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1. GENERAL

The FANUC SYSTEM 3T-MODEL D is an SNC recently developed by FANUC. SNC means an NC in which
functions of an epoche-making automatic programming system ‘“‘Symbolic FAPT” are assembled into CNC,
and this “Symbolic FAPT” allows even unexperienced NC programmers to produce NC data for machining at
once simply by depressing buttons according to the instructions on the graphic display CRT. Accordingly, the
SNC is a controller which can execute both programming and machining concurrently at a site. The SNC can
execute machining according to a program soon after programming it at a site, or it can execute another program-
ming during machining. ‘

The Symbolic FAPT produces NC data of the standard NC language (EIA or ISO format), and loads them
into built-in memory of SNC (NC memory). Machining is made according to the NC data in memory (also called
NC program).

During machining, another program can also be produced by using Symbolic FAPT function. When the
NC memory has been unloaded after machining, another program being prepared at the automatic programming
section is transferred to the NC memory.

Since NC data loaded in NC memory are prepared in standard NC language, an operator who knows the
standard NC language can directly check or modify NC data of standard NC language in NC memory by using
the MDI & DPL unit of SNC.

(Since NC data can be transferred again to NC memory after modifying NC data at the automatic program-
ming section without any need of modifying NC memory data, it is not necessary to modify NC memory data
usually.)

. Servo motor
NCdata of
standard NC . ( )
Automatic language NC MaCh-“';e
programming con?ro
section memory section C
Graphic MDI & DPL
display
. . Display and modification
Progll amming Wwhile of NC data as required °
monitoring CRT

Chapter II describes the programming and operation by Symbolic FAPT, while chapter III describes the
transfer of NC program produced by Symbolic FAPT to NC memory.

After understanding these description, you can start machining at once, referring to the machine tool
builder’s operation manual.



2. DESCRIPTION OF FRONT PANEL

DPL for setting and display NC data,
parameters, offset amount, etc.

Qo0gagoae

Graphic display for a 0040
Symbolic FAPT

MDI key for display selection, NC data
modification, input of offset amount, etc.

Power ON button

Power OFF button

svsTEM 3T

Keys employed for programming
by Symbolic FAPT

The operator’s panel is clearly divided into two sections; one is used for Symbolic FAPT, while the other

is used for machining according to NC data, so that another program is producible during machining, as an
excellent feature of FANUC SNC.

The left graphic display and lower keys are used for Symbolic FAPT, while the LED display at the right
upper part is used for machining according to NC data.
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FANUC SYSTEM 3T-MODEL D

The FANUC SYSTEM 3T-MODEL D consists of the machine control unit (FS3T-A) and automatic

programming unit (P-D with Symbolic FAPT) which are directly connected to each other.

The operation and functions of the machine control unit are the same as those in former FANUC SYSTEM

3T-MODEL A.

Machine tools are fully controlled by this control unit.

The automatic programming unit (P-D with Symbolic FAPT) is exclusively provided to automatically

produce NC machining information.

The NC data thus produced automatically by Symbolic FAPT are not directly used for machining, but they

are once transferred to the machining memory on the machine control unit (FS3T-A) side. The subsequent

operation belongs entirely to the FS3T-A operation, irrespective of the Symbolic FAPT and CRT screen.

A CRT is mounted on the P-D side. Accordingly, it cannot apply to various display of the machine control

unit (FS3T-A), but it can be used for automatic programming of Symbolic FAPT only.

Neither various pieces of information on NC machine tool nor various pieces of information on FS3T-A

can be stored on the P-D side, but the control information of machine tools is processed on the FS3T-A

side and displayed on the display unit of FS3T-A only.

The machining information can be input to FS3T-D by the following two methods.

(1) Method of inputting the machining information into the machining memory of the machine control
unit by MDI operation.

Since this operation is the same as in NC unit for ordinary MDI input, you are requested to be familiar
with NC tape format, etc.

(2) Method of transferring automatic programming results into the machining memory of the machine
control unit (FS3T-A) after automatic programming has been made on the P-D side by using the
Symbolic FAPT.

This operation is made, while monitoring the CRT screen.

The NC machining information data automatically produced by the Symbolic FAPT can also be loaded and

stored into memory cassette via memory cassette adapter instead of transferring them into the machining

memory on the machine control unit (FS3T-A) side.

The following information can be loaded into the memory cassette.

(1) Input/output from Symbolic FAPT side
e Family program
o Material file
o Tooling file
e NC machining data (This data can be output from Symbolic FAPT to bubble cassette only. It

cannot be input from bubble cassette to Symbolic FAPT)

(2) Input/output from machine control unit (FS3T-A) side
e NC machining data

When the FS3T-D power source is turned off, the memory contents on the Symbolic FAPT side (P-D) are

deleted.



4.1

4.2

4.4

NOTES ON READING THIS MANUAL

The function of an NC machine tool system does not depend only on the NC, but on the combination
of the machine tool, its magnetic cabinet, servo system, the NC, operator’s panels, etc. It is too difficult
to describe the function, programming, and operation in various combinations of them. This manual
generally describes them from the standpoint of the NC. So, for a particular NC machine tool, refer to
the manual issued by the machine tool builder, which should take precedence over this manual.

This manual addresses as many subjects as possible. But it would become too voluminous to write out
what should not and cannot be done, which are very numerous. So the functions which are not referred
to as possible in it should be interpreted as “impossible”.

Notes refer to detailed and specific items. So, when a note will be encountered, terms used in it sometimes
will not have been explained it. In such a case, first skip the note, then return to it after having read the
manual in outline for details.

The memory cassette and the memory cassette adapter in this manual is a bubble cassette and a bubble
cassette adapter, respectively.



Il. PROGRAMMING AND OPERATION
USING Symbolic FAPT






1. Symbolic FAPT IS

The Symbolic FAPT is an epoch-making NC automatic programming system which enables even unexperi-
enced NC operators to prepare NC command data immediately, simply by observing instructions on the graphic
display CRT. Thus, it is no longer necessary to keep promises on NC tape in mind nor remember NC automatic
programming language.

Each process from design drawings to NC command data preparation is entirely advanced by the conver-
sational operation with the graphic display CRT. For (D) setting of coordinate system, (2)selection of figures of
blank and input of dimensions, 3) input of parts figures and dimensions, (@) selection of machining process and
decision of cutting conditions, etc., the operator has only to answer questions from the CRT.

The parts figure can be inputted simply by depressing corresponding symbol keys on the console panel
according to the profile of a work described on design drawings. When dimensions and various data are inputted,
various pieces of reference information are illustrated on the CRT from time to time, and questions are given to
the operator using daily language. When data are inputted, the figure of blank and parts profile are drawn
immediately, and automatic calculations of NC command data are started. The tool path is concurrently dis-
played as figures.

8 gD



Symbolic FAPT FLOW

The preparation procedure of NC data by using Symbolic FAPT function is illustrated as follows.

‘ Start ’

Selection and specification of material.

Selection and specification of drawing
method

Selection of figure of blank and * . ] *
specification of blank position Speagl blank figure

| I J
r~

*

Parts figure and dimensions

-t
-—

Reference point of machine and turret *
position

Machining program

Selection of machining process
Tool selection and tool data

i

Machining start position

i

Decision of cutting conditions

1

Selection of cutting direction *

]

*
Specification of cutting area.

Drawing of tool path and preparation
of NC data

*: Patent pending

—10-—



2. LOADING OF Symbolic FAPT

At first, load the system program of Symbolic FAPT by the following way.

Depress LOAD button.
About 1 minute later.

LOAD

SYMEOLIC

FAFT TURN

vae L

Various jobs are selectable by depressing R keys, while the above pattern appears on CRT screen.

FAPT EXECUTION
Depress key for NC programming, while monitoring the CRT screen.

FAMILY PROGRAM
For calling a family program from memory cassette, depress key.

For using the family program, the memory cassette and memory cassette adapter are
necessary.

SETTING
key is used for input/output of “system parameters”, “material files”’, and

“tooling files”. For storage of material files and tooling files, the FANUC cassette and
the FANUC cassette adapter are necessary.

AUXILIARY WORK
key is used for setting “machine tool file (MTF)”.

(Note 1) It is not necessary for operator and part programmer to operate lR2 (setting) and IR.?' (auxiliary

work) keys.

— 11—



J@ Depress KeY werreenne FAPT EXECUTION

By depressing the

L PART( DRAWING & BLANK )
& PART( PART FIGLRE )
POSITION & INDEX POSITION
ITION OF MACHINING

TA PREPARAT ION

ROI key when the initial pattern appears on CRT screen, processing proceeds to

“FAPT EXECUTIONY, and the above picture is displayed.
The CRT screen shows the execution procedure menu, and menu number are inputtable optionally.
The execution is started with the programming process having the input menu number. For example, to select

menu number 1, depress

1

SPI If key only is depressed, it selects a flickering menu number.

However, the process of NC data preparation cannot be selected without inputting the parts figure.

— 12—



3. EXECUTION OF Symbolic FAPT

The programming can be performed, while monitoring the CRT screen.

3.1 Blank and Part (Drawing and Blank)

@etting of standard surface roughness)

' SP| or m SP| oveernnen Blank & part (Drawing & blank)

ees BLANK AND PART eee STANDARD SURFACE ROUGHNESS @1-@2

SURFACE ROUGHNESS & CUTTING FEEDRATE

. KIND OF SURFRCE ROUGHNESS CQUTTING FEEDRATE
S

A menu is displayed for selecting the surface roughness.
Select the menu according to the number of v marks attached to machining drawings.
Observe the following operation, if almost parts of a machining drawing are marked with vv .

12 ][sP]| v Selection of vy

When the following display appears at the lower part of CRT screen, depress , |IR1}, or R3I key.

*** PRESS R KEY *** RO: NEXT PAGE R1: COLLECTION R3: KILL

ROf .......... Processing proceeds to the next step.

RIf .......... Depress this key when you desire to modify input contents being displayed on CRT
screen.

.......... Depress this key when you desire to abort the FAPT execution halfway.

After you have been familiar with this operafion, you can automatically forward processing without depres-
sing key each time. For automatic advance, you can also set the time of changing the CRT screen in the

unit of seconds.

N RO ... Proceed to the next processing. (Not required,

if automatic processing is set, in advance).

— 13—



@lection of drawing format)

- If dimension values are described on drawings based on the left side, select menu number | 1 or and

if they are described based on the right side, select menu number orl 4 |so as to facilitate dimensional
data input during programming.

(Note 2) In order to easily understand the relation between positive direction and negative direction of
respective setting angles, and the other variables when inputting the tool figures, setting angles, etc.,
it is recommended to select menu number Eor 4 |when the tool post is mounted on the front

side and also select menu number or I 2 l when the tool post is mounted on the rear
side

Operate the keyboard as shown below, for example.

il [SP .......... Selection of drawing format

| (0] Proceed to the next step (Not required,
if automatic processing is set, in advance)

— 14—



Blank figure

BLANK FIGURE & BRSE LINE  @1-@5

2. HOLLOW CYLINDER

A picture to specify the blank figure is displayed on the CRT screen.

® BLANK FIGURE ....... BF
A round rod, a hollow rod, or a special figure blank is selected by the menu numbers 1, 2, 3.
® BLANKSIZE ......... L, D, DO

The system asks you the length (L) and diameter (D) of blank. It also asks you the inner diameter (DO) in
case of a hollow rod.

® BASELINE........... ZP
This designates where does the coordinate system to be programmed exist in the blank.
® THICKNESS .......... X, TZ

If a special figure is selected as a blank figure, the system asks you the X component and Z component of
the surplus thickness.

Input data when the system asks you questions.

'- @ ...... Proceed to the next step.

(Not required, if automatic processing
is set, in advance.

- 15—



3.2 Blank and Part (Part Figure)

3.2.1 Plotting of program coordinate axis and blank figure

The coordinate axes conforming to the previously selected drawing format and blank figure are plotted on
the CRT screen.

R1: CORRECTION

key is turned off.

® The blank is plotted by a dotted line.
® The left end of the blank is plotted by a solid line to indicate the chuck side .
® When E key is turned on;

The blank is plotted over the entire CRT screen.

The conversation message overlaps the blank.

® When key is turned off;

The blank is plotted to such a size as it does not overlap the conversation message on the CRT screen.

® The blank is automatically scaled so that it is accomodated with the above range, irrespective of its dimen-
sions.

— 16—



® If the blank is long laterally, the conversational area is provided on the lower side of the CRT screen, and
if it is long longitudionally, the conversational area is provided on the right side of the CRT screen. This
decision is automatically done according to the dimensions of input blanks.

The system requests you to input the part figure by the following display in the conversational area on the
CRT screen.

ELEMENT SYMBOL ............ ES=1

3.2.2 Part figure input

The part figure can be input by depressing the figure symbol keys sequentially along the profile of a part.
part. Ten keys for numerical input and alphabetic keys indicating the chamfering, rounding, threading, grooving,
and necking are employed as figure symbol keys.

N 2 .

7 g 9 C | Chamfering G Grooving
Straight

4 — . .

- > |6 line R | Rounding N Necking
11 2 |3

v l N

T Thread
0 3 ) Circle

(Example)

The system will ask you necessary dimension, each time these figure symbol keys are depressed.

—17 -



@face roughnesa

The system asks you the “surface roughness”, each time the figure element symbol like a circle, a straight

line, etc. is input. The already designated “standard surface roughness” is automatically displayed on the CRT
screen at this time.

or 4.

If this value is allowable, depress E key only.
If you desire to change the surface roughness at that place only, select the number of ¥ marks 1,2, 3,

Start point

The system asks you the start point at the first step of figure input only.

SPX .......... Diameter value at start point
SZ ... ... Z value at start point
PE........... Whether a part exists on the left side or on right side along a series of a figure profile

to be input, is selected by 1 or 0.

These questions are made for the first figure element only, when a part figure is input

( Straight line ) l—\—i

(1

4

ELEMENT SYMBOL ........ Es=-1
Input an arrow along the profile figure when the system asks you the above question.

For example, input .
SURFACE ROUGHNESS. ........... SR=1
Input the number of <7 marks indicating the surface roughness when the system asks you the surface

roughness.

The system will ask you the following items sequentially, starting with the top item by displaying these
items on the CRT screen.

ENDPOINT .......... DX = Diameter value at end point

= Z value at end point
TANGENT LAST . ...... TL = Whether the profile touches the last figure or not.
TANGENT NEXT ...... TN = Whether the profile touches the next figure or not.
ANGLEFROMZ ....... A= Angle from Z axis

You have to answer only the dimensions described on the drawing. Depress SPI key only, if a dimension

is not found on the drawing.
The system does not always ask all the above items, depending upon the input arrow directions, but it
asks you necessary numerical values only, and you have to input only those described on the drawing.

If data are insufficient, “KEY IN AGAIN" is displayed.

18—



(1) ELEMENT SYMBOL .......... ES =

Input either or key along the progressive direction of the circle when the system asks you the

above question.

Input the number of <7 marks indicating the surface roughness when the system asks you the above

Diameter value at end point

= Z value at end point

(2) SURFACE ROUGHNESS............. SR =
question.

(3) ENDPOINT .......... DX =
TANGENT LAST ....... TL=
TANGENT NEXT ...... TN =
RADIUS .. ........... R=
CENTER ........... CDX =

Cz =

Whether the profile touches the last figure or not.
Whether the profile touches the next figure or not.
Radius value of circle.

X value at circle center (diameter coordinate value)
Z value at circle center

The system asks you the above questions sequentially by displaying these items on the CRT screen. Answer

only such dimensions as are known from the drawing. Depress | SP | key only, if a corresponding dimension
P g

is not found on the drawing.

