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Proiectarea de postprocesoare pentru masini cu
comanda numerica

Cercetator stiintific, Virgiliu Streian
Universitatea “Tibiscus” din Timisoara

ABSTRACT. The purpose of this article is to become familiar with
design of numerical control (NC) part programming of the computer
aided manufacturing (CAM) process. This part consists in design of
the CAM programs (postprocessors). The postprocessors are programs
that convert a drawing, created by AutoCAD2000.by example, into
G-code instructions which are used by G-code interpreter programs
that in turn run the machine’s controller.: Conversion of the drawing to
a g-code file is an important step. The conversion must be accurate in
order to enable the CNC machine part production with minimum
human intervention.

1 Descrierea unui sistem CAD/CAM

Proiectarea Asistata de Calculator - Computer aided design (CAD) si
Lansarea in Fabricatie Asistatd de Calculator - Computer Aided
Manufacturing (CAM) sunt doud etape care se ocupa de automatizarea
functiunilor ingineresti legate de proiectarea si lansarea in fabricatie a unui
produs. CAD-ul include probleme legate de conceptie, proiectare, modelare,
simulare, analiza, evaluare si in final documentatia pentru realizare produs,
incluzdnd si plange de executie. Modelul geometric format pe durata
procesului CAD este intrarea de baza pentru procesul CAM. AutoCAD,
program realizat de firma AutoDesk Inc. din California SUA, este unul din
numeroasele programe CAD utilizate in crearea de modele geometrice.
CAM-ul include partea de programare utilizate in planificare §i controlul
numeric (CN) a masinilor cu comanda numerica (CNC machine).

In sisteme CAD/CAM fazele de proiectare si lansare in fabricatie sunt
integrate in acelasi sistem de calcul. Iesirea dintr-un sistem CAD,
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specificatiile de realizare a unui produs, sunt automat convertite citre un
sistem CAM de realizare a produsului prin intermediul unui program g-code
numit in continuare postprocesor sau program CNC. Postprocesorul este
descarcat intr-o magina cu comandd numerica prin intermediul unei interfete
de comunicare si astel realizarea fizica a unui produs este implementata.

2 Privire generala si explicatii despre masini cu comanda numerica
(CNC machine)

Controlul masinilor cu comanda numericd prin calculator (CNC).a dat
posibilitatea produceri unei largi si complexe game de masini unelte.
Principalele parti a unui sistem CNC sunt: (1)Un caleulator perconal(PC),
(2)Programe care permit utilizatorului sd proiecteze (ex. AutoCAD),
(3)Programe care convertesc proiectul in instructiuni, instructiuni utilizate
de programele de interpretore G code, (4)Programe care interpreteaza
instructiunile G code si comanda masina unealta.

PC-ul este destinat ruldrii unui softwre specializat care are drept scop
final emiterea catre masina unealta a unor semnale constind din
instructiunbi G code.

Prima componentd a acestui software constd din programe de
proiectare numite generic programe de “Proiectare Asistata de Calculator-
Computer Aided Design (CAD)”. Programul CAD la care ne vom referi in
continuare va fi AutoCAD.

A doua componenta a acestui software consta din programe de lansare
in fabricatie.a produsului proiectat, programe numite generic Computer
Aided Manufacturing (CAM). Un program CAM alias un postprocesor, are
drept scop generarea de instructiuni G code alias RS-274D standard, pentru
0 anumitd masina unealtd. Exita diferite tipuri de formate g-code formats
depinzand de tipul masinii unelte utilizate.

RS-274D, sau altfel numit G-Code, este un standard recomandat
pentru masinile cu comanda numerica. Acest standard reprezinta un element
de baza in scrierea programelor puntru comanda masinilor unelte.

Programarea masinilor cu comanda numericd (CNC programming)
constd din planificarea si documentarea secventelor, una céte una, pe care
magina unealtd le executd. Planificarea secventelor presupune cunoasterea
foarte bine a masinii unelte rescpective, precum §i notiuni avansate de
matematicad, in special de geometrie si trigonometrie.

Limbajul standard de programare a masinilor unelte cu comanda
numerica (RS274D alias G-code) contine instructiuni care specifica o serie

126



Anale. Seria Informatica. Vol. III fasc. I

Annals. Comeuter Science Series. 3™ Tome 1 Fasc.

ordine adresate masinii unelte. De regula un program CNC este compus din
prmdtoarele parti: (1)o sectiune de initializare, care pregiteste de lucru
masgina, (2)o sectiune de lucru efectiv a masinii, (3)o sectiune de terminare a
lucruluui.

