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Description

The present application relates to a numerical contro! unit which controls a machine to form a workpiece according
to a machining program.

Erom US-A-4 446 525 there is known a numerical contrel unit executing machining programs which coriain pa-
rameters and arithmetic expressions. Heretofore, a parameter table containing parasmeter values is employed to eval-
uale parameters and arithmetic expressions during the execution of the machining programs. Further, macro programs
are stored in the numerical control unit in a generalized form.

In ER-A-C 079 388 there is dascribed a numerical control unit comprising a control processor, several storage unils
and a graphic display unit. The displayed dala of a predetermined shape pattern is read from the memory unit by a
user macro command and variables are input according to the display.

Furlher, in US-A-3 812 474 there is described a numerical control unit for automatically directing the movement
of a machine along any prescribed path for a prepared machining program with a series of command instructions where
each command is represented by an array of characters defining a predetermined segment of the path.

Further, in EP-A-0 414 905 thera is described an automatic programming method of preparing NC data efficiently
and autormatically from a machining program even if undstined symbols are included in the machining program. A
processor unit successively decodes and executes the slatements of the machining program and when it is determined
that an undetined symbol is contained therein the processor displays the undefined symbotl on the screen and requests
the definition of this symbal.

Further, in GB-A-2 057 717 there is described a cantrol panel for an injection moulding machine where nominal
values are input into an electronic parameter store via a keyboard.

A lypical conventional numerical contro! unit will now be described in accordance with Figures 60-71.

Figure 60 shows a bleck diagram of the main section of an NC (numerical controly unit, in which 1 is an NC unit,
and 2 is an external input/output unit connected to the NC unit 1. The input/output unit 2 is for sending and receiving
data used by the NC unit 1. The NC unit 1 comprises a processor (CPU) 10, BOM 14 and RAM 15 for storing a control
program, a display unit (CRT) 19 and its controller (GDC) 1B, a video RAM (VRAM) 17 for storing the data to be
displayed, a keyboard (KEY) 21 and its controller 20, a nonvolatile memory (RAM for battery backup) 16 for storing
various parameters and offset data, and axis conirol sections 11 for controlling each axis (X-axis, Y-axis and Z-axis)
of a machine for machining a workpiece, a PMC unil 12 for transterring data to or from external unils (a farge-current
board and console on a machine) by executing the predetermined sequential processing, and [0 unit 13, and an input/
output controller 22 for transferring data to or from the external inpul/oulput unit 2. Each of elements 10, 11, 12, 14,

15. 16, 17, 18, 20 and 22 is connected by a busline 4.

Figure 61 shows a black diagram of various pieces ol data which are stored in the nonvolatile RAM 16 of the NC
unit 1 Tool data in the RAM 16 is comprised ot elements $1, 52 and 53 and is sel off by a dotted line in Figure 61. This
ool data is data asscciated with & tocl (nol ilustrated) mounted on a machine (not illustrated) to be controlled by the
NC unit. Specifically, tool shape data 91 is the data related to the shape of the tool, ool compensation data 92 is the
data relating to the nose-radius compensation value of a tool, and toal offset data 93 is the data for setling the offset
value showing the mounting position of a teol. Cutling condition data 94 involves data for setting a value used for an
aulomalic determination of the cuiting condition.

The dotted line in Figure 81 surrounding elements 95 and 96 relates fo machining program data and it is there that
informalion is stored concerning the specific programs used by the NC unit to execule the numerical control which
results in the machining of a workpiece by the tool. Machining program data consists of an area 95 for storing machining
programs described by EiA language and an area 96 is for storing machining programs described by an automatic
program.

Further, arrangement data 97 is included in the mamory 16, and this data includes type-of-chuck data used for
each machining operation and also includes data for a Z offset showing the end position of a workpiece. Parameter
area 98 includes various parameaters used for the NG unit 1.

Of allthe data stored in the RAM 16 describad above in the conventional NC unit, only the EIA machining program
95 is stored in the form of character codes (ASCIN). The other data is stored in other various forms, such as binary form.

Figure 62 shows an operation board of an NG unit, which consists of a CRT 19 and a keyboard 21. The user
cperates the various keys on the keyboard 21 in order to input various data to the NC unit. The CRT 19 is used to
display information to the operator. Figures 63-66 show various pieces of dala displayed on the CAT 19. Specifically,
Figure 63 shows a "POSITION" screen showing the information for the present position, or the like, of a tool. Figure
64 is a "TOOL DATA" screen showing offset data for a tool. Figure 65 is an "NOSE-R" screen showing data for the
nose racius of a tool. Finally, Figure 66 is a "PROGRAM FILE" screen showing the information for the rmachining
programs slored in the NC unit.

Figure 67 is a diagram for explaining how data storad in the nonvolatile memory 16 is displayed on the CHT 19.
In Figure 67, it is assumed that numerical values in parentheses indicate rows and columns displayed on the CAT 19
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That is, *-(5, 3)-" indicates the data displayed on the fifth row in the third column of the CHT 19.

In general, each piece of data is stored in the nonvolatile memory 16 of the NC unit 1 in a spegific area according
to the type of data. Thatis, cne lype of data, double-precision real-number type data {TYPE-L}, iz collected and stored
in one part of the memory 16 as shown in the bottom portion of Figure 67. The numeral 28 represents this portion of
the mernory 16, specifically, the portion that includes TYPE-L data. As another example, another lype of data, doubla-
precision integral-number type data (TYPE-N) is also collected and stored in another part of the memory as shown by
the numeral 29 in the bottom part of Figure 67.

Therefore, in the conventional NC unit, each piece of data is usually stored in the nonvolatile memory 16 according
to its data type and therefore data is not stored in a manner corresponding to the order in which it will be displayed on
the CRT 19. Tharefore, when data is 1o ba displayed on the CRT 18, it must be rearranged first after it is read oul of
the memoery 16 so that it may be arranged on the CRT 19 in ¢rder according to the numbers shown in parentheses in
the top pan of Figure 67. This rearranging operation takes time and thus limits the efficiency of the conventional NC unit,

The data for an NC unit normally includes the following types. double-precision real-numbsr lype: B-byte data
capable of handling 15-digit real numbers; real-number lype. 4-byte data capable of handling 7-digit rea! numbers;
double-precision inlegrai-number lype: 4-byte data capable of handling B-digit integers; and integral-number ype:
2-byte data capable of handling 4-digit integers. Thus, with the conventional NC unit, much rearranging of dala needs
to be performed in order to display the data on the CRT 19.

Data is conventionally transferred to or from an NC unit by an interface such as an RS232C interface. For the EIA
machining pregram 95 discussed earlier, data is generally inputted or outputied in the form of character codes, since
character codes can easily be inputied or outputied. Although the machining pragram 95, as well as compensation
value data 92 or the parameter data 98 of the NC unit 1, is capable of being inputted and outputted to and from the
NC unit 1 in the form of character codes, other data has conventionatly not been input/output in the form of character
codes.

Recently, an NC unit has been developed in which automatic ("canned®’} machining programs 96 (Figura 61) are
increasingly used, these programs being stored in the nonvolatile RAM 16. Figure 68 shows a machining diagram to
te worked on according 1o the automalic machining program. Figure 69 shows the automatic program for machining
the workpiece shown in Figure 68. The internal data of the automatic program shown in Figure 69 has a special data
structure, which does nct involve the use of character codes. Therefore, to input or output the automatic program data
96, the data stored in the NC unit 1 is directly inputted or outputted in a form which is not the character code form.

Therefore, a problem existad in the prior art in that only certain types of data were inputted to or outputted from
the NC unit 1 in tha form of character codes which are easily handled by the external input/output unit 2.

The manner in which the restricted class of data is input/outpul to/from the NC unit 1 in the form of character codes
will now be described. For examgle, the loot compaensalion value data 92 ¢an be inputted or outputted in the form of
character codes as shown below, (similarly ta the EIA machining program 85).

where,

is the oftset number

is the X-axis offset value

. is the Z-axis ofiset value

is the Y-axis offset value

—.Is the nose radius compensation value
is the assumed tip position

The tool compensation value 92 can be st or carrectsd by the command G10.

An sxample will now be given of how the parameter data 98 can be inputted or outputted in the lorm of character
codes,

G10L50:;
N_R_;
where,

G10L50:  parameter input mode
(G111 is the parameter inpul mode cancel)

N_: is the parameter number
P_: is the axis number {for axis-type parameter)
A_: is the parameter value.

tn conventional NC units, a DNC function was used in order to transisr data between the NC unit 1 and the external
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inpul/output unit 2. However, according to the DNC function, it is necessary to develop exclusive software for the NG
unit 1 and external input/output unit 2 because data is inputted of outputted by using an exclusive protecol, such a
protocol not involving the character code format.

Now, the conventional method of processing data using a machining program will be described. Figure 70 is a
block diagram showing the outline of the processing by the program of the conventional NG unit 1. In Figure 70, numeral
2 is the above-described external inputfoutput unit which can be a controller for a tioppy disk, IC card, and casselle
tape or unit for eormmunication with a computer system. Numeral 22 is an input/output controlier in the NG unit 1, 23
is a machining program analyzing section, 24 is a data buffer, 25 is a machine controlling section, 26 is a servo con-
trolling section and 27 represents servomotors.

A machining program is inpulted from the external input/output unit 2 to the NC unit 1. The machining program
may temporarily be stored in the memory 16 of the NC unit 1 or is direclly sent 1o the analyzing section 23,

The purposa of Ihe machining program analyzing seclion 23 is to analyze the machining program and ¢heck for
arrors in the machining program and to send the analysis results 10 the data buffer 24. The data buffer 24 temporarily
stores the analysis results of the machining program. The machining controlling section 25 sequentiaily fetches the
analysis results frorn the data bufier 24 to control a machine according to the analysis results. In the machine controlling
section 25, an interpolation operation is executed, and the inlerpolation results are sen! to the servo controlling section
26 where the servormotor 27 of each axis is servo controtled. In this way, the NC unit 1 can properly contral 2 machine
toal to machine a workpiece according to the machining program which has been input to the NC unit 1 by the inpul/
output unit 2,

When the NC control unit is to machine a die for vse in maolding, a machining program may be genarated, for
example, by an off-line CAM (computer aided manutacturing) system or the like. In this case, measurement data in-
volving a large number of commands of very shorl maving distances is generated because the machining program
consists of data made by estimating a complex tool locus with microline segments. Therefare, in this instance, a great
volume of data is transferred to the NG unit 1 by the inpul/output CAM system 2. The NC unit processing speed cannot
malch the speed at which the great volums of data is entering the NC unit.

Specifically. the program analyzing section 23 musl first parform a specific analysis of the data befors the analysis
results can be senttothe data butter 24. In the meantime, the machine controlling section 25 has sequentially processed
altof the analysis results stored in the buffer 24 and the buffer is empty. When the buffer becomes empty, the machine
controlling section has no mare data to fetch from the buffer and thus the machining operation temporarily stops. This
aftecis a workpiece to be machined and also the machining time increases. Therefore, a method of transferring binary-
format data as shown in Figure 71 is proposed in which too! moving distances of 4 msec and B msec are expressed
by binary data to execute high-speed processing according to the moving-distance data for the specified numbaer of
axes. The number of axes 1o be commanded is specified by parameters.

According to the conventional method of Figure 71, the data for one block consists of {2*N+1) bytes. N s the
number of axes to be controlled. The moving distance of each axis is commanded with 2 bytes. A negative moving
distance is commanded with the complement of 2. A check byte is obtained by adding the {2*N) bytes other than the
check byte and discarding the overflow of 8 bits or more out of the total value.

Also, ancther method of realizing high-speed pracessing by limiting the format of a machining program inputted
from an externa! unit 2 has been proposed in which a high-speed block can be commanded in the machining program.
Only the following factors can be specified in this block:

the moving distance of the X-axis
the moving distance of the Y-axis
the moving distance of the Z-axis
the cutting (Teed) speed

mhNLX

All pieces of dala in this block are processed through linear interpolation {(G01). A command format is specified
as follows:

GOSP01:  ---stan of high-speed machining
X_Y_Z
GOSP0O:  ---end of high-speed machining.
According te these conventional methods, however, the number of faclors which can be specified in the blocks

are limited (see Figure 71). Further, the complicated process of linear interpolation must be carried out.
Another problem which existed in the prior art NC units will now be discussed. Some NG unils 1 have the function
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of allowing data relating 1o a future machining operation to be input and set during actual machining. This is known as
a background tunclion since the operator is allowsd 1o inpul and set data, for sxample, to be used in a future machining
operation, while present actual machining is being carried out in the foreground. Certain typeas of data. for example,
100l compensation values and parameter values which affect Ihe machining currently executed, however, cannot be
corrected according to the background function. This is because it is dangerous to correct lhe data used lor machining,
such as parameters and ool information, during actual machining. Therefore, in the prior an, data to be corrected is
restricted.

However, when it is necessary to correct internal data which relates to a future process, the data is conventionally
corrected after the present machining is completed. Thus, a problem exists in thal a subsequent machining operation
cannct be executed during correction of data and thus downtime increases.

