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Reference Return

- G

When C.N.C. machines are built, aphysical location in the machineis defined as a Reference
position. The Prodigy lathe needsto be sent to that position after starting up so the machine
knowswhereitis. The machine can then accurately position itself as required.
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Cartesian Coordinate System

- G

The Cartesian coordinate system was devel oped by the mathematician Descartes during an
iliness. As helay in bed sick, he saw afly buzzing around on the ceiling, which was made of
square tiles. As he watched he realized that he could describe the position of the fly by the
celling tile he was on. After this experience he developed the coordinate plane to make it
easier to describe the position of objects. A C.N.C. machine tool uses this system to
describe part geometry to be machined. This definition of the Cartesian coordinate system
was provided by the Shodor Education Foundation, Inc. at: www.shodor.org

2 ) ¥
- G
& %
2
o A
% A
%
A %
& * %'
A %
* + L %
* +‘
H 1 %
* + %
A
2 7
%
( % *
% A
A %

Page C11: Coordinate System



SNK Prodigy GT-27 Quick-Reference

& %
& A
( %
& A
&A
Al
%
| A
' %
BH9 % H9 % 4% A
= HO  19% (
EHOI 9F%

Page C12: Coordinate System

% (

%

%

H A%



SNK Prodigy GT-27 Quick-Reference

B>+

%

%

H A

BF

+H B
1>%

>BF

Diameters: X (absolute) or U (incremental)

(

H>% *

HO *
+

0 -

i‘/ +|9*) )
; | K
H
>F
B>+ '
©%
H>%% (
H % * + 1>%* 9%
H A >%F
B+
%
% ( 19
' | >0 * +
A
| >% >F
| %* + - >HB* %

Page C13: Coordinate System




SNK Prodigy GT-27 Quick-Reference

%

29 * A

%

%

5 2 * + 7% +
%
> | 29% * A +
;9 1 1
7:9%* 9%
( 2:9% A
A 1
2>=9% * + 7:9%* 9%
2 A ;9
09 *2: 9%% !
%
2 A
%
, %
& , > 2 A ' 9
A !
' 2:9%
7:9% %
& , 2 A ' 9
2>=9% A
7 ;9% A
%
, 09
7 ;9% A
2 9% A %
* + 2>=9%
7 9%
* +2 9%
7:9%

Page C14: Coordinate System

%

%



H 1%-

Al

SNK Prodigy GT-27 Quick-Reference

79%' ' %

% -
I - % -
7% &

Page C15: Coordinate System



SNK Prodigy GT-27 Quick-Reference

Offset
- G

Offsets are electronic adjustments that allow the user to inform the machine where a cutting
tool islocated.

Practical Use of Offsets

Each cutting tool requires aunique set of offset data. This adjustment tells the machine how
far the cutting point of the tool isfrom the reference position of areference plane.

The Prodigy lathe has several types of offsets designed to accomplish different tasks. They
are: Work coordinate, geometry, wear, and radius compensation. We shall discuss them in
the order in which they are typically used during setting up the lathe.

Work Coordinate

Thisoffset isused to tell the machine how far the tool -plate must move from *“home position”
to whereit is determined that Z0 (zero) of the part islocated. Home position is where the
tool-plate positions when you start-up the machine and perform a Reference Return as
instructed in Section B of thisdocument. Asdifferent length parts are run, this offset is
adjusted to compensate. Because the distance from the X-axis reference position to the
centerline of the spindle never changes and the location of CO (zero) never changes, a Work
Coordinate isonly required for the Z axis.

Geometry

Each tool is placed on the tool-plate with a unique distance from its cutting point to the
reference position of both the X and Z-axes. Because the distance from the reference
positionsto atool’s cutting point in both X axis and Z axisis unique, each tool must have
both an X and Z geometry offset. Typically, the geometry offset chosen will be the same as
the tool number assigned to atool in the program.

W ear

A wear offset is used to make small adjustments without disturbing the geometry offset. This
feature allows the operator to recover quickly from mistakes made when making small
(typically less than .005") offset changes and can be useful in tracking tool wear. The
geometry and wear offsets are added to the work coordinate to identify the tool’ s cutting
point’s distance from the X axis and Z axis reference positions.

Radius Compensation

This offset tells the machine what radius the cutting tool has and in which direction thetool is
facing. More detail concerning use of offsets can be found in Sections F and G.
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Operators Controls
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Operator controlslocated on the control pendant areillustrated below. Refer to the Prodigy
Operators’ Manual for further details.
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Additional controls are accessed via“soft” keys. Thefollowing stepswill display additional
controls:

Press “ Offset Setting” to access work, geometry and wear offsets.

