B2 CAD/CAM 81| =27
HsdA M 15 20034 3Y pp. 48-54

Jo
>
rr
A

STEP-Compliant CNCZ 2|8t STEP-NC Repository 75
UE e, MY, PR

STEP-NC Repository for STEP-Compliant CNC
Kim, J. H*, Cheon, S. U.** and Han, S. H. **¥

ABSTRACT

In a design-lo-manufacturing envirenment, the product data is shared by various CAD/CAM/CAE
systems with little integration or substantial data redundancy. The main purpose of this paper is to buitd
a database containing afl the features required for STEP-NC machining and 10 show huw a STEP-NC
rcpository can support the complete process for machining. A STEP-NC database schema has been con-
structed and scveral query functions have been built for the purpose of implementing the retrieving sys-
tem of a STEP-NC databasc. The EXPRESS data model of iSO 1464% has been mapped to (he
database data definition language of the Oracle databasc. To apply the STEP-NC database to an indus-
try example, the ISO 14649 part program has been stored into the STEP-NC database. To implement
example scenarios, the sample query interface has been built.

Keywords : STEP-NC, Database, Reposilory, STEP-Compliant CNC

.M & FHE, o] 8 ONC Ao 7171 sl sl Helshz 7)
Zolt}, 71 Z8 4 B o)= 1SO 10303(STEP), 212HE
STEP-NC:= ISO 146499] t]-& 22 §ele] oo T Ao 180 |3399(%1¢.‘-E-%1 IR} e F
2E IS0 1649 B2 AAE, Fe)9 ouZ = 180 A{FFS AHE-Pth. STEP-Compliant CNCi= Z-2}H7)
14649 ¥ 52 u}=3= CNC Alo]7)5 23t} STEP- A 7F ol#) 3 4~F-2] STEP-NC HI°Je & ¢3¢ 33
NC 7]&-& 1S0 69832 tlAl|sl= 33717l #|¢)719) 9 oulE A g F AU 75 =& flo] TAE

AZE AFste) 2 FF2 1SO 146498 A F I 9] < 2HF 7HEERs WS AYsk= CNCE 9lu]gi.
28k ZA71A Aol 71E sedhs Zlzol o, A AAGA A 7HEAA Y WAl BAFH A A
=TolM= BEg v ule 1SO 14649, Ao TVE-E2] 3D CAD FRYE 7l Ael Zl‘:ifoh_

71—‘; el o= STEP-NCE 713, B AA-& 7IFA AN BRBIL A= T2, CAM A

1SO% F42o2 &3] olFoiA 2 3, Bl 7) 29lol, 7HE know-howE: o]-&std F2HE & /I~*-“I
Wkgk A o] 7|(STEP-Compliant CNCye: 54, vl= 2 = Fefolt). 0|9} 2], STEP-Compliant CNCE 4
32 FH0R 710 7] A7 R AAE Ao o) AIGAA 3D CAD 4R E T F28 7F5A
222 A} £ A= STEP-Compliant CNC 72 B £23d STEP-NC dlo]|E1 & 7}gd Aol Heda]
2 215k 710 7)aro) P dopo)T, 3, 7RG T R 27| A uled 715 know-
STEP-NC 71&2 7RS4 84, 732k 7k howd tﬂ-'ﬁgé}‘- A oo AR Y F U E

W, g, /17w, A4 e e FAES =} < 718k S 7Yasl o) ol @ ARl e s
5 7R $lE BE VA RE e oz #AAY v E xllz'ﬁz{l?} A2]4 9l STEP-NC #l9]
HE S7Rog FHshe AS AR vt &, 3

rtr

i ]F‘l

whasrlEd Frdol A Age] e Az Az dolHE #’%Q}
HdFagsEd 5 Qe wolglo) 2t BR st} 3k STEP-NC
R e P nae _ -
_m=E2S o) 2002, (4. 03 glole] 2ol /|Nkg STEP-Compliant CNC= 34
- AIARERY: 2003, (M. 17 g T8 CNCE 7FesiAl @ RolH, olF st