To solve this problem, a methad involving two memories is proposed in Japanese Utility Modei Laid-open No.
1-127002. For this method, however, double memory area is necessary. Because recent NC units require a ot of data,
this method greatly decreases the serviceability ratio of memary, causing the cost to greatly increase,

Also, in pricr art NG units, it is impossible to compare data values before and afler correction. For paramelers, a
method of storing data before it is corrected and displaying data values from the |atest ong before correction is proposed
in Japanese Utility Mods! Laid-open No. 1-172133. However, this methad only displays and stores the data betore
correction. Thus, direct comparison betwsen the old and new values is not possible.

Because the machining program for an NC unit 1 is generally large, it is handled as a file. For file processing, a
conventional method of recovering 1he original version of an erased or updated file is proposed in Japanese Patent
Laid-open No. 3-116248. For this conventional method, however, the system for managing the file must greally be
remodeled in order 1o be able o recover the original fils.

In many situations workpieces are to be machined which are approximately the sama shape but which vary slightly
as 1o the length of certain measurements. In the prior art it was necessary to correct the machining program for each
dilferent workpiece, or to separataly anter various machining programs, one for each workpiece. The machining pro-
grams are almost the same. Therefore, lime and memory is wasted.

With respect lo shape data, there is a known parametric-shape dsfining mathed for defining the shape data by
using variables. Far this methed, however, i1 is frequently necessary to define data by using an exclusive language.
Theretore, the parametric shape cannot be defined unless the operator masters this exclusive language.

Further, in conventional NC units, when data was displayed on the CRT 19, the data was only displayed by using
numerals and abbrevialions. For example, abbraviations such as *X, Z, C, R, r and P" were used. A problemn exists in
that the operator may rnot understand what the abbreviations stang for unless he looks up the detinitions of the abbre-
viations in a manual, or unless he is intensely familiar with the use of the NC unit.

Moreover, in conventicnal NC units, it cannot be detected whether abnormal data (i.e., a value which is greatly
removed from the normal range of values for that piece of data) is input.

Theretfore, an object of the present invention is to provide an improved numerical controf unit that allows to modity
existing machining pregrams with a great savings in time and memory,

Numerical control unil, comprising machining program generaling means lo edil a machining program of the au-
tomatic machining program type in which all values in the generated machining program relating to machining opera-
tions are actual numerical values, specifying means for specifying cerlain ones of the vaiues in the generated machining
program describing the shape of a workpiece to be described by variables instead of by the actual numerical values,
defining means tor defining a variable, and replacing means for replacing the certain ones of the values specified by
the specitying means with variables defined using the defining means, and display means to prompt a request {o enter
actual values 1o be assigned to 1he defined variables for a subsequent particular machining operation.

Therefora some of the lenglhs of a warkpiece may be converied into variables when the aperator is modifying the
program which will be used (o shape a workpiece. Thus, there is no need to set a completely new machining program
for a workpiace which differs only slightly from another workpiece. To the contrary, if two workpieces differ only by one
length, thal length can be converted into a variable lenglh and assigned one value for the machining program for one
workpiece and another vaiue for the machining program for the other workpiece. This creates a great savings in time
and memory.

Furher advantages and features of the invention will be apparent {rom the following description in conjunction with
the drawings in which:

Fig. 1 shows a block diagram of main data input/outpuit sections of the prasent invention;

Fig. 2 shows a diagram for explaining the intarnal data of the NC unit of the present invention;
Fig. 3 shows a diagram tar explaining the internal data of the NC unit;

Fig. 4 shows a block diagram of the internal data of the NC unit;

Fig. 5 shows a block diagram of the internal data of the NC unit;

Fig. 6 shows a diagram for explaining input/outpul data;
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Fig. 7 shows a diagram for explaining the internal data of the NC unit;
Fig. 8 shows a flow chart related to data inpul/output,
Fig. 9 shows a flow chart tor data correction;
Fig. 10 shows a flow char relaled to screen display of correction taia,
Fig. 11 shows a flow chart relaled to screen display of correction dala;
Fig. 12 shows a diagram for explaining the operation related 10 data corraction;
Fig. 13 shows a diagram for explaining screen display related 1o data correction;
Fig. 14 shows a diagram for explaining the operation relaled to data correction,
Fig. 15 shows an exarnple of displaying history data,
Fig. 16 shows an example of displaying history data;
Fig. 17 shows a diagram for explaining file data managemenil;
Fig. 18 shows a diagram for explaining file data marnagement,
Fig. 19 shows a flow char for file operation;
Fig. 20 shows a flow chan related to file release;
Fig. 21 shows a diagram for explaining screen display of file release;
Fig. 22 shows a flow chart related to file recovery:
Fig. 23 shows a machining diagram;
Fig. 24 shows a flow chart for converting a machining program inte variables according to the invention;
Fig. 25 shows a machining program;
Fig. 26 shows a screen display of a machining program after being converted into variables according to the
invenlion;
Fig. 27 shows a screen display showing specificalions of entered parts;
Fig. 28 shows the structure of entered data according to the invention
Fig. 29 shows an example of printing out entered data according to the invention
Fig. 30 shows a machining diagrarn,
Fig. 31 shows a machining program;
Fig. 32 shows the structure of entered data according to the invention;
Fig. 33 shows a machining diagram;
Fig. 34 shows a machining program,
Fig. 35 shows a group-variable defining screen according to the invention;
Fig. 36 shows the structure of entered data according to the invertion;
Fig. 37 shows a machining program defining screen according to the invention;
Fig. 38 shows a flow chan for defining a machining program according to the invention;
Fig. 38 shaws an example of displaying a title according to the invention;
Fig. 40 shows an examgple of displaying a shape;
Fig. 41 shows a machining program,
Fig. 42 shows a diagram for explaining input/output data of the automatic program according to the present inven-
tion,
Fig. 43 shows a diagram for explaining input/output data of the automatic program according to the present inven-
tion,
Fig. 44 shows a memo-data setting s¢reen,
Fig. 45 shows an example of displaying memo data;
Fig. 46 shows a flow char for the processing to be set by the standard sel value;
Fig. 47 shows a flow chart for displaying data;
Fig. 48 shows a flow chart for setting data;
Fig. 49 shows a flow chart for checking data;
Fig. 50 shows an example of oulputting character codes;
Fig. 51 shows a block diagram of the main sections shawing the outline of the machining prdgram processing of
the NC unit according to the present invention;
Fig. 52 shows the data format in a data buffer;
Fig. 53 shows the data format in a data buffer;
Fig 54 shows the data formal in a data buffer,
Fig. 55 shows an ACCIl code Jist;
Fig. 56 shows a special coda list;
Fig. 57 shows the intarnal structure ol analysis results;
Fig. 58 shows a flow chart for compile processing;
Fig. 59 shows a flow chart for the compile data execution method;
Fig. 60 shows a block diagram of main sections of an NC unit;
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Fig. 61 shows a block diagram of the data in an NC unit;
Fig. 62 shows a conventional operation board;
Fig. 63 shows a diagram for explaining a convantional screen display (POSITION);
Fig. 64 shows a diagram for explaining a convenlional screen display (TOOL DATA);
Fig. 85 shows a diagram for explaining a conventional screen display (NOSE-R),
Fig. 66 shows a diagram for explaining a conventional screen display (PROGRAM FILE};
Fig. 67 shows a diagram for explaining the display of data in an NC unit on a CRT;
Fig. 68 shows a machining diagram,
Fig. 69 shows automatic-program data,
Fig. 70 shows a block diagram of main sections showing the outline of the machining programn processing of the
NG unit; and
Fig. 71 shows a conventional binary format.

DETAILED DESCAIPTION OF THE PREFERRED EMBODIMENTS

The preferred ambodiments of the present invention will now be described in conjunction with the above-mentioned
figuras,

Figure 1 is a block diagram showing a general construction of the NC unit aceording to the present invention.
Figure 1 explains the input/output of data between an NC unit 1 and an external input/output unit 2. The unil 2 can be
a paper tape reader, paper tape puncher, cassette, floppy disk drive, personal computer generally sold, or any one of
input/output unis ¢apable of connecting with the NC unit. The inputioutput unit 2 generally uses an interface such as
an AS232C. However, the interface is not restricted 1o the RS232C.

Numeral 32 is an area where gach piece of data in the NC unit 1 is stored, such data is normally stored in the
nonvolatile memary 16 discussed above with respect to Figure 60. Numeral 33 represents data managed as a file for
storing programs, such as machining programs or the like. These are also stored in the nonvolatile memory 16.

All Communicalion Takes Place in Character Code Format

Numeral 30 is a section for controliing the input/output of data between the NC unit T and the external input/output
unit 2. A charactar-code converting section 31 is connected to the data input/output controlling section 30, and has the
function of converting data which is in a form other than characler code format into character codes.

Thus, data which comes inte the NC unit 1 by means of the external inputioutput unit 2, can be of character code
format. That is. the converter 31 can convert the incoming character code tormat data inlo other torms of data, such
as binary data, more easily handled by the NG unil 1. Also, when data is to be oulput from the NC unil 1 to the unit 2,
the converting section 31 can convert data which is not of the characier code format inte the character code farmat
before it is sant to the unit 2.

The unil 2 finds the data very easy to handls if it is in the character code format, because any type of computer
system can easily handle character code format (ASCH code). Furthes, with character code format data, a user of a
PC is aliowed to manipulate data i the NC unit very easily. Further, if a hard disk is located in the PC {extemal input/
oulput urit 2] instead of inside of the numerical control unit 1, itis much cheaper to have the data be present in character
code form.

Still further, many NC units use their own format of dala. Therefore, a user would have to learn the new format of
an NC unit if he purchases one which uses a different data format. However, due ta the fact ihat all data is transformed
into character cods dala before it is sent to the input/foutput unit 2, there is no longer a need to tearn a format of data
on a product-by-praduct basis.

Array Data Format

The data in the area 32 of Figure 1 is stored in the memory 16 of Figure 60 according to an array-data format
corresponding 1o each screen of the NC unit 1 which is displayed on the CRT 19, as shown in Figure 2. Specifically,
as shown in Figure 2, reference numeral 32 represents the data stored in the memory 18, and reference numeral 1
represents various NC screens which are displayed individually on a CAT 19. As shown in Figure 2, a specific area of
the data 32 carresponds directly to each screen 1.

Figure 4 shows an examples of how data 32 is stored in the memory 16 of the NC unil. The “TOOL DATA* shown
in Figure 64 is shown stored as data 32 in Figure 4 accarding to the array data format. The data is considered as array
data consisting of 10 rows and 3 columns and stored as internat data 32 according to the specific lormat shown in
Figure 4. Specifically, each screen data stored as data 32 consists of a header information part 5 and a data part 7.
The headar information pan 5 consists of a screen number 1, the number 2 of rows, and the number 3 of coiumns of
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the array of the dala pan 7, and data type 4. The data type relers to the particular type of data involved, for example,
n Figure 4 the data is designated in the header pan as type L corresponding 1o double-precision real-number type
data. In this way, screen numbers 1 may be used as index numbers for calling up parlicular data from the internal data
32 stored in the memoery 16. Although screen numbers are used as index numbers for screens for the described
embodiment, it is possible lo Use numbers according to the classification of screens. For exampla, it is possible to use
*T1* *T2", "T3" _.as screen numbers for a screen related to tool information and "P 1%, "P2", "P3". .. as screen numbers
far a screen related to parameters.

in shofl, in order to calt up a certain piece of information from the NC unit internal memory 16, it is only necessary
1o specity a scresn number, corresponding 10 a particular screen which will be displayed on the CRT umit 19. For
example, as shown in Figure 4, the screen number referanced by reference numeral 1 is indicated as screen no. 7
(see header section 5). The header 5 further specifies that there are 10 rows and 3 columns in the array format and
that the data type is data type L. Figure 3 further shows the array format as W would look displayad on the CRT 19.
The total number of pieces of data in the dala part can be abtained by multiplying the number of rows by the number
of columns.

The various lypes of data types are classified, for example, as follows;

L: double-pracision real-number data

S:  real-number data

D: double-precision integral-number data
N: integral-number data

Here, an exampie is shown in which all pieces of data for one screen are handled as one array data value. However,
1o simultaneously display different types of data on one screen, it is possible to store the data by dividing it into a
plurality of array data valves, right-half data values and left-half data values. In this case, it is also possible to classify
screen numbers by giving the numeral, for example, *2.1" 10 the array showing the left-hall data and "2.2" to the array
showing the right-data. In Figure 7, reference numeral 34 shows the left-ha¥f data displayed on the CRT 18 and 35
shows the right-half data displayed on it. Numeral 36 represents array data corresponding to the lefi-half display as it
is slored in memory and reference numeral 37 represents stored array data corresponding o the right-half display data
35.

In Figure 4, an example is shown of storing data in the data part in the order of (1, 1), (1, 2}, (1, 3), {2, 1), (2. 2},
and so0 on. However, it is also possible o store dala in the data part in the order of (1, 1), (2, 1)..., (10. 1). (10, 2), and
50 ON.

Sometimes it may be difficult to display data as an array, for example, when displaying the *POSITION® screen
shown in Figure 63 which displays the present position of a tool. In these cases, il is possible to store dala according
to the tormat shown in Figure 5 as a one-dimensional array.

Each piece of data is shown by a header including a screen number 1, number of rows 2, and number of columns
3. For example. the dala "55.123" corresponding to the array position #3, <X> in Figure 64 is shown as lollows:

{7. 3. 1) = 55.123 in the above expression, 7 indicates the screen number, 3 indicates the row number, and 1
indicates the column number.