Pressthefar-right “soft” key repeatedly until (seting) becomes available above one of
the soft keys. (seting) means “setting” and is abbreviated due to space constraints.
Press the “soft” key below (seting). Use Page up or Page down as needed until
Setting (Handy) screen isdisplayed. Communication Parameters are located here.
Press Page Down twice until Setting (Timer) screenisdisplayed. Y ou can now
access the Parts Counter.

Pressthefar-right soft key until (opr) becomes available above one of the “soft” keys.
Press the “soft” key below (opr) to access the Rapid Override function.

Press Page Down once to access the following options: Block Skip, Single Block,
Machine Lock, Dry Run, and Protect Key. (Protect Key disables the operator
panel’ s program editing buttons.)

Press Page Down once to access the following options: Optional Stop, Coolant
On/Off and DNC & Tape.

Use the Cursor Left/Right to enable/disable any option desired.
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Setting Reference Plane (Work Coordinate of Z AXiS)
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Geometry Offsets
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Setting the X-axis geometry offsets
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Setting the X-axis geometry offset
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M and G code list
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G02, GO3: Circular Interpolation
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G90, G94 and G92 “Canned” Cycles.
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G83 and G87 Peck-drilling Canned Cycles
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G70, Finishing Cycle, and G71, Stock Removal, Turning
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01999;

(FACE AND TURN) ;

(K. METAL BAR #NF3- A12S- SDUCL3) ;
(1 SCAR | NSERT #DCGT- 3-1- AS);
(RAD. COWP OF TOOL #1: R=.0156, T=2)
Q28W0;

M20G20;

QOEHAO0TO0101;

(P7E9S1000MB;

X-. 8;

G50S4000;

P6S700M3;

Z.003;

G1lX. 03F. 005;

Z.06;

QOX-. 76;

G71U. 05R. 01;

G71P101QL02U-. 01W 003F. 005;
N101Q&0X. 05; (First bl ock of Geonetry)
G1ZOF. 003;

X-. 4,

X-. 498W . 049;

Z-.5;

X-. 68;

@&2X-.74W . 03R. 03;

Glz-1.0;

N102X- . 8; (Last bl ock of Geonetry)

X-.9F. 01; (Moves that allow radius conp.)

@0Z. 3; (wi t hout causing over-cutting)

X-.76; (alarns during radius conp.)

GL(41Z. 15F. 01; (Engage radi us conp.)

G70P101Q102; (Gr70 cycl e copies geonetry from G/l cycl e)

A0HA0Z. 2; (Cancel Radius Conp.)

&@751200;
TO;
| QR8WD;
M3O;
%
/ )
( > 1 %D
( 1 |
1 ' %
> ' ' %B>9F
' %9: F %
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%

02999;

(THREAD O.D.);

(1/2-20)

(ALL-5 BAR #DC- 35- 625)
(ALL-5 | NSERT #TTR- 35-093)
Q28W0;

M20G20;

@0T0202;

(P7E9S1000MB;

X. 55;

Z.1;

G7/6P010160CQ5BRS;
G/76X. 4408Z- . 5P310QB5F. 05;

QZ. 2;
TO;
G28W0;
MBO;

%

/ " ?

? 9 9>?79%
?H%<9=] 9B : >9R?D$BD0
I A ? 9>99?79%
? 9>9>?9RD. %
( ' &2" 6 * + 7299 ;%
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M20G20; (2-Axis node)

(1/4 20 TAP)

( HY- PRO #2930001)

R8W;

@0T0505;

@7@E@9S300MB; (Spindle rotation forward at 300 revol uti ons per m nute)
X0; (Position at X0 (zero), required for tapping with a stationary tool)
Z.2;(Position Z-axis .200" fromthe face of the part.)

M29S300; (Non-nodal command enabling rigid tapping at 300 r.p. m)
&XB4Z- .5R0F. 05; (Rigid tap ¥¥ deep at .050 inches per ninute feed-rate)
@&B0; (Canned cycle for drilling cancel)

Z. 2;

Vb;

R8W;

MBO;

%

Note: Rigid tapping is only alowed using a stationary tool and the Z-axis with the X-axis

positioned at X0 (zero).  Rigid tapping is not available for processes using the X-axis
in-feeding.
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Milling Functions

%
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W &A ! A 2 &A
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% % &
%
%

M 20, 2-Axis machining
M 21, 3-Axis machining

This function has requirements that must be met:

1. The MO5, spindle rotation stop command must be in effect before entering 3-Axis
mode.

2. Themodal command M21; 3-Axis mode, must be in effect before C-Axis

commands will be accepted.

M50, M52 or M56; “Livetool rotation on must be in effect before cutting.

G98, feed in inches/per minute mode, must be used. Commands issued using the

G99, feed in inches per revolution mode, will cause zero mation.

