

Home Y
Home 2 x=0| ¥=0| 2=0

Spindle

Y spindeon ¥ E:f”“ i

orpm o 60000 rpm
& Edit Registration pins & Thumbtacks
% add Thumbtack (camera position)

 Add Thumbtack (spindle position)

Feed Rate Overide

Tool

o=

|~/ Program: 1nsulation (Battor ||

RUN (G0}

A

@ Open

+15% 0.0% -25%
@ & Add Thumbtack (mouse position)
el | i
e o *E v Video Mode
v Eiducial Registration Mode
u u = Move To Camera Position (Fiducial Point 1)
<" Show Possible Fiducial point 2 positions
Pause Emergency Stop Rotate To Camera Position (Fiducial Point 2)
Clear TTV  Undo [6] - Move (Fiducial) (Ctrl+2)
LS Z+: 1.2852" ~~
LS X: -1.0355"
LS ¥: -1.2999"
Auto Focus ctrl+Space
Micro Focus shift+Space
(1| D1
Power: 0.00W I 0.00A
Spindle: ---°C Board: 36.8°C
Status: PWM:OFf
FIFO: \Il ||
l Q no warnings X6.1678, ¥5.2533 dx0.0000, dy-0.0002, d0.0002 1000dpi [in] Default.mpf PhCHMC Prow3.8.15164.4360

Change

(€22

Stop

%8 e
@alca
G G s

R

After the rotation is finished the second fiducial registration
the camera’s cross hairs:

point (of your project) will be centered in
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File CAM CNC Setup Tools Calc

1 o Q 239 ¥ @ M W B N E 4 8BS 80 comarme -
4=%- 00001 X+=mp

T

[ooot] 0.001 001 01 05 10

X  4.7428 Tool: 10
Y 4.5739rem: 0

Z 0.9590rem: 0
Home X
Home XY
Home Y Ll
Home 2 X=0 Y=0 2=0
Spindle

§ spindeon § " 47

1
o

Orpm 0

60000 rpm

Feed Rate Overide

+15%

Park |
Pause Emergency Stop
Clear TTY

LS 2+: 1.2452"
LS X: -1.8355"
LS ¥: -1.2999"

FIFO: |

o=l

No warnings X6.1695, Y6.7874 dx0.0017, dy1.5339, d1.5339 1000dpi [in] Default.mpf

= -
7 B RS e

PhCNC Pro v3.8.1.5164.4360
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PP

Tool
Change

| program: Insulation (Bottor v/

O

RUN (G0)

[@3*: X%ea
G Compile

Stop

& Open

£} — ]
Power:  0.00W I. 0.00a
Spindle:  --.-°C Board: 36.9°C
Status: PWM:OFf

Your project now is completely aligned to the work piece.

Hle CAM ONC Setup Tools Calc

1o PRRC YRR RV I U IR 8% & o | contatbane &
4=x- 00001 X+mp
IS

looot| o.001 081 01| 05 | LD
X 4.7428 Tool: 10
Y 4.5739rem: o

Z 0.9590 rem: 0
Home X
Home XY
Home Y
Home 2 X=0 Y=0 2=0
Spindle:

§ spindleony ¥ &“’;"" &
orem 0 50000 rpm
Feed Rate Overide

+15% 0.0% 25%

a0

Pause Emergency Stop

Clear TTY
LS 2+: 1.2452"

LS X: -1.8355"
LS ¥: -1.2999"

FFo. [ [ | (¥

¥5.1601, V6.3497 x-10077, dy1.0962, o1.4890 1000dpi [in] Default.mpf

[/ Program: Insulation (Bottor |

4

PCHC Pro~3.8.15164.4360

Tool
Change

O

RUN (G0) Stop

(Gl X8 [ea)
oA @l oo

@open (5 compile

(K11 | [
Pomer: 0.00W L 0.00A
Spindle:  ---°C Board: 36.9°C

Stak PWM:OFf

[hm]
[a]
= % 6,160
Brcrn

Notes:

(references) and will redraw the window to the normal mode.

Unselecting the “Fiducial Registration Mode” (from the popup menu) will reset the registration

In our example the work piece is rotated considerably in regard to X axis. It was our intention

to show you that any position is possible for the fiducial registration option. If you place your
work piece in parallel to X axis you will reduce the chances of error selecting the desired

references.

IMPORTANT RECOMMENDATIONS:
When it is possible use dedicated holes for front to back registration.
Place them along the X axis and utilize the maximum possible distance
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e Create the dedicated holes using as rigid as possible tools such as drill bits larger than 40 mils
or even stub end mils (the best accuracy). Tools larger than 60 mils will not fit in the camera
window.
e Use a plunge rate between 10-20 IPM for the tool that drills your registration holes.
e Using existing (in the project) holes with a small diameter (20 mils or less) may invoke
significant error due to the drill bit flexibility.

Important:

Press and hold “Shift” on your keyboard to hide the image transmitted from the camera. The camera
target grid will remain on the screen, showing an accurate camera position. This function is designed to
make precise positioning over the program features that are invisible under the camera image.
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6.4 "2D Fiducial Transformation" Function

The "2D Fiducial Transformation" function of PhCNC allows Fiducial Registration of a project loaded in
PhCNC and physical object, created with other machine and/or technology. Difference in dimensions,
geometrical distortions etc. Graphical examples below are exaggerated in order of better understanding
the function. Typically they are invisible with naked eye. Actually this function can have many
applications. Here is a typical one.