Tne array dala in Figure 4 is converted into the character codes shown in Figure 6, or the array data shown in
Frgure 4 is obtained by converting the character codas in Figure 6. Therefore, the NC unit can communicate with the
external input/oulpul unit 2 using strictly the characler code format.

In Figure 8, *H(7, 10, 3}, L, indicates header information and "END; indicates the end of data. As described above,
it is possible 10 output the data 32 in the NC unit to an external input/output unit and vice versa in the form of character
codes as shown in Figure 6.

Although the array-data struecture in Figure 4 is shown, the data structure is not restricled to the exact structure
shown in Figure 4.

By storing data in the NC unit using the screen, row and column numbers, as described above, each piece of data
is thus uniquely specified by three coordinates. Since the type of data is also specified in the header, a soltware
conversion, which is necessary in order to display the stored cata on the screen, becomes easy Specifically, a different
type of software conversion is required based on the type of data. By specitying the data type in the header, the proper
software can be used in order to canvert, thus allowing for easy processing.

Further, because the dala is transformed into character code format, as shown in Figure 8, the data becomes easy
1o print out. Further, @ word processor of & personal computer {PC) can handie the NC machining data very easily
Editing or stering NC data, therefore, becomes greatly simplified.
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Backqround Correction

The NC unit is also able 1o make certain corrections to data while other data is being opsraled on by the NC unit.
That is, a user can indicate to the NC unit changes in data which the user wishes to make, such changes relating toa
future use of the NC unit. For example, the user wishes to make a correclion to data relating to a futura machining
operation to be carried out after the present machining operation. The user makes this correction to the future machining
operation while a present machining operating is being tarried out.

The screen 19 is highlighted at the particular location at which the user wishes to make a correction, so as to
provide for easy visualization of the correction location. When cutting is finished for a present machining operation,
the user pushes the program number for the next culting program and the changes entered earlier by the user are
automnatically carried out at this time. The highlighting stays on so it the user has made a mistake in making changes,
it is very easy 1o find.

Figure 8 shows a block diagram for showing the diraction of data flow when an oparator 39 edits data 32 in an NC
unit 1 by operating an operation board 3 on the NG unit 1. The oparator 39 edits dala by operating a keyboard 21 while
viewing the data displayed on a CRT 19 of the operation board 3. The data to be displayed on the CRT 18 is tetched
out of the internat data 32 (Route 1000) and processed by a display preparing section 41 so thal it can be displayed
on the GRT 19 via Routa 1001

When the user wishes to make a correction. the data inputied through the keyboard 21 by the oparalor 38 is sent
to an editing section 40 via Route 1002. There, it is checked (at step 100 of the flow chart of Figure 9} lo see whether
editing of data is forbidden. Situations in which data editing is torbidden exist when itis dangerous to change the internal
data 32, because the NC unit 1 is actually using the dala while executing prasent machining, for exampls, according
to an aumlomalic operation program. {f the editing of data is not forbidden, the internal dala is directly edited (step 101
of Figure 9) by using Houte 1003 of Figure 8. In this case, tha contents of the internal data 32 are immediately changed
according to the operator 39's wishes.

In siluations when editing of data is forbidden, correction information is converled into characler codes (step 102).
For example, if the operator wishes to ¢change (setf) the data in Figure 64 in the Hifth row and secend column from 0 to
111.222, the character codes (7, 5, 2)=0,111.222; are generated. This shows that the data 0 at the fifth row and second
column of the seventh screen is correcled lo 111.222. That is, the data in parentheses in the character code format
indicates the display position on the screen (7 indicates the scrasn number, 5 indicates lthe row number, 2 indicates
the ecolumn number), and the numbers 1o the right ol the eguals sign indicate data values before and after correction.
That is, @ indicales the data belore correction and 111.222 indicates the data aller correction,

Then, the generated character codes are stored in the correctad-dala storing area 38 via Route 1004 in Figure 8.
At this point, the edited data part is highlighted on the screen (step 104} so that the corrected part can easily be
recognized. To display da'a on a screen, the display controlling saction 41 fetches the internat data 32 via Route 1000
and the corrected data 38 via Route 1005 and synthesizes these pieces of data ic generate the data to be displayed
on the CRT 19. That is, corrected resulls are displaysd on the CRT 19.

Figure 12 shows an sxample of the above-described procedure in which the data 123.456 at location X (column

1) of #5 (row 5) of the TOOL DATA screen is the new value after correction and 0 is the ofd value Further, the data
456 729 at location Z (column 2) of #5 (row 5) is a new value and 0 1s the old value before correction. Tha screen 51
of Figure 12 is the screen before data is corrected. There, it can be seen that the location X#5 and Z#5 are both 0
When the operator inpuls "#(5)X(123.456)Z(456.789)C{ )" as shown in the screen 52 and presses the INFUT key 1o
command input of data, corrected data is highlighted as shown on the screen 53 1o show thal the data is temporarily
corrected. Since the NC unil is most likely carrying out & present machining operation, the data is not actually ehanged
in the data storage area 32 to the new values, but is only corrected an the screen for the user to observe. Onee the
NC unit finishes carrying out the present machining operation, the data will actually be changed in memary 32.

When a pluralty of pieces of dala are coirecied on one screen, all correcled parts are highlighted as shown in
Figure 13

Figure 10 is a flow chart for showing the procassing for highlighting only the corrected data. First, it is checked
whether there is any corrected data stored in the corrected data storing area 38 (step 110), such corrected data cor-
responding to the screen currently displayed on the CRT 19. It not, no highlighting takes place. )f so, the carresponding
dala part on the screenis changedtothe corrected dala value and highlighted (step 111). Then, atstep 112 it is checked
whether data corresponding to any other screen is present in the corrected data storing area 38 (step 112) If so, the
data is immediately corrected and highlighted (step 111). This cperation is repeated until dala in the corrected dala
storing area 38 runs out.

When it is no longer forbidden to edit data, the corrected data is laken cut of the correcled data storing area 38
along Foute 1006 of Figure 8 and sent to the changing section 42 which corrects the internal data 32 according to the

corrected data (Route 1007). Then, the corrected data storing area automatically erases the data that was stored
therein.
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In this way, tha operator 39 is allowed 1o view on the CRT 19 the corrections which he wishas to make highlighted
on the AT 19 betore the changes actually take place in the internal dala area 32 during situations when data editing
is forbidden. Once dala editing is ne longer forbidden, the corrected data storing area contents 38 are transferred to
the internal data 32 by means of the changing section 42, thus completing the data correction cparation.

The above examples show the case in which the operator 39 inputs dala with the keyboard 21. However, data
may alse be input through the external input/output unit 2 when editing of data is forbidden. Specifically, it is possible
to temporarily store the inputted data from the input/output unit 2 inlo the corrected data storing area 38 to similarly
process the data after the data editing forbidding state is no longer present.

The corrected data part is highlighted on the display. However, it is also conternplated to use any other method as
long as the corrected part can be easily identified. For example, it is possible to use a method in which the corrected
part is provided with a mark indicating that data is carrected, or the color of the corrected part may be changed if a
color CRHT is used.

A history data feature of the background machining operation correction technique will now be described. The
circuit shown in Figure 8 is capable of keeping lrack in & history data sloring area 45 of all the data which has been
corrected. When a history storing mode is on, the aditing section 40 converts correction information into character
codes whenever data is corrected and stores the character codes in the history data storing area 45 along Route 1012
The history data 45 is siored in the form of character codes wilh the same format as that of the corrected data 38, and
the order of the data in the history data storing area 45 is such that data is stored in order of correction. The history
dala sloring area 45 stores the daia changes up to its assigned storage capacity. When the amount of dala exceeds
the storage capacity, data values are erased starting from the oldest one. Therefore, pieces of correction information
trom the latest 1o the oldest ones within the range of storage capacity are slored.

The contents of the history data storing area 45 can be displayed on the CRT 19 along Raute 1015 It is also
possible to display data in order of storage or from the latest one, or to display special data, such as all correction data
relating to a particular screaen.

Figure 15 shows examples of displaying the history data on the CRT 19. The screen A in Figure 15 shows an
example of displaying data values starting with the latest cne in order and the screen B in Figure 15 shows an example
of displaying only the data in the screen 7,

As shown in Figure 15, the array data lormat described above, in which each piece of data can be specified by
giving a screen number, row number and column number provides advantages here in that history data can be easily
accessed and dispiayed as shown in Figure 15

As further shown in Figure 15, the menu display at the bottom of the screen is used 1o select a type of display
operation far the history data 45, in which "ALL" is used lo display pieces of the history data 45 from the latest one in
order. It is also possible to display the data overtlown irom one screen onlo another screen.

The display of screen A in Figure 15 shows a numerical valua of 1/5 displayed on the top rnight of the screen. Thig
indicales the n-th screen of ‘m" screens. The screen A of Figure 15 shows that the numerical value indicates the first
screen of five screens. "SORT" at the bottom of the s¢reen B is ancther manu iterm and is used to display only special
data, for example, as shown in screen B of Figure 15. special data such as only the correcied data related to the
seventh screen can be displayed.

The menu data *“EDIT" is used to correct history data by placing the cursor 46 shown in Figurae 16A on the incorrect
data and making changes using the keyboard. Because editing makes it possible 1o change a value or erase data, it
is possible to correct an erroneously corrected data value to a correct value and to erase corrected data when data
which should not be corrected is erroneously corrected. It 1s also possible to generate the data for recovering corrected
data by entering the dala by means of keyboard 21. The dala travels along Routes 1013 and 1014 to the history data
storage area 45 where the history dala may be directly edited.

For exampte, when the dala {7, 3, 1) = 55.123, 84.8B72 is present, the data {7, 3, 1) can be recovered in its original
format before correction by replacing the data values before and after correction to changa them into the data (7, 3,
1) = 64.872, §5.123 in transferring it to the corrected data area 38 using the "COPY" function to be described below,
in order 1o change it.

"COPY" is shown in Figure 16B and is also a part of the menu provided at the bottom of tha screen. "COPY" is
used 1o transfer some or alt of the contenls of the history data 45 to the corrected data area 38 along Route 1016. in
this way, if corrected data s 'not present in the corrected data storing area 38, it can be placed there from the history
data area 45 and then sent 1o the internal data area 32 for correction purposes. Thus, if at first changes have been
macde to a piece of data in area 32, and then addilional changes are made to the same pieces of dala at a later time,
the original change wilt have been recorded by the history data area 45. This original change can be recovered by
transferring the history data 1o the corrected data storing area 38 using the "COPY" function and then transferring this
data 1o the internal storage area 32 for recovering the inilial correction despite the tact that a secend correction has
been made.

The data to be transterred can be specified as shown in Figure 168 by highlighting on the screen all of the histary
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data which is desired to be transferred 1o the corrected data storing area 38, The range of data can be specified by
specilying a block of dala including the beginning and end of such a block to be copied with the cursor key on the
keyboard 21. This is similar to a block function common in word processors. The chosen data is highlighted so that
the operator can easily recognize it.

The function "/O" is also shown in the manu at the boltom of the screens in Figure 16. This function is used to
input some or all pieces of history data from an external inputfoutput unit 2 along Route 1017. Further, infarmation from
\he history data area 45 can be output 1o the extsernal Inpul/output unit 2 by means of Route 1017. When the data is
10 be oulput from Ihe history data area 45 to the external input/output unit 2. it is possible to specily the data to be
oulputted using the highlighting format simitarly 1o the case descrined above tor the “COPY" functian.

When the operator is inputting information conceming corrections to be made to data, the operator can confirm
each piece of data as it is being entered lo make sure that he is entering the correct information,

Although the internal data 32 is corrected according to the data stored in the corrected data storing area 38 similar
to the above-daescribed function, pieces of data may further be confirmed one by one by the operator hefore they are
corrected. The correction method is described below according to the flow chart in Figure 11. [t is first checked whether
the corrected data storing area 38 conlains any data (slep 120). In this case, i is assumed that N indicates the number
of corrected data values and n indicates a counter value for the corrected data. Tha counter value is set to "1" at step
121. The screen number S is initialized to "0” at step 122. It is assumed that S indicates a number of a screen to be
displayed on the CAT 19.

The screen number of the n-lth data is compared with the value of S {step 123), in Figurs 8, Route 1008 is used.
if the n-th screen number is different irom the value of 8, the n-th screen number is taken out lo set it to S (step 124},
The screen with the screen number S is next displayed (step 125). The n-th data part is highlighted at step 126. The
highlighted data indicates the data to be corrected. In this case, the highlighted data is the data before correction.

The n-th data is displayed in tha data inpudting section (step 127) ol the screan §1 as shown in Figure 14. That is,
in Figure 14, screen 61 shows the data before correction for the screen number displayed. Aow No. 5 is highlightad
to indicate that this row is the one presently under correction. The values displayed, however, are the old values. The
new values are displayed at the botiom of the screen in the data inputting seclion. That is, as shown at the bottom of
the scrren B1 in Figure 14, the X value is to be changed from O to 123.456 and the Z value is to be changed trom O to
456.789. The C valve is not to be changed and therefore there is a blank pair of parentheses in the data inputting
saction for this value. in this state, the nurmerical control unit is waiting for the operator to confirm whether he actually
wishes to make the change listed in the data inputting section of the screen 61. In Figure 8, Route 1009 corresponds
o this state.