~w

Page M 38: Programming Example



SNK Prodigy GT-27 Quick-Reference

G12.1 and G13.1, Polar Milling.

The polar milling option alows the Prodigy GT-27 to perform milling operations of
complex geometries using rotating (live) tools. In this mode, the part is programmed as if
the lathe were a milling machine with the C-Axis functioning asa“virtual” Y-Axis. Once
M21 mode is active no additional commands are required to use the indexing function
either before or after using polar milling. This mode is typically used when the live tool’ s
centerlineis paralel to the lathe' s Z-axis.

The origin point of the “virtual” Y-Axisisthe origin point of the centerline of the part.

This function has requirements that must be met:

1

The MO05, spindle rotation stop command must be in effect before entering
3-Axis mode.

The modal command M21; 3-Axis mode, must be in effect before C-Axis
commands will be accepted.

M50, M52 or M56, “Live tool rotation on” must be in effect before cutting.
G98, feed in inches/per minute mode, must be used. Commands issued using
the G99, feed in inches per revolution mode, will cause zero motion.

A C-Axis command [usually CO (zero)] must be executed before G12.1 will be
accepted.

“Tool Radius Compensation” isrequired. Theradius of the end-mill must be
entered into the Geometry Offset page, “R” column for the tool used to mill.
The"“T” vaue in the Geometry Offset pageis set to O (zero).

Tool Radius Compensation must be cancelled before activating compensation.
Compensation must be cancelled while G12.1 is till active.

The modal command M20; “2-Axis mode”, must be restored before an M03
(Spindle Rotation, Forward) or M04 (Spindle Rotation, Reverse) command can
be executed.

X-Axis coordinates are in diameters and C-Axis (“Virtua” Y-Axis) coordinates
areradial (divide diameter by 2).

Page M 39: Programming Example
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The program example below illustrates the use of “polar” milling to machine a hexagon
that measures 3/8” across the flats followed by machining “scallops’ using indexing to
position the part. The sketch below illustrates C/X-Axis relationship used to machine the
hexagon. The C.N.C. part program on the next page demonstrates polar milling.

%
H A *HO+
H © FN A *NO9+

%

2 &A

%
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%

01234

(MLL 3/8" HEX)

(NSK PNEUNMATI C LI VE SPI NDLE)
(NI AGARA CUTTER EDP#85671)
&0

G8W)

G0A0T0606

Mb (Spindle rotation stop)
M21 (3-Axis node)

Mb6 (Live-tool #3 on)

X-1.1

z.1

CO (Orient spindle to Czero degrees)
Gl2.1 (Polar mlling node on)
GLE8FALX-. 7TF10. (Tool Nose Radi us Conpensation, Left)
Z-.15

X- . 385F3.

C 1111F4.5

X0C. 2222

X. 385C. 1111

C. 1111

X0C-. 2222

X-.385C-. 1111

COF5. 0

X-.375

C. 1083

X0C. 2165

X. 375C. 1083

C-.1083

X0C-. 2165

X-.375C-. 1083

C. 13

Z. 1F40.

A0X-1.1 (Tool Nose Radius Conpensation Cancel)
Gl3.1 (Pol ar Coordi nate Mdde Cancel)
@0Z. 5

Mb7 (Live-tool #3 off)

TO

&@8WM20 (2- Axi s node)

MBO

%
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GO07.1 or G107, Cylindrical Machining.

This function is designed for milling complex shapes, such as J-slots or text on a cylinder.
This mode is typically used when the centerline of the live tool is parallel to the X-axis.

This function has requirements that must be met:

1

~w

o N

The M05, spindle rotation stop command must be in effect before entering
3-Axis mode.

The modal command M21; 3-Axis mode, must be in effect before C-Axis
commands will be accepted.

M50, M52 or M56; “Livetool rotation on” must be in effect before cutting.
G98, feed in inches/per minute mode, must beused. Commands issued using
the G99, feed in inches per revolution mode, will cause zero motion.

A C-Axis command [usually CO (zero)] must be executed before GO7.1 will be
accepted.

“Tool Radius Compensation” isoptional. If you desireto use radius
compensation, the radius of the end-mill must be entered into the Geometry
Offset page, “R” column for the tool used to mill. The“T” valuein the
Geometry Offset pageis set to O (zero).

Tool Radius Compensation must be cancelled while GO7.1 is still active.

The modal command M20; “2-Axis mode”, must be restored before an M03
(Spindle Rotation, Forward) or M04 (Spindle Rotation, Reverse) command can
be executed.

X-Axis coordinates are in diameters and C-Axis (“Virtual” Y -Axis) coordinates
areradial (divide diameter by 2).

Refer to the Fanuc Operators Manual for details and a program example of this function.
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Macro
- G
Asit relates to computers, a“macro” is acommand that stands for a sequence of operations.