A customer have to produce 100 boards with relatively low precision and density. At this point the
customer decides that using chemical etching is far more economical compare to the tools that he/she
will need to do the batch. Using pre-laminated (with photo resist) materials.

Prints a photo tool on its laser printer and then expose and etch the boards. As the accuracy of a
printer is far less than needed at the time when the drilling comes up there are significant difference
between the pads and the drilling program for the project.

2D fiducial transformation allows to solve this situation and have the project be drilled cut and all other
related operations with pristine accuracy.

Then with the help of 2D Fiducial Transformation (using our camera), the project can be transformed
into:

And this way ensuring perfect drilling, cutting, stencils, etc.
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How it works:

The options for "2D Fiducial Transformation" are available in popup menu in CNC mode shown below.

First you have to do "Manual Fiducial Registration" — later, this will help you to find easily the fiducial
points.

As in "Manual Fiducial Registration", you have to:

a) find with the camera some specific point (pad center, corner, ..)

b) show with the mouse the corresponding point in the project and then with the right mouse click -
select from the pop-up menu the "Add 2D Fiducial Transformation Point" option (shown below)

{34 PheNC
File CAM CNC Setup Tools Calc Language
930% |v DEE 4l [ AT [

4 A5 Q o 4 B B-5 | S N | control Panel
4mx- 0000 | X+mp = . . ) _

SE S LI 1

L Il
Istep 0.001)0.01 [{0:E| 0.5 || 1.0 % Edit Registration pins & Thumbtacks.
X 7.19695 Tool: 1O \
Y 4.22474 rem: 0 | % Add Thumbtack (
Z 13.80612 rem: 0 % Add Thumbtack (i
H X
oy ome i 3 v Video Mode

Home Y Auto Fiducial Registration (AFR)

v Fiducial Registration Mode
Spindie 4 y °* Move To Camera Position (Fiducial Point 1)

&

- Auto Hole Detector
0rpm 0 60000 rpm

Feed Rate Overide

Pause Emergency Stop

Clear TTY

Fiducial points: 22

Execute
# |xplin] | velin] |xclin] |velin] |~
FP16[6.37174 474433 637173 4.74433
| FP17|6.56027 3.83594 6.56028 3.83594
| FP18|5.74045 3.68169 574045 3.68169 = '
FP19|5.74616 5.93835 574616 5.93835
| ¥P20[9.79958 5.94693 9.79959 5.94693 Cearall
FP21[9.80529 3.69028 9.80530 3.69028
— - | Delete

The grid below the table shows the locations of the fiducial points. With double mouse click on some
row, you will move the camera to the fiducial point position (for example, to check after
transformation).

In normal conditions (errors < 20-50 mils), the blue and the read grid must be overlapped. In case of
huge mismatches (like the pictures at the beginning), the red grid will show the current 2D
transformation (deformed coordinate system e blue grid show the project coordinate system.

Fiducial points: 8

Execute
# |xplin] |vplin] |Xclin] |vcin] |~

FP4 [9.73444 3.75098 10.10789 3.88620 = B/

FP6 |6.30251 5.36071 6.49567 5.52811 Clear All

[0 7.88300 412041 |7.92439 |3.95994 [ Wikt
i EEmE.
R
EH e ] Dot

LT [ [
el
- i

There is no limit for the fiducial points, the rule is simple: more points - better match !
The minimum number of fiducial points is 4, but at least 8-10 are recommended !
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The button "Execute" will do the transformation. The transformation is executed for every layer (Top,
Bottom, Mech, Drill, Stencil, Top overlay, ...), so you can easily create stencils or print mask or overlay
- which best matches the object on the table!

After the transformation, you can check the registration of the project and if you want you can add
additional fiducial points and execute the 2D Fiducial Transformation again (many times!).

Before the "2D Fiducial Transformation", the project will be automatically saved (the name will include
the timestamp) and added to the recent projects list (File menu!). The Undo is also available (in the
CAM mode only!).

2D Fiducial Transformation video clip:
We recommend that you watch the video, presenting the "2D Fiducial Transformation".
https://youtu.be/3If7SIG8D20
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7. G code commands available in PhCNC

Below are listed all G codes maintained by PhCNC.
Non mandatory and modal parameters are listed in square brackets [].

Important:
The X, Y, Z coordinates are in inch or mm, according to your G20/G21 selection. The feed rate
command Fnnn is in inch/min or mm/min according to your G20/G21 selection as well.

[Nnnnn]

Line number is a non mandatory item but helps you find the line(s) of G code you want when you want
to use features like “Run from the cursor” or “Run to the cursor” (partial execution of G code
programs).

G20
Inch Mode

G21
Metric Mode

G90
Absolute coordinate mode

G91
Incremental coordinate mode

GO [Xd.d] [Yd.d] [Zd.d]
Rapid move (linear interpolation), to the coordinates.

G1 [Xd.d] [Yd.d] [Zd.d] [Fd.d]
Feed move (linear interpolation), to the coordinates with
speed (feed rate) Fd.d

Important:
G commands G1, G2, G3, G81, G82, G83, ... require feed rate.
Without this parameter they will be ignored.

G2 [Xd.d] [Yd.d] Id.d Jd.d [Fd.d]

ARC CW

CW circular movement to the (X, Y), center shifted with (I, J) from the current
coordinates (before command execution).