If the operator wishes to confirm the entry and correct the data as indicated in the data inputting section at the
bettom of the screen, the operator presses the "INPUT" key on the keyboard 21 of the operalion board 3. It the operator
does not want 1o make the change indicated in the data inputting section, the operator presses the “C.B CAN" key on
the aperation board 3, which 1s a cancel kay. In Figure 8, Route 1010 is used lo relate the operator 39's choice of input
to the confirmation unit 43.

When correction is requesied, the n-th data is corrected (step 129) by the correction section 42 in Figure 8. Routes
14011 and 1007 are used in Figure 8. The correcled data is then displayed on the screen {Foute 1008} and this situation
is shown in Figure 14 as screen 82. Specifically, screen 62 shows, at row 5, that the value X has changed from 0 to
123.456, and the value Z has changed from O lo 456.789. Furlher, screen 62 shows thal the next pieca of corrected
data is placed in the data inputting section of the screen at the boltom. This piece of data relates to the seventh row
Specifically, the value of X in the seventh row is to be changed from 0 to 111.111 and the value of Z is to be changed
from O to 222.222. Row 7 is now highlighted and the numerical control unit is placed in a waiting state again, and the
operator 39 must now decide whether he wishas to make the change to row 7 that is indicated in the data inputting
seclion at the bottom of the screan,

The highlighting is taken off (step 130) and the processing of the next data starts (step 131).

When the key "C.B CAN" is pressed, the operator 39 has indicated that he does not wish 1o make the change
listed in the data inputting section at the bottom of the screen. Therefore, the data in row 5 is not corrected as shown
in screen 63 of Figure 14 and, simitar to screen 62 of Figure 14, the next data to be correcled is displayed in the data
inputting section at the bottom of the sereen.

When nc more cofraction data o be processed remains, {he entire processing is completed. If there is more
corraction dala, processing is repeated slarting with step 123 (step 132).

Therelore, the operator 39 can correc the internal daia 32 while confirming pisces of corrected data 38 one by
one. When the operalor corrects the internal data 32 in the NC unit 1, while reconfirming sach piece of the data_ it is
pessible lo sel the data editing forbidding mode before editing the data and correct the data while confirming each
piece of the data in the data confirming mode after canceling the data sditing forbidding mode. That is, the data cor-
rection in the internal data section 32 is not carried oul until the data editing forbidding mode is removed. This prevents
the harmful situalion in which necessary data for a present machining operalion is changed during machining. The
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data editing farbidding mode, data confirming mode and history storing mode may be lurned on and off by operating
the keyboard 21 of the operation board 3.

Editing ol Machine Programs

The machining programs indicate to the numerical control unit which steps to go through in order to process the
data relating to the machining operation. This aliows the operalor 10 edit the machining program white the program is
being executed. A backup file is created for a file of data {which includes the machining program) lo be corrected, and
changes to the backup file may be made while the original file is being executed. In this way, there is no fear of erasing
afile since there is always a backup, and corrections can be made to the backup file while the originalis being executed,
thus providing for afficient use of time.

Figure 17 shaws a general structure for explaining this option. In Figure 17, numeral 70 is a directory table for
managing the file data 33 shown in Figure 1. This file data is used for storing programs. Numeral 71 is the part of the
directory table 70 for storing file names, 72 is for storing extension codes, 73 is for storing dates and times associated
with the generating or updating of files and 74 is for storing other file managing inlormation.

The extension codes 72 are used to manage a plurality of files with the same file name. That is, a single tils name
can have more than one extension code. The extension code DAT relates to normal tiles which are the same as those
conventionally used for the NC unit 1. Figure 66 shows an example of displaying file directory information.

For a general fila management system, files are classified by file names and extension codes. Therefore, files with
ihe same file name can be handled as different files when they have ditterent extension codes. Here, the above idea
is used io manage the above files with the same file name by the application-side soltware using the conventionat tile
managemant sysiem.

The exiension codes 72 are classified into three types.

BAK: Standby file {for editing)
OLn: Updated old tile {(n = 1-9)
DAT: Normal file {for execution}

Figure 18 is a diagram for explaining what happens (o a file to be updated. The originat file is shown by reference
numeral BO. It has a file name of W100. To correct the file with the file name W100, for example, a file with the file
name W100 and the extonsion code 72 of BAK is prepared. Because the orginal W10Q (DAT) remains as it s, W100
(BAK) can freely be corrected while normal program execution takes place with respect to file W100 having extension
code DAT. if data ediling is forbidden, the situation above occurs. W100 (BAK) is shown as reference numeral 81 in
the Figure 18 for the sitvation where data editing is forbidden.

When the file W100 {DAT) can be edited, that is, when the data editing ferbidden mode ts canceled, the corrected
file is stored by the name of W100 {DAT) (reference numeral 81 in the botiom dotted box of Figure 18) and the ariginal
file is stored by the name of W1300 (OL1} {reference numeral 80 in the bottom dotted bex of Figure 18). Thus, whenever
a file is edited, the original file is stored as a backup. Thereiore, thére is no fear thal original program data will be lost
after it is edited.

In situations when data is edited outside of a dala edition forbidding mode, the bottom dotted box in Figure 18 is
reached directly from the starting point in the upper left-hand corner of Figure 18 and there is no need to go through
the top dotted box.

The file W100 {BAK) generated under the data editing forbidding mode is corrected afler the editing forbidding
state is canceled and the correcled file is considered as a normal file (extension code DAT) and the ariginal file is
considered as an old file (extension code OlLn}.

W100 (DAT) —» W100 {OL1)
W100 (BAK} — W100 (DAT}

Figure 19 is a flow chart of file gperation showing the processing for correcling a file or reading file data from an
external input/output unit 2.

First it is checked il a file with the same fite name 71 is present (step 140). If not, the file is stored by giving the
exlension code 72 of DAT to it {step 149). If so, it is checked if a file with the same file name 71 and the extension
codes 72 of BAK is present (step 141). Herealter, the approach will be described by agsuming that the file name 71
handies the sames file. If the BAK file is not present, the file with the exlension code 72 of DAT is copied and handled
as a file with the extension code 72 of BAK (step 142).

However, step 142 is unnecassary in situations where file data is read from the external inputioutput unit 2 or with
respect to a system in which all pieces of file dala are temporarily transferred to a work area to edit the file and are
corrected befors being stored in the origmal file.

When the file with the extension codes 72 of BAK is present, it is capable of being continuausly carrected by the
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oparator. Specifically, the BAK fils is not used until it becomes the file with the extension code DAT as described above
with respact to Figure 18.

The file with the extension code 72 of BAK is corracted at step 143 by tha gparatar. Then, it is checked whelher
the file is under the data ediling torbidding slate (step 144). I so, the processing ends. In this case, the tile with the
extension code 72 of the BAK is left as il is. Il not, it is checked if a file with the extension code 72 of OLn is present
(step 145). OLn represents a file having an extension code 72 of OLT. OL2, OL3,...and OLS. If so, the value of n of
each extension code is increased by 1 as follows:

0L > 0L4
oLz - 0L3
oLt - 0L2

Then, a tile wilh the extension code 72 of DAT is changed to a file with the extension code 71 of OL1 (step 147).
Moreover, a file with the extension code of BAK is changed 1o a file with the exiension codes 72 of DAT (step 148),
Thus, the corrected files (BAK) are entered as normal files (DAT).

As a result, the number of files increases on and on and soon the file storage area becames insufficient. Therefore,
older files are reteased as shown by the flow chart of Figure 20.

Specifically, il is checked if an OLn file is presant (step 135). That is, it is chacked whether there are old backup
files existing. tf noy, file release processing ends because there is no old backup file to be released, and there is thus
no problem with storing 1oo many old files. If there are old backup files existing, the YES branch is taken from box 135
and it is checked at box 138 whethar twa or more OLn files with the same flile name are present. If so, the file with the
oldest generation date and time among the OLn liles with the same file name is released (step 137). Hf nat, the fila with
the oldest generation date and time among all OLn files is released (step 13B).

Thus, the file area is efficiently used by releasing unnecessary files according to necessity. That is, the present
invention allows the original files o be stored as long as there is still room left in the file slorage area so that the original
file can be restored when necessary.

Figure 21 shows a screen for showing the file directory display in the file recovery display mode, For this display
mode, all files including old files (OLn filas) ara displayed uniike the example shown in Figure 66. Because the file
names including exlension codes 72 are displayed. it is possibie to confirm all stored files {o see which ones ara there.
Inthis case, when keyhoarding a file name to be recovered, the file is recovared as explained in the flow chart of Figure
22

Specitically, it is checked if a specified file name is prasent at step 150. In this case, the file nama includes extension
codes 72 displayed in the <PROGRAM:> column of the display screen of Figure 21. If not, ihe processing ends. If sq,
il is checked whether the specified tile name belongs 1o a normal file (file with the extension code of DAT) at step 151,
If sc, the processing ends because it is unnecessary Lo recover the file If the file name is specified for an old fite (file
with the extension code of OLn}, itis checked if any other file with the same lile name is present (step 152). For example.
when W200 OL2 is specified, it is checked if a normal file with the extension code of W200.DAT is present. if so, the
extension code of the nemmal file and that of the specified lile are interchanged (step 153). i not, the extension code
72 ol the specified file is changed 1o DAT (step 154), For example, when W200.0L2 is specified and W200.DAT is
present, the extension codes 72 are changed as shown below.

W200 (DAT) — W200 {OL2)
W200 (OL2) — W200 (DAT)

Therefore, as described above with respect to Figure 22, it is possible to recover an erased file and return a
correcied file to the state it was in before correction. Though the extension codes 72 to be used are explained using

the terms BAK, DAT and OLn (n = 1-8) in this approach, the extensicn codes are not so restricted. It is possibie to use
any name for the extension codes 72.

Setting Workpiece Lengths as Variables

According to the invention, some of the lengths of a workpisce may be defined as variables when the operator is
defining the program which will be used to shape the workpiece. Since some of the workpiece lengths may be set as
variables, there is no need to sel a completely new program for a workpiece which differs only slightly from ancther
warkpieca. Instead, it the two workpieces difier by only one length, 1hat length can be input as a variable fength and
assigned one value for the program for ane workpiece and another valua for the prograrn for the other workpiece. This
creates a great savings in time and rmemary.

Figure 23 (1) shows a machining diagram of a workpiece o be machined by a lathe. The horizontal axis in Figure
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29 shows the Z-axis and the verlical axis shows the X-axis. As shown in Figure 23 (1) the values are all predefined,
tor example, the lengths 20, 10 and 20 are specifically set forth in the Z-direction. However, with respect (o Figure 23
(2) tha lengths LB and LA are defined as variables so that these Z-direction lengths may be altered by the cperator.

The flow chart of Figure 24 explains the procedure for varying the lengths of two parts in the Z-axis direction, that
is, 10 define the lengths of the parts LA and LB in Figure 23 (2) with variables, acearding to the invention.

First, a machining program (s prepared (step 201) similarly 10 the praparation ot a normal machining program of
the automatic machining program type. Figure 25 shows a screen in which the machining program prepared accarding
to the machining diagram of Figure 23 (1} is displayed.

At step 202, the operator Moves & cursor to the part of the screen ta be dsfined by variables. When the cursor is
brought 1o the desired position, the user selects the "VARIABLE DEFINE" box of the menu at the bottorn of the screen
in Figure 25, to select the function "VARIABLE DEFINE", so as to define the variable. An item in the menu is selected
by pressing the menu key corresponding 1o the menu display.

A variable expression is then inpulted by the operator as step 203. The variable expression is a mathematical
expression consisting of variables, actual numerical values, and operatars {+, -, *, /, étc.). For example, in Figure 25,
LA is inputted at the position of the cursor 46. This would change the ending pont Z designation from 20 (as shown
in Figure 23 (1)) 1o LA (as shown in Figure 23 (2}). Thus, this value which was previously 20 is now defined as a variable.

Step 204 checks as to whelther any undefined variable is found in the just-inputted variable expression. If not, step
206 is executed. If a variable is undefined, an input message is sent to the operator at step 205. to indicate to the
operator that at leasl one of the variables used in the operator's expression is undefined. Once all variables are defined,
the processing ends at step 206, as long as there are no more lengths to be defined as variables by the operator. If
there are mora lengths to be defined as variables, coniral loops back to step 202 where the operater can move the
cursor 46 to a new position. In this way, the oparalor is allowed 1o change various values (i.e., corresponding to work-
piece lengths) of the machining program to variahles, which may be assigned different values for different workpieces.

Figure 26 shows the screen display alter all variables are defined, in which the parts defined by variables are
highlighted {(d1 through d4). The original value serves as a default value of the part defined by each variable. Therafore,
as shown in Figure 26, the highlighted values are the same as those shown in Figure 25 {which shows the screen
hefore the variahles have been defined).

When the lengths in the Z-axis direction are defined by LA and LB as shown in Figure 23 {2), it is necessary 10 set
d1 through d4 as follows:

di: LA
d2: LA
d3: LA+ 10

dd. LA+LB110

Thus, to enter a machining prograrn which is partially defined by variables, the function "ENTER" is selected in
the menu in Figure 25. Then, the part of the machining program to be entered is specified by the operator by maving
the cursor 46. The tange ol the machining program 1o be entered is specified by maving the cursor 46 1o the beginning
of the part of the machining program to be entered, pressing the "INPUT" key, moving the cursor to the end of the part,
and pressing the "INPUT" key again. In Figure 27, the part 64 shown highlighled is the pari to be changed, in accordance
with the above description of Figures 25 and 26. A machining program with variables is entered together with a name
and the entered machining program is called by that name.