4)
CRT screen.

If data are insufficient or if an invalid numerical value was inputted, KEY IN AGAIN is displayed on the

(5 E} key may be used for inputting a circle. For details of l R | key, refer to the item of rounding.

(6)

arc or from a circular arc to a circular arc.

The system asks you the following question when a profile figure transfers from a straight line to circular

SELECT START POINT (INTERSECTION OF LINE-CIRCLE)
(= : RIGHT < :LEFT 1:ABOVE | :BELOW)

The parts figure input comprises two methods when a profile figure transfers from a straight line or a

circular arc to the circular arc.

When keys were depressed;

The start point is - N
7

either “left side” // N

or “lower side”.

The start point is
either “‘right side” N
or “‘upper side”. \

When @ keys were depressed;

The start point is —-
either “right side” e N
or “lower side”.

The start point is
either “left side”
or “upper side”. P N
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When the system asks you “SELECT START POINT"” to identify the following two possible methods from
each other, you have to select the right side (=), left side (<), above (1) or below ({) by the

or key.
( Chamfering ) IC_‘

Chamfering is designated byE, which indicates the capital of chamfer.

(1) ELEMENT SYMBOL ............ es=0
Answer when the system asks you the above question.

(2) SURFACE ROUGHNESS............ SR=10
Input the number of <7 marks indicating the surface roughness when the system asks you the above
question.

{3) CHAMFER ............. c=8

Input the chamfering amount for the above question.

{4} The chamfering amount is figured as shown below.

/)

C
Straight line and Straight line and Circular arc and
straight line circular arc . circular arc

{5) The chamfering is displayed on CRT screen as shown below when a figure is input.

e |l - e 1O Ol ¢ 1O

{G&)unding ) E

Rounding is designated bylzl—_], which indicates the capital of rounding.

(1) ELEMENT SYMBOL .......... ES= R
Answer E] when the system asks you the above question.
(2) SURFACE ROUGHNESS ............. srR=1

Input the number of v marks indicating the surface roughness when the system asks you the above question.

(3) RADIUS ............. R=H
Input the radius value for rounding when the system asks you the above question.

—20—



(4) Rounding is done as follows.

N

Straight line and Straight line and Circular arc and
straight line circular arc circular arc

(5) Rounding at this figure input time is displayed as a figure on the CRT screen as shown below.

24l R~ RO Ol r O

77

(Note 1) Keys , and E should be selectively used for specifying a circular arc as described

7]

(1)

()

below.

[ @ A tangential circle being caught by 2 straight lines, @ a tangential circle being caught by a
straight line and a circular arc, and @ a tangential circle being caught by circular arcs can be

specified by depressing E key as a figure element key, if their radiuses are know, as illustrated
above.

® Circular arc can also be specified by depressing @ or E’ key.

® If the coordinate values of a circular arc center, a start point and an end point are written on a
drawing, the rounding can be specified by using @or key.

® For such a circular arc as it touches the last and next figures and its radius only are known,
depressing [zl key is recommended for the convenience.

Threading is designated by , which indicates the capital of thread.

ELEMENT SYMBOL ............. ES= 1

Answer Ewhen the system asks you the above question.

ON WHICH ELEMENT? ........ EE = On which element is threading done?
LENGTH ................... LT = Length of thread

LEAD .......... ... ..., LD= Lead of thread

MULTIPLE ................. NT = Number of threads of screw

(0: LAST  1: NEXT)

The system asks you these questions, starting with the top item by displaying them on CRT screen.
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(3) “ON NEXT ELEMENT” or “ON LAST ELEMENT"?
is inputted before and after arrows, in general.

It indicates whether threading is made on a figure element to be input or on the last figure element already

input.
“ON NEXT ELEMENT"......... Input “1”.
“ON LAST ELEMENT” ......... Input “0”.

Identify “ON NEXT ELEMENT" and “ON LAST ELEMENT" from each other in the following illustration.

I f th
next soment st et

last element

Cutting direction
cutting direction ~e——— Tool < — Tool

__1 -—
ﬁ -
| l
I caseof e Incaeof the

Cutting direction

Tool — Tool Cutting direction

—

)\

-——

L N T

(Note 2) When chamfering was made by , the length
of thread can be calculated from the intersection
of linear element before chamfering. .

(4) Lead length, pitch, and number of thread
The lead is defined as the Z-axis direction length when

a screw returns to the original angle after turning once. In ': Lead —

case of a one-thread screw, the pitch coincides with the 2 F

lead. In case of a three-thread screw, 1/3 of lead corresponds ‘fs\ < rd

to the pitch.

The lead of a taper screw is also calcurated in the Z-axis 8: ~ Tl
L . N gt

direction. N s

—22-



]

(1

(2

3

(C)

Grooving is designated by | G l’which indicates the capital of groove.

ELEMENT SYMBOL .......... Es=M

Answer when the system asks you the above question.

SURFACE ROUGHNESS .......... SR=

Input the number of <7 marks indicating the surface roughness when the system asks you the above ques-
tion.

ON WHICH ELEMENT? ...... EE = On which element is grooving made?
DIRECTION ................ DN= Grooving direction

WIDTH .................... WT= Grooving width

DEPTH .................... DT = Grooving depth

R/C OF CORNER (ALONG ELEMENT)

ST ........ KC = CV =

ZND........ Ke = cv = Designation of groove shape
3'RD........ KC = CV =

4TH........ KC = CV =

The system asks you these questions sequentially, starting with the top question by displaying them on the
CRT screen. Input a numerical value for each question.

"ON NEXT ELEMENT" or “ON LAST ELEMENT'?

G |is input before and after arrows, in general.

It indicates whether gooving is made on a figure element to be input or on the last figure element already
input.

“ON NEXT ELEMENT"” ........ Input “1”.

“ON LAST ELEMENT"” ........ Input “0”.

Identify ““ON NEXT ELEMENT” and “ON LAST ELEMENT” from each other in the following illustration.

BN

In case of the next

element; glecase :f the next In case of the next
ment; element;

—.—‘— — N\ Y%

In case of the last In case of the last In case of the last

element; element; element:

-— — \
1
l




(5) DIRECTION ............. DN =
(= :RIGHT <«:LEFT *1:ABOVE | :BELOW)

Designate the grooving direction by the arrow such as right (=), left (<), above (1) or below () when
the system asks you the above question.

B Left | | Below | | Below

{6) After inputting the width and depth, the system asks you the figure at groove corners. Numbers 1 to 4
are allocated to the corners of each groove in the sequence of figure input.

(Example)

.

— —_—

G 1 1 G 4

— pca— ——
3

Designate whether the figures of respective corners 1 to 4 are “rounded (R)”, “chamfered (C) or “left
unmachined” according to the following questions being displayed on the CRT screen.

R/C OF CORNER (ALONG ELEMENT)

TST ...l KC = CV = Figure at the 1’st corner
2’ND.......... KC = CV = Figure at the 2’nd corner
3RD.......... KC = CV = Figure at the 3’rd corner
4TH.......... KC = CV = Figure at the 4’th corner

» ior rounding, depress @ for “’KC="" question, and input a radius value for “CV="" question.

e For chamfering, depress for “KC="" question, and input a chamfering amount for “CV="" question.

s If a corner is neither rounded or chamfered, and it is left undone as it is, depress key only, or
depress key to proceed to the next CRT screen when the system asks you the question.

:tckmg )

Necking is designated by , which indicates the capital of necking.

{1) ELEMENT SYMBOL ............. Es=-H
Answer when the system asks you the above question.
(2) SURFACE ROUGHNESS ............ srR=

Input the number of §7 marks indicating the surface roughness when the system asks you the above ques-
tion.
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(3) WIDTH
DEPTH

.............. WT = Necking width
.............. DT = Necking depth

Input the necking width and depth for the above questions. The necking direction is always 45° with
reference to Z-axis. The necking width and depth are as illustrated below.

@i of figure inpu’D

After all parts figure have been input, depress key only, when the system asks you a element symbol. .

ELEMENT SYMBOL ............ ES- N

> alE;

Menu { 1. NEw
2. CORRECT

3. CORRECT ( ERRSE GRAPHIC )

The parts figure already input by that time is drawn again on the CRT screen, and the following menu is
displayed at the lower part of the CRT screen.
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FIGURE
1. NEW
2. CORRECT
3. CORRECT (ERASE GRAPHIC)

Compare the figure on the drawing with the figure on the CRT screen, and check the latter for a possible
input failure. Perform one of the following procedures according to the present circumstances.

(1) Select menu number , if you want to input the figure again from the beginning after erasing the parts
figure on the CRT screen.

(2) Select menu number , if you want to modify the parts figure without erasing the parts figure being
displayed on the CRT screen.

(3) Select menu number , if you want to modify the figure, while sequentially displaying the previously
inputted parts figure step by step, each time the E or @ key is depressed after erasing the parts

figure now being displayed on the CRT screen once.

(4) Depress either | 'SP | or RO} key, if you want to proceed to the next process without any modification

when the system asks you with the display and menu as shown above.

A picture for selection of execution sequence is displayed, and the machine home position and index

position menu number 3 will flicker. The flickering menu number is selected by depressing | SP | key only.

(5) The contents which are previously programmed by another programmer may appear on the CRT screen.

In such a case, the programmed parts figure is erased by selecting for new programming,.
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3.23

Input and modification of part figure data

(Arithmetic operation and function calculati@

The arithmetic operation (addition, subtraction, multiplication, division) and optional function calculations
can also be executed when inputting dimensions.

ngn Aéi)tll;lgggc Examples Remarks
Addition 15 [+] 27.75[*] 4.8
= Subtraction 178.5 (=] 25.25
(<] | Mutiplication 57.5[*] 81.3 * indicates X.
Division 128 [7]3.5 / indicates +.
tangent 23 The unit of angle is degree.
E] 23 [] Other arithmetic symbols are employable
inside parentheses.
sine 15 .,
[d1s[]
cosine 35 7
35 "
arc sine 0.25
[oas[] .
[A[c] | arc cosine 0.37 ,
[Jo:370)]
arc tangent m 3,5 Parentheses are required without fail.
(numerator and denominator).
@ vV E 177 Optional arithmetic expressions are
@ [3177 m employable inside parentheses, if any.
E’ power @ [E 1.5,4 These examples mean 1.5* and 3%%,
E] m 3.25 D] | respectively.

® Parentheses and n are employable quadruply or less.

® Arithmetic symbols are employable whenever a dimension is asked. They are employable by an optional
number, until one line is fully filled.

® An arithmetic expression may be used conveniently when a cutting condition is changed, for example.
For setting the feedrate to 75%, multiply the displayed numerical value by 0.75.

® It is recommended for using Symbolic FAPT to avoid mental calculation as much as possible, but use this
arithmetic function.
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{jvzput of incremental valua

If the system asks you a dimension and you want to input an incremental value from the present position,

Press m key after an incremental value as shown below. indicates the capital of incremental.

{Example) 50.45

With [ﬂ specification, the data in X-axis direction is radius value.

’i{‘h;mge of figure element symbols)

Depress |R1 I key when the system asks you the following question.
ELEMENT SYMBOL ............ ES=- N
{he question advances or retreats according to whether key is being turned off or on at that time.

with turned off . ... ... Question advances
@ with turnedon ....... Question retreats

.he question place can be confirmed by a flickering figure element symbol at the upper part of the CRT

noreet.

‘insertion example)
When depressing E] with | 7 {{CH| >3- [El
1

Flickering

When depressing with |27 || Gl 4] eevnn
1

Flickering
{zeletion example) Depress key

Wihen depressing with [ 2OV -11OV -+ v -1
4

Flickering
When depressing with |2 || Gl|->{l 4 ----------
4
Flickering

{Exchange)
For exchanging figure symbols, @ delete old one after inserting new one, or @ insert new one after
deleting old one.

» When @ is kept depressing in case of retreating a question, the question returns to the first figure
element symbol. This state remains unchanged even when depressing the key any times.

@ When is kept depressing in case of advancing, Wl flickers. This state remains unchanged, even if
r@ is depressed longer.

— 28—



@ange of numerical value)

The system will ask you necessary numerical values after figure element symbols have been input. If a
numerical value was input by mistake, a correct numerical value can be input again after selecting the question
place optionally by depressing key.

The question place advances, each time key is depressed, if key is turned off. The question
place retreats, each time E key is depressed, if key is turned on.

Select an optional question, and input a correct numerical value again.

R1| with |FO| key turned c¥f ......... Question advances
with |FO ' key turnedon ......... Question reteats

(Note 1) If a figure element of data was corrected, execute its subsequent processing by depressing either
key or key without fail. If processing is not executed after correction, its results may

differ from expected, because subsequent data are newly produced only by executing processing
again using the corrected figure element or data.

3.3 Home and Index Position

If a menu number l 3 |is selected when the CRT screen displays the menu for selection of execution
sequence as shown below, the system asks you “HOME POSITION”.

=ex FRPT =e=

- BLANK & PART( DRAWING & BLANK )
. BLANK & PART( PART FIGLRE )
. HOME POSITION & INDEX POSITION

. DEFINITION OF MACHINING
. NC DATA PREPARATION

(2, ]
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@etting of home positio@

ese HIME & INDEX POSITION eee

Question

The system asks you the following question as displayed in the above CRT screen.

HOME POSITION Home position
DXH = Diameter value
ZH = Z value

Input the home position of your NC lathe.
If data are preset and set values now being displayed on the CRT screen are allowable without any need of

their change, depress or E key, and the next picture is displayed on the CRT screen.

(Note 1) Input the distances from the programmed coordinate axis as the coordinate values showing the
home position.
The signs of home position is Z-axis direction (HZ) should be positive, irrespective of the Z-axis
direction of the programmed coordinate axis. The machine home position is used for indicating the
relation between the program coordinate system and the machine coordinate system.

<V

4
Y

ZH DXH

S SRpE—— |
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|
i
|
i
|
N
(N

. ZH DXH
T VA
T
_r-l E ZH DXH
S i (D
N
X
Z } ZH
~ 1 DX
________ N Jar

%

X

The above cautions consern the home position. They also apply to the index position mentioned
at the next item, correspondingly.

@etting of index position)

eee HIME & INDEX POSITION eee INDEX POSITION

} Question

The system asks you the following question as displayed in the above CRT screen.

INDEX POSITION Index position
DXI = Diameter value
2l = Z value
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Input the coordinate values at the index position of turret for machining the programmed part in response
to the question from the system.

Depress either |SP | or |RO| key, if you want to use set data as it is.

3.4 Machining Definition

3.4.1 Kind of process

Depress |RO| key after inputting the index position (Depressing |RO key is not required, if the system
has been preset to the automatic processing mode). Now, the following menu for selection of execution sequence
will appear on the CRT screen.

'_ (Not required, if automatic processing is set

in advance.)

zex FRPT =e=

. BLANK & PART( DRAWING & BLANK )
. BLANK & PART( PART FIGURE )
. HOME POSITION & INDEX POSITION

. DEFINITION OF MACHINING
. NC DRTA PREPARATION

(=) ]

Menu number flickers on the CRT screen. When E key only is depressed, the flickering menu
number is selected, and processing will shift to the execution process‘of “DEFINITION OF MACHINING".

You can optionally select other menu numbers or change the execution process for the purpose of checking
or modifying input data, while the adove menu is being displayed on the CRT screen.

—

M [+ ][sp] ([sP] keyonly, if [4 ] is flickering)

By the above operation, the CRT screen will change to the menu which defines how to machine the pro-
grammed parts figure.
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eee MACHINING DEFINITION eee KINDS OF MACHINING

PROC. 81

KINDS OF MACHINING .... .
. CENTER DRILLING . SEMI-FINISHING OF INNER F.