48



STEP-Compliant CNCZ 9%t STEP-NC Repository 75 49

STEP-NC ©|o|Ejujle]~7} 8 g spep?,

STEP ulolEjno] 2 730 #slMe BB A7)
AREZ, MLE AE o 7= n]Z STEP Toolsihe] ST-
Repository$} o] EEHE|(NIST)¢! SGML Repository
for STEPel 1t} Krebs, Lofferdo, Susan$-2 STEP
o] EXPRESS £7]u}25-E] wlo|g|o]L £7)njE
Ag8l, o] o] &l STEP Hlo|giH|o| A8 &
s}, xeE), STEP Hlo|e|Hlo| &5 7335l
A=) AR voje|wjol g AREE A7) &
2 7|E2] STEP 708 #Asie] 2HE o7}
22mUl CAD Al 243} STEP DBE AFA3 |3
7F A,

STEP ToolsAke| ST-Repository= 1SO 146492 2
£ 4 ZU(AIM; Application Interpreted Model)
9l AP2382:7)uel] 7)18kek STEP Hlo|EM|o] 22, <]
Efdl 71uke] e-Manufacturing® 918+ o8 7152 =
el T NISTS] SGML Repository for
STEPL SGML Hle|guje]2Z, STEP £4 & 2
el 2 A3tz Dog A Hol| STEP DTDE 3%3}
o RARE P FEFIGP AW, ST
Repository= A &) AF7]o] AH AM-SE STEP
HlolElE B Xel3h7] Yste AMAT| 228 o]
olE o) 2 27)ulE YASte] AIM HolETHE: 2]
g = 2], S STEP-NCS] HE AR E 3o
T Ae F2 CONC Y7t e S¢7 98 ¢
CNC AN AH-&S dudh =852 e
o] 25 ARM Z£7]nale] 7)gkst STEP-NC H|o|E]
& A, stk A7 NAE g s 9L
o]A, ARMZ7|olel] 7193k STEP-NC dlofEjuj o]~
FZol 3 A77F a3k, SGML Repository for
STEP X3 AIMel] 714t3t dojgjuo] o), o}7|
STEP-NC dlolg] 2z} 715 235l A Yot

HZel FY M E STEP-NCO| 3t FFEo] o]
Fo] A o, 71 VH L A wWgde|) o o
TP STEP-Compliant CNC2] 7= 2 73| &
g QU413 STEP-NCE JHE ZZ 33 Ao B3l
A7, STEP-NCS] §AFAY 71wt T3 = A4
4§ QAR Fol Ut B Q7= STEP-NCY
ARM £F|ulg 7uke g §A) STEP-NC HIo|E] B
9§ 343 W2, FF A5Y CNCTF H2 2 ke
ol E |dA Hel¥ 5 A= STEP-NC Repository
£ #3174 ). B A8 s ekE STEP-
NC Repository= STEP-Compliant CNCe)A] 2
ISO 14649 e T2 333 )58 CNCJF o &
ke 7FSA, 717D, &3 dlolelE AR 7

Az 7158 Zev Ard A2 e TREUT,
7N dlojEflo] 2= AlAR o 2= e AAH Blo)
E]d] 0] 2% OracleS AM-aHAT)

2. STEP-NC Repository

21702

STEP-NC Repository= CAD<9} CAM, CAM=}
CNC7}F F+rshe Hiole, 2, 38WlA 3/ Al
F9 A= vlolE & 53 sk blo|guo] 20}
t}. STEP-NC Repository7} 2|3k A2 dlojge
STEP AP 203t]°]Ei3} STEP-NC Hlo]E]o|t}. STEP-
NC Hlo]E| 2 ISO 1464992 A 2)8h= 1SO 14649
2E T2 7383 STEP-NC A28 28] "3l 7}
FAA, 71ARY, FPAE, EYEE g7t A,
ISO 14649 SIE L2282 STEP AP 203 CAD ©l
o|El& EFat TSR, TR, 7R,
AL, 7FE71E dolElZ o} FolA UtiFig. 1.