Figure 28 shows the dala structure of a machine program entered according to the above procedure. In Figurs
28, 11 is & name added by the cperator for entry, indicating that *BAR TR16" is defined. The block t4 is the number of
variables used, indicating in this case that two variabies are used, LA and LB. t5 is the number of parts defined by
variables, indicaling in this case that there are four parts defined by variables, d1 through d4. Aiphanumeric 110 specifies
the names of the variables, indicating here that there are two variables, and that the names LA and LB are used; 11
indicates the message data of each variable, indicating that the following messages correspond to the foliowing vari-
ables.

LA. STEP_IL
{B: STEP_2L

112, 113 and t14in Figure 2B indicate the specific pars defined by the variables. Specifically, t12 indicates a process
number, which is a part of the machining program, 113 indicates a sequence number, a plurality of sequence numbers
can be included tor each process number, and 114 indicates a data position within a particular sequence nurnber There
are a plurality of data positions within a sequence number as shown, for axample, in Figure 27 The data position
numbers are counted from the beginning of the sequence data for one row. These data values are displayed on the
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screen when they are prepared by a machining program. In Figure 27, “P No." indicates a process nuwber and ‘SEQ"
indicates a sequence numbar. For the example in Figure 27, the process number in which the variables are being
detined is process number 1, and the sequence number within process number 1 for which variables are being detined
is sequence numbers 1 through 3. The data positions within each sequence number represent the following with respect
to the workpiece to be cul.

Shape

Front corner
Stanting point X
Siarting point Z
Ending point X
Ending point 2

anpe L=

For the example shown in Figure 28, there are tour parts defined by variables, which indicate the positions of d
through d4. Each of the positions are shown as follows:

115 shown in Figure 26 is the variable expression defined by each part. t16 represents the highlighted portion 64,
for exarmnple, of the screen shown in Figure 27 which includes the original machining program belfore it is replaced with
variables. The original machining program is direclly stored so that it can be Jater retrieved if necessary

To contirm a rrachining program defined by variables, the key “PRINT" i the menu in Figure 25 is selected. Then,
the entered machining program with variables is printed out as shown in Figure 29. The pait of the machining program
defined by variables is shown by numerals inside of parentheses, as shown atthe top of Figure 29. The list of variables
used and the variable expressions of the paris defined by variables are also printed out in order corresponding to the
numbers in parentheses.

In Figures 23 (1) and 23 {2). an example is shown in which only the configuration defining part (sequence data)
of a machining program is defined as variables. Specifically, in Figure 23, only one process number is involved in the
variable defining operation. However, in order 1o convert the variables L1 and L2 shown in Figure 30 into variables in
the machining diagram shewn in Figure 68, these variables must be defined with respecit to a plurality of process
numbers as shown in Figure 31. As is clear from Figure 31, variables are defined for a plurality of process numbers,
again, the defined variables are indicated by numerals in parentheses, six such variablas being defined in Figure 31.
Three of the variables are included in process number 2, two variables are included in process number 3 and 1 variable
is defined in process number 4.

Figure 32 shows the data structure of the example shown in Figure 31. The data structure has the same format
as explainad above with respect to Figure 28

As described above, according to the invention it is pessible to either enter part of a machining program, especiatiy,

only the sequence data as shown in Figure 23 (2) or enter the entire machining program by defining it by variables as
shown in Figure 30.

fn the above discussion with respect 1o Figures 23 through 32, a situation was described in which certain parts of
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a machining program can be entered as variables so thal lhe operator can manually adjus! each variable o his liking,
in accordance with the desired workpieca to be shaped so that an individual program need nol be reentered for each
new workpiece to be shaped in situations where a piuralily of dasired workpieces differ only in small degrees. Once
the aperator defines variables, the machine will later prompt the operator 1o enter {he actual values 1o be assigned io
the variables for the particular machining operation taking place at that time.

Now, a modification of the invention will be described in which a user does not have to physically assign values
to each variable. Instead. a user can defina a group variable for a panicular pan of the program, instead of the regular
variables discussed above with respec! io Figures 23-32.

Each group variable has a plurality of values assigned to i1, such values being the common values which the
operator will most likely want to assign to the variable. The operator is thus able to select from a group of possible
values to be assigned to the group variable, and therefore the user does not have ta come up with the vatue of the
variable himselt. Many basic machining patterns are pre-registered, i.e., the values for a group variable which will lead
1o commonly machined workpieces are defined beforehand. The operator can look at the screen and see the pre-
registered patterns and select one. This will be described specifically below.

As shown in Figure 33, two of the variables are named @D1 ang @D2. These are group variables and a prede-
termined group of values is assigned 1o these two group variables in order to generate commonly used machining
programs. The variable LL is a regular variable, such as described above with respect to Figures 23-32,

Figure 34 shows a machining program made by defining the machining program in Figure 33 by variables. Variables
having an “@" at the beginning indicate group variables. Figure 35 shows a screen for defining the group variabies
used, First, the non-group variables are defined as discussed above with respect to Figures 23-32. Then, the operator
sejects "GROUP" in the menu in Figure 25. This indicates to the numerical control unit that the operator is now going
to define group variables. In Figure 35, 117 indicates a group variable name, t.e., @D1. 118 indicates a2 group name.

For Ihe example shown in Figure 35, five groups are defined, with raspect to two group variables. The name and
value of each group are shown below.

TR1: @D1=860, @D2=5
TR2: @D1=70, @D2=5
TP3: @D1=80 @D2=5
TP4: @D1=100. @D2=7
TP5 @D1 =120 @D2=18

For example, when the aperator selects the group TP3, the operalor is actually specifying that the variable @D1
is to be B0 and the variable @D2 is to be 5. When the operator selects group TP3, the operator is selecting a common
predetermined machining operation. In this way, the user does not have 1o know that one variable being 80 and the
other variable being 5 will give a common machining operalion. All the operator has to do is selact the group TP3 and
the numerical control unit will antomatically assign the values B0 and 5 1o the group variables @01 and @02 respec-
lively

Figure 36 shows the data structure of Figure 34, in which t2 is the number of group variables used and t3 is the
numbef of groups involved, For the example in Figure 34, the number of group variables is 2 (@D1 and @0D2) and the
number of groups is 5 (TP1 through TP4). 16 is a group variable name, t7 is a group name, 18 is the value of the group
variable @D1 in each group, and t9 is the value of the group variable @D2 in sach group. The other indicators in Figure
36 are the same as those described with respect to Figure 32,

The following is a description of amethod tfor calling a machining program defined by variables by using the example
for delining the machining in Figure 33. Figure 37 shows a screen display for defining a machining program. A normal
machining program can be defined by inputting data through the keybecard 21 and the machining program shown in
Figure 43 is obtained by programming the machining diagram shown in Figure 6.

To call a machining program defined by variahles during preparation of a machining program, the key "CALL" is
sefected in the menu at the bottom of the screen in Figure 37. Figure 38 is a flow chart showing the processing for
defining a variable-type machining program. First, a program name is inputled at step 211. Then, it is checked whether
the specified program is present in step 212, If it is not, an error is displayed (step 213) and the processing ends. If
the specified program is prasent, the title ot the specitied program is displayed at step 214. Figure 39 shows an axample
of displaying a title "TBS7025". The display "PARAM" represents a variable-type machining program and the program
name (title) is displayed under '"PARAM", For the example in Figure 34, because a group is defined, "GROUP" for
defining the group names is displayed and non-group vartable “LL" is also displayed.

Then, it is checked at step 215 whether the operator has specilied a particular group name (one of TP1 through
TP% shown in Figure 35). The operator would select a particular group name based on which of 2 group of common
machining operations the user wishes to have performed. if a group name is specitied, the group is selected at step
216. Figure 39 shows that TP3 is selected by the operator. Then, at step 217, it is checked whether the operator has
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inputted a value far the non-group variabla LL. If the opérator has inputted a valve, the value is inputted at step 218
When the value is inputted, Ine variable name {L1) is displayed and & message corresponding 1o each variable is also
displayed on the screen. For example, when LL is displaysd. the message defined by T11 in Figure 36 is displayed as
"THA_L" (not shown in Figure 39). Therefore, the cperator is able to confirm that the particular variable he has entaerad
is the correcl one.

To confirm the contents of the variable-lype machining program, "SHAPE DISPLAY" is selected in the menu in
Figure 37. Then, as shown in Figure 40, the graphic display 65 of the configuration appears on the screaen 40. Thus,
it is easily checked whether the display shows a desired machining pattern.

The graphic display of a configuration can be displayed with a defaull value without defining a variable value.
Therefore, 1o call a variable-lyps machining program, it is possible to prepare a function for helping the operator in
which the configurations of a pluratity of entered variable-type machiniag programs are simultanecusly displayed on
the sereen so the operator can select a desired variable-type machining program.

When "NUMERICAL VALUE DISPLAY" is selected in the menu in Figure 37, the variable part of the variable-type
machining program defined in Figure 39 is converted into an actual value and displayed. Figure 41 shows an example
of converting and displaying the values defined in Figure 39. In this case, the parts defined by variables are highlighted.

{n this case, only the vadable pars of the machining program are converted into actual values and displayed.
However, when "DIGITIZE" is selected in the menu in Figure 37, a program complelely converted inlo actual numarical
valuas is generated. Thal is, the machining program displayed in Figure 41 is presented on the display with all of the
values displayed. Therefore, a result is achieved equivalent to the case when the machining program in Figure 41 is
directly inputted through the keyboard 21. A machining program once converted in the above manner can freely be
edited. Theretore, Tis is effective 1o cofrect parts ofner than those defined by vaniables,

When "CHARACTER OUTPUT" is selected in the menu in Figure 37, a defined machining program is converted
into character codes and outputted. Figure 42 shows an example of the machining program in Figure 69 thus outputted.

Automatic-program data is transferred to or from an external inputoutput unit 2 in the form of character codes.
Each piece Of ¢fata is separated by a comma lor each row of the automatic program as shown in Figure 42. The data
1o be outputted is the same as the data to be displayed on the screen. Therefore, the operalor is able to clearly ses
the complete machining program on the screen. Further, there is ne need for any conversion of the program data belore
il 1s seni ou! from the NC unit 1 to the external input/output unit 2.

In Figure 42, "W1100" indicates the number of @ machining program and the code "%" at the end indicates the
end of data. The code *" is added to the end of the data for sach row of an automatic program and up to this position
is the data jor one record.

The process number (P No.) and sequence number (SEQ) in Figure 69 are shown in Figure 42 by P1, P2, P3...
and 51, 52, S3....respectively.

Aulomatic program cata includes a part where it is unnecessary o set data. Only a comma is added to these parts
as shown in Figure 42. When an automalic program uses a symbal such as a triangle mark showing surface roughness
which canno! be expressed by character codes, such marks are substituted by predetermined character codes (for
example, "Z3").

When data is not in numerical form, but is instead in character farm, the data is shawn by enclosing it by double
quotation marks. For example, data 845C is described as "S45C" in Figure 42.

The above examples shew a format in which alt pieces of data for one row of an automatic program must be
outputted. However, it is also possible 1o oulput only certain pieces of data. The posilion of each piece of data is
indicated as shown in Figure 43. For the example in Figure 43, the mark "@ " indicates the position order of a pisce of
data among all pieces of data for one row of the automatic program. For example, it is shown that the second piece
of data is “80.0", as follows:

@2 = BO.D In this case, unnecessary data ¢an be omitted. For example, when only the first, secong, fifth, sixth

and ninth pieces of data are to be outputted among all pleces of data for one row of the automatic program, it is shown
as follows:

S1,@1 ="LIN", @2=5.0, @5=50.0, @6=45.0, @9="23";
As describad above, the position of each pisce of automatic program data can be specified by the process number
112, sequence number 13 and data position 114 as shown in Figure 32, Therelarg, a machining program can be inputted

or oulpuited according to the format {character codes) shown in Figures 42 and 43 similarly lo the processing of the
internal data 32 described above.

Memo Data

Memc dala relating to each piece of data stored in the NC unit 1 can be entered by the operator and displayed on
the screen 19. The memo data includes data relating to the tolerance limits of each piecea of data, a standard set value
lo which the data is usuafly set, a display symbol representing that piece of data, and a display message corresponding
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\o each piece of data.

Memo data is set by the operator by inputting data to the tabla shawn in Figure 44 through the keyboard 21 when
the table is displayed on the CRT 19. The data input position is specified by ihe operalor by operaling the cursor key
46 on he keyboard 21.

in Figure 44, numeral 82 indicates a screen number, 83 indicates arow number and 84 indicates a column number.
The corresponding data is uniquely specified by the numerals B2 through 84. Numeral BS indicates the lower limit of
the setting tolerance for a particular piece of NC data and B6 indicates the upper limit. Numeral 87 specifies the standard
sel value, 88 specifies a symbol for displaying the corfesponding data on the CRT 19, and 89 specifies a message to
be displayed on the CRT 19 when inputting the corresponding data.