Urmatoarea secventd de program G-code exemplifica cele afirmate
mai sus - Nxxxx este numarul liniei, Gn este un G code, Mn este un M code,
Q un increment de alimentare, iar Fn este rata de alimentare dorita:

% header section — (1)une de initializare

N0000 G91 X0 Y0 F200.000

N0005 G65 HO1 P32 Q000.200

% (2)sectiune de lucru efectiv a masinii

% pen down

NO0010 M12

NO0015 GO1 X000.000 Y-85.024

N0020 GO1 X118.340 Y000.000

N0025 GO1 X000.000 Y085.024

N0026 GO1 X-118.340 Y000.000

% pen up

N0030 M13

% moving to next entity

N0035 GO0 X-97.457 Y-78.068

% pen down

N0040 M12

N0045 GO1 X059.557 Y017.005

N0050 GO3 X-07.734 Y035.556 1-05.006 J017.530

N0055 G02 X-30.939 Y017.777 1-04.286 J028.352

N0060 GO1 X-20.884 Y-70.338

% (3)setiune de terminare

% Pen up at end of program

N0065 M13

N0070 M02

De reguld G code-urile indicd o miscare In timp ce M code-urile sunt
utilizate pentru controlul unor functii de I/O a masinii.

In listele de mai jos sunt explicitate citeva din codurilor G/M
recunoscute.

G Codes List
G Function and Description Example
code
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G00

Rapid Positioning. Using a GO0 in
your code is equivalent to saying
"go rapidly to point xxxx yyyy".
This code causes motion to occur
at the maximum traverse rate

N100 G00 X10.00 Y5.00 -
go rapidly to point X10.00
Y5.00

N100 GO0 Z1.5 - move
spindle above obstacles

GO01

Linear Interpolation. GO1 causes
the machine to travel in a straight
line with the benefit of a
programmed feed rate (using "F"
and the desired feedrate). This is
used for actual machining and
contouring.

N120 GO1 Z0.1 F6.0 -
move the tool down to
Z=0.1 at a rate of 6
inches/minute

N130 GO1 (Z-.125 F3.0 -
move tool into the work
piece at 3 inches/minute
N140 GOl X2.5 F8.0 -
move the table, so that the
spindle travels to X=2.5 at
a rate of 8 inches/minute

G02
GO03

Circular/Helical
(CW/CCW). G02/G03"  causes
clockwise /  counterclockwise
circular motion to be generated at
a specified feed rate (F). When
coding circular moves, you must
specify where the machine must go
and where the center of the arc is
in either of two ways: By
specifying the center of the arc
with J words, and I or giving the
radius as an R word.

I is the incremental distance from
the X starting point to the X
coordinate of the center of the arc.
J is the incremental distance from
the Y starting point to the Y
coordinate of the center of the arc.

Interpolation

N100 GO1 X0.0 YI1.0
F20.0 - go to X0.0, Y1.0 at
a feed rate of 20
inches/minute

N200 G02 X1.0 Y0.0 10.0
J-1.0 - go in an CW arc
from X0.0, Y1.0 to X1.0
Y0.0, with the center of
the arc at X0.0, Y0.0

N300 GO1 X0.0 Y1.0
F20.0 - go to X1.0, Y0.0 at
a feed rate of 20
inches/minute

N400 G02 X1.0 Y0.0 R1.0
- go in an CW arc from
X0.0, Y1.0 to X1.0 Y0.0,
with a radius of R=1.0

G20

Inch system selection.

G21

Millimeter system selection.
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G90 Absolute Command. Use the
absolutes coordinates in G00, GO1,
etc. g codes

GI1 Increment Command. Use the
incremental coordinates in GO0,
GO01, and etc. g codes.

M codes List
M Function
code

MO0 Stop and wait for start button to restart
MO02 End of Program

MO3 Stop and Go to Console Mode
Ml1 Spindle on clockwise

MI12 Spindle on counterclockwise
M13 Spindle off

M21 Coolant on

M22 Coolant off

M30 Output on

M31 Output off

M98 Call subprogram

M99 End of subprogram, return

3 Proiectarea unui postprocesor (CNC programs) utilizind limbalul
AutoLISP din AutoCAD

Vertex 12

AutoLISP, dialect pentru Common Lisp,
este‘un limbaj de programare de nivel inalt
ce reprezintd . o facilitate standard a
AutoCAD-ului. Prin AutoLISP se poate
avea acces la informatiile din baza de date
geometricd a entitdtilor grafice. Aceasta
facilitate se poate folosi la proiectarea unui
postprocesor (CNC programs).

De exemplu putem considera conturul
poligonal 2D din Figura 1, creat cu comanda
AutoCAD, PLINE. ¢ Figura 1.

