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Abstract

ISO 14649 is a new interface (or language)
standard for the CAD-CAM-CNC chain, currently
under establishment by ISO TC184 SC1 and SC4.
Upon completion, it will replace ISO 6983, so
called M & G codes used for CNC since 1950’s.
As the new language is being established, a new
CNC controller called STEP-CNC (STEP-
compliant CNC), capable of carrying out various
intelligent tasks using the new language as an
input, receives worldwide attention. In this paper,
we present a distributed architecture for
STEP-NC system based on the generic paradigm
of STEP-NC. The STEP-NC system is
consisted of 3 sub-systems 1) CGS (Code
Generation System), 2) CES (Code Bdit System),
and 3) ACS (Autonomous Control System).
Also presented in this paper is algorithm for delta
volume decomposition, a crucial algorithm for
developing CGS. First method is based on the
cutting tool and the second method is based on
the turning features commonly used in the shop
floor. An illustrative example is given to compare
the two methods, and to illustrate usage scenario
of the delta volume in the turmning STEP-NC
system under development.
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2, Distributed system architecture for
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STEP/STEP-NC on the Internet

IS0 14649 part

"] [150 14649 partprogram

STEP AP(CAD) files

NCK/PLC

CES (Code Edit System)

CGS
(Code Generation System)
= Input: STEP AP (CAD) files
»Output: ISO 14649 part program
= Functions
- Part visualizalion
- Machining featire recogniton
- Generation of hardw are-
indepandent Neutral Process
Sequence Graph (NPSG)
- Generation of IS0 14649 part
pro’g

elnput: ISO 14649 part program
*Output : HPSG,EPSG
«Functions

- Interpretahion of paxt prmo'g

- Yerification of logical contents

- Generation of Hardw are-
dependent Process Seguence
Graph (HPSG)

- Generation of toelpath

slnput: EPSG (and HPSG)
«Output : Machined part
*M odules:

- Generalior of Execntable

Process Sequence Graph (EPSW

- Interpretation/Edil of ISOQ
14542 pait program 7

ACS
(Autonomous Control Sys(em)

- Setup Manager

- Intelligent $ chedulex

- Adaptive TPG

-OMM & Quality Report
- Remachining

- Emergancy handling

- Monitering / & daptive Cnn%m‘iV

[=2E 1] Distributed system architecture for STEP-NC system
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3. Delta volume decomposition algorithms for
Turning STEP-NC
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3.1 Tool-based delta volume decomposition
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3.1.3 Delta volume decomposition
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del BEAAN FAR Ay FFE 7HF 1Y F
g% BEES Y 712 95 EF(maximal
simple delta volume) °|Z} 32, det 289
profile®] monotone chain® o, Mg A FF2
718 7159 AW 21 98 2ES F 95 EF
{primary delta volume)©| &} &t}

(2 3] dEt B8 &9 o

3.1.3.2 Un-cut volume decomposition
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3.1.3.3 Inherent delta volume decomposition
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3.1.4 Complete procedure
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Step2: TH dE EES 9490 4% 1R
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Step?: N EZ£ profiled A 71 && 759
monotone chain®] YA E 7|@HE Fa%, 78
Z1&d e W3} monotone chaing F¥oh :
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A4 &3t monotone chaing AELE
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2324 maximal monotone chain®] A¢| A},

Step5. FFE Mgty Adg FFo dizlg
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Jdr} BFo] AAIHE F L, Steps™ 7S w}Er}.
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3.2 Feature-based delta volume decomposition

31do A A28 delta volume ¥3] WEL FF
7} WA FojAergt gt AYAe . 2y
anrgel 34 AZJHE 1F 99€ ¥9A 2
I} aRL 71T & de FITE A3t 3o
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£ BES AANz, ¥ 7}%"]1‘} grooving 7}F
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of ZA3S o] WA Awt Z}FeAA Y delta
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et olF A8 94 FE9 oAFE IA 4
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of wa} 4717 delta volume & & ZIAE Aol
g3

3.2.1 types of edge

B RN E BE F29 edged o9 [2
g 418} Zol 414 Y2 A4

(")—‘S(T“)O:O

P-Cylinder

@D@DK

MTFace
[Z¥ 4] ’I)q)es of edge

_\d

® Cylinder : FAE3 PP edge Cylindery] H
% edged W3ol wWEMinus cylinder, Plus
cylinder2 F&.