G2 [Xd.d] [Yd.d] Rd.d [Fd.d]

ARC CW

CW circular movement to the (X, Y) with entered radius (Rd.d). Starting point current coordinates
(before command execution).

G3 Xd.d Yd.d Id.d Jd.d [Fd.d]

ARC CCW

CCW circular movement to the (X, Y), center shifted with (I, J) from the current
coordinates (before command execution).

G3 Xd.d Yd.d Rd.d [Fd.d]

ARC CCW

CCW circular movement to the (X, Y) with entered radius (Rd.d). Starting point current coordinates
(before command execution).

G4 Pd.d
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Dwell seconds
Pause in seconds

G81 Rd.d Zd.d [Fd.d]

Drill Cycle

Z axis movement to the coordinates Zd.d. In the machines equipped with micrometric screw or with
linear optical scale the movement stops after the set point is reached. Next the tool is

pulled up to the coordinates Rd.d.

G82 Rd.d Zd.d Pd [Fd.d]
Chip-breaking Drilling Canned Cycle
Same as G81, with pause P in the lowest tool position.

G83 Rd.d Zd.d Qd.d [Fd.d]
Chip-breaking Drilling Canned Cycle (Peck drill)
multiple cycle drilling with increments of Q.

Tnn

Tool change (number)

Here nn is the number of the tool from the G code program. This number is NOT RELATED to the
number of the tool holder that the tool resides in on the ATC models.

The execution of this command depends of the machine model.

In the comments line you may have information for the tool type, penetration depth, tool holder
number (in ATC models)

Example for Tnn command

( Tool 2: Comment {Z-0.0117"/-0.297mm, THO8} )
N3 T2 S60000

This command will be executed in an ATC machine in the following order. First the spindle will place
the existing (in the collet) tool back into the tool holder that the tool was assigned to. If the tool is
placed in the spindle manually the spindle will go to “"Manual tool change” position and the system will
ask the operator to remove it. In the next step the spindle will go to calibration pad in order to check
that its collet is empty. In the next step it will pick up the tool from the tool holder THO8 in this
example and go back to calibration pad in order to set tool penetration at 0.0117” (11.7 mil)

Parameters THnn and Z must be placed in curled brackets { }. The execution of the command on ATC
machines without the parameters above will proceed as a manual tool change.

Sddddd

Set spindle speed (rpm)

For all Accurate CNC machines the limits are 5,000 to 60,000 or 5,000 to 100,000 depending on the
model.

M02
Program end

MO03
Spindle ON

MO05
Spindle OFF

MO06
Tool Change
This command is ignored. Our tool change command is Tnn only (see above).
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Vacuum ON

M09

Vacuum OFF

Sample of G code program:

N1 G90

N2 G20

({Z-0.0117"/-0.297mm, THO8} )
N3 TO S60000

N4 GO X1.4685 Y5.0025 Z0.1500
N5 G1 Z-0.1000 F15.0

N6 X1.4685 Y4.9285

N7 Y4.7289

N14058 GO Z0.1500

M09
MO5
M02

Important

First movement command GO, G1, MUST contain X, Y, Z coordinates.

The First and last movement commands MUST set the Z coordinates at a safe position
compared to the materials surface. Usually Z0.150 is enough be sure it clears your work piece
and fixture if you are using one.

The Home Z procedure must be performed initially and every time when the “stack thickness” is
changed. This gives the system information where the material surface is in terms of Z
coordinates. It is not related to the tool penetration, but is important to the Z position during
the rapid traverse movement and the point that the plunge rate is changed from the maximum
to the programmed for the current operation.

Machining coordinates must not exceed the following values

a) for A3xx and A4xx models X 0 to 11.5 inches, Y 0 to 9.9 inches

b) for A5xx and A6xx models X 0 to 15.5 inches, Y 0 to 11.9 inches

In all machine models the G code for Z depth of cut should be set to a depth greater than
needed. It will be limited to the desired value by the scale reading or micrometer screw setting
or depth limiter on the pressure foot (depending on the technology used in the model). A typical
value for printed circuit boards is Z-0.100
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8. PhCNC Calculator

The PhCNC Calculator can be invoked by clicking the & button. It pops up on the screen in a separate
window. All calculations are executed after pressing the Return (Enter) key, and the result is then
displayed on the next line. All calculations are made with double precision (16 digits after decimal
point). The calculator can compute arithmetical expressions with unlimited complexity (up to 256 chars

long).

The following operations and functions can be used: — N
acos (cos(pi))
e Arithmetical operations: B e

A
-, %/, ) ‘
sgrt (tan(pi/3)*2) +tan (pi/8)
= 0.0251330798601274

e Arithmetic operators: (st i/ 10172 + cos (piL/20)°2) - 1
IR TAVIE TR ]

e Relation operators:
<=, =<, £, >=, =, =, I=

e Bitwise operators:
& ~, |

e Logical operators:
! 4 I I 4 &&

e Trigonometric functions:
SIN(x), COS(x), TAN(x), COT(x), ACOS(x), ASIN(x), ATAN(x), ACOT(x), SINC(x), SEC(x), ASEC(x),
CSC(x), ACSC(x)

e Hyperbolic functions:
COSH(x), SINH(x), TANH(x), COTH(x), ASINH(x), ACOSH(x), ATANH(x), COTH(x), SECH(x), CSCH(x),
ACSCH (x)

e Mathematical functions:
LOG10 (x) , LOG(x), EXP(x), SQRT(x), INT(x), ABS(x), RND(x), FACT(x), ! (x)

e Numeric Constants:

“pi” = 3.14159265358979
“e” = 2.71828182845905
“in” = 25.4

“mm” = 0.0393700787401575

Calculation Examples:

. 4495%1.18*73.592
= 390339.3272

. logl0(1.345%2.4567/(2.34556+23345.23))
= -3.84916737941656

. fact (49)/ (fact (6) *fact (49-6)
= 13983816

o (FACT (90) / (FACT (15) *FACT (90-15))) / (FACT (37) / (FACT (15) *FACT (37-15)))
= 4890505.87751033

. 12*sin (60)
= 10.3923048454133

. 10*in
= 254

. 25.4*mm
=1
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APPENDIX-A: How to calibrate PhCNC video camera (VC)

If your Accurate A36x/A56x/A4xx/A6xx is ordered with VC, it is factory calibrated. Some heavy shipping
conditions may create the need of fine recalibration, but in most cases you may skip this procedure.

If you purchased the camera separately you will need to install it yourself. This will require you to
perform the following steps for calibration listed below. This will also need to be done after any camera
or spindle removal/replacement.

Camera axes to machine axes zero angle calibration
Camera magnification calibration

Camera to spindle X offset calibration

Camera to spindle Y offset calibration

Before attempting any of the steps listed above the VC must be at focus distance. Once the Z axis is
homed you may use the “Auto focus” button of “"PhCNC Video”.

The best and easiest way to calibrate the VC is to make a simple single sided test board. It may contain
just two traces, one straight vertical and one straight horizontal.

For our example we will use a simple single sided PCB shown below:

File CAM CONC Setup Tools Calc

e = 7ATE
1 4o B VR B A RN D4 55 8o contiiEane |- L | @Oe
4=x- 00001 Xemp L= Program: msulation (Top) |¥
$v- e RUN (G0)
[ooot| o.001 001 04 | 05 | LD HD

X -1.0000 Took: T0,THO3
Y  3.0000 rem: 60000
Z 1.2351reM: 0O

Home X

G Xt ea)

Home XY
Home ¥

Spindie

¥ spindleon ¥ ma"” ‘7

arpm 0 60000 rpm

Feed Rate Overide
+15% 0.0% 25%

ERIMTLE.

(R Emergency Stop

Clear TTY.

Go4 PO.O1
606 21.2352
Hes

Heg
684 PB.5
( ATC )
HBA

ATC Get Tool THE3
AIR ON E
AIR OFF - I

TT 20 -0.0377"
[17:48:31 / 14-07-2011] Power:  0.00W L 0.00A
Spindler  —.-°C Board: 36.8°C

LS Z+: 1.2451" Statust PWM:OFF

LS X: -1.0348"
LS ¥: -1.3000" =
FIFO: {] [ [ © ®

2 nowarnin s X4.4616, V64136 dx-1.7062, dy1.1601, d2.0632 1000dpi [in] Default.mpf PhCMG Prow3.8.1.5164.8360

[num]
[4]

Shown bellow is a picture of the finished board used in this case. It is a single sided PCB with 15.6 mil
Insulation traces:

Important:

After the traces of insulation are made this board represents the actual machine axes, and it should not
be removed from the machine table until all steps of VC calibration are completed!
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A.1 VC angle calibration

To perform an angle calibration you need to loosen the screw on left side of VC body:

Shown below is a trace that should be perpendicular but is not:

Auto focus

After you loosen the screw you have to carefully turn the VC watching the video image. You may need
to repeat the process because when you retighten the screw it may change the angle a bit.

Of course you can use either a horizontal or vertical trace for calibration. The goal is to align the
machine axis to camera image. Shown below is a proper angle calibration:

Autofocus  Stop 3 & ] Q00914 VD534 01090 F:2693 |
——

The next 3 steps of calibration are using Camera setup menu (CNC/Camera/Setup)

Cameta position
offset ¥ [steps]: 16700 1 Aad

=3

offset ¥ [steps]: 23538 $v- Cancel

xemp

Camera resolution

tes [poil: 8371 Il Avute calibrate Defaul
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A.2 VC magnification calibration.

It is advisable to perform the magnification calibration next. The VC resolution is related to its
magnification and it is measured in Pixels per Inch [PPI]. Magnification by itself is closely related to the
distance between camera optics and board surface. This means the VC should be at focus distance
during this calibration. The best way to perform this calibration is to click on the ' ki asecaitvar= - hytton, it
is a fully automatic process. If your automatic calibration fails you may do it manually in “*CNC Video”
mode. The calibration is correct when the image matches the size of your traces and tool paths in your
design. In order to get best results use a stub end mill to make the insulation traces. It has a constant
width independent of the tool penetration. DO NOT forget to declare the right insulation tool diameter

in CAM mode.
A.3 X offset calibration

Offset calibrations of both X and Y axes must be performed in the "CNC video” window. “"PhCNC Video”
window is not needed and should be closed.