. DRILLING | . FINISHING OF OUTER FIGURE
. ROUGHING OF OUTER FIGURE . FINISHING OF INNER FIGURE
Menu . ROUGHING OF INNER FIGLRE . GRODVING OR NECKING

. SEMI-FINISHING OF OUTER F. 1@8. THRERDING

PROC. 81 = _ R1: PROC. SELECTION

The kinds of machining required for lathing will be displayed as a menu at the lower part of the CRT
screen. The menu contents are as shown below.

1. CENTER DRILLING 6. SEMI-FINISHING OF INNER F.

2. DRILLING 7. FINISHING OF OUTER FIGURE
. 3. ROUGHING OF OUTER FIGURE 8. FINISHING OF INNER FIGURE

4. ROUGHING OF INNER FIGURE 9. GROOVING OR NECKING

5. SEMI-FINISHING OF OUTER F.  10. THREADING

The system asks you the machining method of process number 1 by displaying PROC. 01 =.. on the

CRT screen. If you answer the question by depressing and keys, it means that “ROUGHING OF
OUTER FIGURE" has been selected.

3.4.2 Specification of multiprocess

If a process is newly added when several processes are being displayed on the CRT screen, the specified
process is added last. SR ,

oo MACHINING DEF INITION ese RINDS OF MACKINING

PROC. 81 ROUGHING OF QUTER FIGURE 12101
Process . |- PROC.E2 ROUGHING (F OUTER FIGLRE  T@2M. - 15
list PROC. @3 SEMI S INISHING OF OUTER F.  T@33 ~

(o

KINDS OF MACHINING ... "R it = &8
1. CENTER DRILL ING 6. SEMIFINISHING (F INNEP F
2. DRILLING 7. FINISHING OF UJTER F iGURE
3. ROUGHING OF OUTER FIGURE B. FINISHING OF INNEF FIGLRE
Menu 4. ROUGHING OF INNER FIGURE 9. GRODVING OR NECKING

S. SEMI-FINISHING OF OUTER F. 18. THREADING

PROC. 84 = _ R1: PROC SELECTION

If ‘ 7 jand |SP | keys are depressed when the above display appears on the CRT screen, “FINISHING OF
OUTER FIGURE" is added to process number 04.
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3.4.3 Modification and change of process.

see MACHINING DEFINITION eee MACHINING PLAN

ROUGHING OF QUTER FIGLRE
ROUGHING OF OUTER FIGURE
SEMI-FINISHING OF OUTER F.
ROUBHING OF QUTER FIGURE
FINISHING OF OUTER FIGLRE

Assume the following menu is displayed at the lower part of the CRT screen.

MACHINING PLANE:

1. NEW New definition
2. CORRECTION Correction

When |1 l and keys are depressed, all previous processes are cancelled and processes are newly
specified from the beginning.

Wheniz and |SP

keys are depressed, a part of processes is corrected or changed.

In practical machining, NC machining data are automatically created through all processes according to the
sequence of the process list being displayed on the CRT screen.

Zl SP| (For correction)

cee MACHINING DEFINITION ses  KINDS OF MACHINING

@1 ROUGHING OF QUTER FIGRE  Te18t X 158,
Process C.e0 ROUGHING OF QUTER FIGRE  TE2®2 X 154
list SEMIFINISHING OF OUTER F.  TE383 X 168,

-~}
s
B4 ROUGHING OF QUTER FIGRE TERR X 154,
@5 FINISHING OF QUTER FIGURE  TB484 x 158,
%

KINDS OF MACHINING . ... PR0C. 21

. CENTER DRILLING 6. SEMIFINISHING OF INNER F.
. DRILLING 7. FINISHING OF QUTER FIGURE
. ROUGHING OF OUTER FIGRE 8. FINISHING OF INNER FIGURE
Menu . ROUGHING OF INNER FIGLRE 9. GROVING OR NEOXING

. SEMIFINISHING OF OUTER F. 18. THRERDING

PROC.B1 = _ Ri: PROC. SELECTION

The process number in the process list changes, each time key is depressed when the above display
appears on the CRT screen.

Select an optional process number by depressing the key, and correct the machining data.
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(Example of insertion)

PROC. 01 DRILLING

PROC. 02 ROUGHING OF OUTER FIGURE
PROC. 03 FINISHING OF OUTER FIGURE
PROC. 04

New machining data will be loaded in process number 4 normally in the above example.

@ Select a modification place by depressing | R1| key. (Select PROC. 03, for example)

@ Input desired machining data to be inserted by menu number. (Depress | 4 |and Iﬂ keys,
for example.)

Display will change as follows:

PROC. 01 DRILLING

PROC. 02 ROUGHING OF OUTER FIGURE

PROC. 03 ROUGHING OF INNER FIGURE < Inserted.
PROC. 04 FINISHING OF OUTER FIGURE

PROC. 05

(Example of deletion)

@ Select the process number to be deleted by depressing IRI key.
(2) Depress and keys.

(Exchange)

(D Delete old machining data after inserting new one, or
@ Insert new machining data after deleting old one.

(Note 1) Whether the process shifts backward or forward when E key was depressed, is determined
according to whether | F | key is turned on or off, respectively.

(Note 2) Whenever new machining data are loaded, you should specify data on necessary machining methods
(cutting area, tool data and others) without fail.

3.4.4 Setting of data for machining

@ool data (T co@

Each time a machining process is loaded and displayed on the process list of CRT screen, the display
changes, and the system asks you data required for the definition of machining.
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eee MACHINING DEFINITION eee TOOL DATA

. TOOL DATAC T CODE ):
Question . TooL ND.

Input tool number and tool offset number in response to the following system question.

TOOL DATA (T CODE):

TOOLNO. ..o, ™= IR

ADJUSTING DIALNO. ......... ™™= . .

For example,

TOOLNO. .., ™ =
ADJUSTING DIAL NO. ......... ™ =

Input data are converted into T code, and displayed at the right upper part of the CRT screen. A question
on tool figure data will be displayed at the lower part of the CRT screen.

Tool figure data and tool setting method

eee MACHINING DEFINITION eee TOOL DATA a2
PROC, 81 ROUGHING OF OUTER FIGURE Te101 X NEES. NN Z ENES. M
X

Question

The system asks you the tool figure data as shown below.

—36—



(For lathe)

TOOL DATA

NOSE RADIUS ......... RN = Nose radius

CUTTING EDGE........ AC = Cutting edge

NOSE ANGLE ......... AN = Nose angle

VIRTUAL TOOL POS.... XN = Virtual tool position
ZN = Virtual tool position

NOSE WIDTH WN = Nose width

SETTING ANGLE ...... AS = Setting angle

SETTING POSITION .... XS = Setting position

zs = Setting position
(For drill)
TOOL DATA
NOSE ANGLE ...... ~. AN = Nose angle
DRILL DIAMETER..... DD = Drill diameter
SETTING POSITION ... XS = Setting position
28 = Setting position

The Symbolic FAPT performs interference check and offset calculation according to tool figure. Be
careful since tool figure data will unfavorably affect machining results, if they are not input accurately.
Set the tool figure data and setting method according to the following figure.

® When the tool post is set at the rear side.

In this case, select or as the drawing format in order to clearly identify positive and negative
value of tool data.

——
zZ Z

Input the dimensions, referring to the following tool figures, irrespective of whether the outer diameter
cutting or inner diameter cutting is done. Assume that a tool was placed on paper with its setting face to
an NC lathe turned upward, regardless of the front face or rear face of the cutting tool.

The “AC” plus direction is counterclockwise around the major cutting edge as the center, while the ““AN”

plus direction is clockwise around the major cutting edge as the center. (The bold line in the figure shows
the major cutting edge.)

® Tool figure
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AC®
AN®
XN@ RN@
{
- ZN®
ANO Note)
ote,
XN | RN® AC=90
1 AN=—99
- ZN®
WN®
ACO
< AN® (Note)
RN@® ZN=0
XN®
RN® (Note)
AC=-0.02
XN
& AN=0.04
ZNG®

® Setting method

“AS”, “ZS” and “XS” indicate the setting direction and setting position of the cutting tool defined by the
previous method. Determin the “AS” value and sign by turning the cutting tool in an optional direction as

ACO
ANO
RN®
FXN®
ZNQ =
AN®
RN@ XN® (Note)
AC=—90
ING AN =90
WN®
ACE
Not
ANO ;No e)o
5 =
RN
XN@®
ACEO
AN® (Note)
ZN=0
RN®
XN®

it is. “AS” angle is minus in the clockwise direction.

Turret center

N

Hse

XS@®

L Uszse

—
XS@‘[‘EZSG, fﬁAS@

)QJ

Turret center

Xsg <

ZS®

Turret center

A

S ase

N

Xs®» 1

—~38 —
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ASE

Turret center



® When the tool post is set at the front side

In this case, select or as the drawing format in order to clearly identify positive and negative value
of tool data.

® Tool figure
Input dimensions, referring to the following figures, irrespective of whether the outer diameter cutting or
inner diameter cutting is done. Assume that a tool was placed on paper with its mounting face to an NC
lathe turned upward, regardless of the front face or rear face of the cutting tool.
The “AC” plus direction is counterlockwise around the major cutting edge as the center, while the “AN”
plus direction is clockwise around the major cutting edge as the center. (The bold line in the figure shows
the major cutting edge.)

= ZNP ZNO =i
XN® | ' [ XN®
RN® RN®
AN® AN
© ACO
AC®
WN®
ZNO
XN(—BI _r XN®
(Note) (Note)
AC =90 AC=-90
AN=—90 AN =190
XN® - ] XN
RN RN®
aNe | (Note) (Note)
ZN=0 ANO ZN=0
ACO AC®
ZNG
XN@
AC=—0.02 ZN=0
AN =0.04
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® Setting method
“AS”, “ZS” and “XS” indicate the setting direction and setting position of the cutting tool defined by the
previous method. Determin the “AS” value and sign by turning the cutting tool figure in an optional direc-
tion as it is. The “AS” angle is minus in the clockwise direction.

}_ﬂ. ) ZS®P
AS® I AS®
XS® <3
0 AT ssep 7N
Turrent J Turret J
center )\ center
- AS®
[P Phe S
xsol N
. —
28® ' ZS®

(Machining start position)

When all tool data are input, the system ask you the machining start position as follows.

MACHINING START POSITION

X
B>
x
»
=)
X
o
i

X-axis coordinate value

N
>
o
(7]
N
o
"

Z-axis coordinate value

(C utting conditions)

The system asks you the cutting conditions required for the machining data already selected in the CRT
screen for determining the machining process. If a material file is already loaded, the cutting conditions are
automatically set and displayed according to the kinds of selected materials. Change only the desired items, while
monitoring the CRT screen. If you want to change the feedrate to 75% of the displayed value, for example,
multiply the displayed value by 0.75 as follows.

{Example) F1 =E @D

The cutting conditions and meanings of the system questions are described below according to machining

{1} Center drilling conditions

CLEARANCE .............. C-= Clearance quantity (mm)
DEPTHOFCUT ........... D= Depth of cut (mm)
SPINDLE SPEED ........... N= Spindle speed (rpm)
FEEDRATE ............... F= Feedrate (mm/rev)
< - - -
D |C
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(2) Dirilling conditions
CUTTING CONDITIONS: TYPE 1

CLEARANCE ......... C =
DEPTHOFCUT ....... D =
SPINDLE SPEED ...... N =
FEEDRATE .......... F =

Cutting conditions type 1
Clearance quantity (mm)
Depth of cut (mm)
Spindle speed (rpm)
Feedrate (mm/rev)

D)
0

(Note 1) Cutting conditions for drilling comprise type 1, 2 and 3 according to the movement of a drill.

CUTTING CONDITIONS: TYPE 2

CLEARANCE ......... C =
DEPTHOF CUT ....... D =

D1 =
RETURN AMOUNT .... U =
SPINDLE SPEED ....... N. =
FEED RATE .......... F1 =

Cutting conditions type 2
Clearance quantity (mm)
Depth of cut (mm)

Depth of cut (mm)

Return amount quantity (mm)
Spindle speed (rpm)

Feedrate (mm/rev)

D1

CUTTING CONDITIONS: TYPE 3

CLEARANCE ......... Cc
C1
DEPTHOFCUT ....... D
D1
D2
RETURN AMOUNT...... U
SPINDLE SPEED........ N
FEED RATE ........... F1
F2

Cutting conditions type 3

Clearance quantity (mm)

Clearance quantity in 2nd drilling (mm)
Depth of cut(mm)

Depth in 1st drilling (mm)

Depth in 2nd drilling (mm)

Return amount quantity (mm)

Spindle speed (rpm)

Feedrate (mm/rev) -

Feedrate in redrilling (mm/rev)
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> W,

D2

D1~

S

(3) Roughing conditions of outer and inner figure

“

CLEARANCE ............ CX = Clearance quantity in X-axis (mm)

CzZ = Clearance quantity in Z-axis (mm)
FINISH ALLOWANCE ...... X = Finish allowance in X-axis (mm)

TZ = Finish allowance in Z-axis (mm)
DEPTHOFCUT .......... D = Depth of cut (mm)
RETURN AMOUNT ........ U= Return amount quantity (mm)
CUTTING SPEED ......... VvV = Cutting speed (m/min)
FEEDRATE ............. F1 = Feedrate (mm/rev)

F2 = Feedrate (mm/rev)

F3 = Feedrate (mm/rev)

VA
TN
CIZ y. T
X fcx X

Semi-finishing conditions of outer and inner figure

CLEARANCE ............ CX = Clearance quantity in X-axis (mm)

cz = Clearance quantity in Z-axis (mm)
FINISH ALLOWANCE ...... X = Finish allowance in X-axis (mm)

TZ-= Finish allowance in Z-axis (mm)
CUTTING SPEED ......... VvV = Cutting speed (m/min)
FEEDRATE ............. F = Feedrate (mm/rev)

V4
_/‘__/=‘f—\:L
F
— =Tz }jcx - [ ¢2
X .-—'—
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(5) Finishing conditions of outer and inner figure

CLEARANCE ............ CX = Clearance quantity in X-axis (mm)

cz = Clearance quantity in Z-axis (mm)
CUTTING SPEED ......... vV = Cutting speed (m/min)
FEEDRATE ............. F1 = Feedrate for V (mm/rev) -

F2 = Feedrate for (A7 (mm/rev)

F3 = Feedrate for V/V (mm/rev)

F4 = Feedrate for YAZ\/V (mm/rev)

(6) Grooving and necking conditions

CLEARANCE ............ Cc = Clearance quantity (mm)
FINISH ALLOWANCE ...... TW = Finish allowance in width (mm)
TB = Finish allowance in depth (mm)
CUTTING SPEED ......... vV = Cutting speed (m/min)
FEEDRATE ............. F1 = Feedrate in roughing (mm/rev)
F2 = Feedrate in finishing (mm/rev)

T™W TW

F1: Feedrate at roughing
F2: Feedrate at finishing

|8
}

(Note) “TW”, “TB” and “F2" are not asked by the system in necking condition.

(7) Threading conditions

CLEARANCE............. CT = Clearance quantity (mm)
Cs = Clearance quantity (mm)
CE = Clearance quantity (mm)
DEPTHOF CUT .......... D = Depth of cut (mm)
DL = Final depth of cut (mm)
CUTTING SPEED ......... VvV = Cutting speed (m/min)
hany wn’ ittt mwN
cr! ! i
a‘:-—'f— l
! |
. _ _Screw length) ' CS
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Cutting directio

see MACHINING DEF INITION eeoe CUTTING DIRECTION
PROC.91 ROUGHING OF OUTER F IGURE Te181 x 158.
X

CQUTTING DIRECTION .... CD = «

4 X-AXIS MINJS DIRECTION

t X-AXIS PLUS DIRECTION

Menu + Z-AXIS MINUS DIRECTION
+ Z-AXIS PLUS DIRECTION

The system asks you a question to define the cutting direction. Input the cutting direction by arrow key.