+* Minus cylinder (M-cylinder) : Edges Zat
o] &2 ggod Frtale A
* Plus Cylinder (P-cylinder) : Edge2] Z3tol

3o wgo g Frdke

® Face : A Zo A9 edge. Edged Xgtg ¥
gtol we} Minus face, Plus face® F£.

= Minus face(M-face) : Lined] Xgto] &9 %
god Z7k3le= A

* Plus face(P-face) : Lined Xgtol %o w3
22 Frhste A
® Cone : Coned 99 [2F 4]lM €& + AXK,
curver} lineol® A& BAY X, Zgto] RFIE
profile.
® Arc : curved type©] arc ¢l ZA & profile
3.2.2 Types of delta vloume

B gngdZdAs 4 2&5$ oldY [o2¥
518} 7] A outer profile, inter profile, groove,
end face® A 3}
® Outer profile FE 23 71F] 48 AAG:
BEoE gAY ¥y REY pofiled T,
® Inter profile : inter profile FRNA WFE 7}F
Jd g8 AALE BEFS Tod.

[ 5] Types of delta volume

® Groove : HZdAN FF o] £4 X2 &
2 g7 Ryo=EHy °]§— 7bEEs Hd &
FF7 489 g4e 2

e End face: 31"*%‘)“ *1“’1 face® -?’}1]
volume2 2 &q 7}Fd Qs AAHs EES
‘5]-1:}

323 712 744 % 44

At 7Z}FE 2 A J1AY chuckel B

= 540 7] W&o A 71Ee de 2ES
U437 A8ME 499 o BEo chuckd &
g A8 HY3ldel g} B =FdA: 24
CAD A2 geometryofl A left side H¥S chuck
o gddz ZHAsiz, Fude €3 249
Z 2Ry HAEZFHY RS gz

Awt 7138 4L 2 544 2D profiled 3
Fd&og FA N Fygolm2 B =FdAqE D
ggoznyg D EZNAS F&H3}I, oJZFH
de} B2 480 olE 8 271 FHEHe
faces} 4714 typed] pointE 7 2l 3}l

® Left end face (°]3} LEF): HF #HA3AA Zgtol
7} A& face.

® Right end face (0|3} REF): HZ g Fol[A Zztol
7} 2 face.

® Left up point (03} LUP): LEF|A Xztel 713
Z point.

® Right up point (¢|3} RUP)
7}7% & point.

® Left down point (¢]3} LDP): Xgtol 0% point
Z Zgtel 71 A2 point

® Right down point (¢]%} RDP): Xgtol 0¢] point
= Z3°] 7} & point.

Fo
S
5

=

=

u}
=

1 REFA Xgtel

3.2.4 Separating element

B =N o] WREY JE o}odoie
F A& AE outer profiles AN Gl
2L EEL AANE, F& FEE JI3HoEN
AA @323 §FAlPdelta volumes A= FHol
. QM edgeE 41HE FERIAIEH, outer
profiled ¢|F edgee S AL AAFA g8 o
Foi}. 2y HZF FAdol groove F°] & A
£ outer profiledf|AE o2 A} Folof o}
ANHA AN FAAAME grooved H$ M-face,
P-cylindersd & facert S ® A4 B} oA
4 outer profiled] VZE-E @dH A7, grooved
AN EA BEE edgeE Separating elementT ¥ A
o gy,
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3.2.6 Outer profile®} 14

Al Aol chuckol A9 4&Fo BdY3
7}R81517] "F o outer profile® 7] 98 W
€& REPERH A&}, ¥4 RUPE 714+ REF
9 typed E3| outer profiles FA 3= elementd]
AZgg e 4 I 9o RUPE 71X+ REFY
type©]l faceo|®, RUPE start point® 71A&
glemente] A outer profile® A&t} a8t REF
2] typeel cone¢ly arc®}® 2 REFFH outer
profiled 7] Hg ¢nYSFE AFYY. Quter
profiled elementltypecl] 93} outer profileo] E¥
ANEA q82g AAs=d, D cdement?} M-Face
1} P-Cylinder’} o}lu2ld I elementE outer
profiles] F7}3}1, M-Facev} P-Cylinderdl 7%
groove dE BF P& 43IdES 98] oA
& Left end face® g 74 g By
dementE o] i8] 3t 39 outer profiled
A 8,

