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A Rule-Based Expert System for NC Part Programming

Young-Gon Seo*, Yang-Byung Park*

Abstract

Traditionally, programs for NC machine tools have been created using either a maunual method

or a computer-assisted method. However, both methods are known to be complex, time-consuming

and error-prone. This paper presents an intelligent system, called “INPPC” which is interfaced

with a CAD system to generate APT NC part program automatically. The INPPC is developed by

using VP-Expert rule-based expert system development tocl, and obtains the information about

the part shape by searching the CAD database, about the process by asking the related questions

to the user, and about the machine tooling by searching the tool database. The INPPC is

implemented on an IBM compatible PC/AT under MS-DOS, and its performance is demonstrated

by consulting a simple example problem.
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An Inteligent NC Part Programming
Interfaced with CAD : INPPC
PART RECOGNITION PHASE

INPUT THE DXF FILE NAME :

INPUT THE PART NAME :

WHAT IS THE PART CLASS?
ROTATIONAL PART
NONROTATIONAL PART

a8 4. FE=2| SA(0)

INPPCe] ofz|g A2l NC 22 2ol 4

a8 5. BE HA ol X734

FEAo] ot o] 2 6o Mejz

Select the job you want to perform.

DRAWING ACAD

What is the part 1.D. for programming?
RPARTI1V1
RPART4V1

(If you want to perform no job, then press the guestion mark.)
PART RECOGNITION

NPARTIV4 4

PART PROGRAMMING .J

NPART2V3
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Part class of NPART1V4 is NONROTATIONAL.

Select the part material?
FREE CUTTING STEEL - LOW CARBON STEEL MED. CARBON STEEL
HIGH CARBON STEEL ALLOY CARBON STEEL MARAGING STEEL

NPART1V4 requires the following operation(s) ; MILLING, DRILLING

Which operation do you want to perform first?
MILLING DRILLING.J

Which operation do you want perform second?
MILLING .« DRILLING

Select the tool material.

HSS.) WwC
Recommanded spindle rate is 955 rpm.
Recommanded feed rate is 242.5mm/min.
What is the precision for MILLING operation?

ROUGH 4 FINISHING

What is the inside/outside tolerance(mm)?
0.02

Recommanded spindle rate is 381rpm.

Recommanded feed rate is 48.4mm/min.

What is the current tool position(x,y,z)?
0,-10,0

What is the location of zero plane for the z-axis from the work surface?

+3

Now INPPC is ready to generate the NC program of NPART1VA4.
Do you want te display it?
Yes . No

%% This is the NC program of NPART1V4.
MACHIN/MACHINING CENTER,1
CLPENT

PTO=POINT/0,-10,0

PT1=POINT/0,0,0
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PTZ=POINT/30,20,0
PT3=POINT/70,60,0
PT4=PQINT/110,20,0
PT5=POINT/110,0,0

PT6 =POINT/30,70,0
LN1=LINE/PT1,PT5
LN2=LINE/PT6,LEFT,TANTO,CR1
LN3=LINE/PT1,PT6
CR1=CIRCLE/CENTER,PT4,RADIUS,15
PL1=PLANE/PT1,PT5,PT6
TOOL/8

CUTTER/10.0

SPINDL /955

FEDRAT/242.5
COOLANT/ON

FROM/PTO

GOTO/PT2
GODLTA/0,0,-13
GODLTA/0,0,13

GOTO/PT3
GODLTA/0,0,-13
GODLTA/0,0,13

GOTO/PTO

INTOL/0.62

QUTTOL/0.02

SPINDL/381

FEDRAT/48.4
GO/TO,LN1,TO,PL1, TO,LN3
GODLTA/0,0,-13
GORGT/LN1,TANTO,CR1
GOFWD/CR1,PAST,LN2
GOFWD/LN2,PAST,LN3
GOLFT/LN3,PAST,LN1
GODLTA/0,0,13

GOTO/PTO
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COOLANT/OFF
FINI

Do you want to continue INPPC?
Yes No.l

The whole consultation of INPPC has been completed.
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F21. INPPC Z]A|H| O] A(INPPCKBS) | et

RUNTIME ;
ACTIONS
RESET JOB _ NUMBER
WHILEKNOWN JOB
RESET JOB
RESET JOB_ SIGN
RESET JOB_ MESSAGE
JOB_ NUMBER = (JOB_ NUMBER +1)
RESET JOB_ MESSAGE
FIND JOB_ SIGN
END

DISPLAY “The whole consultation of INPPC has been completed.”