For the example in Figure 44, the memo data of the data at the fifth row and second column on the third screen
is specified. The dala setting tolerance limits range betwean 0 and 20000 and the slandard set value is 300. The data
is expressed by the symbol CLX on the CHT 19. This specific piece of NC data identified by the symbol CLX relates
to the clearance value in the X-axis direction, as indicated by the message at reference numeral B3 in Figure 44,

When the NG unit 1 is initially sel up, or in a situation where data has been lost, it is possible to set all pieces of
dala lo the slandard set value stored in tha position in Figure 44 refarenced by numeral 87, Figure 46 shows a fiow
chart for resetting all pieces of data which have been set according to the memo data format discussed above, with
the standard sel value. This is especially usefut in situalions when data is losl due to, for example, a power failure.

First. it is checked if memo data is specified at step 401. This step makes sure that all data being reset to the
standard value is data which has been previously assigned values according lo the meme data farmat of Figure 44_ If
memo data is specified, a variable N is initialized to "1 at step 402. The variable N is used as an index. That is, N
assumas the vaiue of “1* at firat, and this corresponds to the first piece of memo data. Then, the vaiues of N will be
increased by "1" so that it assumes the value “2*, thus representing the second piece of memo data. This repeats until
N achieves the value af NMAX, representing the last piece of mema data.

The N-th piecs of memo data is extracted at step 403. The standard value B7 is set 10 the corresponding data
positions at step 404 which are shown by numerals 82 through 84 in Figure 44. The value of N is increased by 1" at
step 405. Al slep 406, it is checked whether the value of N exceeds the value of NMAX at step 406. NMAX indicates
the total number of pleces of memo data being reset 1o the standard value. it some pieces of memo data are left, the
operation is repeated starting with step 403.

As described above, tha standard value B7 can be set to all pieces of data specified by the memo data farmat of
Figure 44,

The foliowing is the description of the processing for displaying the data in the NC unit 1 on the CRT 19 using the
symbol B8 in the memo data according to a flow chart as shown in Figure 47. First, it is checked at step 411 whether
memo data corresponding to the screen 1o be displayed is present | 50, display positions 83 and 84 and symbol 88
are extracied at step 412 from the corfesponding memo data of Figure 44. The symbol BB is displayed at the display
positions 83 and 84 at step 413. It there 1s more data left to be displayed, steps 412 and 413 are repealed by means
of a dacision taking place at step 414.

The above-described operation displays the symbol indicated at position B8 of Figure 44 at the position indicated
by e row number 83 and the colurnn number B4. For the example in Figure 44, the symbol CLX is displayed at the
position of the fifth row and the second column as shown in Figure 45 by reference numeral 75. From the example in
Figura 45, it is clear that the data at the position of *5,2" has the value of 1520. The symbol is used instead of a number
to display data so thal the meaning of the data will easily be understood by the operator.

In this way, data can be displayed on the screen of the CRT 19 by using the symbo! B8 defined in the memo data
screan of Figure 44.

Figure 48 is a flow chart showing the processing lor setting the data in the NC unit 1. First, at step 421, a cursor
48 is placed at the posilicn corresponding to the row and column number desired by the user, In Figure 45, numeral
48 represents the curscr and the position of the cursor on the dala is extracted. In Figure 45, the cursor is located at
the fifth row and second column.

It is next checked if any meme data correspanding 1o the cursor position is prasent at step 422. Such memo data
wolld correspond to data previously input by an operator. In Figure 45, the memo data represents data corresponding
{0 the third screen, therelore, it is checked it the data at the fifth row and second column in the third screen is set to
the memo data format of Figure 44. If no corresponding data is present, the data is directly keyboarded by the cperator
at step 423 and the keyboarded data is direclly stored in a memory at step 433. That is, if no memo data presently
extsts for the particular NC data involved, the cperation consists of merely keyboarding the operator<desired data and
the keyboarded data is stored in a memory.

It any corresponding data is present, that is, if any previously entered data is present, it is extracted from the memo
dalz at step 424. A message is displayed on the screen of the CRT 19 by using the message data 89 of the extracted
data As shown in Figure 44, if the message dala "clearance value in the X-axis direction” is stored, it is displayed on
the screen of the CRT 19 as shown by the numeral 76 in Figure 45. Therefore, the operator can clearly understand
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the significance of the data being set. . o
Then, the tolerance limits are Sisplayed on the screen of the CRT 19 by using tha tolsrance fimits 85 and BB of the

extractad data at slep 426. When the lower limit of the setting tolerance is 0 and tha upper limit is 20000 as shown in
Figure 44, he tolerance limits are displayed as shown by the numeral 77 in Figure 45.

Then, the standard value is disptayed on the scresn of the CRT 18 by using the standard value 87 of the extracied
data at step 427. Numeral 78 in Figure 45 indicates the displayed value. Then, at step 428, lhe operator inputs set
data. Al step 429, itis checked whether the cperator wishes o use the standard value previously stored. This standard
value is displayed on the screen as shown in Figure 45 by reference numeral 78 as value 300. if the operator does
wish to use the standard set value previously set, he would press a predetermined key, for example, the *@" key, in
ordar to indicate that he wishes 1o use the previously sel standard value. This occurs at step 430. The user need only
press the predsiemmined key "@" instead of actually inputting the value 300.

For example, when “@" is inputted instead of an actual value in Figure 45, this operation represents that @ is
considered to be equivalent 1o the standard value of 300 set through the keyboard 21. If the operator has not input the
"@" il is checked at step 431 whether the operator-inputied data is a value within the tolerance limits previously stored.
If not, an error is displayed on the screen of the CRT 19 at step 432 and conlrol loops back to step 428 where data is
inputted again by the operatar. The out-of-tolerance-range data is not stored in the memoary. If the inputted data is
within the tolerance limits, it is stored in the memory at step 433. In this way, the operator is prevented from entering
data which is out of the tolarance range. This provides a good safety measure.

Figure 49 is a flow chart for checking whether the data stored in mamory is within the set tolerance iimits. First, it
is checked if any memo data is stored at step 441. |f not, the processing ends, If some meme data is stored, a value
ol "1* is set 10 the index variable N at step 442. The N-th piece of memo data is extracted at step 443 to check if the
data value at the specified positians B2 through 84 of the mema data are kept within the {olerance limils 85 and 86 of
the memmo data at step 444. Il 5o, the next data is checked at step 456. It not, the processing for resetting data is started
because the sel data in the memory is incorrect.

First, a corresponding data screen is displayed at step 445. This corresponding data screen is a screen displayed
with the screen number B2 of the memo data. Then, the cursor 46 is displayed at the position indicated by the row
number B3 and the column number 84 of lhe mermo data at step 44B. Then, similarly to the operalion described in
Figure 48, a message is displayed at step 447, tolerance limits are displayed at step 448, a standard value is displayed
at step 449, and data is inputied again at step 450. At step 450, il the operator has inputted the predelermined key
“@" the standard value is used as the inpulted data at sleps 451 and 452. H the operator has not used the predetermined
key, the data which he has inputied is checked at step 453 in order (o determine whether it is within the tolerance kmits.
t it is not, an error is displayed at step 454 and control loops back to step 450 so that the operator can input data again.

If the dfata is kept within the talerance limits, the inputted data is slored in the memary at step 455. The value of
N is increased by "1* at step 456 1o check if the value of N exceeds NMAX at step 457, if not, the next memo data is
checked by repealing the operalion starting with stap 443

In the above processing, it is checked whether the dala stored in the memory is correct. I il is not, the data is
displayad so that the data can be reset,

The contents of memo data can be transierred to or from the external input/output unit 2 by converting them into
the fallowing character codes. In this way, it is possible to easily display and edit the contents of the memo data by an
external system. The data in Figure 44 is converted into character codes as shown below.

(3. 5, 2) =0, 20000, 300, "CLX",

“Clearance vaiue in X-axis direction" The three numerical values in parentheses indicate the screen number 82,
row nuenber 83 and column number B4, Afler the equals sign, the tolerance [ower limit 85, the tolerance upper limit 86,
the standard value 87, the symbol 88, and the message B8 are converted into character codes in order. Because 85
through 87 are numerical data, they are converted into decimal numbers. Because 88 and 89 are character data, they
are converted by enclosing them with double quotation marks. A comma is put between pieces of data.

Figure 50 shows mema data outputtad in the form of character cedes. The terminclogy “*MEMO, 178:" at the
beginning of the data indicates thal the data is memo data, and the number "176" indicates the number of pieces of
memo data tolal, The terminology "*END;" indicates the end of data.

Though the types of memo data are shown in Figure 44, they are not restricted to these types. It is possible to add
other information according to necessity and erase unnecessary information.

The corresponding data is indicated by the screen number 82, row number B3 and column number 84, However,
it is possible 1o indicate the data by another method. The output format of memo data is not restricted to the format of
Figure 50.

Further, every time the NG unit is powered up, the range check described above can be made. In this way, the NC
unit is protecled against corrupted data.
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Rernoving the Program Analyzer From insids the NC Unit

In the prior ant, the inpul program is analyzed by an analysis circuit inside of the NG unit and the analyzed output
is stored in a buffer. The output of the buifer is sant to a machining control section for controlling the motors of a toot
1o shape a workpiece. If the buller becomes empty, machining stops. In situations where the program is complicated
and movements are small, the mslruclions can be exhausted from the butfer faster than the analysis section can keep
up. Therefore, the machining will often stop, causing cumbersome operation. _

This situation often occurs when the input is from a CAM syslem and the shape of the device 10 be worked is
complicated, such as a mold. The CAM system uses circular interpolation so that a curve resulis in a series of small
lines and each line requires an instruction that 1akes a predetermined amount of time to exacute. Since there is so
much information present, the analysis system cannot keep up with the buffer and the buffer eventually sends all of
its data out while the analysis section is still processing the data relating to the tiny lines making up tha curve.

Alternatively, the CAM sysiem (extarnal input/outpul unit 2) sends program data to the NC unit 1 and the dala is
stored in the NC unit 1. This data is (ater readout to the buffer without going through the analysis section. In situations
where much data is present, the dala can be read in straight from the CAM system to the buffer of the NC unit without
storing Hin the NC unil. The dala is {ed into the bufter using binary conversion. The data is sent in from the CAM system
in character data format. Conversicn to binary is performed in the NC unit by software. Data coming from the CAM
system, in this case, is approximately equal 1o the data that would come through the analyzer. The advantage to not
using the analyzer is that less mamory s required and better control is cbtained. The details will now be explained with
respect to Figures 51 through 59.

Figure 51 is a block diagram showing the outline of the machining program processing of the NC unit 1. In Figure
51, numeral 47 is an external memory such as a floppy disk or hard disk. Numeral 48 is an off-line GAM system or the
fike The normal processing is the same as the processing according to the priar art in Figure 70 except for the fact
that the data in tha data buffer 24 is stored acconding to the format shown in Figure 52 (1}.

Thatis, the analysis results stored in the buffer 24 for one block of dala assumes the following fixed length tormat:

Header part: data part

(2 + 2+ 2) + ({2+ 4)*30) = 186 (bytes)

The header part consists of ane piece of 6-byte data, in which the information for indicating the type of the block data
is stored. The data part consists of 30 pieces of 8-byle data, each piece (see Figure 52 (2)) consisting of a code part
(2 bytes) and a dala part (4 bytes). The header part also consists of a code part (2 bytes) and a data part (4 hytes).

As shown in Figure 53 (1), "EOB® dala, indicating the end of a block, is always added to the end of a data part
Data atter "EOB" data is considered ineffective. "EOB" data is data with 2 fixed pattern as shown in Figure 53 {(2).
Every 4-byte data part must be expressed by an integer with a symbol.

The two-byte code part of the dala part consists of a one-byta flag part and a one-byte identification code as shown
in Figure 54 (1). The configuration of the flag pan is shown in Figure 54 (2). The flag part classifiss the identification
code into ASCII code or special code and the data conlents in the code part. When the most significant bit of the flag
partis on, it indicates that the idantification code is a special code. When the most significant bit is off, it indicates that
ihe identification ¢ode is an ASCII code.

Figure 55 shows an ASCIi code fist and Figure 56 shows a special code list. For example, when the analysis resutt
shown in Figure 57 (1) is obtained, the data in Figure 57 (2) is generated.

Not only a machining program is analyzed but a machine tool is controled according to the analysis results and
further a compile made function is provided for. The compile mode function is a melhod for storing analysis results of
a machining program in a mamory area and directly using the data in the mernory area when actually controlling a
machine.

Figure 58 is a flow chart showing a compile method. First, @ machining program is read out at step 301. The
machining program can be read out of the memoary 16 in the NG unit 1 or received while being input through an input/
output control unit 22 in the NC unit 1. Then, the machining program is analyzed at step 302. This analysis takes place
by mearns of the analysis section 23. The output of the analysis section 23 is sent back to the input/output contral unit
22 for storage. The analysis results are slored in a memory area at step 303. It is possible to store the results in the
internal memory (15 or 16) of the NC unit 1 if it has an adequate memory area capacity, or in the external memaory 47
through the input/output conirol unit 22. When storing of data is complated (this is checked at slep 304}, it is further
checked at step 305 whether analysis is complated. If so, it is checked whether the program analysis is completed at
step 306. If 5o, the pracessing ends. Thus, alt analysis results of the machining pragram are stored in the memory area
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al this point.