In C.N.C. usage, amacro is an instruction or series of instructions that repeats a sequence of
operationswithout having to key in each move. This description sounds like a canned cycle
because canned cycles use macro technology to function. A macro allows the use of
algebraic functions. This ability gives the user of a macro the greatest flexibility of the
many types of commands available. The canned cycles are atype of macro in that they take
avariable value and use it to complete afunction. Example: when you change the “Q”
word in the G76 threading cycle, the processis atered: More passes are taken when “Q” is
decreased. The control uses algebrato calculate how many moves to create based on the
present value of several variables.

A variable, asit relatesto c.n.c. programming is a symbol in acommand or cycle that can be
changed by changing value stored in another location. All c.n.c. controls comewith locations
in memory reserved to store thesevalues. The“#’ symbol is used by the control to identify
these stored values.

A macro variable can store any numeric value that isto be repeated in aprogram. Variables
are also used to count the number of repetitions of a sequence and then notifying the
controller when it is time to move on to the next process.

The values can be negative numbers and fractions stated as decimal equivalents.

Macros use conditional statements with algebraic statements to perform functions. One
exampleisthe“counting” function used to control repetitions.

Another use of amacro command allows the programmer to execute commands that are not
displayed in sequence on the screen.

Example: The block “If [#1=1]GOTO100;” tellsthe control that if variable #1=1, skip to the
block labeled N100 and continue executing commands from that position in the program. I
the variable contains any value other than 1, the control will move on to the next sequencein
the program and begin processing commands. By placing a sequence desired to commence
between the block containing the “ If” statement and the block labeled N100 it is possible to
define two different sets of geometry that can be selected by controlling the value of variable
#1. Thisisapowerful feature when programming a*“family” of parts with common
features.
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Program Sample

This section will illustrate a complete sample program. The program uses many of the
cycles discussed in previous sections of this manual as well as commands not covered.
Refer to the Prodigy Operators Manual and the Fanuc Operators Manual for details.

Features used:

Nxx: “N” is used to label ablock for searching in edit mode or for use by a canned cycle.
I “I" Isblock skip. With this option set to on via*“soft” keys, the program will skip past
this command without executing it.  In this application, block skip is used to reduce
indexing times by inhibiting the G28WO0 (Return to Reference Point) command.
G97Sxxxx: G97 (Constant Surface Speed Cancel) causes the spindle to rotate at xxxx
revolutions per minute.  An MO3 (Spindle Rotation Forward), or aM04 (Spindle
Rotation Reverse) command is required to engage spindle rotation.

G96Sxxx: G96 (Constant Surface Speed Control) causes the spindle to rotate at xxxx
surface feet per minute.  This mode causes the spindle to vary speed based upon the
X-axis (diameter coordinate) the cutting tool is presently located at.

G94: “Canned” facing cycle.

G70 and G71: “Canned” turning and finishing cycles.

G40 and G41: G40 (Compensation Cancel) and G42 (Compensation, Left) are tool radius
compensation commands.

G76: “Canned” threading cycle.
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Part made from 34" diameter brass.

%

O1234( DEMD PART)

@50S5500

M20G20

N1( ROUGH AND FI NI SH TURN)
(1 SCAR BAR, NF3- A12S- SDUCL3)
(1 SCAR | NSERT, DCGT- 3- 1- AS)
@28W

QG40T0101

G97G99S1000MB

X-.78

Z. 05MB

965600

@94X. 05Z. 003F. 005

G71U. 06R. 005
G71P101QLO2U- . 01W 003F. 007
N101G0X. 05

GLZOF. 003

X-.198

X- . 248W . 025

Z- . 5F. 005

X- . 33

G2X- . 4W . 035R. 035F. 0015
GLZ- . 75F. 003

X- .56, C. 025F. 0015
Z-1. OF. 003

X- .73, R 035F. 0015

Z-1. 3F. 003

N102X- . 78

@z. 15

GLGA1Z. O5F. 01
G70P101QL02

@G40Z. 3

9751000

TO

| G28WD

ML

(Continued next column)

N2( CENTER DRI LL)
( MAGAFOR #1, 195-0952)
| G28WD
G0G80T0202
G97G99S2000MB

X0

Z. 05MB

@83Z- . 12QO0F. 003
&80

®71.5

TO

| G28WD

ML

N3( 1/ 4- 28 EXTERNAL THREADS)
(ALL-5 BAR DC- 35-625)
(ALL-5 | NSERT, TTR-35-093)
| G28WD

070303

G97@99S1000MB

X. 4

z.1

G76P010260Q6R5

G76X. 2064Z- . 25P230Q70F. 0357
0Z. 2P

TONG

@80

MBO

%
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