CUTTING DIRECTION CD= Cutting direction
{ X-AXIS MINUS DIRECTION X-axis minus direction
t X-AXIS PLUS DIRECTION » X-axis plus direction
« Z-AXIS MINUS DIRECTION Z-axis minus direction
-  Z-AXIS PLUS DIRECTION Z-axis plus direction
Xpommommmmm e A H
' 1
: 1
I i
[} (]
] ]
] ]
1 Z A Z
Input Input
4 S —- When the cutting directions differ in the end face and outer
-— diameter, input | |if cutting is started with the end face.
-— .
=
]

Ry app——




@utting area deﬁniti(@

The cursors ( [l ) are displayed along the parts figure to specify the cutting area.

ees MACHINING DEFINITION eee QUTTING AREA DEF INITION a-17
Te181 X 168. Z 188.
'

QUTTING ARER DEF INITION:
STARTPOINT ( 8 ~+ 7. ) BEDPOINT ( W / @ )
DIVIDING DIRECTION ... DS = » DIVIDING DIRECTION ... DE = ¢t

R1i: POSITIONING

A blank figure (dotted line) and machining figure (solid line) will be drawn on the CRT screen, the system
asks you the dividing directions.

® Machining area
Designate the cutting area of parts figure from the start point to end point by flickering cursors on the CRT
screen. One cursor shows the start point, while the other shows the end point of the cutting area.

X
[ ——- - ?’ ---------------- =
]
]
[}
/ Blank figure 1
i
1
Cursor !
Cursor :
Parts figure H
/ :
'
|
1 Z

Shift the cursor along the parts figure for selecting the start point and end point.

® Movement of cursor

"‘ Depress key.

The cursor shifts, each time key is depressed.

It shifts forward or backward along the parts figure according to whether key is turned off or on at
that time.

® Division
After designating the start point and end point, input the dividing direction of the blank to define the
cutting point.
Depress arrow key when the system asks you the following questions.

DIVIDING DIRECTION DS = Dividing direction at start point
DIVIDING DIRECTION DE = Dividing direction at end point
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® Example of division
Assume a line is drawn in the arrow direction from the flickering cursor when each arrow key is depressed.
The portion bounded by the lines in these arrow directions, blank figure, and parts figure are machined.
A residual blank figure, which may be kept unmachined after the cutting area has been lathed out, will be
displayed on the CRT screen. Since Symbolic FAPT can display drawings of these residual blank figures
one by one, you can check the remaining cutting quantity very easily.
It is possible that a part of blank cannot be machined by any means because of tool figures. In such a case,
the system automatically checks the relation between tool figure and parts figure, and displays such an
unmachined pocket on the CRT screen. Accordingly, you can machine the pocket by using another tool.

X X
z 7
X
__________________ .
[ ]
1]
=) '
.
[}
[ ]
[}
H
Z Z
X X
i L D LD DT P -
H 1
]
L]
:
4
;
Z Z
X X
................. -
[ ]
1]
[ ]
=) '
L
]
]
L}
H
Z Z




® Designation of cutting of residual pockets.

Z

A pocket may be produced, depending upon parts figure and tool figure as illustrated above. In such a case,
designate the area to cut such a pocket only by using a reversible tool.

X X

- - e

Z

It should be carefully noted that if a reversed tool is not properly positioned or if tool figure data is not
appropriate, the pocket area cannot always be inputted.

After the cutting area has been designated, the designated cutting area is lathed out from the blank figure
by the tool. Then, the system asks you to check if another portion is to be cut by the same tool or not.
CUTTING ANOTHER AREA BY SAME TOOL? ...... CN=

(1: YES 0: NO)

Answer this question by one of the following operations.

—

1 Ef ....... In case of “YES”. (Another position is cut by the same tool)

0O |ISP|....... In case of “NO”. (Not cut by the same tool)

After answering all questions, the CRT screen display returns to the process list which asks you the kind
of machining.

ese MACHINING DEFINITION see KINDS OF MACHINING

PROC.01 ROUGHING OF OUTER FIGLRE  T@101 X 158,

Process PROC.2 ROUGHING OF OUTER FIGIRE  T@2@2 x 154,

list PROC. @3 SEMI-FINISHING OF OUTER F. T@323 X 168,
PRI M

KINDS OF MACHINING .... PROC.84 = BB
1. CENTER DRILLING 6. SEMI-FINISHING OF INNER F.
. DRILLING 7. FINISHING OF OUTER FIGRE
Menu . ROUGHING OF OUTER FIGURE 8. FINISHING OF INNER FIGLRE
. ROUGHING OF INNER FIGURE 9. GROOVING OR NECKING
. SEMI-F INISHING OF OUTER F. 9. THREADING

PROC.B4 = _ R1: PROC. SELECTION
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If you want to prepare NC data after defining the kind of machining, depress or key in responce
to the system question about the kind of machining.

"or

3.5 NC Data Preparation

An execution sequence selection menu will appear on the CRT screen, and menu number for NC data
preparation will flicker.

PART( DRAWING & BLANK )

POSITION & INDEX POSITION
INITION OF MACHINING

o [s] o

eee NC DATA PREPARATION see
X

F6 KEY( NC DATA ):

Ri: OUTPUT OF FEED R2: SETTING
R3: PROCESS LIST

The system asks you program number as displayed above.

PROGRAMNO. .......... 0=
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@ | PROGRAM NO. and

NC data are prepared in the sequence according to the process list, and a tool path is drawn on the CRT

screen.

r *¢e NC DARTR PREPARATION eee
F‘RII"\?: FINISHING OF OUTER FIGURE

Tool path 4

-~

NC data j

The ““tool path’’ and “"NC data” are displayed
when key is turned on.

*e+ NC DATA PREPARATION oo

Tool path <

see PRESS R KEY eee RB: END R1: QUTPUT OF FEED
R3: PROCESS LIST

The ““tool path’’ only is displayed
when key is turned off.

(Note 1) For the method of using the F keys and selecting the output unit during NC data preparation, refer
to the next chapter.
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@isplay of machining time)

After NC data have been automatically prepared, a menu appears at the lower part of the CRT screen to
select @ keys to be depressed.

RO: END R1: OUTPUT OF FEED
R3: PROCESS LIST

When key is depressed, machining time for each tool employed and the total machining time are
displayed as a list.

@ Depress [R3] key.

eee NC DATR PREPRRATION eee PROCESS LIST
ROUBHING OF QUTER FIGLRE Te1e1 X 168,

WCHINING TINE
SHIFINISING OF DT Fo Taoms X 1g. D Tt 1
.. . 2
Machining < MACHINING TINE
time list

MACHINING TIME .... -
FINISHING OF QUTER FIGURE TO4@4 X 198.
MACHINING TINE QUTTING = @'12 RAPID = @'@6

TOTAL MACHINING TIME QUTTING = 2°'21 RAPID = @'a4

eee PRESS R KEY eee

These machining time values indicate theoretical values required when NC data were automatically
prepared.
If the feedrate override is applied during practical machining, the machining time varies resultantly.

@keys in NC data preparatiorD

® When this key is turned on, automatically calculated NC data are displayed together with
F3| key the tool path.
® When this key is turned off, the tool path only is displayed.

® When this key is turned on, NC data are output to the NC memory or memory cassette
Fo6 key <
® When this key is turned off, NC data are only displayed on the CRT screen.

[ ® When this is turned on, NC data prepared every block, each time key is depressed.

In this case data (M code, G code, NC data, etc.) are optionally inputtable from the
key keyboard. Also the NC data to be output next are displayed by one block at the lower
part of the CRT screen, so that these data will be convenient for inserting optional data.

When this key is turned off, NC data are output continuously.
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3.6 Change of input unit (mm/inch)
This function applies to the system version E and higher.

In Symbolic FAPT, the input data unit is coincide with the output NC tape unit. If a blank dimension or a
parts figure was input in the mm unit, for example, all other data should be input in the mm unit. Also, an NC
tape is output in the mm unit.

However, if a drawing is written in the inch unit and employed in a mm system machine tool, you can
prepare an inch unit NC tape by the Symbolic FAPT function and operate the machine tool by the inch/metric
conversion function of the NC machine tool.

The following two kinds of system magnetic tape cassette are possible
@ Metric system magnetic tape cassette just after loading a system tape
@ Inch system magnetic tape cassette just after loading a system tape

By depressing the key and keying in “UNIT” just after loading respective tapes, the system is
changed to be a unit system different from the loaded unit system.
Load the system tape again, if you desire to program by the original unit system.

Unit system 1: Data on the unit system which is effective

Symbolic FAPT just after loading a system magnetic tape
cassette.

Unit system 2 : Data on the unit system which is effectuated
by “UNIT”.

Unit system 1 Unit system 2
UNIT

M (R3] [UniT] [sP]

Caution

® The units of material data and tooling data are not automatically converted.

® Whenever of family program is input, the system unit system must be set to the unit system at the output
time without fail before executing the program input.

® If the NC machine tool does not provide the inch/metric conversion function, enter dimensional values by
utilizing the arthmetic function of Symbolic FAPT.
For processing a drawing in the metric unit by using an inch system magnetic tape cassette (unit system of
output NC tape is inch), for example, enter data as follows.

dj25.4 E (d: Dimension described in drawing)
e For the surface speed in the inch system, give data in the feed/min unit.
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4. CAUTIONS WHEN USING Symbolic FAPT

4.1 Allocation of Memory

The memory capacity of the Symbolic FAPT processor (P-D) of the FANUC SYSTEM 3T-MODEL D is
64KB, while the Symbolic FAPT software capacity in the system program part and data part amounts to about
100KB in total. Since the Symbolic FAPT software is larger than the memory capacity, the Symbolic FAPT
processing software cannot be executed by loading it into memory at once. Accordingly, it is executed by being
divided into two parts. After executing its first half, the subsequent second half is executed by replacing the

software.

The first half is called PASS1, while the second half is called PASS2.

. Processing First half
Allocation

Second half

-

Resident part

PASS1
64KB

Exchange part

PASS2

“ NC data output

Dajta

Common
data part

Processing being contained in PASS1

Symbolic FAPT execution procedure 1, 2, 3 (R0)
Family program processing (R1)

Input/output processing of various files (R2)
MTF modification processing (R3)

Material file

Processing being contained in PASS 2

Symbolic FAPT execution procedure 4, 5 (R0)
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4.2 Program Area Capacity

The capacity of the data part (user’s program area) in the Symbolic FAPT is about 5.75KB, in which the
blank figure file, part figure file, blank figure work file, pattern file, tooling file, and machining process file are
sequentially produced.

When a process is defined, for example, an area required for the definition is to be searched and secured.
If no unoccupied area is found, an error “TEXT FILE OVER FLOW" results.

If such a phenomenon occurred, the memory can be utilized effectively by the following methods.

(1) Don’t use any incremental specification for figure definition (method of inputting a dimension by the
increment from the present value when the system asks the dimension; method of affixing I to a numerical
value)

When the definition of points was specified by the absolute value (by inputting the X and Z coordinate
values), an 11-byte memory is required for loading one point.

On the other hand, if the definition of points was specified by the incremental value, 9 bytes are increased
per coordinate value. In other words, when both X and Z coordinate values were specified by the incre-
mental value, 29 bytes are required in total (18 bytes are increased).

Accordingly, if a message “TEXT FILE OVER FLOW" appears on the CRT screen, it is one of the counter-
measures to define the figure again without incremental specification.

(2) Execute processing by dividing figures.

The definition areas for process, etc. increase, because the figure elements which occupy much memory
decrease.

(3) Execute processing by dividing the process into “rough cutting” and “finish cutting” or higher stages.
Produce NC data for rough cutting first, and then, produce NC data by immediately defining the finish
cutting in the new process definition. For the subsequent grooving, threading, and other machining, define
the process separately like “finish plus grooving”, “finish plus threading”, and output desired NC data only
without outputting finish process NC data.

4.3 Tool Figure and Setting Method

If you know by what processing the tool figure and setting method are defined when tool data were input
to the Symbolic FAPT system, you will be able to program these tools more securely.

Data employed by the system for checking the cutting direction, cutting edge angle, and other tool figures
are angles indicating the tool nose directions in the NC data coordinate system.

|
|
5 ,//
|
|
|

Z

In the NC data coordinate system, the counterclockwise angle as viewed from the plus (+) Z direction
shows a positive (+) angle, while the clockwise angle shows a negative (—) angle.

— 53 —



+

For example, 135° and —225° or 180° and
—180° have the same meanings, respectively.

Two cutting edges are present normally. They are called major cutting edge and minor cutting edge. These
cutting edge directions are called major cutting edge direction angle and minor cutting edge direction angle.

Cutting
direction
X ————

Major cutting
edge

Minor cutting edge
N _
/
Minor cutting \_J \\ J—l 20°
edge direction

—-165°

195°

Major cutting edge direction

In the adove figure, the major cutting edge direction angle is 240° or—120°, while the minor cutting edge
direction angle is —165° or 195°.

Now, the process of determining the tool figure and setting methods in the Symbolic FAPT will be
described in regular sequence, referring to the above description.

iststep Positive direction and negative direction of input data

{1) The tool post is mounted on the front side or on the rear side, depending upon the types of NC lathes.
If the tool post is mounted on the rear side, imagine a cutter located at a symmetric position on the front
side, obtained by turning the cutter around the Z axis as the rotation center by a half turn.
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(2) Grip a tool while erecting its shank so that the cutting edge faces downward, if the cutter is mounted inside

€))

O]

out, and the cutting edge faces upward in other cases.

\'\

Assume a straight line which passes the tool nose edge and faces just downward. The following figure shows
examples typical figures of cutters and the straight line which passes the tool nose edge and faces just
downward based on the presumption.

™ AT

The major cutting edge angle AC is defined as the angle formed by the major cutting edge angle and the
straight line which passes the tool nose edge and faces just downward.

Cutting edge angle AN is also defined as the angle formed by the major cutting edge and minor cutting
edge.

The counterclockwise angle is specified as the positive direction angle as shown in the following figure.

Minor

\ Major
AN

o P
AC

®

If the straight line which passes the tool nose edge and faces just downward is presumed as a straight line
which passes the virtual tool position, you will be able to understand the meanings of the following
question asked on the CRT screen by the system.

VIRTUAL TOOL POS...... XN=

Input the distance from the virtual tool position to the center of cutting edge as XN and ZN.
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Virtual tool © o )
position P

ZN

XN R

@

(5) Setting angle AS indicates the setting direction of a tool. Input the setting angle to the selected drawing
format, irrespective of whether the tool post is located on the front side or on the rear side, and presume
that the tool is set on the upper side of the CRT screen if menu number 1 or 2 was selected, or on the lower
side of the CRT screen if menu number 3 or 4 was selected, for drawing format.

The upward direction of the straight line passing the tool nose edge employed in (2) (direction from the
base of the tool to the tool nose) is employed for indicating the tool direction.

Input the clockwise direction as a negative (—) angle, from the right side of the abscissa of the CRT screen
and also input the counterclockwise direction as a positive (+) angle.

'/@—\ ‘\@ ®
—
© ©
S
(Example) AS—=180 (Example) AS=90 (Example) AS=270
or or or
AS=-180 AS==270 AS=-90

2ndstep  Calculation of the direction angles of major cutting edge and minor cutting edge

There are certain items to be input by an operator according to questions from the CRT screen.
The following three factors are used to determine the cutting edge direction angles.