Th'; tollowing is the description of the processing lor executing the compiled analysis resulls according o the flow
chart in Figure 59. First, it is checked whether any compiled dala is present al step 311. if so, it is checked if any dala
not transterred to the data butfer 24 is left in the data for the machining program analysis results. If so, il is checked if
any space is present in the data buffer 24 at step 312, If the data buffer 24 can only slore the data for one block, it is
chacked if the contents of the buffer is already filled. When the data bulfer can store the data for more than one biock,
it is checked whether previously used data or an empty area is present. If any space is present in the bufler, compiled
data is inputted at step 313.

Compiled data is inputted by reading the data lor one block out of the memory area storing the analysis results of
a machining program as shown in Figure 58. in this case, the data stored in the intemal memory 15 or 16 of the NC
unit 1 or external memary 47 is read. When the CAM system 4B can generale the data identical to tha analysis resuits,
it is also possible to read the data from the input/output control unit 22 directly through the external input/output unit
2. When the dala i3 generated by the CAM systam 48 is to be used, il is also possible to read the data when necessary
by storing #t in the external memory 47.

It is checked if compiled data consists of ASCIl codes (step 314). The campiled data is normally binary data
accarding to the data format shown in Figure 57 (2). However, to oulput the data to an external unit from the NG unit
1, it is possible to output it in tha form of ASCI! codes expressing binary codes by hexa-codes as shown in Figure 57
(3). In Figure 57 {3), the last symbol *;* indicates the end of the data for one block and tha numeral 48 before the symbol
indicates the value of the check sum oblained by summing all of the hexa-codes for each byte belore the numeral 48,

For the example in Figure 57 (3), the valug ol "0 x B0 + 0 x 04 + ...+ 0 x 00" is expressed as "0 x 648°. Therefore,
*4B* which is the low-order two digits of "648" is determined as the check sum. The character-code converting section
31 in Figure 51 oulputs the analysis result shown in Figure 57 (2) by converting them into the characler codes shown
in Figure 57 {3). Thus, it is possible to inpul the analysis resulls of a machining prograrm in the fonmn of the binary data
shown in Figure 57 {2) or the character codes shown in Figure 57 {3). When the inputted compiled data consists of
ASCII codes, it is converied into binary codes by the character-code converting section 31 at step 315 and stored in
the data buffer 24 at step 316.

As described abovs, the analysis results of the slored machining program are sequentially read out and stored in
the bufter 24. The machine controlling section 25 reads the data, according to s normal processing operation, to
control a machine. In this case, because I is unnecessary 1o use the machining pregram analyzing section 23 during
real-time machining, no time is required for machining program analysis white the machining is laking place Further,
there is no tanger that there will be no more data left in the data buffer 24, therefore, the machining will not siop
unexpeciedly.

When data is read from an external unit in the form of ASClH cedes, the data to be inputted is expressed in the
form of hexa-codes. Therefore, it can be converted much faster than the data expressed in the form of normal decimal
numbers.

For this approach, the formal of the machining program analysis resuits uses the format shown in Figures 52
through 57 However, the tormat is not restricted to that in Figures 52 through 57. Also, the outpul format is not restricted
to that in Figure 57 (3). It is passible to change the format according 1o necessity.

The above-described approach makes it possible to directly input the analysis results of a machining program.
Therefore, the analysis time of the machining pragram is unnecessary and high-speed processing is realized Thus,
1t i1s possible to execute machining including continucus micro-blocks and requirements for a high feed speed which
cannot be executad by the conventional NC unit.

1t is also possible to use characler codes as well as an exclusive binary format as the input format. Therefore, it
is possible to sasily handle inputted data from the external CAM system 48 or the like. Moreover, it is possible to
generaie the data corresponding lo analysis results by the external CAM system or the like because the format for
analysis resulls is similar to the machining program (EIA} of norma! NC units. Dala requiring no machining program
anaiyzing section 23 of Figure 51 can be generated by changing the post-processor of the external CAM system so
that it can be oulputted by the tormal (the format of Figures 52 through 57). Thus, it is possible to realize on-line high-
speed machining in which the machine data generated by the CAM sysiem is directly transferred to the NG unit 1 and
the NC unit 1 directly sends the data to the machine controlling section 25 shown in Figure 51 ta execute .

Claims

1. Numerical control unit, comprising:

a) machining program generating means lo edit a machining program of the automatic machining program
type in which all values in the generated machining program relating to machining operations are actual nu-
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merical values,

b) specifying means (40) for specifying cenain ones (LA, LB} of the values in the genarated machining program
deseribing the shape of a workpiece to be described by variables instead of by the actual numerical values,

¢) defining means {40) for defining a variable, and

d) replacing means (40) tor replacing the certain ones {LA, LB} of the values specified by the specilying means
{40) with variables defined using the delining means (40), and

o) display means (41} to prompt a request 10 enter actual values to be assigned to the defined variables for a
subsequent particular machining operation.

2. Numerical control unit according to 1, comprising a value assigning means for assigning actual values to said
certain ones of said values {LA, LB)

4. Numerical control unit according lo ¢laim 2, further comprising default value generating means for generating a
defaull value for sach of the certain ones (LA, LB) of said values, the default value being the value gensrated by
the machining program generating means.

4. A unit according to claim 1, wherein the defining means {40} includes message defining means for defining a
message corresponding to each variable so that he message can be used as a guidepost when a user is assigning
an actual value to a variable using the assigning means.

5. Nurmerical cantral unit according to claim 1, wherein sach of tha variabies can include a mathematical expression
(LA+LBE+10).

6. Numerical control unit according to claim 2, wharein undefined variable checking means are provided for checking
whether each variable has had an actual value assigned to it by the assigning means.

7. Numerical control unit according to ¢claim 2, wherein the value assigning means includes means for assigning a
group (TP1-TPS) of possibie values lo each variable.

8. Numerical control unitaccording to claim 7, wherein piciorial representations {65) of machined workpieces resulling
from the use of each of the possible values are displayed on a display unit (19} so that a user can select one of
ihe possible values for the group variable (TP1-TFS5) by simply choosing a correspending one of the picterial
represantations (85).

9. A unit according to claim 2, wherein the value assigned to a variable may be cisplayed on a display unit (19).

10. A unit according to claim 1, wherein defined programs are converted into character codes for cutput to an external
inpulfoutput apparatus {2).

Patentanspriicha

1.  Numerik-Steuereinheit, urnfassend.

a} eine Bearbeitungsprogramm-Erzeugungsvorrichtung, um ein Bearbeitungsprogramm vom automatischen
Bearbbsitungsprogrammiyp zu erzeugen, wobei alle Werte des erzeugten Bearbeitungsprogramms, dis sich
auf Bearbeitungsheatriebsvargange bezighen, tatsachliche numerische Werte sing,

b} eine Festlegevorrichlung (40), um bestimmte Werte (LA, LB) dar Werte im erzeugten Bearbeitungspro-
gramm auszuwahlen, die die Form eines Werkstiickes beschreiben, das durch Variablen anstatt von den tat-
sdchtlichen numerischen Werten zu beschreiben ist,

¢) einer Bestimmungsvorrichtung (40), um eine Variable zu bestimmen, und
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d) sine Ersetzvorrichtung (40), um die bestimmien Werle (LA, LB) der durch die Festlegevorrichtung (40}
fesigelegien Werte mit unter Varwendung der Bestimmungsvorrichtung {40) bestimmten Variablen 2u erset-
zen, und

e) sine Anzeigevorrichtung (41), um eing Aufforderung anzuzeigen, talsdchliche Werte einzugeben, die den
beslimrtan Variablen fir einen nachfolgenden bestimmten Bearbeitungsbetriebsvorgang zugewiesen werden
sollen.

Numerik-Steueareinheit nach Anspruch 1, gekennzeichnet durch gine Wertzuweisevarrichtung, um den bestimmten
Werten (LA, LB} tatsdchliche Wene zuzuweisen.

Numerik-Stauereinheit nach Anspruch 2, weiter gekennzeichnet durch ein Voreinstellungswert-Erzeugungsvor-
richtung, um ainen Voreinstellungswert f0r jeden der bestimmten Werte (LA, LB} der Werte zu erzeugen, wobei
der Voreinsiellungswart der durch die Bearbeitungsprogramm-Erzeugungsvorrichtung erzeugte Wert ist.

Eine Einheit nach Anspruch 1, dadurch gekennzeichnet, dafi die Bestimmungsvorrichtung (40) eine Nachrichten-
bestimmungsvorrichtung einschlieBt, um eine Nachricht entsprechend jeder Variable so zu bestimmen, dai die
Nachricht als eine Leitmarke verwendet werden. kann, wenn ein Benutzer unter Verwendung der Zuweisungsvor-
richtung einer Variable einen tatsachlichen Wert Zuweist.

Numerik-Steuereinheit nach Anspruch 1, dadurch gekennzeichnat daf jede der Variabien einen mathematischen
Avusdruck {LA+LB+10) einaschlieBan kann.

Numerik-Steuereinheil nach Anspruch 2, gekennzeichnet durch eine Vorrichtung zur Uberprilung siner unbe-
stimmten Variable, um zu prifen, ob jeder Variable durch die Zuweisungsvorrichtung ein tatsichlicher Went zuge-
wiesen wurde.

Numerik-Steuereinheit nach Anspruch 2, dadurch gekennzeichnet dafl die Wertzuweisungsvorrichtung eine Vor-
richtung einschlie’t, um jeder Variable ein Gruppe {TP1-TP§) von méglichen Werten zuzuweisen,

Numerik-Steuverainheit nach Anspruch 7, dadurch gekannzaichnet da? Bilddarstellungen (65) von bearbeiteten
Woerksticken, die die Folge einer Verwendung jedes der mdglichen Werte sind, auf einer Anzeigevorrichiung (19)
angezeigt werden, so dafl ein Benulzer sinen der moglichen Werte fir die Gruppenvariable (TP1-TP5) ginfach
dadurch auswahlen kann. dag er eine entsprechende der Bilddarsteliungen (65) auswahlt.

Numaerik-Steuereinheit nach Anspruch 2, dadurch gekennzeichnel dafi der einer Variablen zugewiasene Wert auf
einer Anzeigeeinheit {(19) angezeigl werden kann.

Numerik-Steuereinheit nach Anspruch 1, dadurch gekennzeichnet daB definierte Programme in Zeichencodes
umgewandelt werdert. um an eine exlerne Eingabe/Ausgabevarrichtung {2) ausgegeben zu werden,

Revendications

1.

2.

Unité de commande numérigue, comportant:

a) un moyen de procuction d'un programme d'usinage, pour éditer un programme d'usinage du type program-
me d'usinage automatigue, dans lequel toutes les valeurs du programme d'usinage créé concernant des opé-
rations d'usinage sont das valeurs nurmériques réelles,

b) un moyen de spécification (40) pour spéeifier certaines (LA, LB} des valsurs du programme d'usinage créé,
qui décrivent la forme d'une pigce & déerire par des variables plutst que par les valeurs numériques réelles,
¢) un moyen de définition {4Q) pour définir une variable, et

d} un moyen de remplacement (40} pour remplacer les cartaines valeurs (LA, LB) spécifiées par le moyen de
spécification (40) par des variables définies en utilisant le moyen de délfinition (40), et

e) un moyen d'affichage (41) pour présentsr une demande d'intraduction de valeurs réalles qu'il faut affecter
aux variables définies pour une opération d'usinage particuligre sujvante.

Unité de commande numérique selon la revendication 1, comportant un moyen d'affectation de valeurs pour af-
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tecter das valeurs réelles auxdites certaines valeurs (LA, LB).

Unité de commande numérique selon |a revendication 2, comportant en outre un moyen de génération de valeurs
par défaut, pour générer une valeur par défaut pour chacune das certaines valeurs (LA, LB}, Ia valeur par défaut
etant la valeur générée par le mayen de produclion du programme d'usinage.

Unité seion la revendication 1, dans laquelle le moyen de définition (40) comprend un moyen de définition de
message, pour définir un message correspondant & chaque variable, de tells sorle que s message puisse &tre
utilisé cormme repére lorsqu'un utilisateur affecte une valsur réelle 4 une variable en utilisant le moyen d'affectation.

Unité de commande numérique selon ia revendication 1, dans laquefle chacune des variables peut comporier une
expression mathématique (LA+LB+10).

Unité de commande numérique selon la revendication 2, dans lagquetie des moyens de vérification de variables
non définies sonl prévus, pour vérifier que le moyen d'aliectation & affacté une variable réelle & chague variable.

Linité de commande numeérique selon la revendication 2, dans laquelle le moyen d'affectation de valeurs comprend
un moyen pour affecter un groupe (TP1-TP5) de valeurs possibles a chaque variable.

Unité de commande numérique selon la revendication 7, dans laguelle des représentations imagées (65) de pigces
usinées, qui résultent dg I'uliisation de chacune des valeurs possibles, sont affichées sur l'unité d'affichags (19)
de telle sorte qu'un ulilisateur peut sélectionner 'une des valeurs possibles du groupe de variables (TP1-TP5) en
choisissant simplement une représentation correspondante parmi Jes représentations imagées {65).

Unité selon la revendication 2, dans laquelle 1a valeur affectée & une variable peut 8tre affichée sur une unité
d'affichage (19).