RULE  PART_DESCRIPTION1

IF PART _CLASS=ROTATIONAL PART OR

PART CLAS3=NONROTATIONAL PART AND

PART__SHAP=ICYLINDER OR PART__SHAP=ITAPPER OR PART SHAP=IDOME
CLOSE PRIS

RESET END_STATEMENT

RESET NI

THEN
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RESET STOP _VAR
RESET INTHOLE DESCRIB
PREPROCESSOR=FOR__ INTHOLE
FIND END_ STATEMENT
WHILEKNOWN PARTNO

RESET INTHOLE_MESSAGE

GET PART NAME=PARTNAME AND PART_SHAP=ENTITY, PRIS, ALL

FIND INTHOLE MESSAGE
END

RULE TOOL__ EXCHANGE1

IF

SET TOOL=0K AND TOOL_ COUNT=1

THEN TQOL__ CHANGE=ADMITTED

L3

CLOSE PRIS

RESET CUTTING USAGE
RESET CUTTING _SPEED
RESET TOOL__MATERIAL
RESET TOOL_ NUMBER

RESET TOOL_ DIAMETER
CUTTING USAGE=(CUTTING)
FIND CUTTING__SPEED

FIND TOOL_ MATERIAL

GET TOOL _MATERIAL=TOOL_ MTRL AND CUTTING_ USAGE, =USAGE, PRIS, ALL

TOOL_ NUMBER= (TOOL__NO)

TOOL_ DIAMETER=(TOOL_ DIA)
FDISPLAY@NC_FILE,” TOOL/{TOOL_ NUMBER}”
FDISPLAY@NC_ FILE,” CUTTER/{TOOL_ DIAMETER}”

RULE CUTTING__ PROCESS1

IF

THICK__NO< (NI} OR THICK__NO=(NI) AND

PART_CLASS=NONROTATIONAL_PART OR PART CLASS=ROTATIONAL_PART

AND

CUTTING PART=ICYLINDER OR CUTTING__PART=ITAPPER OR CUTTING_PART=

IDOME

THEN CUTTING =DRILLING

RESET BORING
RESET TOOL_ COUNT
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RESET SET__ TOOL

RESET DEPTH

DRILLING NO=(DRILLING NO+1)

TOOL_ COUNT=(DRILLING _NO)

DEPTH = (HOLEDEEP[DRILLING NOJ)

FIND SET__TOOL

DEEP = (DEPTH+ ABOVE)

FDISPLAY@NC _FILE,” GOTO/PT{DRILLING NO}”

FDISPLAY@NC_ FILE,” GODLTA/0,0,-{DEEP}”

FDISPLAY@NC_ FILE,” GODLTA/9,0,(DEEP}”
! FIND BORING

55 2. REYA0A T2 J(PART COG.BAS)9| g
TO EXTRACT ENTITIES FROM CAD’S DXF FILE FOR PARTSHAPE RECOGNITION.

VTN=0
ENTNO=0
ALPHA=0
FIRST=1
SECOND=2
VERTNO=0
FACENO=0
VNGC00=0
POLYNO=0
BB=0
INTHOLE=0

WHILE IN § < >“EQF”

LINE INPUT#1,IN §

IF(IN $ =“POLYLINE") THEN
GOSUB READPOLYLINE
START(POLYNO)=VERTNO
DNMESH(POLYNQ)=NMESH
DMMESH(POLYNO) = MMESH

ELSEIF{IN § =“VERTEX"”) THEN

IF{GCODE § ="GC70") THEN
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VERTNO=VERTNO+1
ALPHA=ALPHA+1
IF{ALPHA=1) THEN

NEW (POLYNO}=VERTNO
ELSEIF(ALPHA =NMESH %* MMESH) THEN

ALPHA=0
END IF
GOSUB READGC7CVERTEX
ELSE
VNGC00=VNGC00+1
GOSUB READGCOOVERTEX
END IF
ELSEIF(IN $ =“3DFACE”)THEN
FACENO=FACENO+1
GOSUB READ3DFACE
END IF
WEND
IF(VTN< >0) THEN
GOSUB ARRANGING
END IF
IF(PARTCLASS$ ="“R”) THEN
GOSUB ROTATIONAL
ELSEIF(PARTCLASS $ =“N") THEN
GOSUB NONROTATIONAL
END IF
TITLE $ = “RESULT”
IF(PARTCLASS $ =“R”) THEN
GOSUB PRINTROTATIONAL
ELSEIF(PARTCLASS $ =“N") THEN
GOSUB PRINTNONROTATIONAL
END IF
END
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