To correct the X offset you will need to position the VC (using chase mouse camera mode) over a trace
parallel to Y axis, as shown below.

i phone EEE=]

File CAM CNC Setup Tools Calc

o 2 Q 303 M @ @ W B X E 4 -5 ok conerane em i O
4=x- 00001 X+mp | | Program: Insulation (Top) |¥|
3y $2- RUN (GO) Stop

[000t] 0.001 001 01 05 10
X  3.1945 Tool: T0,THO3
Y  4.2155 rem: 60000

Z 0.9629 rev: 0

Home X
Home XY
Home Y
Home 2 X=0| ¥=0| 2=0
Spindle.

§ spindleon § o &

Orpm 0 60000 rpm
Feed Rate Overide

+15% 0.0% 25%

Ltz Emergency Stop
Clear TTY
604 PO.01
600 21.2352
05

n
109
GO4 PO.5 offset X [steps]: 14290 f\"

4=

g xemp
.(m:m ) offset ¥ [steps]: 22210 $v- Cancel
ATC Get Tool THE3 |
AIR ON =
AIR OFF res [ppil: 5165 lnludialud Auto calibrate

Camera resol lution

Default
1T 2: -9.8377"

[17:48:31 / 14-07-2011]

LS Z+: 1.2451"

LS X: -1.8348"
LS ¥: -1.3000"

(= — 7.
FIFo: || [ | T\L ‘@65 P

& nowarnings X4.5473, 'Y6.4869 dx-1.6205, dy1.2334, d2.0365 1000dpi [in] Default.mpf PhCNC Prov3.8.1.5164.A360

You will see the actual traces are shifted compare to your project data. Using the CNC/Camera/Setup
and moving the image by X arrows you can calibrate it (or if the offset is too big change the figures in
the offset boxes for coarse alignment). In the example above using the “X+" arrow button from
“Camera Setup” menu would correct the camera position after moving the VC 3.4 mils (34 steps). Save
the current offset before you move to the Y offset.
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Fle CAM CNC Setup Tools Calc
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@ nowarnings | X45473, Y6.4869 dx-1.6205, dy1.2334, 20365 1000dpi [in] Default.mpf PhCNC Pro v3.8.15164.4360

A.4Y offset calibration

To calibrate the Y offset you need to move the VC over a trace parallel to X axis. Shown below is the
current camera position.

CAM CNC Setup Tools Calc

™ y ~ Tool
il g B B - i, Os

€=x- 00001 Xemp || program: Insulation (Top) [v|
3y 2= RUN (G0) Stop

.001 001 0.0 05 10

3.4827 T1ool: 10,THO3
4.2789 rem: 60000
0.9629 rev: 0

Home X

X
Y
i

Home XY
Home Y

Home 2 X=0 Y=0 2=0
Spindle

§ spindleoy § o o7

Orpm 0 60000 rpm
Feed Rate Overide
+15%

m @

Pause Emergency Stop
Clear TTY

Gou PO.01

609 21.2352

Hos

Ho9

Goy PO.5 il Camera Setup

( atc ) Camera postion

100

ATC Get Tool THE3 Cig-2det =x X+

AIR ON offset ¥ [steps): 22210 S

AIR OFF [ it

1T 2: -6.8377"
[17:48:31 / 14-07-2011]

-

Camera resolution

res[ppl: 5165 lnkulul 8uto calibrate ---°C Board: 36.3°C
Status: PWM:OFF

LS ¥: -1.3000"

FIFO: E 8 ’I|
@ nowarnings X4.8504, Y6.5582 dx-13174, dy1.3047, d18541  1000dpi [in] Default.mpf PhCNC Pro v3.8.1.5164.4360

X:4.9081 |
¥ 6.4999

After 3.6 mils (36 steps) correction using the “Y-" arrow button, Y calibration is completed.
You may use the Y offset window to make coarse corrections and the arrows for fine ones.
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oa [l Tool

Change

©»
|=/program: 1nsulation (Top) v/

RUN (G0) Stop

---°C Board:
PWM:OFF

PhCNC Pro v3.8.1.5164.A360

Again, save your settings before any other operation. Once the calibration is completed you may use
the VC to observe any spot of your project. Using “Case Mouse (camera mode)” make a right click at
the desired spot (first zoom out to find it and then zoom in to select it accurately).
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APPENDIX-D Tool Penetration Depth (A4xx, A6xXx)

All systems of the Accurate family (A4XX/A6XX) have the tool penetration depth controlled by the
PhCNC control software. No manual action is required by the operator. The tool tip position compared
to material surface is measured with an accuracy of 0.00004 inches (0.001 mm) and is maintained
during the programs execution with an accuracy of 0.0001 inches (0.0025 mm).

Tool penetration can be set manually by entering the value in the corresponding line (if “Manual depth
control mode” is active, described in 4.4.13).

If you use the “Tool Change” button the PhCNC will always ask you to confirm/change the depth
setting.