Unité seion la revendication 1, dans lagquelle des programmes définis sor convertis en codes de caractéres, pour
tourniture a un appareil extérieur d'entrée/sortis (2}.
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FIG. 4
7 -— Screen number
10 -— Number of rows Header information
3 =— Number of columns part
L -— Data type g
-12.345 -—
23 .456 First-row data
0.000 -—
-100. 100 -—
10.123 Second-row data
0. 000 -~
55.123

/\—/] part

0. 000 -—
0.000 Tenth-row data
0.000 -— -
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FIG. 6
*H(7,10,3).L;
(7.1,1)=-12.345;
(7,1,2)= 23.456;
(7,1.3)= 0.000;
(7.2,1)=-100.100
(7,2,2)=10.123;
(7,2,3)=0.000;
(7.3,1)=55.123
(7.3,2)=100.234
(7.3,3)=0.000;

(7,10,1)=0.000;
(7,10,2)=0.000;
(7.10,3)=0.000;
*END ;

30



HK 1004348 A

EP 0 544 073 B1

H

37



EP 0 544 073 B1

HK 1004348 A

7

N0l AoisiH
U0
£1ot
2001
&£ /
. \__10)
elep | AN
[eusaiu £ooL Zo0t|
09 g
N 00t
pun {1 000l oot
indinoanduy
¥ 7
U]
(ot & 9001 UoHEW
1 | 800L ST e%e) TN
Aio)SiH | Honoalo) 5001 pJeoq
97 9i0t £ uonerado
L
S0 g O

1aeradp

32



EP 0544 073 B1
HK 1004348 A

FIG. 9
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ITOOL DATA) PARAM 2.1/4 Y~5
FIG. 12 I {Machine}
#77INCY #A : ABS.
# (X {Z) {c)
1 -12.345 23 . 456 0.000
2 -100.100 10. 123 0.000
3 55.123 100 . 234 0.000
4 0. 000 0. 000 0.000
5 0. 000 0.000 0.000
6 0. 000 0 . 000 0. 000
7 0. 000 0.000 0. 000
B 0. 000 0.000 0. 000
9 0. 000 0. 000 0. 000
10 0.000 0. 000 0. 000
#( )X ( ) Z ) C { )
\T-OFSET_FT.DATA4 NOSE-R | PLC-SW | MENU, .
Y )
#(5) X (123.456) Z (456.789 ) C ({ )
lmput "[# (S) x --eemm-n 1"
l and press [INPUT CALC] key
((TOOL DATA) PARAM 2.1/4 }~83
o {Machine)
#11ING; #A . ABS.
# {x} ) c
1 - 12,345 23 . 456 0. 000
2 - 100 . 100 10,123 0. 000
3 55.123 100 . 234 0.000
4 0.000 0.000 0. 000
[5 123 . 456 456 . 789 0.000] |=—
6 0.000 0.0006 0.000 |linversely
7 0.000 0 . 000 0.000 |displayed
8 0. 000 0. 000 0.000
9 0.000 0. 000 0. 000
10 0. 000 0 .000 0. 000
#( )X ( ) Z ) C ( )
\T-OFSET _[T-DATA] NOSE-R | PLC-sW | MENU )
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\J-OFSET [T

FIG. 13
r N\
( TOOL DATA) PARAM 2.1/4
(Machine)
T .
# 17 ING #A : ABS.
# (X) {Z) (C)
1 -12.345 23 . 456 0.000
2 -100 . 100 10.123 0. 000
3 55 .123 100. 234 0. 000
4 0.000 0.000 0.000
|5 123 . 456 456 . 789 0 . 000]
6 0 . 000 0. 000 0 . 000
7 11,222 33 . 444 0. 000
8 - 55 . 666 .77 . 888 0. 000
9 0 . 000 0.000 0 .000
10 0 . 000 0. 000 0 .000
#( ) X ( ) Z ) C )

NOSE-R | PLC-SW | MENUJ
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FIG. 42

w1 100;
P0O,"S45C",80.0,0.0,155.0,2000,0.2,0.1,5.0;
P1,"EDG","FCE", 110,200,0.3,2.0,1,2 ;
$1,80.0,50,0.0,0.0,"23";

P2, "BAR","OUT",0,80.0,0.0,130,200,0.3,2.5,3,4;
S1, "LIN",5, , ,500,45.0,,, "Z3";

sz, "LINt,5, , ,70.0,70.0,, ,"Z3",

s3, "W, ,70.0,70.0,80.0,125. 0, ,, "Z3";

P3, “GRV","0OUT", 0.1,0,10.0,,,120,0.08,2.0,,5;
S1, 50.0,45.0,40.0,45.0,,,,;

P4, "THR" ,"0UT",0,0,2.0,60.0,1,1.299,10,120,0.3,6;
$1,50.0,0.0,50.0,38.0;

PS5, "END",0,0,0,0,0,0;

Yo
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{%ﬂ
— (57
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FIG. 50

*"MEMO, 176 ;

(3,5, 2)=0,20000, 360, "CLX", Clearance value in X-axis direction

‘END ;
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FIG. 52(1)

Header
part 2+2+2 byte

]

Data

m part (2 + 4) byte * 30

FIG. 52(2)

] . T T
' T Y T .
t H ' : !
A M : 1 h

L
l——J Data part

Code parl ( 4 byte )
(2byte)
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FIG. 53 (1)

Header part -—

Data pant

"EQOB" Effective data part |[—

//——/-N—//

FIG. 53 (2)

"EOB" data

0x00 ! 0Ox0A:0x00:0x00{0x00! 0x00
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FIG. 54(1)
Co T T TTE TR m T s T m e =1
' Flag part Identification code !
== = |
S SN i Code part

—identification code (F) ON: E==3 Specialcode

OFF: EBE= ASCIllcode

FIG. 54 (2)
Flag part

éalsﬁla (2 1119__]
Code classifying flag

l L FG1

FG2
FG3
FG4
FGS
FGe6
— FG7

Flag for classifying the
contents of code data

———Special code flag ( ON : Special code , OFF : ASC!i code )
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FIG. 55

ASCII code (Capitalized alphabet)

Note EOB : End of Block
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FIG. 56

CODE CONTENTS
a1 Workplecs No.
02 Process No. + Roughing or finlshing
[ou] Machining mods _+ Machining ssciion
o4 Walting pregram No. [Program No. suscuted [n waitlng)
o5 Current tool address [This ool should currently be mounted)
06 Tool-used address {Address of the Isot usad for this process)
o7 Toolto-be-used addrezs [Address of ihe ool to be used next)
08 File system knformation [Sxak pointer + Charactsr poipter]
o1} Tookloba-usad-lor-naxt-process address (addrass of the tool 1o ba ysed In the next piocess)
QA ASCH EOB code findicates the end al eHective data)}
CB Mext process No. + Foughing or finishing
Qc Next-procsss machining mcds + Machining sectlon
10 Clrcular are langth fLengih of the clrevlar are when GO2 or 503 command [ given)
11 Chamtar distance (Chamisrng distince tor threading whan G32 enmmand is given)
12 Chamlar angle (Chamiardng snale for thraading when 832 carnmand js given]
13 Number-of-bars ofiset angls (Numbar-ot.bars olfeet angla for threading when G32 cormmand is given)
14 Nosewadius compensation valus (Velvs In Z-axla diraction)
15 Nose-radlus compansation valua (Valus In X-axls direction)
16 Turret pockat No. is outpulted
7 Tool compansalion hNo, 1y outputted
18 Compensation {Other than neiedadivs contpensation), ONOFT In Z-axls direction
k] Campensation [Other than nou-ucilus compensxktion}, ONSCFF l‘n X-axis direction
1C Nosa.wadivs compensation value of other.sidw head (Value In Z-axls direction)
1D Notavadius compoenagatian value of other-side head (Valua in X-axis direction]
1E Turrst pocket No. of other-side head
20 Black eontrol data {Caatrol flag for each bicck)
21 Measuremant control cods
22 G-model data (Dedicated o ELA and for display)
2R Compensation of ather-sids head (Other than nossradius compensation) OM/CFF in Z-axis direction
29 Compansaticn of other-side head (Other than nose.radius campansation), ON/OFF in X-axls direction
30 Maximum outside diamatar of workplecs (Sat valus of gommon data for aulamatle pragram}
31 Minimurn Insice diameler of workpiece {Set value of common data for automatic program)
rL_Jz Spindle clamp spesd uppst limit (Sei valve of common dala for automatic program)
k] Spindle clamp spesd upper imit (Dadleated 10 ELA)
Codes Nos. 41 thraugh 5A ure reserved for ASCH codes {capital etiers).
{They cannot be u3sd for special codes).
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FIG. 57 (1)

G01X30400Z2-29600FB711;

FIG. 57 (2)

8004

10008000 1 Header part

0047

100000001 GO1

005A

IFFFF8C®B0 Z--298600

0058

000076C0O X30400

0046

UG PRSI

"00001A37| F6711

QC0A

'00000000]| EOB

FIG. 57 (3)

800400080001

004700000001

0O050FFFFB8CHBDO0

0058000076CO0

004600001A37

[OOOA0000000048;
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FIG. 58

C Compile mode )

s

Read machine program

L3y

4

L

Analyze machine program
lA L

Store analysis results

L33

Is storing of analysis resuits
completed?

Is analysis completed? i

Does program end 7

END
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FIG. 59

Gxecution rnode-)

YES

is space present in butfer?
312

YES

input compile data

Um

Is data composed of ASCIl codes?

Convert codes into binary data

R

-

¥

Store data in buffer

L316
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FIG. 60
i
b+ !
|
CPU
n |
ROM Axis controt )
S/ !
I o
RAM L Axis control -l L Machine-side
" U | servomotor
- Axis control --,'—n-
NonvolatileL_1 — | -
memory kg L l
S
VRAM :‘J reTTeUBT l To machine-side
Tl PMC o punit PUtLL . operation board or
large-current board
CRI coc H 12 '3 ’
g 1B
KEY Keyboard
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Input/output
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‘z




wesbosd suiyoepy

LA by

EP 0 544 073 B1

" ..

elep . (weiboid onewoiny) (v13)

19jauBIEd juawabuely | 1| weiboid auyoey | Jweiboid suyoew

m m
By N R N N
elep | | lep elep elep ||
uonipucd Bumng [ i | josyj0 |00 ) uonesuadwod |00} adeys |00}
T BlEp J00)

HK 1004348 A

19 "Old

85




HK 1004348 A

FIG. 62

EP 0544 073 B1

Function selection 3
keys /

Alphabetic,
numeric,and

9" CRT display Setting keys symbol keys

(000000

000000
Q00000

0¥ s Y e | s i ¥ i |

o |0 @205

¥

000000
000000
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Menu keys
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FIG. 63

el

[POSITION] MONITOR 1
0 12345678 N123-0
<SUB> 0 5678 N 1-1

X 123. 456 S 123
T
M 1212
Z 345. 678
Srpm 320
C 0. 000x+ Fc 0. 00

@POS! COORD! | COMMAND | SEARCH }MENU J
I,
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FIG. 64
(TOOL DATA) PARAM 2.1/4 )
S {Machine)
#71"INCY #A : ABS.
# {X) {Z) (C)
1 -12.345 23 . 456 0. 000
2 -100 . 100 10.123 0. 000
3 55 . 123 100 . 234 0.000
4 0.000 0. 000 0. 000
5 0.000 0. 000 0 . 000
6 0. 000 0. 000 0. 000
7 0. 000 0. 000 0. 000
8 0.000 0.000 0. 000
9 0. 000 0. 000 0. 000
10 0.000 0 . 000 Q. 000
#(0) X ) Z ) C | )
\T-OFSET [T,DATA] NOSE-R | PLC-SW | MENU)
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\

FIG. 65
—
[NOSE-R] PARAM 3.1/4
# (R) (r) (P)
1 5.000 0.045 3
2 10. 000 0.099 8
3 6.000 0.099 2
4 0.000 0.000 3
5 0.000 0.000 3
6 0.000 0.000 3
7 0.000 0.000 3
8 0.000 0. 000 3
9 0.000 0..000 3
10 0.000 0.000 3
#() R ( oA P ()
: : NGSERY i
| T-OFSET | T-DATA NOSE-B/] PCL-SW | Menu |
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FIG. 66
p
[PROGRAM FILE] INOUT 5. 1/1 |
PROGRAM ENTRY 8 REMAIN 32
CHARACTER 1500 REMAIN 16000
<PROGRAM> <CHR>» <ST> <COMMENT>
90 123 TEST CUT NO.12
100
200
300
400
500
0( Z) COMMENT( )
INPUT j OUTPUT ERASE | copy [ZFILEZ

\_

LS L L
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FIG. 67
[19
#1 — (1,1) — - (1,2) — #9 - (1,3) - = (1,4) -
#2 - (2,1) - —(2.2) — #0-(2,3) - - (2,4) -
#3 - (3,1) -~ . — #1-(3,3) - - (3,4) —
# - (41)-- . - #12 .
#5 - (5,1) - - . — #13
#6 — (6,1) — — . — #14
47 - (7,1) - - . — #15
#8 — (8,1) — - . — #16
y
T ' : ‘ ' ‘ '_Hs
T B T T~ 18!
-(1,1) - -(1,2) -
- (2,1) - -(22) -
- (3,1) - -(32) -
-(8,I1)— —(8,.2)—
—-{1,3) - -(1,4) ~
-{2,3) - - {2,4) ~
-(8,5)—~ —(8,.4)——
/\_,/ /—\/
TYPE - L TYPE - N
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Workpiece material : $45C
— Workpiece dimension: o x 155
Finishing roughness: vy 3
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