Vertex 11

Vertex 13 Vertex 7

Vertex 1
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Vertexurile 1, 6 si 12 starteazd a segment de linie in timp ce
vertexurile 2, 3, 4, 5, 7, 8, 9 si 10 starteaza un arc de cerc. Tabelul de mai
jos descrie caracteristicile acestor vertexuri:

Verte | Xstart Ystart Radius Xcenter | Ycenter
X of Arc of Arc of Arc

R<0 -

CWwW)

R>0 --

CCW)
1 84.6485 68.051
2 97.332 100.561 -12.4125 | 108.896 | 96.0498
3 117.736 87.3367 12.4125 | 108.896. | 96.0498
4 143.654, 79.6224 -8.72067 | 152.202" | 81.3514
5 160.749 79.6224 8.72067 | 152.202 | 81:3514
6 171.227 86.7857
7 172.33 136.929 13.2381 | 159.095 | 137.22
8 145.86 136.929 -8.00818 | 137.854 | 136.752
9 136.485 144.643 8.00818 |137.854 | 136.752
10 124.905 158.418 -9.88147 | 115.604 | 161.755
11 118.839 171.092
12 108.361 193.684
13 76.3767, 142.99

Lista de asocieri a acestei polilinii obtinuta cu secventa AutoLISP:
(entget (nth 0 (entsel "Please choose a 2D polyline object:")) este aratata
mai jos:

((-L< <Entity name: 19e9d70>) (0 . "LWPOLYLINE") (330 . <Entity
name: 19e9ct8>) (5 . "2E") (100 . "AcDbEntity") (67 . 0) (410 . "Model") (8
. "cote") (100 . "AcDbPolyline") (90 . 13) (70 . 0) (43 . 0.3) (38 . 0.0) (39 .
0.0) (10 84.6485 68.051) (40 . 0.3) (41.0.3) (42 .0.0) (10 97.332 100.561)
(40.0.3) (41.0.3) (42 .-1.22691) (10 117.736 87.3367) (40 . 0.3) (41 . 0.3)
(42 . 1.6646) (10 143.654 79.6224) (40 . 0.3) (41 . 0.3) (42 . -1.22252) (10
160.749 79.6224) (40 . 0.3) (41 . 0.3) (42 . 2.46234) (10 171.227 86.7857)
(40.0.3) (41 .0.3) (42 .0.0) (10 172.33 136.929) (40 . 0.3) (41 . 0.3) (42 .
1.02224) (10 145.86 136.929) (40 . 0.3) (41 . 0.3) (42 . -2.17968) (10
136.485 144.643) (40 . 0.3) (41 . 0.3) (42 . 1.73951) (10 124.905 158.418)
(40.0.3) (41.0.3) (42 .-2.39575) (10 118.839 171.092) (40 . 0.3) (41 . 0.3)
(42 .0.0) (10 108.361 193.684) (40 . 0.3) (41 . 0.3) (42 . 0.0) (10 76.3767
142.99) (40 .0.3) (41.0.3) (42.0.0) (210 0.0 0.0 1.0))
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Fisierul G code creat de un postprocesor (program CNC) AutoLISP
pentru o masina unealtd de tdiere cu flacara, de exemplu, trebuie sa prevada
urmadtoarele faze: (1)extragerea listei de asocieri a entitétii polilinie 2D, (2)
extragerea coordonatelor X, Y pentru fiecare vertex din lista de asocieri a
poliliniei (cod DXF 10), (3)testarea daca vertexul starteaza un segment de
linie sau un arc de cerc (cod DXF 42), (4)generarea pentru fiecare vertex a
unei instructiuni, (5)scrierea, pentru fiecare vertex, a unei linii G-code intr-
un figier disc

Un examplu de postprocesor numit G_CODE (nume functie main din
fitierul CNC.LSP), scris In AutoLISP este aratat mai jos. Aplicatia (doua
functii lisp) citeste lista de asocieri a poliliniei 2D atatata/in Figura 1 si
genereazd instructiuni G code instructions, care sunt_salvate in fisierul
GCODE.CNC.

;; File CNC.LSP

;3 AutoCAD2000 code

;; This code is only for training purposes
;; Author: V. Streian

(defun CNC (PAL I)
@if (/= PAL (list)) ; PAL — two-dimensional polyline association-list not
empty?
; Then
(progn
(if (= (nth 0 (setq V (nth 0 PAL))) 10)
;then - write records into gcode file
; Nxxxx Ggg Xxxxx Yyyyy Rrrrr
; Ex.
; N1010 G90 -- absolute Command (absolute mode)
; N1010 G21 -- millimeter system selection
; N1010 GO0 X100.00 Y100.00 --- go rapidly to point Xxxx yyyy
; N1010 GO1 X100.00 Y100.00 --- moves to point XXXX yyyy
; N1010 G03 X100.00 Y100.00 R50 --- go in an CCW arc from current
point to xxxx yyyy (incremental point) with a R50 radius
; Only g-code G90, G21, GO0, GO1 and GO3 are generated
(progn
(setq XY (cdr V)) ; extract X,Y of vertex
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(setq X (nth 0 XY)) ; extract X of vertex
(setq Y (nth 1 XY)) ; extract Y of vertex
(if (=11000)