Please, set the tool penetration depth!
(0.008"/0.190mm rubout ¥_60 5mil {Z-0.0016" /-0.040mm, THOL} }
Emergency
Tool Penetration Denth [milk: & iy

0K

If you enter a negative value you will have a red blinking warning message but will be allowed to
continue. Negative entries mean that the tool will be above the material surface. This can be used for
training and maintenance purposes. The range of executable values is +375 mil (9.5 mm) to -50 mil
(1.27mm)

Tool Penetration Depth [mil): -20 [ d

PleasgysshEheopbansrasian poth
‘ (n.una-'/ngmnﬂﬁﬁ‘&ﬁ-\'[\fﬁﬂﬁﬁﬂﬁ&@lﬂ"?%%mm, THOL} ) @ ‘

0K

D.1 Tool change operation in ATC machines (A4x6/A4x7A6x6/A6x7)

Accurate CNC models A4x6/A4x7A6x6/A6x7 are equipped with direct ATC spindles. Tool changes and
tool calibrations are completely automatic. All prearrangements of the tools should be done in the "ATC
Control Panel” (described in the manual). Manual tool changes are also available in these models. The
button on the calibration pad serves to control the spindle collet. (when pressed the collet opens)

Manual tool changer
As we mentioned in the main part of this manual our ATC machines have the capability to combine
automatic tool change with manual tool change. If operator fails to define a tool in the magazine they
will be asked to insert that tool during the machining process with the manual tool change request
window. In this window the operator needs only to click on the ' ==. button and select the undefined
tool from the magazine and click ok to continue.

PhCNC -> Change Tool! (ATC;

Please, replace the tool with T0

»
" (0.0075"/0.191mm Insulate "¥" 60° ¥_60 Smil {z-0.0020"/-0.051mm, THOO} ) @
Please, use the button "target” to open,/close the splindie’s collet! stop

Confirm to continue! Get Tool
L) x
{DTE stub end il 0.0156" /0.397mm {nsulate,Rubout,Stencil} SEM_1S
{0 Stub End ™Mill 0.0313"/0.795mm {Rubout,Stencil} SEM_31
{DTE stub end il 0.0625"/1.587mm {Rubout,Stencil} FR7.6 PR15.6 SEM_63
AT Stub End il 0.1250°/3.175mm {Rubout,Stencil} SEM_125
inl bit 0.0313"/0.795mm {Drill} DRL_31
{ZTE o bit 0.0255"/0.648mm {Drilly
Drill bit 0.0180"/0.457mm {Drill}
{80 ot bit 0.0135"/0.343mm {Drill} DRL_13.5

LY orill bit 0.0433"/1.100mm {Drill}
WRE] router bit 0.0984"/2.499mm {Drill Cut Stencil}
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D.2 Tool change operation in A4x1/A4x2/A6x1/A6x2 (Manual tool

change)

Accurate CNC models A4x1/A4x2/A6x1/A6x2 are equipped with 60,000 and 100,000 RPM manual tool
change spindles. The tool change procedure is manual, but the tool penetration calibration and control
is fully automatic and software controlled.

At the tool change position, push the knob (on top of the spindle) down until it clicks. Turn the knob
CCW until the tool is released. Place the new tool in the collet using the “"manual tool changer”. Apply a
small upward force and turn the spindle knob CW, gently tightening it. Pull the knob up until it clicks.

The tool change is completed.

Manual tool changer
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APPENDIX-E: Front panel LED indicators of A4xx/A6xx

There are two LEDs on the (A4xx/A6xx) front panels, green and red.
e The red LED means a limit switch is activated when lit (including the contact pad).

The green LED is blinking constantly once you have the (A36x/A56x/A4xx/A6xx) powered up,
and the blinking frequency shows the status of USB connection.

o 0.5 Hz (2 second flashes) means there is no USB connection.

o 2.0 Hz (flashes 2 times per second) means there is a USB connection with the PC, and
the machine is recognized as a device, but PhCNC software is not running

o 8.0 Hz (flashes 8 times per second) means the connection is good, and the machine is
under PhCNC software control.

Note:
During the initial power up of the (A4xx/A6xx), both LEDs are on for 4 of a second (250ms).
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APPENDIX-F: Ad4xx/A6xx new functions
F.1 PhCNC360 USB controller

The (A36x/A56x/A4xx/A6xx) use a USB 2.0 controller (PhCNC360) which is 10 — 15 times more
productive than the original one used in the A350. Due to significant hardware differences PhCNC
comes in two versions. PhCNC for A350 called (PhCNC A350), and PhCNC for (A36x/A56x/A4xx/A6xX)
called (PhCNC A360). Newer revisions of PhCNC are coming for both versions. (Some of the future
revisions are based on the new firmware of (A36x/A56x/A4xx/A6xx) and we will be unable to
implement them in A350 machines)

Here are some of the new features of the (PhCNC A360) Hardware/Firmware.

If the controller had lost its connection with the software (let say you mistakenly disconnect the cable).
It will go to “forced” PAUSE mode (This means it stops the execution of the program and spindle).

In this case you will see the window below. If you are able to restore the connection and answer the
prompt with “YES” The machine will continue from the stop point without any loses.

&Y' 1f you want to continue, re-establish the USB connection and
B

les, o

Notes:
e This option only works if power to the machine was not lost.

e (PhCNC A360) Also works with USB 1.1 ports, but productivity drops about 25%

F.2 A36x/A56x/A4xx/A6xx firmware

PhCNC control software reorganizes and updates, if needed, the (A36x/A56x/A4xx/A6xx) firmware.
During the update you will see the window shown below.

Firmware update: v1.1.2.033 > v1.1.2.034

&

70 % |

The process takes 1.6 seconds and must not be interrupted. DO NOT turn the power off or disconnect
the usb cable during this process. Interrupting the process above may lead to the destruction of your
controller. Replacing your current set of software/firmware with older revisions is impossible. In such a
case PhCNC will prompt you to acquire a new revision. At the end of this process the controller restarts
itself automatically.