CUTTING EDGE..... AC = (Cutting edge angle)
NOSE ANGLE....... (Tool nose angle)
SETTING ANGLE.... AS = (Setting angle)

>
2
]

The following procedure shows the process of calculating the cutting edge direction angles inside the system
based on the above three pieces of information.
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(1) Assume AC be the major cutting edge angle and AN be the tool nose angle.

(Example) AC=30 AN=45

AC=30
AC'=75

(2) Calculate the minor cutting edge angle by AC' = AC + AN.
(Example) AC'=30+45=75

(3) Convert setting angle AS according to the selected drawing format. This is because that the system executes
processing in the first quadrant, irrespective of the specification of drawing format.
® |If the selected drawing format is 1 or 2, AS is kept unchanged.
® I[f the selected drawing format is 3 or 4, AS is converted into —AS (AS=—AS).
(4) Calculate the major cutting edge and minor cutting edge direction angles, respectively.
A = AS — AC (major cutting edge)
A'= AS — AC' (minor cutting edge)
Let’s confirm, referring to the following examples, that the major cutting edge direction angle and minor
cutting edge direction angle are obtained as desired, irrespective of the drawing format.

(Example 1) When drawing format is 1 or 2;

Input data: AC =30, AN=45 AS=-90

X
X
l/As -90
Z 7, ==
Drawing format 1 Drawing format 2

Internal processing; A=AS —AC=—-120 ................. Major cutting edge direction

angle
A'=AS — AC'=AS — (AC+ AN)=—165 ... Minor cutting edge direction

angle
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Results;

Major cutting edge

/

Minor cutting edge Major cutting edge
direction angle direction angle

Minor cutting edge

(Example 2) When drawing format is 3 or 4;

Input data; AC =30, AN=45 AS=90

Z VA

AS=90

% X
Drawing format 3 Drawing format 4
Internal processing; AS = —AS =90
A=AS—AC=—-120 ................. Major cutting edge direction
angle
A'=AS — AC'=AS — (AC + AN) = —165 ... Minor cutting edge direction
angle
Results;

Major cutting edge

‘,///////‘z:::///4465“

Minor cutting edge
direction angle

Minor cutting edge

-120°

Major cutting edge
direction angle
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4.4 Cutting Direction and Cutting Edge Angle

For the cutting direction vector (K) as viewed from the tool tip, and the cutting edge angle vector of major
cutting edge (_B)) and the cutting edge angle vector of minor cutting edge (6) as viewed from the tool tip by taking
the cutting edge protective angle (standard value: 3°) into consideration,

® an error is produced, if the rotating direction from X to B does not meet the rotating direction from B to
C), and also

P d
® an error is produced if A meets B.

Example when the cutting direction is ;

—
— B
A 3 o
— g °
c C ¢
. — — N
A A, B A 2
B
N
B
I———-’
— - c
C ¢ ¢
E;ror . . Error OK
SlRogstant:’x:gmd;g:;twn (Vectors & and
B meet)

When cutting is made at the minor cutting edge, consider the above explanation by exchanging vectors

Band C.

4.5 Rough Cutting Direction

Rough cutting is made by linear cutting (parallel to X axis or parallel to Z axis). Specify the medium finish
cutting several times repeatedly, if an output of a profiling mold is desired. For number of pockets in rough
cutting area, ten or less pockets are present in one machining area.

Machining area

10 pockets or less
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4.6 Judgement of Pockets

The pockets to be judged by the Symbolic FAPT are defined as “concaved parts as viewed from the cutting
direction out of them”. The same profile may be judged as a pocket or not judged as a pocket, depending upon
the cutting directions as shown in the following example.

Blank figure The concaved portion indicated by the slant-
ing lines in the left figure is judged as a

Parts figure pocket when the cutting direction is

and it is not judged as a pocket when the

I

l

|

|

' cutting direction is .
- - A1

The concaved portion which was not judged

as a pocket is not cut in the corresponding
process.

‘When the above portion is cut in the When the above portion is cut in the

<« | direction; direction ;
Figure after cutting M Figure after cutting l D

—_— Fapp——
Parts figure

4.7 Division of Machining Area

The arrows indicating the division direction are input for specifying the area based on the following princi-

ple.
Outer diameter side

Inner diameter side
Edge face side (selective use)

Refer to the following cautions when specifying the dividing directions of the machining area.

(1} Specify the dividing direction of the machining area toward the blank profile.

OK Wrong
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(2) Don’t overlar the dividing direction of the machining area and the part figure each other.

=

I

|

|

|

|

|

|

|

- - o

Wrong
——————— |
T e—
//

Wrong

______________ j
5
=1 :
] |
|
] ] ]

OK
_______ ﬁ o

(3) No machining is possible, if the start point of part figure coincides with the end point and these points are
located on a blank profile (blank figure).

Ny

Z axis judges it as the profile figure of a
blank.

In case of the above figure, machining becomes possible, if a dummy figure element of about 0.01 mm in

length is inserted.
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(4) If a blank figure contains a concaved part, the blank must be machined by dividing the concaved part into
two or more parts.

The left figure shows an example when a blank in the machining area contains a concaved part. If this blank
is attempted to be machined, non-cut portion being caught by two cutting parts (solid line parts in the
figure shown below) will be produced in one tool pass.

The Symbolic FAPT does not execute such processing as a blank on both sides of a tool pass is machined
by crossing a space or the blank.

This problem can be solved by dividing the concaved part into two or more parts as illustrated in the above
right figure.

Not cut
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(5) Closed part figure
The cutting area containing the definition start point of the part figure cannot be specified.

Cutting direction

________ 7
/1/ Area start point
Such an machining area as shown here

cannot be specified.

I
I
I
I
I
!
I

Part figure definition start point

g

——— Cutting direction

Area end point

: Area start
/ point
|

|
I
|
I
|

Select the left end part as the part figure
definition start point.

\

Part figure definition start point
It is allowable that either machining area start point or end point serves as the part figure start point.

(6) Cutting on the chuck side
If the area specification start point meets its end point in such an area as the upper left end of a blank is
contained on the machining area, this area cannot be specified, otherwise an error is produced or the blank
figure is broken.

\

Area specification start point
meets the end point.
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4.8 Approach and Return Relief to Inner Diameter

If an inner diameter contains a convexed part halfway, it cannot be machined because of the interference

with the convexed part during approach or return relief.
Example of a figure containing a convexed part halfway.

M’ ®

In the above figure, is an intermediate convexed part.
If grooving, threading, finish cutting, or rough cutting of part @ is attempted, it causes the interference

with the convexed part.

Provided that the interference can be prevented during grooving by giving a clearance higher than the

convexed part.

Z

P

~
Clearance (To be higher than the convexed part)

4.9 Finish Allowance and Surplus Thickness

(1) Relation between finish allowance and surplus thickness
Don’t give any finish allowance (in rough cutting and medium finish cutting) larger than or equivalent to
the surplus thickness, otherwise the blank figure may be deformed to unfavorably affect the subsequent

machining.
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(Example)

(2) Relation between surplus thickness and blank

If the surplus thickness is as illustrated in the
left figure, for example, the following finish
allowances cannot be given.

Finish allowance in X direction Smm

Finish allowance in Z direction 5mm

Don’t give such a surplus thickness as may exceed a blank dimension in a special blank. It is recommended
to give a relatively large blank dimension so that the surplus thickness does not exceed the blank figure,

even if it is added to the machining figure.

Figure with a surplus Figure with a surplus
thickness added X thickness added / Blank
X / Blank _““l/—“______‘_“__?
e S e N AR JR——
F———— =t — ————— r—9 \\\__4/ | :
| l U |
Lo | Lo |
\ |
AN \ I
Iy ﬁ
I | |
I | '
[ | |
|| |
7 Z
Wrong Correct

(3) Relation between surplus thickness and Z axis

Since the Z axis is judged as a part of the blank figure in the system software, such a figure as an offset
result using the surplus thickness exceeds the Z axis, cannot be machined.
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4.10 Semi-finish and Finish

(1) Dividing direction and clearance

If the end face finish and outer diameter finish are made by using the same tool, finish the end face before
finishing the outer diameter, in principle.

1st step VA 2nd step Z

Be careful not to specify a job to finish the end face and outer diameter continuously, otherwise the tool
moves as follows.

P i . - -
- /
- .
X » Rapid traverse y Rapld traverse

— -

-
i

L s

/ VA /
Dividing lecﬁon Dividing direction H

at this point at this point

Thls motion
is inserted.

The specified clearance quantity may be inserted or not according to the dividing directions of the machin-
ing area.

Be careful since the tool moves toward a blank by the rapid traverse without any clearance quantity, if the
dividing direction is as shown in the left figure.

(2) Concept of area in semi-finish and finish

In the semi-finish and finish, cutting is made along the part figure only, while neglecting the blank figure.

The profile in the arrow direction specified when dividing the machining area is regarded as a part of the
part profile.
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X Machining are Cutting feed is made
by regarding these
________ - _ portions as a part of
Z the part profile.

y

4.11 Grooving

(1) Tool path in grooving
Grooving is made by the following three steps.
® Apply the tool to the center of the groove.
® Drive the tool in such a manner as the groove is cut by the reference side cutting edge of the tool.
® Drive the tool in the opposite direction.

/ Grooving tool

If the groove width is equal to the tool width, the tool is applied to the groove center once.

(2) Interference check
The interference check is not executed to check if the tool is normally applied to the groove or not.
Particularly be careful with the following points.
® The tool width should not be larger than the groove width.
® The groove should not be deeper than the tool length.
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(3) Blank figure in grooving area
The blank figure at the entrance of the groove must be parallel to the X axis or Z axis in case of grooving.

Wrong OK

{4) Groove bottom figure
The groove bottom must be flat.

% ] |

Good Wrong Wrong

A\

The flat portion must be equal to or larger than the flat portion of the tool nose.

{5) Groove containing two or more concaved parts

{f 2 groove contains two or more concaved portions, it cannot be machined by one process only. However,
it can be machined by dividing it into two or more portions.

—— — __ __ __ _ —
See——
Cannot be grooved. Grooving is possible when the
groove is divided into A and B

portions.
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(Special example)

As a special case, grooving becomes impossible when two or more concaved parts exist in a groove, depend-
ing upon the dividing directions of the groove, even if the groove figure is normal.

If and are specified as the dividing If Eis specified as the dividing direction,

directions as illustrated in the above figure, only one concaved part exists, and grooving
three concaved parts @, @, @ are is possible without any trouble.
produced in the grooving area, causing the

grooving to be impossible.

(6) Groove having no wall
Grooving is impossible, if a groove wall is eliminated as a result of specifying C (chamfering) or R (corner
R) at the groove entrance or bottom.

3 Groove depth : 7mm
Catentrance : 3mm

R at buttom : 4mm
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4.12 Depth of Cut (D) in Drilling

The depth of cut is determined in the way that the drill shoulder is positioned at the place where the drill is
driven by depth D from the intersection of the blank figure profile at that time (Blank figure changes as machin-
ing advances) and the tool diameter employed.

) Xy
_________________ A . |
| |
—‘I ! —I |
| J
' '
| (
| |
l |
//l ————————— - /l ———————— —
D Z D z
X
_________________ 4
|
| I
|
|
|
/
/
Y
// 1,— _____ i
D Z

No intrusion to part is checked. Judge it, while monitoring the CRT screen.

X
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4.13 Threading

(1) Threading direction

A tool is driven along an angle to which the minor cutting edge faces in threading.

Majqr Minor
cutting edge cutting edge

Cutting direction

Threading direction

If you desire to determine the threading direction, irrespective of the tool figures, you have only to define
it to allow the minor cutting edge to face the threading direction when defining the tool.

If you want to drive the tool straight, for example, you have to define the minor cutting edge angle so that
the tool drives straight, irrespective of actual tool figure.

|
| Actual tool figure |
[ (outer figure) o |
| Cutting edge angle 30 |I
|
|
|

Tool nose angle —60°
Minor
Major I cutting
cutting edge II edge
I

Virtual tool figure to be given
when you desire to drive the
tool straight

Cutting edge angle 307

Tool nose angle —30

When defining the virtual tool figure, don’t define it in such a way as the minor cutting edge bites into the
major cutting edge side.

The allowable threading is limited up to the direction parallel to the X axis.

Major

cutting edge Virtual tool figure (Don’t define the virtual tool

figure in such a way as the virtual minor cutting
edge bites into the major cutting edge side as
shown in this example.)

edge
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(2) Threading depth

D, : First threading depth (Absolute quantity: Material file)

D; : i-th threading depth (Absolute quantity)

Dy : Threading depth once before the last

D¢ : Last threading depth (Incremental quantity: system parameter No. 01 19)

A_EDZ

Dk

Since Dy is not calculated by the above equation, it is possible that Dy becomes an increment smaller than
De.

3 Depth of screw thread

The depth of screw is calculated by pitch * constant 0.6495 (system parameter No. 0125: variable), and the
minor diameter of screw is determined as a result. The external thread and internal thread are also calcu-
{ated by the same method.

Accordingly, if the major diameter of internal thread is M20, for example, calculate the depth of screw
from the pitch of screw and constant as the diameter for inputting the figure element.

(Example)
M20, P:Pitch
Minor diameter of internal thread is

calculated by the following equa-

:} P 204 tion.

Inner dia. =20— (P X 0.64595)
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4.14 S Code Output

&)

©))

3

S code (2 digits)

S code (2 digits) can be output automatically.

For outputting it, observe the following procedure.

(a) Set MTF parameter number 1085 so that the constant surface speed control is not used.

(b) Change the output S code (4 digits) to an S code (2 digits) with the step feed during NC data output.

S code value and output timing

The Symbolic FAPT is provided on the presumption that the NC machine tool is provided with the
constant surface speed control function.

It entrusts NC (machine control unit) functions with the control to keep the surface speed constant during
rough cutting, etc.

If the constant surface speed control is not provided or if this function is not used, it is necessary to change
the MTF in advance so as not to use the constant surface speed control.

If such machining as changes the surface speed is made, an S code corresponding to the spindle speed
calculated from the average revolution radius is output once.

If cutting was made at plural points by using the same tool within the same process, the S code is not
output to meet the cutting range in the second and higher points.

If a change of an S code is required, the S code should be inserted into corresponding place by setting the
step feed at the NC data output time.

If plural points are cut by using the same tool within the same process when the constant surface speed
control is employed, the S code is output based on the cutting speed specified by the first machining condi-
tion specification, and it is no longer output in the second and subsequent machining condition specifica-
tion, even if the cutting speed was changed.

Calculation of S code
The value of the S code to be output is determined as follows.

X

7/ N (Shadowed portion indicates
Xmax the cutting area)

Xmi x

Assume that the cutting area is as illustrated above.
(a) Cutting with the constant surface speed control
® The spindle speed which is calculated by the specified surface speed and Xmax is output.
® The constant surface speed control mode is set after approach.
(b) Cutting without using constant surface speed control
® The spindle speed S which is calculated by the specified surface speed according to the following
equation.

K-V 1 1

$ = 2m ( Xmax Xmin

)

In case of metric system: K = 1000

In case of inch system: K=12

V : Surface speed

X max, X min: Mentioned in the above figure
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® Cutting is made with the output S code hereafter.
If the S code calculated as specified above exceeds the maximum spindle speed (system parameter
number 0128), it is clamped by that value.

4.15 Incremental Designation

The incremental designation becomes effective for part figure data input such as the end point of a figure

element and the center of a circular arc.

The start point of the figure element must be defined in any case.

