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Development of integrated Rule-based CAPP system for Mold Manufacturing and Inspection

G. S. Yoon, J. H. Choi(graduate Mechanical Eng. Dept., INHA Univ.), M. W. Cho, H. H. Lee(Mechanical Eng.
Dept., INHA Univ.) T. 1. Seo(KITECH)

ABSTRACT

A rule-based CAPP(computer aided process planning) system is proposed in this research to develop integrated

manufacturing process of machining and inspection using OMM(On-Machine Measurement) device. Generally workpiece

composed of many primitive form features. This features are determined optimum inspection sequence by analyzing the

feature information such as features-relationship, probe approach direction and etc. Proposed paper is more efficient method
of CAIP(computer aided inspection planning) considered machining process

Key Words : CAPP(Computer aided process planning), CAIP(Computer aided inspection planning), 71735 73 (OMM, On-

Machine Measurement), Rule-Based
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2.1 CAD/CAM/CAI 8 M 27

AukH 07 CAD/CAM ©llA 71AI7}e & 1eistd]
AAE #ow, duHoz B UABL 3 A
& A(feature) 2.2 A o] gt} Figl 3 2 33’:}01\1]'
% CAD AL 2 N9 sAoz Hoxn,
FAA ALEEE CAM 9] FdAE ‘6}14“ %—&
o2 Uz dhte 718 % A(machining feature) O =
B2HHET SAAA Fosor st 4L U E
o] A@Eiget FAUE FE(z HHE AT 1
M H4Block plane : 5, feature plane: 4, feature
cylinder : 2)22 o) At} o|&} o] 3hte 7}
S Aosidets A A8 HE e d
Hog trzA Aoddrh 7t FFo wE FA
wzlo]  Agsr] st 2 ATFedME THE
(computer aided machining)® 57 (computer aided
inspection)°l] & 23 U8 (analytical feature)S
gaen, Hogd A b stk (pocket-9)E
Table [, 2 ol EA1EGTE Table 1 &= 7} A4S ol
g Aoz = gigh FAAAT A Be
ok Table 2 © ZHEY FoA2 FHFE + A=
o] ER7F 11 AYL UEhAT Qou), 4L
T £ e Ao® Y W(single geometry)ol A = 6
length, height, flatness, roundness,
A% AP W(integrated geometry)?l
LI

o (T ol

al

7N (position,
cylindricity) S
¢ 2 7l(squarness, parallelism)=
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2.2 F3A & (Inspection planning)

B dqoiA A 23AHLE A F A W
wog ALsgrl WA, AES FAHdE I3
(machining feature)E°l ©ldl &7 <A (inspection
sequence)Q’r A4 2F(groupys Belste AAE

1 7 2 (Global inspection planning)S 28319 o,
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CAD Features

Machining Feature

Inspection Features

Fig. 1 Feature Definition of CAD/CAM/CAI

Table 1. Machining feature definition of POCKET

1. Flatness,

o] B
= | pock-9 | o POCKET
=2 hia
3 Ay
O : position vector(x,y,z) of origin
., W : direction vector(x,y,z) of width
D : direction vector(x,y,z) of depth
' Width (w)
Y Length (L)
ln ! Corner radius (r)
Depth (d)
Table 2. Inspection feature definition of POCKET
o] ®
= pock-9 = POCKET
o T
5494 33 Ae)
Single geometry
.8 1. Base : Plane 5
. 2 2. Pocket : Plane 4
Partial Cylinder : 2
Inspection Function
PR

2. Squareness

3. Parallelism, 4. Roundness

5. Cylindricity

FAWEEE | n

single geometry

integrated geometry

6 7l
278

Global Inspection Planning

Local Inspection Planning

Decomposition of the Features for
|n<,,.mm.

CAD Database
Feature Extraction
K3

i poml‘ using Fuzzy logic

ion of G
Precedencr of Feature

[ Determination of the Number of
M.

location using. llammt rsley’s Method

Formation of Feature Groups

Determination of n.. probing paths
For Inspect tmn using TSP

Sequencing of the Feaure
Groups

Sequencing of the Feature for
Inspection

[ « hﬂhnguf(ollmon

Inspection Result & Amabysis

Determination of the measuring pﬂlnl]

Fig. 2 Overall schematic diagram of the proposed
inspection planning strategy
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hdE2] AA ¥ (machining feature)dl]l Wg =
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Rule 1. Application of the identical TAD rule

Rule 2. Formation of feature group

Rule 3. Determination of the main link of
brother features

Sub Rule 1. If there exists a feature whose depth is
greater than those of other brother features the
link between the feature and the parent feature is
the main link.

Sub Rule 2. If there exists a feature that has the more
number of open faces than other brother features,
the link between the feature and the parent feature
is the main link.

Sub Rule 3. If there exists a major feature of the
feature group, the link between the parent feature
and the major feature of the feature group is the
main link among the brother link.

Sub Rule 4. If there exists a feature that has more link
than other brother feature, the link between the
feature and the parent feature is the main link.

Sub Rule 5. If there exist multiple main links of equal
qualification the choice of the main link is
random.

Rule 4. Cancellation of shortcut paths.
Rule 5. Determination of the process planning order of
feature groups.

Sub Rule 1. The major feature group is planned first.

Sub Rule 2. The Hub feature group is planned next.

Sub Rule 3. The datum feature group is planned
before the important feature group.

Sub Rule 4. The important feature group is planned
last, if possible.

Rule 6. Determination of the machining order of
features in a feature group.

Rule 1 & &F9 #H
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Fig. 3 An example part and its features

CAD Database

l Machining feature 1 H Machining process | E
T

Tnspection precedence
of Feature wsing
Rale-base

| n §
| Machining feature 2 H Machining process 2 !

- 1

pom
| Machining feature 3 H Machining process 3 f
pass
I Muchining feature 4 H Machining process 4 I

Enspertion feature

Determination meaxuring
points, locations

puss

Machining Finishing

Determination probe puth,

Inspection & Analysis

Fig. 4 Overall schematic diagram of CAPP for
integrated machining and inspection process

Fig. 5 The precedence tree of the features of the

example part

Fig. 6 Feature groups of the example part



Table 3. The order of feature groups of example part

Order Feature Groups Setups

®)

1 ) () S1
@)

2 s4

3 s2

4 S3

5 $3

6 85

7 S5

Table 4. CAPP process of example part

Sequence setup features processes

1 ST Inspection-Setup
Inspectlon Alignment

F1 End-milling
F2 End- mlllm%

F2-F1 Inspection-Features
F3 End-milling
F4 End- mlllm%

F4-F3 Inspection-Features

54 Inspection-Setup
Insgectnon -Alignment
-milling
6 End- ml]lm%
F15 Inspection-Features

S2 Inspection-Setup
Inspectlon -Alignment
FS End-mill lné
' Drilling and Reaming
Inspection-Features

[ N (- ——" [ TS [ NV Y ]

Ne TR Fo VI [N S Pt

S3 Inspection-Setup
20 Inspection-Alignment
End-milling
End-milling
End- mlllmé
24 F12 Drilling and Reaming
Inspection-Features

Inspection-Setup

27 Inspection-Alignment
End-milling

0 End-milling

3 End- mlllm§

4 Drilling and Reaming

Inspection-Features

Step 1.S2

Fig.7 Simulation about example of proposed CAPP
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