F.3 PhACdrive A4xx/A6xx firmware

Accurate CNC models A366/A566/A4xx/A6xx are equipped with the “PhACdrive” spindle drive. This is a
sensor less drive utilizing our vector control technology, designed to control spindles used in our
systems (AC/PMSM/BLDC). This drive offers a maximum energy efficiency and full protection (for the
motor and itself) in the entire RPM range of (5,000 to 100,000 RPM) in all modes of operation.

Its firmware is automatically updatable, similar to the one used in the CNC controller (PhCNC360).

PhACdrive firmware update: v1.0.1.113 -> v1.0.1.152

Important:

The process takes about 12 seconds and must not be interrupted. DO NOT turn the power off or

disconnect the usb cable during this process. Interrupting the process above may lead to the
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destruction of your controller. When the firmware of the drive and the CNC controller needs updated,
PhCNC will update first the CNC controller and then the drive.

F.4 PhSTdrive A42x/A43x/A62x/A63x firmware

Accurate CNC models A42x/A43x/A62x/A63x are equipped with the “PhSTdrive” stepper drives (X,Y,2).
These are "Intelligent" stepper motor drives based on DSP microcontrollers. They have the ability to
use servo feedback from linear encoders and to store calibration data for screw mapping. Special real
time processing allows them to drive the motors with extreme accuracy and smooth movements.

The firmware is automatically updatable (all system drives at the same time), similar to the one used in
the CNC controller (PhCNC360) and the spindle drive (PhACdrive).

Notes:

1. Due to the fact that we update the firmware of all (3) drives at the same time, the process is

slightly longer (about 45 sec).

2. After the firmware update, the mashine must be homed. If the process of the firmware update is
interupted (definitely NOT RECOMMENDED) it will be repeated in the next connection between the
machine and PhCNC software.

F.5 Main differences of PhCNC using A350 and A36x/A56x/A4xx/A6xx
machines

Some important differences exist between the functionality of (PhCNC A360) and the (PhCNC A350)
software. Some of the most important and useful differences are described below:

F.4.2 Differences in video camera/microscope (VC) controls

(PhCNC A360) has a button that turns VC lights on/off. (PhRCNC A350) does not. The VC lights are
on all the time.

Note that all A36x/A56x machines are designed to be field upgraded with VC. Only the last few A350
series machines are compatible with the VC. Older models need a retrofit that can be done in our
facilities.

(PhCNC A360) saves VC setup parameters in its controller EEPROM, therefore if you connect the
machine to another computer all previous VC setups are effective immediately.

F.4.3 Differences in "Emergency Stop” button usage.

Due to implementation of improved axes controllers (PhCNC A360) executes the “Emergency Stop”
command without losing its coordinates. You do not need to Home the machine after using this button.
(PhCNC A360) will offer you the homing window and you can decide to home the machine or not
depending on the circumstances that created the need for the “Emergency Stop”.

F.4.5 Spindle speed control

Models equipped with PhACdrive spindle drive can be speed programmed with a step of 4rpm
(0.066Hz).

If the manual control is used during the machining operation the RPM steps are as follows:

¢ (A366/A566) (BLDC motor) 250 rpm steps Max 60000 rpm

o (A4x1/A6x1/A4x6/A6x6 ) (Three phase 60000 rpm AC spindle-motor) 250 rpm steps Max 60000 rpm
o (A4x2/A4x7/A6x2/A6x7) (three phase 100000 rpm AC spindle motor) 500 rpm steps Max 100000 rpm
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F.5 Additional status information for the machines equipped with PhACdrive
(A366/A566/A4xx/A6xx)

Additional status information for the spindle and drive motor is offered on the CNC mode screen for the
models equipped with PhACdrive, as well as information on the air pressure for the (ATC models
A4x6/A4x7/A6Xx6/A6X7)

Shown above is the spindle load during the cutting of 1/16 FR4 board material with a 2.5 mm router at
60000rpm.

Displayed in the lower left corner are: motor power consumption, line current (RMS), spindle
temperature (optional), drive board temperature, drive board outputs status (PWM: On/Off). Graphic
bars also show dynamic motor load (current [A] & torque [Nm]). During an overload a portion of the
bar goes red. During a continuous overload (up to 6 s / 12 s) the overload protection will be activated
to prevent the motor from overheating.

Low air pressure indicator (ATC models only)

[a]
o

mpf PhCNC Prowd.g,

APPENDIX-G: USB drivers installation for
A36x/A56x/A4xx/A6XxX

Drivers are compatible with Windows 2000, Windows XP, Windows 2003, Vista/Win7/Win8 (32bit and
64bit)

During the first connection of the (A36x/A56x/A4xx/A6xx) to a USB port of your computer, Windows
will ask you for USB drivers for this device. If you have the original CD-ROM with PhCNC software, you
have to install them from the CD. Otherwise you have to point to the folder where the PhCNC is already
installed (for example “C:\Program Files\PhCNC").

Installation process is similar to any other USB device.

Windows needs to install driver software for your
PhCNC360

P

Windows will guide you through the process of installing driver software
for your device.

< Ask me again later

Windows will ask again the next time you plug in your device or log on

¥ Don't show this message again for this device
Your device will not function until you install driver software.