(1) Incremental designation to a straight line

When the end point of a straight line having a definite start point is input by the incremental value, you
have only to input an increment without any need of taking its sign into consideration, since the system
judges the arrow direction.

(Example)
30
Al <
Endpoint DX =101
Z=301
B Z or
w

e End point DX=30

Z Z=301

Assume that a lower rightward arrow was inserted at point A in the above figure.

End point B is located in the minus (—) direction with reference to the start point in both X and Z direc-
tions.

However, it is not necessary to attach minus sign (—) as an incremental value.

Also, the radius value is input to X.

(Note) 1t is rather troublesome to input an X value by the incremental value in a case as shown in the
above figure.
In such a case, the Z value only can be input by the incremental value.

(2) Incremental designation to a circular arc

The incremental value can be specified for inputting the end point and center of the circular arc.

Unlike in a straight line, the end point direction as viewed from the start point changes according to the
length of circular arc, and its direction cannot be determined automatically.

Accordingly, a signed numerical value must be input.

The sign is taken into consideration in the defined coordinate system.
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(Example) (Example)
10

le1

= [®]

08
00l

END POINT DX =10 | or 100 CENTER CDX =-131
Z=-101 Cz =-171

A signed numerical value must be input, unlike in the incremental designation to a straight line.

4.16 Partial Expansion of Part Figure

Partial expansion of the input figure can be done by the following method, if a blank is long.

(1) Input all part figures after inputting actual blank dimensions. If the blank is long, the longer part (length in
the Z axis direction in the following figure) of the blank is automatically scaled so that it is fully displayed
over the entire CRT screen.

As a result, the length in the X-axis direction is displayed smaller as the blank becomes longer than its
thickness.

zp

(2) Load the partial blank dimensions again after ioading the part figure. The memory stores the previously
loaded figure of the entire blank to be machined, and the input blank dimensions are displayed over the

entire CRT screen by newly inputting the blank dimensions only. Thus, the part figure is partially expanded
and displayed.

N L X
LI
AR T }
7 o | !
Zp'
zp

This portion is displayed over the
entire CRT screen.
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If you want to display the shadowed portion illustrated above fully over the entire CRT screen,

Blank dimension L. .............. Change to width L’ to be expanded.
Base line position ZP. .. ........... Input ZP’ in the above figure as a negative value.

(3) After confirming the figure, reset L' and ZP' to actual figure dimension L and base line position ZP without
fail.

4,17 Single Step

If the F7 key is turned on when producing NC data, processing is stopped before outputting one block of
NC data.

The contents of the block to be output are displayed in the second line as viewed from the bottom of CRT
screen.

Also, the tool path is displayed when the block concerns the movement.

The following CRT screen shows the stopping state in the single step. Data“G03X42917Z50500R 18500"’is
going to be output.

*t* NC DATR PREPARATION see
PROC,84 FINISHING

In this case, the following operation can be done.

{1y If the key only is depressed, data being displayed in the second line as viewed from the bottom of
CRT screen is output, and the Symbolic FAPT returns to the execution to be ready for the next block.
If this key only is not depressed, that is to say, if the next steps (2) and (3) are made, the execution
of Symbolic FAPT does not proceed forward.

{2) NC block can be output from the keyboard by optional blocks under this condition. When the key

only is depressed finally, the display data in the second line as viewed from the bottom of CRT screen is
output.

3 _— . :
(3) When DEL and keys are input, displayed data output can be deleted.

(4) Input E]and keys for outputting EOB only.

As a result, a space andEOB code are output.
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4.18 Others

(1) Chucking position
In the Symbolic FAPT, the left side of a blank is chucked as a precondition.

{

X

AR

(2) Closed part
No closed part can be defined in case of a special blank.

A figure as shown here
cannot be defined.

Define a figure as
shown in the left figure.

(3) Change of index position
The machining start points of respective tools are automatically calculated by the index position (DXI, ZI)
and setting positions of the tool (XS, ZS).
This automatic calculation is done just after the setting position (XS, ZS) has been input only.
Accordingly, the machining start position cannot be calculated again by changing the index position (DXI,
Z1) after it has been automatically calculated once.
When the index position was changed, the setting positions of all tools (XS, ZS) must be input again at the
tool data input.
Input the same setting position (XS, ZS) as before again for the purpose of automatically calculating the
machining start point to meet the changed index position, even if the setting position (XS, ZS) value
remains unchanged when the index position (DXI, ZI) only was changed.
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IV. PROGRAMMING USING NC LANGUAGE AND OPERATION
AND DISPLAY BY MDI & DPL UNIT






1. NC LANGUAGE

SNC executes programming by Symbolic FAPT function using the graphic display. The programmer has
only to depress keys, and there is no particular programming language.

The Symbolic FAPT function produces programs using standard NC language and then, transfers it to the
NC memory according to the keying operation of programmer.

The standard NC language program produced by this Symbolic FAPT is called NC data.

This NC language program has conventionally been employed as an input language to CNC, and called EIA
format or ISO format. In FANUC SYSTEM 3T-MODEL D, the NC language in NC memory can be checked,
modified, or produced, as required, from MDI & DPL unit. Now, the NC language and the operation using MDI
& DPL will be described.

The function items marked with ** in the description of each function in this chapter show the NC
language which is not outputted by Symbolic FAPT function.
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2. COMPOSITION OF PROGRAM

The program is generally divided into the main program and the subprogram. Normally, the NC operates
according to the information contained in the main program but when the command meaning “Obey the infor-
mation in the subprogram” is encountered on the main program, the NC obeys the information in the sub-
program thereafter. When the command meaning “Obey the information in the main program” is encountered in
the subprogram, the NC obeys the information in the main program thereafter.

Main program Subprogram
Information 1 Information 1
Information 2 Information 2

|
!
|
|

“‘Obey the information
in the subprogram*’

Information n

Information n + 1

&
FOY

|
|
|
|
|
|
|
|
!
|
|
I
I
|
|
|
|
|
|
|
|
|
[

Return to main program

A total of 63 main programs and subprograms may be strored in the NC memory.

The NC can move the NC machine tool according to a main program selected from among these main
programs.

Program NC
Memory
#1
\ Program
#1
Progra Program
#2
#2 |
[
|
|
| [
) 1
[
! 1
|
| Program
! #63
I
Program

#63

Refer to section 10.13 for the procedure for storage and selection of one program.
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2.1  Block

The program is composed of several commands.
One command is called a block.

One block is discriminated from another block by an end of block code. This manual expresses the end
of block code by the symbol *.

2.2 Word

A block is composed of one or more words. A word is composed of an address followed by numbers as
is shown below. (Algebrical sign (+ or —) may be added before a numerical value.)

X — 1000

Address Numerical value ,

Word

The address is a alphabetic letter which prescribes the meaning of the numerical value following the address.
The addresses and their meanings as used by this system are as follows.
Some addresses may vary their meanings depending on the preparatory functions specified in the program.

Function Address Meaning
Program number : (ISO)/0 (EIA) Program number
Sequence number N Sequence number
Preparatory function G Motion mode (Linear, arc, etc.)
. X,Z,U,W Motion command of coordinate axes
Coordinate word
R Arc radius
Feed function F Feedrate, thread lead
Spindle speed function S Spindle speed
Tool function T Tool number, tool offset number
Miscellaneous function M ON/OFF control on the machine tool
Dwell P, U X Dwell time
Program number . .
. . P Designation of the subprogram number
designation
Seauence number Designation of the sequence number at the program
S P,Q - .
designation repetitive location
Repetitive count P Repetitive count in subprogram

For example, a block is composed of these words as follows:

X Z

g * N G

F S T M * 3

T T

T T T T T
Sequence Preparatory Coordinate Feed Spindle Tool Miscellaneous
number  function word function speed function function

function
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2.3 Input Format

Each word in a block must be commanded with the fixed format as follows. The input format used by
this system is called variable block format in which the number of the word in a block and the number of charac-
ters in a word are permitted to be changed. This format is very convenient for programming.

(1) Metric input

NO4 - GO2 {l’%g 4(3’43} . {%)Bfﬁ . RDO43 - {Egﬁg} {ggﬁ} - TO4 - MO2*
2) Inch input
NO4 . GO2 _{xu 0341 . {zu 034}_ RDO34.. {F016} .{soz}, T04 - MO2*
UD034 | WDO034 F032| |S04
(Note 1) Above addresses and numerical values are meant as follows

X L + 0 4 3
[— 3 digits below the decimal point
4 digits above the decimal point
Leading zero suppression

With sign

Absolute or incremental
Address

R D 0 4 3

I e 3 digits below the decimal point

4 digits above the decimal point
Leading zero suppression
Incremental command with sign
Address

For example, the command to move a tool to 5.0125 inches on the X axis at the rapid traverse rate is
as follows:

GOOXS50125*

o

4 digits below the decimal point .

Although 3 digits are above the decimal point, leading zeros in 005 are omitted.
(Algebrical sign + is omitted)

GO may be possible because of leading zero suppression. (GOO indicates rapid
traverse.)

(Note 1) The above format omits address P because it has various meanings.
(Note 2) Refer to item 2.4 for decimal point programming.
(Note 3) S04 is optional.
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2.4 Decimal Point «x

A decimal point may be used with mm, inch or second values.

Z1
F1

5.0 Z15 millimeters or Z15 inches.
0.0 10 mm/rev, 10 mm/min, 10 inch/ rev or 10 inch/min.

GO04X1. Dwell for one second
The addresses with which a decimal point can be used are as follows:

X,Z,U W
(Note 1)

(Note 2)

(1)

(2)

(Note 3)

(Note 4)

(Note 5)

(Note 6)

,RandF

In dwell command, decimal point programming for addresses X and U is possible but it is not
possible with address P.
(This is because address P is also used for sequence number.)

The appropriate G code should be commanded before the numerical values are specified in one
block.

G20* (Inch dimension)

X1.0G04* . . .. Because the value X1.0 is regarded as not the number of seconds but move dis-
tances (in inches), X10000G04 is assumed resulting in dwelling for 10 seconds.

G04X 1.0* ... G04 X1000 is assumed and it results in dwelling for 1 second.

G98* (mm/min designation)

F1.G99*..... Regarded as F1000G99 and 10 mm/rey is assumed. (G99 is mmy/rev designation)

G98* (mm/min designation)

GI99F1.* . . ... Regarded as G99F100 and 1 mm/rev is assumed. (G99 is mmjrev designation)

There is a great difference between the values with and without the decimal point. Programming

differs from electric calculators, etc.

G21* (millimeter dimensions)

X1 ........ X1 mm

X1 ........ X0.001 mm
G20* (inch dimensions)

X1, ........ X1 inch

X1 ........ X0.0001 inch

Values with and without a decimal point can be commanded together.
X1000223.7*
X10.222359*
Values less than the least input increment are deleted.
When X1.23456 is commanded, X1.234 is assumed in millimeter input or X1.2345 is assumed in
inch input.
*In incremental dimensions, the errors are accumulated. In absolute dimensions, the errors are not
accumulated but the error deleted exists at the absolute programming.
Also, the number of digits must not exceed the maximum number of digits allowed,
X1.2345678 . . This is an error because it exceeds 7 digits.
X1.234567 . .. Thisis not an error because it is within 7 digits.

The number with a decimal point is converted into integer value according to the least input
increment in input.
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Example
X12.34 X123400 (input in inch)
This converted integer is checked on its number of digit.

Example
X123456.7 —=— X1234567000 (input in inch)
An alarm occurs because the converted integer exceeds 7 digits.

2.5 Maximum Programmable Dimensions

The maximum programmable dimensions of each address are listed in table 2.5. Note that these figures
give the maximum numerical limit, not the mechanical limit in the NC machine tool. As an NC, the tool may
traverse up to 100m (in millimeter input) along X axis, but actually obtainable travelling distance may be limited
to 2m on the specific machine tool. Similarly, the NC may permit a maximum cutting feed of 15 m/min, but the
NC machine may limit the tool of feed to 6 m/min. When programming, the manual issued by the machine tool
builder should be closely consulted, in addition to this manual, to ensure proper programming which will not
exceed the actual limitations of your machine tool.

Table 2.5 Basic Addresses and Commandable Range

Input in mm Input in inch Input in mm Input in inch
Function Address
Output in mm Output in mm Output in inch Output in inch
P b - (150) 1 9 S 1 S left S lef
rogram number 0 (EIA) ~ 9999 ame as left ame as le ame as left
Sequence number N 1~9999 Same as left Same as left Same as left
Picparatory function G 0~99 Same as left Same as left Same as left
X, Z,
Coordinate word U, w, +9999.999 mm +999.9999 inch +9999.999 mm +999.9999 inch
R
1~15000 - 0.01 ~ 600.00 1 ~15000 0.01 ~600.00
Fead per minute . . . .
o mm/min inch/min mm/min inch/min
teed per revolution F 0.0001 ~ 500.0000{ 0.000001 ~9.999999 | 0.0001 ~500.0000| 0.000001 ~ 9.999999
1 Thicad lead mm/rev inch/rev mm/rev inch/rev
¢ Spindle speed function S 0 ~9999 Same as left Same as left Same as left
T oe! function T 0~9916 Same as left Same as left Same as left
ilaneous function M 0~99 Same as left Same as left Same as left
X, U, P 0~ 9999.999 sec Same as left Same as left Same as left
Designation of
“enaence number, P,Q 1~ 9999999 Same as left Same as left Same as left
reneatitive count

(Note 1) Feed per revolution and thread lead are actually determined by the speed converted into feed per
minute with relation to the spindle speed,
The command may be input within the value in the table above.
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2.6 Program Number

Some program prepared with NC language can be stored in the NC memory. The program number is used to
differentiate one program from another.

The program number is identified as follows:

O OOoono
\———T—)
4-digit number (1 ~ 9999, zero should not be used because of
compatibility to other NC system. Leading
zero suppression.)

A program begins with a program number and finishes with M02*, M30* or M99*,

D11 11 ceevermeiaioianmiaennrane.. MO2%] 02222 ooemeieieeiiieiieieeiaeans M30 %

#1111 program #2222 program

M99* means the end of a subprogram.

05555 crrrereee Mgg*

#5555 subprogram

(Note 1) A block with an optional block skip code such as [M02*, [M30* or M99* is not regarded as the
end of a program.

(Note 2) When the program number does not exist at the start of the program, the first sequence numbers
(N ... )in that program is regarded as the program number of the program.

(Note 3) When a tape contains more than one program, an EOB code is unnecessary before the second and
subsequent programs. However, when a preceding program ends with ER (EIA code) or % (ISO
code), an EOB code is necessary at the head of a program. This is because of label skip.

2.7 Sequence Number

A sequence number can be specified with up to 4-digit number (1 ~ 9999) following address N at the head
of a block. The order of sequence numbers is arbitrary and need not be consecutive. Also sequence numbers can
be specified in all blocks or in the blocks in which it is required.

It is recommended that sequence numbers should be specified sequencially and be specified at important
points such as at the block in which a tool is changed and a new tool is used.

(Note 1) Sequence number NO should not be used for compatibility with other NC equipment.
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2.8 Optional Block Skip »«

When a block has a slash (/) code at the start and the OPTIONAL BLOCK SKIP switch on the operator’s
panel is turned on, all information in the block with the slash (/) code is ignored during memory operation. If
the OPTIONAL BLOCK SKIP switch is off, information in the block with the slash (/) code is effective. That is,
the block with a slash (/) code can selectively be skipped depending on the operator’s decision.

*/ N123G01X4

{Note 1)
{Note 2)
[Note 3)
{Note 4)

{Note 5)

........... * 27856

The information in this range
is ignored while OPTIONAL
BLOCK SKIP switch is on.