3.2.6 Grooves} 914

groovet 3719 elementZA FAo Hol
% 3 WEA] separating  elemento]td. =,
separating element grooveE 43w FRF
A A7t do}. vz Fgo] dslA grooves T
F Pl F 714 F8/7F U9
® Horizontal groove (H groove) :
M-cylinder + P-face
® Vertical groove (V groove): M-cylinder +
P-face + P-cylinder

2B g z23zrd grooveo] Wa H grooves] %
4 M-faced next element® I next elementd]
type©] M-cylinder, P-face®}® H groover} <&
4 7 dF. V grooved] % $P-cylinder?} =A%
44  P-cylinder¥previous elements 239
previpus element type©] P-face, M-cylinderz}@
grooveZt EQUL & F Y.

3.2.7 Inter profile 8 V4

M-face +

Inter profile®] % RUPY Z gt¢] RDPY Z
#FRT F A4 inter profileo] =A8rt vt
inter profile] 4 inter profiles] EA3Ie A9

B2 A HE YoAE outer profile® A43E
AT TL8 PP <4 4 U & A F
o} AL outer profile®] S separating element?}
M-face, M-cylinder?I | w3, inter profiled] <
separating element M-c¢ylinder, M-face?} €T}
2222 RDPE start point® 7}HE elementHE
A &sle], REFO o] 277} M-face, M-cylinder
7} old faced A9 inter profiles] F7}3lm
M-face, M-cylinder 7} SJ& 4 inter groove
detecting &312Z& H491},

3.2.8 End faced] 914

End faces 4% $39 9t 2822A
facing 7FZel 93 AAGE dr BEe 2R
E =R o WREANE AF Yo A5 2
S facert HARA £4Y 4D LRIFo

28 end faceZ HL 8} FHAZX Hy JE&
faceZ&outer profilec]} grooved LRI A <12
7] BFel EQ =X & SEY glo] Fo4A
A e g BE FMFE A ged.

A AFPXEol LEFY REFF end face® <1
A3 E 2 right(left) end facer} 1713 £A 8},
2 right(left) end faced end faceE I gt} =
A} 270 o129 right end face?} =AY AH$,
right end face & X3t¢]l ¥ face elementHE A
&3} next element® 43} P-cylinders} &
A% groove U4 algorithmS £33 P-cylinder
7} £A48A ¢33 HE right end facedF g H2
2 F99 elementEE inter profile® AJAsT,
right end faceES 31}9 end face® A4 BT},
Inter profilee] &Y H$ HAEI right end
face® dZE3)+=  clementE  AAIT  merge
operation® E8] o] Eright .end face®} ¥H end
face2 ¢4} 9}

4. 3 %29 H3 3 usage scenario

A F7A STEP-NC A &H9 T2 CGSAA
o det BF B g F 71 PEEd ds)
A AE R} Tooldl 99 48 BF #aie A%
tools A3 Fojol s AAL IAT toolT F
A4 det B 39 2 de BEFe 71F 7}
94 qd3e AFPoxr FA Fgs Held
Hol it} vtd HEY Fd ZAH dE BEL
aste A4 e JdeEnezr dy BE F3
7} HA%, o) F FBAAM toolel FgHE AL
tool2M #F de BEES 71F 715 9AE A=}
£ B2 E Aol dasit AZFRHE o [
g 613 L ISO 14649 Part 12 [12]o e
complex exampled WYLE F HYPELE 43}
A& A4 STEP-NC ANo€odA HAFHYA FdH7}
AgA A wms 2kt AMHEE Aw SAs
two twrreto ® 7}F 715 @ JAZ 7