; then — only for first record

(progn
(princ
(strcat
HNH
(itoa (setq I (+ 1 10)))
) gcode) ; Nxxxx - line number
(princ " " gcode) ; blank
(princ "G21" gcode) ; G21 -- millimeter system
selection
(princ " " gcode) ; blank
(princ "G90" gcode) ; G90 -- Absolute (coordinates)
Command
(princ "\n" gcode) ; end record -- a newline
(princ
(strcat
"NH
(itoa (setq I (+ 1 10))) ; Increments the counter by ten
) gcode) ; Nxxxx - line number
(princ " " gcode) ; blank
(princ "G00" gcode) ; GOO -- go rapidly to point X, Y
(absolute mode)
(princ " " gcode) ; blank
(princ (strcat "X" (rtos X)) gcode)  ; Xxxxx
(princ " " gcode) ; blank
(princ (strcat "Y" (rtos Y)) gcode)  ; Yyyyy
(princ "\n" gcode) ; end record -- a newline
)
) ; end if
(princ
(strcat
"NH
(itoa (setq I (+ 1 10)))
) gcode) ; Nxxxx - line number
(princ " " gcode) ; blank

(setq TG (cdr (assoc 42 PAL))) ;extract tangent of bulge
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(if (=TG 0) ; testing if vertex start a segment line or start an circular arc
; then — vertex start a line

(progn
(princ "GO1" gcode) ; GO1 -- moves to point XXXX yyyy
(absolute mode)
(princ " " gcode) ; blank
(princ (strcat "X" (rtos X)) gcode)  ; Xxxxx
(princ " " gcode) ; blank
(princ (strcat "Y" (rtos Y)) gcode)  ; Yyyyy
)
; Else — vertex start an arc
(progn

(setq ATGR (* 4.0 (atan TG))) ; AngleArc = 4 * bulge arc- radian
angle

(setq ATG

(cvunit ATGR "radian" "degree") ;convert radian to degree angle

)

(setq C (osnap XY " _cen")) ; center of arc

(setq R (distance XY C)) ;radius of arc

(setq E (polar C ATGR R)) ; endpoint of arc

(setq XI (- (nth 0 E) X)) ; incremental X of endpoint

(setq YI (- (nth 1 E) Y)) ; incremental Y of endpoint

(1f (<TG 0) (setq. R (*=1 R))) ; r=-r for clockwise

(princ "GO03" gcode) ; GO3 -- go in an CCW arc from current point to

XXXX YYYY
; (Incremental point) with a Rrrrr radius

(princ " " gcode) ; blank
(princ (strcat "X" (rtos X1)) gcode) ; Xxxxx
(princ " " gcode) ; blank
(princ (strcat "Y" (rtos YI)) gcode) ; Yyyyy
(princ " " gcode) ; blank
(princ (strcat "R" (rtos R)) gcode) ; Rrrrr
)
) ;end if
(princ "\n" gcode) ; end record — a newline
) ; end prog
); end if
(setq PAL (cdr PAL))
(CNC PALI) ; recursive call
) ; end prog
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; else
(progn
(princ) ; Exit quietly
)
) ; end if
) ; end CNC function

29

29

;; Main function

(defun C:G_Code ()

(setq PAL ; retrieves the two-dimensional polyline association-list
(entget (nth 0 (entsel "Please choose a 2D polyline object:")))
)

(setq gcode (open "GCODE.CNC" "w"))

(CNC PAL 1000)

(close gcode)

(princ "\nFile GCODE.CNC created")

(princ)

) ; end G_code function

;; End of CNC.LSP file

29

Fisierul rezultat GCODE.CNC, aratat mai jos, contine o secventa de
comenzi-adresate unei masini unelte de taiere cu flacara, ce executa tiierca a
conturului definit in Figura 1

% Fisicrul rezultat GCODE.CNC

N1010 G21 G90

N1020 GO0 X84.6485 Y68.051

N1030 GO1 X84.6485 Y68.051

N1040 G03 X0.161 Y0.3927 R-12.4125
N1050 G03 X-15.7777 Y-1.5797 R12.4125
N1060 G03 X0.5124 Y5.1181 R-8.7207
N1070 G03 X-8.3059 Y-6.9884 R8.7207
N1080 GO1 X171.2271 Y86.7857

N1090 G03 X-26.4603 Y-0.291 R13.2381
N1100 G03 X-9.2009 Y7.7425 R-8.0082
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N1110 G03 X-2.5839 Y-14.8553 R8.0082
N1120 G03 X-9.4087 Y13.2175 R-9.8815
N1130 GO1 X118.8388 Y171.0918
N1140 GO1 X108.3611 Y193.6837
N1150 GO1 X76.3767 Y142.9898
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