Cancel
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If there is no CD, enter the path to the folder with PhCNC.

Browse for driver software on your computer

Search far driver software in this location:

CAPROGRAM FILES\PHCNC - Brouss..,

[ Include subfolders

After a successful driver installation, the controller (PhCNC360) is listed in the “Device Manager”
window:

(& o e

He Action view Help
e amE HmE 8] B RS

= IEEE 1284.4 compatible printer
§ IEEE 1394 Bus host contrallers
i Imaging devices
5 Hp Officejet 5600
51 PhCNC Camera A360
[F Infrared devices
=¥ Jungo
= Keyboards
|, Mice and other pointing devices
[ Modems
A Monitors:
=¥ Network adapters
| Other devices
[l Biuetooth Peripheral Device
s

PhCNC360 Devices
§
Processors
11 Security Devices it

i

The installation shown is for Windows Vista, but it is quite similar in Windows XP/Vista/Win7/Win8/8.1.
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APPENDIX-H: USB drivers installation for video
camera/microscope (VC)

H.1 USB drivers installation for video camera/microscope (A4xx, A6xx)

Accurate CNC models Ad4xx & A6xx are equipped with driverless cameras and using internal drivers
included in Windows XP (SP2+), Vista/Win7/Win8/8.1 (x86 & x64)!

The name of the driver is “"USB 2.0 Camera”:

= Device Manager e L et
Fle Action Yiew Help

L 2 R NENN 7 Nl ]
B 3 MBS

-8 Batteries
) Bluetooth Radios

1% Computer

s Disk drives

- &, Display adapters

-} DVD/CD-ROM drives

L% Human Interface Devices

4 IDE ATA/ATAPI controllers

94 Bus host controllers

WSD Scan Device
-[F Infrared devices

& Jungo

= Keyboards

P Mice and other pointing devices
{E| Modems:

& Monitors

¥ nNetwork adapters
=-{l» Other devices

[l Bluetooth Peripheral Device

+7 PCMCIA adapters

¥ PhCNC360 Devices

T PhVCOM virtual serial port
i portable Devices

77 Ports (COM & LPT)

[ processors

Windows installs the driver automatically once the camera is connected to an USB 2.0 port.

Page 166 of 170



PhCNC User’s Manual

APPENDIX-I: PhCNC control programs installation
(A350/A36x/A56x/A4xx/A6xX)

PhCNC installations for A350 and A36x/A56x/A4xx/A6xx are identical, but they work only with the
model that they are intended to. PhCNC A350 does not work with the A36x/A56x/A4xx/A6xx
machines and PhCNC A360 does not work with A350 machine.

PhCNC64 is 64bit version of PhCNC for x64 Windows (Vista/Win7/8/8.1) and machine models
A36x/A56x/Adxx/ABXX.

PhCNC64 is completely visually and functionally identical to PhCNC (32bit), but allows addressing of
more than 4GB RAM (an advantage when large and complicated projects are handled).

PhCNC64 installation is completely identical with PhRCNC installation.

PhCNC64 and PhCNC, can be installed on the same computer but only one can be used at a time.

PhCNC installation from CD-ROM, start Setup.exe, PhCNC_A360_Setup.exe or
PhCNC64_A360_Setup.exe (A36x/A56x/A4xx/A6xx only)

In case of download, start PACNC_A360_Setup.exe, PhCNC64_A360_Setup.exe or
PhCNC_A350_Setup.exe (A350 only!)

I.1 First time PhCNC installation
All steps of the first time installation are shown below.

"PhCNC - InstaliShield Wizard

Welcome to the InstallShield Wizard for PhCHE

Cancel

'PhCNC - InstaliShield Wiza

InstallSiield cBack || Mew> Cancel |

Page 167 of 170



PhCNC User’s Manual

InistallSiield < Back Cancel

InistallSiield < Back Cancel

InstallS hield Wizard Complete

fully installed PHCNE. Click Fir

InstaliShield <Back Cancel

1.2 Upgrade of an existing installation

[PhCNC - Installshield

Welcome to the InstallShield Wizard for PRCNC

InstallSfield < Back. Cancel
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PhCNC - InstallShield Wizard

TnstallShield [ <pook J[ [Finet [ corca |

PhCNC creates a “"PhCNC” folder in “Program files” folder, also a short-cut on desktop: .f..:pj[

USB drives for the A36x/A56x and the VC (A360/A350) are located in the PhCNC installation folder (by
“default” “C:\Program Files\PhCNC").

All upgrade installations preserve current settings of PhCNC (including license file PhACNC.LIC for A350).

The PhCNC uninstall procedure is the same as other software programs, "“Control Panel”->"Add or
Remove Programs” (Windows 2000/XP) or “Control Panel”->"Programs and Features” (Windows
Vista/Win7/Win8).
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& PhCNC

Accurate CNC, Inc.

6016 A & B. High View Dr,

Fort Wayne, IN 46818

USA

Phone: +1 (260) 489-7600

Email to: support@accuratecnc.com

phcnc@accuratecnc.com
telenet@accuratecnc.com

Web: Www.accuratecnc.com

" l . SISTEMI www.pcbtech.it
STRUMENTI www.epcb.it
t

echnologies
Viale Beniamino Gigli, 15 Tel. +39 0732 250458
60044 Fabriano AN Fax +39 0732 249253

info@pcbtech.it C.F./P1. 01474230420
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