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Design and Implementation of an On-the-Machine
Measuring and Inspection Module

K.D.Kim*, S.C.Chung**

ABSTRACT

Design methodology of Interactive Measuring Part Program Generating Tools(IMPPGT) realized on the
FANUC 15MA using touch trigger probes and interactive macro functions of the CNC was described in this
paper. Measuring G codes were designed according to geometric form, precision attributes, relations between
parts, datum hierarchies, and relevant technological data by using measuring arguments. Menu driven mea-
suring and inspection functions of the IMPPGT were studied and implemented on the CNC through the macro
executor and ROM writer. Using the developed measuring G code system on the machine tool, untended mea-
surement and inspection operation was able to be realized in precision FMS lines.

Key Words : CMM (#E57%7]), FMS (f+d44A12"), Interactive Measuring Part Program Generating
Tools (W38 &3 =239 PA7]), Measuring G Code (EHGZE), On the Machine (2EmAl)
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Fig. 1 Inspection process on-the-machine tool
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// Precision attributes

Procision { FEATURE . POSITION ) {

UPPER_LIMIT_TOLERANCE ( R {mm} );
LOWER_LIMIT_TOLERANCE ( S {mm} );
REFERENCE POSITION ( X, Y, Z );

)

Precision { FEATURE . SIZE ) (

UPPER._ LIMIT_TOLERANCE ( U {mm)} );
LO _TOLERANCE ( V (mm) %
REFERENCE_SIZE ( D or ¥ {mm) )

)
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/{ Relevant. technological data
Technology { FEATURE . ITEM ) {

)ITEM_NUMBER(B):

Technology ( FEATURE . PROBE ) {

STYLUS_LENGTH ( H {mm} );

Technology { FEATURE . MOVE ) (
X_AXIS_MOVE_LENGTH ( I {mm} );
Y_AXIS_MOVE_LENGTH ( J {mm) )%

}

Technology { FEATURE . PROCEDURE ) {
MEASURING_PROCEDURE ( B );

Technology ( FEATURE . PROGRAM )} {
MEASURING_PROGRAM_NUMBER ( F );

)
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Fig. 2 Classification of measuring G code IF (Group 1) {

switth (Measuring Preparation Function) {
case (Probe Function) : Assess G100 code ;
switch (Probe Function) {

case (Probe Start) : Measuring Feature Classification Argument A
Technology (PROBE START.PROBE);

3719 Rdz £44 2E 53339 71EAA

(Reference position)e otej$}t Zo] #3€E Z3E & o pem
case (Probe : Measwing Classification Argument
FA T Figtez At ) break ;
break ;
// Datum hierarchies case (Coardinate Setting) : Assess G100 code ;
Datum ( FEATURE . COORDINATE ) { wr ; broak ;
) WORK_COORDINATE ( W ); .
)
sise IF (Group 2) {

N2 YR FARA e FED] dAENEH S
2% & Q3 7 5439 RE SAFEEe ¥EHs
(Item number)d] W} ARE 22 FEIL] FA= of
g9 2ol 2AZYo] FENIE T2 Ut

switch (Basic Measuring Feature) {
case (Circle) - Assess G106 code :
= L Dreek ;
cese (Pocket & Web) @ Assess GIO6 code ;
switch (Pocket & Web) {

cave (Pocket) : Measuring Feature Classification Argument A equal 1, ;

switch (Pocket Type)
“case (Horizontal) : W(xi‘l‘ypea Mon Qequal L. ;

// Relation between parts
Reintion { FEATURE?_FEATURE2 . DISTANCE ) (

FEATUREL ITEM _NUMBER ( C );
FEATURE2_JITEM_NUMBER ( K );
DISTANCE_BETWEEN_FEATURES ( D {mm) );
X_AXIS_DISTANCE ( X (mm} ):
Y_AXIS_DISTANCE ( Y {mm} );

Techne

Dltum (POCKET COORDINATE).
Datum (POCKET.COORDINATE);
Precision KET POSITION);
Precision KET.SIZE).

bresk ;
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cone (Vertical) : Work Type Classification Argument Q equal 2. ;

}
bresk ;

case (Web)

)
i
)
)

- ; break |

Messwring Festure Classification Angusent A equal 2. ;
= ; break ;

olos (Growp 3) { Assess G109 code ;
wwitch (Applied Measurement) {
cawe (Bore-Bore) : Messwing Festare Classification Argwment A equal 1. ;
T ?

cone (Bore-Ex.Cor.)

t
)

}

{BORE_BORE.TTEM);

* Meamaring Festure Classification Argumest A equal 2 ;

= break ;
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Table 1# Table 28 =314 Fig. 39 AAIE W4

2238 339

23 G A= Be g,

G105 AL. D29.000 £2. NO.085 $-0.008 US.005 V-0.008 W1. X30.0 Y25.0 Z15.0

where Bore diameter : 29.000 m
Bare item somber : 2
Bore ceater position : (50.0 . 2.0, 15.0)