LR

p P P
e +

......._.
-3

e

e

) -
poams 3 sl
I

(29 6] Complex example [12]
4.1 Tool-based delta volume decomposition

ol Bt H$ T}y set updiA fAEH sHF
e HE B71s35] H7od two setupolld 717
o] o]Fozol &), AMHOF cone o] YE FE
< Fof 87 AES] w2l coned NPHPZ o
A 7}ESI coneS WEA ZFEEA Hd 9 oA
9 A% setupe) ZHII 3 dut BF 9
23} 2 CGS, CES, ACSE AAHE ZFH:E g
9 [2¥ 71y &4 2}
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Primary DV H

(a) Result of delta volurme decomposition

General_
revolution

Jﬁ"x Eut_in (CH

(e) Result of EPSG

[Z2¥ 7] Tool-based delta volume decomposition
and its usage

HA4 dep BF #8 23 (29 7-(2)]F 2ol
3714 primary delta volume® 171¢] uncut delta
volume, 17§2] inherent delta volume®] F3j3c}.
g del EEL STEP-NCoA Adzte 717
B YHoE [ 7-(0)]1Y ol ¥MPdY. =¥
2 34 A8E AA [2¥ 7-(0)19 B8 NPSG7H
A4 d} 9l SAE spilt-andE YERNE He
2R 94y ¥4 AgS Ag3ks Ao NPSG
7} dYoz Eojrt J1AY ARE wgsd [a¥
7-(d)]1 &2 HPSGY A4 4. 9714 PSE two
turret& ©]4% WE 7}F(Parallel Machining)$
yEbdY, 28R T1, T2 © & turret 1, turret 2
& For). o] HPSGEYE uAYg 74 AY 82
& RN Jg 3 N2 98 AALE F
FHoEZ [19 7-()]8} B& EPSGZt A4 B,

4.2 Feature-based delta volume decomposition

NS} FIZPAE two setupsl 4 S YT
e A4 98 ¥F #89 23 2 CGS, CES,
ACSE ANWA doiAE BFHE o149 [2F 8§
o &A% o,

Outer Profile

Outer Profile

Inner Profile

mdfaen C ' end ra

i

(a) Result of delta volume decomposition

GROOVE 4
CUT_IN

WOLYED_FLAT 2

of feature mapping

GRR GR

GRR GR
{e) Result of EPSG

[z 8] Feature-based delta volume
decomposition and its usage

dA det 28 ¥ 23 (28 8-(a)]8 #9
2704 outer profile, 2714 groove, 2719 end face,
1719 inner profile® ¥ A} Faid P BEL
[2Z 8-(b)]¢ Fo] B4 YAoE ¥IdG. A
o BA g FAH AYS MdANN 71F &AE
ZAA [28 8-(0)1} B NPSGrZE Falxd.
A7) o] two turret® machine FRE N3} [
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9 8-(d)1%} £& HPSGZt F3iA= HFHoz 4
94 EPSGE (29 3-(e)1$} #t.

Z% Ay BF £33 wy o2 A8 2R
ol g4 E 717 e PEF €47 Bl
Aol7t J&E € & g F Y RF M2 g
Aol A7l HEo] o= Hyel Yue F 4 ¢
2, AgA7} B 2 HEPE PPE o)L 2

BF g #4939 71FE € #71 g0
7. 38

B x=FdAMe STEP-NC paradigme] &3}
o CGS, CES, ACSY 37] MEAager F4HH
48 STEP-NC Al2"s F=E AAzsgg
JEEE Bils CGS 2 9 ol CES, ACS
4%g fAE F49 GnYZTo2A 2714 e
£ 1) tool® £408 ¢ 9l BF B 2)
machining feature® FA o2 8 W} BF 39
RS N2y, dAFEE B T P49
84 £ AoAL vzgen, £ oy &3
g &2 ZAH7} CGS, CES, ACSE AozA A
S NPSG, HPSG, EPSGE B399, & =2
< B3 ¥sx¥d Fz= 2 ¢3agse {IF
(complete machining) 2 BE71F  (composite
machining) & L3 Type 3 (A&AE) A
£ STEP-NC A&d"se] 2&2A 849 Ao}

ZArY 2

2 dFE IIeRs FHA dFd AR
Adeg sg=gon, oo FASHY,
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