A slash ([ ) code must be put at the start of a block. If it is palced elesewhere in the block, the
information from the slash ( | ) code to the character before EOB code is ignored.

The optional block skip is identified when the information is read into the buffer storage from the
memory. Even if the optional block skip switch is turned on after the information is read into the
buffer, the information which has been already read is not ignored.

This function is also effective during sequence number search.

When storing the program into memory, this function is ineffective. The block with slash (] ) code
is also stored in the memory irrespective of OPTIONAL BLOCK SKIP switch.

When punching out the program from the memory, the program is punched out irrespective of the
OPTIONAL BLOCK SKIP switch.
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3. COORDINATE WORD

A coordinate word specifies a tool movement and is composed of the address of the axis to be moved and
the value indicating the move direction and amount. The value varies depending on the absolute or incremental
programming. (Refer to item 3.7 absolute and incremental programming.)

Address of coordinate word Meaning
X Specifies a certain target position in a coordinate system
Basic axes Y/ (Absolute programming).
U Specifies a move distance (Incremental programming). U is for
w X axis and W is for Z axis.
Parameters in circular inter- R Specifies the radius of an arc.
polation

(Example) U-200.00  The tool moves, in the X axis in the negative direction by the distance 200.0.

3.1 Controlled Axis

The axes which can be controlled by this NC among the movable axes on the machine are called controlled
axes. Each controlled axis is specified by the address of the coordinate word used on this NC. The number of
controllable axes is two axes, X and Z.

The number of controlled axes in a block is also two axes.

Controlled axes Simultaneously controlled axes

X,Z Two

However, in manual operation, the number of simultaneously controlled axes is one.

3.11 Coordinate axes and symbol of motion

If machine tools provide different correlations between the coordinateaxes of the machine tool and
the symbols of tool motion, severe confusion will result when programming. Basic concepts on this matter
are established in EIA RS-267-A and ISO 841.

However, care must be exercised on the following points of your programming:

(a) Programs must refer to the standard coordinate system (the right-hand cartesian coordinate system).
(b) When programming, assume that the workpiece stands still and the tool is moved around the workpiece.
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The right-hand cartesian
coordinate system

3.2  Increment System

The increment system is determined by the following two factors:

3.21 Least input increment (Input unit)

The minimum unit of tool travel. This is given in mm or inch.

3.2.2  Least command increment (Output unit)

Coordinate axes of a turret lathe

Standard
coordinate
value

The minimum unit of tool motion, given in mm or inch. Either one of the following combinations

used:
{h"i”z;mm\\ Least input increment Least command increment
] X:  0.001 mm (diameter designation) X: 0.0005 mm
§ Metric input Z: 0.001 mm Z: 0.001 mm
| Metric output X:  0.001 mm (radius designation) X: 0.001 mm
ir »»»»» Z: 0.001 mm Z: 0.001 mm
) X: 0.0001 inch (diameter designation) X:  0.0005 mm
! %J[lcth input Z: 0.0001 inch Z:  0.001 mm
etric output X: 0.0001 inch (radius designation) X: 0.001 mm
Z: 0.0001 inch Z: 0.001 mm
X: 0.001 mm (diameter designation) X: 0.0000S5 inch
Metric input Z: 0.001 mm Z: 0.0001 inch
Inch output X: 0.001 mm (radius designation) X: 0.0001 inch
Z:  0.001 mm Z: 0.0001 inch
. X: 0.0001 inch (diameter designation) X: 0.00005 inch
Inch input Z: 0.0001 inch Z: 0.0001 inch
Inch output X: 0.0001 inch (radius designation) X: 0.0001 inch
Z: 0.0001 inch Z: 0.0001 inch

The optional radius designation for X axis should be selected, for radius programming in X axis.
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Whether the least command increment system is metric or inch is determined by the individual
machine tool and must be selected by setting a parameter (SCW) in advance.

Selection of least input increment between 0.001 mm and 0.0001 inch can be made by G codes or the
setting parameter INCH.

G20......... Least input increment 0.0001 inch
G2l ......... Least input increment 0.001 mm

Either G20 or G21 which has been selected before the power is turned on is effected at the power on.

3.3 Maximum Stroke

The maximum stroke commandable in this NC is listed in table below:

mm input inch input mm input inch input
mm output mm output inch output inch output
$£9999.999 mm $£999.9999 inches $£9999.999 mm 1£999.9999 inches

(Note) Above stroke, of course, varies depending on the machine tool.

3.4 Program Zero Point and Coordinate System

When programming, a program zero point and a coordinate system must be determined. Usually, program
zero point is placed at an arbitrary position on a workpiece.

For example, X axis should be coincided with the workpiece’s left face and Z axis should be coincided with
the workpiece center.

O
<

Zero point -

This coordinate system is called work coordinate system. There are two coordinate system. This manual
uses the right-hand system.

+ X t7

t 7 +X
(Right-hand system)

(Left-hand system)
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3.5 Coordinate System and Start Point

The work coorinate system used in programming must be stored into the NC. A tool moves from the
start point and the program also starts from the start point. But the NC must know the coordinate value of a tool
at the start point by using a G50(G92) command.

NN
NN

Start point

Zero point

A G50(G92) X a Z B * command teaches the NC the work coordinate system.

The G50 command should be programmed at the beginning or commanded by MDI operation after posi-
tioning the tool at the start point as shown in the above figure. However, in this case, positioning to the start
point must be performed correctly.

If the work coordinate system is determined at first, the positioning to the start point is performed easily
by the following operations.

(1) Positioning with GO0 command by MDI operation.
{2) Manual feed using position indicator.
Here, the work coordinate system can be determined by the following method.
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(Method 1) G50 command by MDI operation

Zero point of
work coordinate
system

If the tool can be positioned at the zero point of the work coordinate system, command following
G50 command by MDI operation after positioning.

G50X02Z0*

However, positioning at the zero point is impossible usually.

X
,“/ Surface B
P
& - - - z
By Surface A

Zero point of
work coordinate
system 6
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At first, position the tool at the point of the workpiece as shown in the above figure (point P). And

command the G50 command as follows.

8]
03]
3
Q)
)
(6

G50(G92)X « Z B *

Actually, follow the following procedure.
Cut the workpiece along the surface A in manual operation.
Release the tool along X axis without Z axis movement and stop the spindle rotation.
Measure the distance *8” and command GS0Z § INPUT  [START].
Cut the workpiece along the surface B in manual operation.
Release the tool along Z axis without X axis movement and stop the spindle rotation.
Measure the distance “a@” and command G50X a [INPUT| [START| and the work coordinate system is
set into the NC.

In actual machining, if the tool is exchanged, the offset amount, the difference between the tool in

coordinate system setting and tool in actual machining, should be stored in the offset memory according to
the machining program.

(Method 2) Coordinate system setting after positioning to the start point.

Zero point

Surface B o
7
é ; \ Start point
\
% ! Z

\ Surface A
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@
(©))
“4)
&)
©)
Q)
®
(©)]

Cut the workpiece along the surface A in manual operation.

Release the tool along X axis without Z axis movement and stop the spindle rotation.
Reset the relative coordinate value of Z axis (address W) (refer to item IV. 4.10).
Measure the distance “6” in the above figure.

Cut the workpiece along the surface B in manual operation.

Release the tool along Z axis without X axis movement and stop the spindle rotation.
Reset the relative coordinate value of X axis (address U) (refer to item IV. 4.10).

Measure the distance “y”.
Position the tool at the point with the following coordinate values.

X=a—7y
z=0F-6
Here, a and B is the coordinate values of the start point.

(If the tool is exchanged in actual machining, set the offset amount as in method 1)

And if G50 (G92) command as follows is programmed at the beginning after that, the desired work
coordinate system is set in program execution.

G50(G92) X o Z B *

(Method 3) Use the reference point as a start point.

Positioning at the start point is performed by the reference point return. And then follow the method 2.
However, the tool tip may not be positioned at the reference point. Accordingly, the tool standard point
is positioned at the reference point.

The difference between them should be compensated by tool offset function in item IIL. 6.1 or work
coordinate system shift in item III. 5.7.

-
-

X
N If the tool tip is shifted,
I 0/ tool offset is necessary.
1
o
7/
é Start point
Z i (Reference point)

Ny

N

e

Zero point
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(Method 4) Automatic coordinate system setting.
If the corresponding parameter is set, the work coordinate system is set in manual reference point return.
Set the coordinate values a and § to the parameters with parameter number 76 and 77 respectively.
The coordinate system, in which the reference point coordinate values are a and B, is set.
As the tool tip may not be positioned at the reference point as described in method 3, the tool position
should be compensated by tool offset function or work coordinate system shift function.

3.6 Reference Point

The reference point is a fixed position on a machine tool. The function of reference point return will

return the tool to the reference point.

Accordingly, a program may not start from a certain position in the work coordinate system but may start
from a reference point. In this case, because the reference point is a certain point on the machine tool and the
program is made according to the work coordinate system in which the zero point is on the work, the position
of the tool returned to the reference point must be commanded by a G50(G92) command in the work coordinate

system.

3.7  Absolute and Incremental Programming

X
A
\
B
s S
A s o4
T = S
~ o
Program
zero point
5.0
[Unit: inch]
45.0
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Command method ' Address O B in the above.
Absolute programming Specifies an'end point in the X (Coordinate value of X axis) X40.0Z5.0*
work coordinate system Z (Coordinate value of Z axis) e
Incremental Specifies a distance from start U (Distance along X axis) "
programming point to end point W (Distance along Z axis) U20.0W40.0

(Note 1) Absolute and Incremental commands can be used together in a block. In the above example, a
command as follows is possible.
X40.0W-40.0*

(Note 2) When both X and U or W and Z are used together in a block, the one specified later is effective.
3.8 Diameter and Radius Programming 4,

Since the workpiece cross section is usually circular in NC lathe control programming, its dimension is
specified in two ways, diameter and radius programming.

A X axis
T
B | R
| R1 I
_ _ R D1 D2 .
[ Z axis
Di,D2 ......... Diameter programming
Ri,R2 ... ... ... Radius programming
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When the diameter is specified, it is called diameter programming and when the radius is specified, it is
called radius programming. If a radius programming option is equipped, the radius programming can be per-
formed. When using the diameter programming, note the conditions listed in the table.

Item

Notes

Z axis command

Irrespective of diameter or radius.

X axis command

Commands with diameter value.

Incremental command by address U

Commands with diameter value.
In the above figure, specifies from D2 to D1 for tool
path B to A.

Coordinate system setting (G50/G92)

Specifies a X axis coordinate value with a diameter.

X component of tool offset value

Parameter setting decides either diameter or radius
value.

Parameters in G90, G92, G94 such
as cutting depth along X axis. (R)

Commands radius value

Radius designation in circular
interpolation (R)

Commands radius value

Feedrate along X axis

Change of radius/rev
Change of radius/min

Display of X-axis position

Displayed in diameter value.

{Note 1) In the following explanations, although diameter or radius programming is not specified, a X axis
graduation is a diameter value when considering diameter programming and it is a radius value
when considering radius programming.

{Note 2) The meaning of using a diameter value for the tool offset value is that when the outer diameter is
cut with the tool offset value changed, outer diameter changes in accordance with a diameter value.
When offset value changes by 10 mm with the tool unchanged, the outer diameter changes by
10 mm in its diameter value.

(Note 3) The meaning of using a radius value for tool offset value is that tool length itself can be set.
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4. FEED FUNCTION
4.1 Rapid Traverse Rate

At rapid traverse, the machine moves at the specified rapid traverse rate of each axis.

Usually, this rapid traverse rate is determined and set (by parameter) by the machine tool builder before
shipping.

As the machine moves in each axis independently, the times in which it moves between the start and end
point of the axis are not equal.

For example, when X and Z axis rapid traverse rates are 500 inch/min and 800 inch/min respectively and
the following command is programmed, GOOU200.0W300.0* the times in which the machine moves between
start and end point of X and Z axes are 12 sec and 22.5 sec respectively. If radius programming is specified in
X axis, the times is 24 sec.

(The tool path in above example)

X
inch
200 End point
7
100 A
Z

Start point 100 200 300 inch

(Diameter programming)

Override can be applied to a rapid traverse rate with the switch on the machine operator’s panel. (Fo,
25%, 50% 100%) Fo is specified by parameter setting and its unit are not percent (%), but mm/min or inch/min.

4.2 Cutting Feedrate

Cutting feed rate and tool feed rate can be specified by the number following the address F.
It is specified in feed per revolution or feed per minute.

f f
E e_.
\\
\

Feed per minute Feed per revolution
(mm/min, inch/min) (mm/rev, inch/rev)
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Feed per minute Feed per revolution
Tool feed distance per Tool feed distance per
minute revolution
Programming address F F
Setting G code G98 G99
Input 1 ~ 15,000 mm/min 0.0001 ~500.0000mm/
Range in metric (F1 ~ F15000) rev (F1 ~ F5000000)
Input 0.01 ~ 600.00 inch/min 0.000001 ~ 9.999999 inch/
in inch (F1 ~ F60000) rev
(F1 ~F9999999)
Cutting feed rate is clamped at the constant rate in
common. This clamp value is specified by the machine
Clamp value tool builder. (If the cutting feed rate attempts to over-
ride the clamp value by the override function, it is also
clamped)
Override Override can be applied 0 to 150% in 10% increment.

The clamp value is specified in mm/min or inch/min. In feed per revolution, cutting feed rate should be
converted in mm/min or inch/min by the following expression.

fm=fr XR

fm: Feed per minute (mm/min or inch/min)
fr:  Feed per revolution (mm/rev or inch/rev)
R: Spindle speed (rpm)

(Note 1) G98, and G99 are modal. If one of these commands is programmed, it is effective until the another
command of the same group is programmed.

(Note 2) Except in the course of acceleration or deceleration, accuracy of the NC operation for commanded
feed rate is retained within *2% of the commanded rate.

(Note 3) Up to 7 digits are permitted in the F code input. However the feed rate cannot exceed the clamp
value.

(Note 4) If the feed rate is programmed in feed per revolution, a position coder must be mounted on the
spindle.

(Note 5) If the revolution of the position coder is 1 rpm or less, the cutting feed rate is not uniform. If the
nonuniformity of revolution does not affect to the machining, it may be performed. However, the
slower the spindle speed becomes, the more nonuniform the cutting feed rate becomes.

4.3 Lead Length of Thread

In thread cutting, the lead length is commanded by the number following addresses F. The thread cutting
is commanded by G32 (G33), or G92 (G78).

The range of lead length is as follows:
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G code Meaning
G32 Thread cutting
G Thread cutting cycle
92 (Canned cycle)
G76 Threa.d cutting cycle
(Multiple repectitive cycle)

The range of lead length is as follows:

Input in metric

Input in inch

F

0.0001 ~ 500.0000

0.000001 ~ 9.999999

Spindle speed is limited as follows:

Max. feed rate

R <

= Lead length of thread

(Provided that R > 1)
R: Spindle speed (rpm)

Lead: mm or inch

Max. feed rate: mm/min or inch/min

Max. feed rate is the smaller of the following rates;

Max. commanded feed rate in feed per minute and the max. feed rate limited by motor or machine

capacity.

(Note 1) The spindle speed is read, by a position coder mounted on the spindle, it is converted into feed

per minute and the tool is moved at the converted feed rate.
(Note 2) In thread cutting, the cutting feedrate override is ineffective and it is clamped at 100%.
(Note 3) The converted cutting feed rate is clamped.

Address F is used commonly for thread lead, feed per minute and feed per revolution.
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4.4 Automatic Acceleration and Deceleration

In feed start or feed stop, the acceleration or deceleration with certain time constant is applied automati-
cally so that the machine system is not jarred. When programming, the above problem is not of concern.