Work coordinste

: G54

Bors coater position wpper talerance : +0.006 m
Bore ceoter position Jower tolersnce : ~0.006 m
Bore diamseter upper tolerance © +0.005 =
Bore diameter Jower tolermce : ~0.005 =

Table 1 Measuring G codes

Measwing Festives Measxing G oodes
1. Probe Start GIoO At. DO HO TO
2 Probe End GID A2
3 Coordinete Setting Giot D03 w(J
4 Environment. Setup Gie NN O K01
5. Probe Offset GI® AL B DO E0 10
6 Probe Length G A2 BOEOHO 10
7. Probe Detay Calibeation | G4 DO B0 TO WO X0 YO 20
8 Bore G105 AL D0J EC1 RO SO U0y vO WO XO YO 20
Q Boss Gi6 A2 DO EQ RO SO U0 vOo wd X0 YO 70
10. Pocket Gl06 Al FJ HO QO RO SO W0 vO wO x4 YO 200
11, Web Gits A2 ) HO QO RO SO D v wOxO YO 7
12, bnternal Camer GIo7 AL 3 0 )0 RO sOwWO xO YO 240
13 External Corner Giv A2 10 10RO sOwO x0 vo 20
14 Pare (X, Y, 2) Gl ] QI RO SOwWO Xy g
15. Bore-Bore Gi9 Al CODDED KO U VI xO YO
16. Bore-ExCar. Gip A2 CO DD EQ KO U0 v X0 YO
17. Pocket-Focket Gip A3 OO I K uO vO
18 Web-Pane G A (O IO ED KD U vD)
19. ExCor.-ExCor. G109 As. CO DO EO) KD Ul vO X0 Ol
2). Pane-Plane GI A6 CO DO EZ KO ug) v

Table 2 Arguments of measuring G codes

Function
Measuring Feature Classification
Measuring Procedure
First Item Number in Applied Measurement
Bore (Boss) Diameter, Stylus Diameter,
Distance in Applied Measurement,
ftem Number
Measuring Program Number
Pocket (Web) Length, Stylus Length
Move Length in X Axis
Move Length in Y Axis
Second Item Number in Applied Measurement
Work Type Classification
First Upper Tolerance
First Lower Tolerance
Probe Number
Second Upper Tolerance
Second Lower Tolerance
Work Coordinate
Reference Position X
Reference Position Y
Reference Position Z

2
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Fig. 3 Dimension and tolerance specification for case study

24 G 2= YL 479 G =9 HA2ete 4Y
vl 22 (Execution Macro)®& FY¥F22ZH o] FojA
ot AYujaze &3 G =9 ARARR AR 7|
ZUolHES vigo s 29X} SR A2E
A&3tn 23S PP S FdolHEL 4 33
YAvuitle] Mg Eo s HMHANG. H4E
A BAE ugez J|EdclE vl - FAEY
Y 2 AT FEUs gt AFE Ao AR
€}



SRS A 4153 4% (1998 49)

3. oisty HEzZ 203 YY)

3 220y 471 $AdA 448 33 G
FTEL o] &3 YA =238 % (Shop Floor Pro-
gramming)¥¢] 7F58tEE AHAE NC 318S 58 &
AE2IPE At 2HAHE N & =S e
710l

2=z YT g3y w22 (Conversa-
tional Macro) 92 AAF 2R AHgAtete] e o] 28
Zsleiglon], A4 Yz dYS AT RE &
262 4% w32 (Execution Macro)E FAlsld P-
Code Programo2 F®10%o2x ojAdAE 23z}
7t a2 RS A APl iR F
daiA sHE2aPs A 3L Y & A=E
AA 9. Fig. 4= P-Code Program® 73& 9%
Macro Compiler®] 7188 X3l Rojc},

Macro executorE o|4-3lo] 7dH dislyd P2
Y 471 NC s849lA Fig. 59 22 ¢4
< 53 2% 98% o8 7k delHES Ao

2 4ggezy 3 33 vA vl A £3
G ZEER2 FAYE SAZ2aYE 44 A F A
t}. 230 BYE Fig. 6% 2 33ZAsAL 53
23249 E "2 AT & Y. Fig. 54 Fig. 6
Fig. 39 4 d§ 34 G =8 YA 9 ¢
YAzt 23 a5t} Fig. 7¢ A%d &fnjA
242909 552 Y Aot

Part Program Storage
= MITIG oode cal R e
e
(Memory operation execution level)
- CRTMON
l ] Sotware key cal  [Cowersaiona Mao_|
i execuior |
b
Program Startp
number by
[[Paaveersssr | [ Paameerass | PO System
vartadle
lwmwhgmwml
[ Conval Variabie #6600_| [~ Cortrol Variaie #8500 |*
h

4
Startup by Program rumber
system change
I vaiable | e Dy W
exector -
Program number change

Fig. 4 Macro compiler basic outline diagram
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Fig. 5 Input screen for bore measurement
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Fig. 6 Inspection result screen for bore measurement
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Fig. 10 Measuring sequence in FMS line
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