However, because of automatic acceleration and deceleration, a corner is not cut sharply. In this case,
insert the dwell command (G04) between the two blocks.

At the point, insert

/ the dwell command

Programmed path

- ---- Actual tool path

If the dwell command is programmed, the actual tool path coincides with the programmed path. The faster
the cutting feed rate becomes, the larger the error at the corner becomes.

(Note 1) The following chart shows the feed rate changes between blocks of information in which there are
different types of movement.

Previous
block Positioning Cutting feed | Unmoving
New block
Positioning X X
Cutting feed
Unmoving X X X

X o After the commanded feed rate has decelerated to zero, the next block is executed.
O : Next block is executed sequencially so that the commanded feed rate is not changed extremely.

[Note 2) The actual tool path does not coincide with the programmed path, because acceleration and
deceleration are applied in each axis (X and Z) independently and each axis feed rate is changed
between blocks.

For example, if the tool moves in the X axis only in one block and in the Z axis in the next block,
the feed rate in the X axis is decelerated during acceleration of the Z axis and the actual tool path
is as follows.
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» ~————————= Programmed path

N T e = Actual tool path

In circular interpolation, the actual arc radius is smaller than that of the programmed arc.
For the error of the above, refer to the appendix.
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5. PREPARATORY FUNCTION (G FUNCTION)

A 2-digit number following address G determines the meaning of the comrand of the block concerned.
The G codes are divided into the following two types.

Type Meaning
One-shot G code The G code is effective only at the block in which it was specified.
Modal G code The G code is effective until another G code in the same group is commanded.
(Example)
GO1 and GOO are modal G codes in 01 group.
GO1X *
Z * GO1 is effective in this range.
X — %
G00Z *

G code Group Function Classification
GO0 Positioning B
GO1 Linear interpolation B
G02 01 Circular interpolation (CW) B
G03 Circular interpolation (CCW) B
Go4 Dwell B

00
G10 Offset value setting (0]
G20 06 Inch data input 0
G21 Metric data input (0]
G27 Reference point return check B
G28 0 Return to reference point B
G32 01 Thread cutting B
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G code Group Function Classification
G50 00 Programming of absolute zero point, setting of max. B.O
spindle speed.

; G68 X axis mirror image ON 0
G69 04 Mirror image cancel B
G70 Finishing cycle B
G71 Stock removal in turning B
G72 Stock removal in facing B
G73 00 Pattern repeating B
G74 Peck drilling in Z-axis B
G75 Grooving in X-axis B
G76 Thread cutting cycle B
G90 Cutting cycle A B
G92 01 Thread cutting cycle B
G9%4 Cutting cycle B B
G96 Constant surface speed control (0]

. G97 % Constant surface speed control cancel B
G938 Feed per minute B
G99 0 | Feed per revolution B

B: Basic O: Option

(Note 1) The G codes marked with ¥ are initial G codes in each group. That is, when turning power on, this
G code is set.

(Note 2) The G codes in the group 00 are not modal. They are effective only in the block in which they are
commanded.

(Note 3) An alarm occurs when a G code not listed in the above table is commanded. (Alarm number 010)

(Note 4) A number of G codes can be commanded in a block if they are not belong to the same group. When

a number of G codes of the same group are specified, the G code specified later is effective.
(Note 5) A G code from each group is displayed.
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5.1 Positioning GO0

GOO specifies positioning.
A tool moves to the (X, Z) position in the work coordinate system or from its current position to the

position specified as the (U, W) distance at the rapid traverse rate in each axis independently.

GOOX(U) — Z(W) —*

X axis

/
v 2 (Diameter

— 4 , programming)
<
A

X (Diameter programming)

e\

- Z axis
3.05
L)
X //
5.6 s
%
/
4 <
s =
Voo 4
o Z
S
g
& S Z
<
[Unit: inch}

(Radius programming) G00X2.0Z5.6* or GOOU-3.0W-3.05*

(Note 1) The rapid traverse rate in the GO0 command is set for each axis independently by the machine
tool builder. Accordingly, rapid traverse rate cannot be specified by the address F.
In the positioning mode actuated by GO0, the tool is accelerated to a predetermined speed at the
start of the block and is decelerated at the end of the block, and the execution proceeds to the

next block.
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5.2 Linear Interpolation GO1
Linear interpolation moves a tool linearly to the (X, Z) position in the work coordinate system or from
it’s current position to the position specified by the (U, W) distance at the feedrate commanded by address F.

Linear interpolation is specified by GO1.
G01X(U) — Z(W) —F —*

End point
X axis
— e W e
L Feed rate is specified
~ f by feed function

N

U2 J

>~

| (Diameter ~X~
programming) \
. Start point

X (Diameter
programming) .
- Z axis
X
4.6
2.01
5 s
- S .
T < . e ’
< (@]
[Unit: inch]
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(Diameter programming) GO1X4.0Z2.01F2.0* or GO1U2.0W-2.59F2.0*

The feedrate commanded by the address F is the speed that the tool moves along the straight line.
If the feedrate has not yet been commanded with an address F, it (feedrate) is zero.

(Note 1) Feedrate along each axis is as follows:

Feedrate along X axis Fx =—£-X—F

Feedrate along Z axis Fz =%F

When F: Commanded feedrate
L: Move distance
Lx:  Move distance along X axis
Lz:  Move distance along Z axis

5.3 Circular Interpolation G02, GO3

The command below will move a tool along a circular arc. The commands are given in the followings

format:
Data to be given Command Meaning
1 Rotation direction G02 Clockwise direction (CW)
GO03 Counterclockwise direction (CCW)
End point position X,Z End point position (X, Z) in the work coordinate
2 system.
Distance to the end point U,w Distance from start point to end point.
3 | Radius of arc center R Radius of arc center. However arc is up to 180
degrees. (Always radius value)

Clockwise direction or counterclockwise direction varies with right or left hand coordinate system.

X X

L
7 7
02 \003 /

\ Go 2 Go3
_—

Right hand Left hand
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G02X(U) Z(W) R F * (Diameter programming)

_—Center of arc

X axis
End point

Start point

Z axis

GO3X(U) Z(W) R F * (Diameter programming).

X axis

Z axis

(Diameter programming)
G02X5.0Z3.0R2.5F0.03*
or GO02U2.0W-2.0R2.5F0.03* ]

5.0 dia.

5.0

[Unit: inch]

- 123 -



Feedrate in circular interpolation is specified by F code. Feedrate along an arc (Feedrate tangent to an arc)
is controlled to maintain the specified feedrate.

(Note 1) An arc more than 180 degrees cannot be commanded,
Accordingly: GO2R *and GO3R *

are not full circle but a circle of zero degree is assumed. So the tool does not move.

(Note 2) When address R specifies a value less than half of the distance between the start point and the
end point, a half circle will be generated.

(Note 3) Feedrate in circular interpolation is specified with an address F. Refer to item 4.2 Feedrate. Error
of the feedrate commanded against actual feedrate is with +2%.

(Note 4) If address R is omitted, the tool moves to the end point linearly.

5.4 Thread Cutting G32

Tapered screws and scroll threads in addition to straight threads can be cut by the use of a G32 (G33)
command. :

gl ®

Straight thread Tapered screw Scroll thread

The command shown below enables thread cutting with the lead specified by numeric values following
address F.

The end point is specified by coordinate position (X, Z) in the work coordinate system or by move distance
(U, W) from start point to end point.

G32X(U)__Z(W) __F___*

X axis
] /Endpoint
T~
\\\
U/ 2 ARG
v 52 T~
X ——— o — \‘\\
\\
a T~ _Start point
e
—-— &,
-7 w -
- R Z axis
/’




In general, thread cutting is repeated on the same tool path, in the course of rough cutting and finish
cutting for a screw. Since the thread cutting is started when the position coder mounted on the spindle detects a
1-turn signal, the threading is started at a fixed point and the tool path on the work is unchanged for repeated
thread cutting. Note that the spindle speed must remain constant through the rough cutting to the finish cutting.
If not, incorrect thread lead will occur.

In cutting tapered screws, the lead whose value is greater either in the X or Z direction must be com-

manded.

Tapered thread

Ifa<45°  leadis LZ.
LX If > 45°, lead is LX.

LZ

Thread lead must be specified by radius value.

In general; the lag of the servo system, etc. will produce somewhat incorrect leads at the starting and
ending points of thread cut. Considering this fact, the threading length should be commanded longer, to some
extent, than required thread length. Refer to item 4.3 for thread lead.

Example: Command value and thread lead

Input unit E2346 E176534
Inch 0.002346 inch 0.176534 inch
mm 0.2346 mm 17.6534 mm

Example: 5.4.1. (1) Straight thread cutting

- !
3 inches

|

X axis

02

- - = 7 axis

7 inches
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Programming is made with the following values:

Thread lead :
6;:
8,y
Depth of cut :

0.4 inch

0.3 inch

0.15 inch

0.1 inch (Cut twice)

(Inch input, radius programming)

G00
G32
GO0

G32
G0o

U-3.1 *

W-7.45 F0.4*

U3.1*

W 7.45*

U-3.2* (For the second cut, cut 0.1 inch more)
W-7.45*

U3.2*

W-7.45*%

Example: 5.4.1.(2) Taper thread cutting

X axis

Z axis

=)
5.0| dia.

1.4 |dia.

4.3| dia.

4.0 [Unit:

Programming is made with the following values:

Thread lead :
5,
62

0.35 inches in the direction of Z axis
0.2 inches
0.1 inches

Cutting depth in X axis direction is 0.1 inch (Cut twice)

(Inch input, Diameter programming)

G0o
G32
G0o

G32
GO0

X 1.2%
X 4.1W-4.3 F0.35*
X 5.0*
W 4.3%
X 1.0*

X 3.9W4.3*
X 5.0*

W4.3*
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Example: 5.4.1. (3) Precision thread cutting

X axis

— — Z axis

7 inches ————————=|

Thread lead : 3 pitch per inch (approx. 0.333333 inch)

8; : 0.3inch
6, : 0.15inch

Depth of cut : 0.1 inch (Cut twice)

(Inch input, Radius programming)

(Note 1)
(Note 2)
(Note 3)

(Note 4)

(Note 5)

(Note 6)

G0oo U-2.9*
G32 W-7.45F 0.333333*
GO0 U2.9*

W 7.45%

U-3.0* (For the second cut, cut 0.1 inches more)
G32 W-7.45*
G0o U 3.0*

W 7.45*%

Feedrate override is ineffective (fixed at 100%) during thread cutting.

Dry run is also effective during thread cutting. ,

It is very dangerous to stop feeding the thread cutter without stopping the spindle. It will suddenly
increase the cutting depth. Thus, the feed hold function is ineffective while thread cutting. If feed
hold is pressed and held during thread cutting, the tool will stop after a block (not for thread
cutting) is executed as if SINGLE BLOCK execution.

However, feed hold lamp (SPL lamp) is lighted when the FEED HOLD button on the machine
control panel is pushed. Then, when the tool stops, the lamp is turned off (Single Block stop state).
When the FEED HOLD button is again pushed in the first non thread cutting block or when it has
been continuously pushed, the tool stops at that time.

When thread cutting is executed in the single block State, the tool stops after the execution of the
first non thread cutting block.

When the mode is changed from automatic operation mode to manual operation mode during
thread cutting, a tool stops at the first non thread cutting block as when the feed hold button
is pushed and held as mentioned in (Note 4). :

However, when the mode was changed from one automatic operation mode to another automatic
operation mode, the tool stops after execution of non thread cutting block as well as the case
in (Note 3) at single block mode.
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(Note 7) When the previous block was thread cutting, cutting will be started immediately, without waiting
' for detection of the 1-turn signal even if the present block is for a thread cutting.

G32Z __F___ *

zZ__* (An 1-turn signal is not detected before this block.)
G32* (Even this block is regarded as a thread cutting block.)
Z_F__* {Accordingly, an 1-turn signal is also not detected before this block.)

(Note 8) Because constant surface speed control is effective during scroll thread or tapered screw cutting
and spindle speed changes, correct thread lead may not be cut. Accordingly, constant surface
speed control should not be used during thread cutting.

5.5 Automatic Reference Point Return G27, G28 *#*

5.5.1 G27 Reference point return check

The reference point is a fixed point on the machine and the manual reference point return can move
a tool to the reference point.

A G27 command confirms whether a tool has reached the reference point or not by the program
which was made to return it to the reference point.

G27X(U) — Z(W) — *

The tool moves to the commanded position at the rapid traverse rate by the above command. If the
position which the tool has reached is the reference point, the reference point return LED lights. If only one
axis has reached the reference point, the reference point return LED of that axis lights. If the commanded
axis is not on the reference point after executing of reference point return, an alarm will be generated.

(Note 1) The position commanded by the G27 command will shift by the offset value if an offset has been
specified. Accordingly, unless a tool which has been offset reaches the reference point, the LED
does not light. Normally, offset should be cancelled before a G27 is specified.

(Note 2) In inch machine with metric input, even if a program misses the reference point by lum, the
reference point return LED may light. This is because the least command increment is smaller than
the input unit.

5.5.2 G28 Automatic return to reference point
G28X(U) — Z (W) — *
This command provides an automatic return to reference point for commanded axes. Positioning to the
reference point is made by first going through the point specified by X—— Z —— *,
The G28 block functions to position all commanded axes to the intermediate point at rapid traverse
rate, and, if the machine lock has not been effected, the Reference Point Return LED lights.
The positioning to intermediate point or to reference point is equivalent to the positioning by G0O.
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Intermediate point
(4.0,5.0)

_O i
Reference point

[Unit: inch]
G28X4.025.0 *

In general, tool offset should be cancelled, in automatic reference point return.

5.6 Dwell GO4
G04X Lt_)_* or GO4UQ* or G04PQ*

Any one of these command is used for dwell. Upon completion of the previous block (t)m sec. time elapses
before beginning the next block.

The maximum command time is 9999.999 seconds. Error of time t is approximately within 16ms.
Example: A dwell for 2.5 seconds

G04X2.5*% or GO4U2.5* or GO4P2500*

(Note 1) Address P cannot use decimal point programming.
(Note 2) Dwell starts after the moving velocity of the previous block has become zero.

5.7 Programming of Absolute Zero Point G50

When it is desired to move a tool to a certain position by absolute command, the coordinate system must
be set in advance.

5.7.1 The coordinate system is established by the following command;

G50 X (xX) z (2) *

This command creates a coordinate system in which the coordinate values of the tool position, such as
tool tip, is x and z. This coordinate system is called the work coordinate system. Once created, the sub-
sequent absolute command refers to the coordinate value in this work coordinate system.

The value x is diameter value in diameter programming and radius value in radius programming.
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%
/
/ 37.51
Start point
<
S
~
x
/<> = z
Zero point
[Unit: inch]

G50 X 12.87Z37.51* (Diameter programming)
As shown in the above program, the G50 is used to insure that the tool tip coinsides with the

program start point and should be programmed at the start of a program.

X
70.0
Start point
= standard point
//
8
Py _ °| o7
o
<)
o

G50 X60.0Z270.0* (Radius programming)

As shown above a G50 should be at the start of the program tomake the standard point on the

turret and the program start point coincide.
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If an absolute command is performed, the standard point moves along the commanded path. In order
to move a tool tip along the programmed path, the distance from tool tip to the standard position must be
compensated as tool offset.

(Note 1) When the coordinate system is set with a G50 command during offset mode, the coordinate system
in which coordinate value of a tool excluding the offset value is the specified position is established.

5.7.2  The work coordinate system can be shifted by using the following G50(G92) command
GS0U (u) W(w) *

The new, shifted work coordinate system in which the coordinate values of the tool tip a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>