t}4gk STEP-NC tlo|E]& STEP-Compliant CNC
el o Rgo] AMREAY AT F2 RER
+ SFP(Shop Floor Programming) E&, TPG(Tool
Path Generator) 2&, #Alo] 2&, ¥ DB RSo|
Atk SFP 2&e°| STEP AP 203 WOl 22E ISO
14649 HE T2 IHPE A8, TPG BFo| 75
A 2)2 223510 ISO 14649 B E 22330 2 HE
378 7IEAR 2 SR E dloJEE AR
2, STEP-NC Repositoryt 3 Wil ALk
AZJA 7t FH3he A =x gl Ryl ol shy
2] STEP-Compliant CNC7} AHE, 235k dlo|HE
A%, A7 AME da sl

STEP-NC Repository2] 7]%5-0.2 = ol o|ejujo] ~2)

10-1038-41
HERR Y Hemder
ooy

oATAp

PLBORFIREC ! #2,9. 0,5 3.8, 000
FAATALIALC FF50°, " STIQY | CN6D 3¢
FLO2CL0S FLPOKETC'? 0, UBOU 900 ;23
SO e 90 00, :
HEADER section e 2 2
DATA section [ IR DA IO RO NTTING B T o3 8 Da
-", PO BT Y ON_AND, S TOE_EIRESHMELLINGES,8, 1 %,
worknle, x
executaips .
"*m’m [ ARTLLING TEEPNDL 00 CE30 TP 8307
desayp ‘ 00T LING WACHINE SHNCTIONS G T2 8,03
geomery | #IS00COHTOR PASALLELCD. 51100, Ty
desaription : »
R ‘ #2044 =TRINIED, GRVEL"* #2093, 0420370 ... )5
| 420 SmONOSTIECURVELSENENT C.3 4
BRI 4

Fig. 1. ISO 14649 M E Z 2 74

AFCAD,/CAMEE] =3 A 8Y #1353 20033 3¢



50 AR, Y e

7122%) 715 Hlolel2] A (store), F A (retrieve),
A o(query), 732 (update)}, STEP-Compliant CNC
% STEP-NC -8 Z27135} STEP RepositoryZtel
SQLE o4& do|e] Hgo] glrh. &, Aeule] 7]
g e-Manufacturing®] 282 913, STEP-Compliant
CNC$} STEP RepositoryZtll SOAP ZEEEE o]
£% XML diolg] " Foll B3 7|15 Fasi

2.2 STEP-Compliant CNC2| 28

STEP-Compliant CNCE HE T2 3% @$) EE
97 28l (workingstep - 7H8-58 84 A9 THEL
HHo|PoZ ojFolF) We 2 Ho|EHE ANTh
o] & 30, STEP-Repositorylli= STEP-NC dje|E{7}
STEP AP 203 Hlo|H], ISO 14649 HE Z2 3P,
TT7AR dolE|Z 2§HEH o Aot

dolel g JE =21y el 2¥ AL, U2
2} Zro] 289t} (i) STEP-Compliant CNC7} HE
221 AAE 71™ A, iy STEP-Compliant
CNC7F BE Z2232 A2 U2 23t
#7328y S92 g (i H B2l dshs
37 727} STEP-NC Repository®] =AY 3%, 2
A& Aqstd AR, (v) BAEA &S 2e,
TPGIIM T+ 72 E A4, STEP-NC Repository©ll
A st 7hggieh

Hol8E §7 4% G2 Heg Ae, e 2
o] &89tk (i) STEP-Compliant CNC7} TS0l A
2|% § 2’2 STEP-NC Repositoryell 22t}
A7 2=re]) tfgsh= FF73 =7t STEP-NC Repository
o} (i) A A9, STEP-NC Repositorys 3774
& STEP-Compliant CNCl| %31, (iii) &3}
2| & 7%, STEP-Compliant CNC¥= 97 2%) 7}
FE A% Ao FA 2U& STEP-NC Repository
o) A2]3}31, STEP Repository?t 713 A4 HIo|EHE
ol AA B2 2748 A, TPG7L T3
2E P43} STEP-NC Repositoryell A3} (iv)
STEP-Compliant CNC7} 3+ A28 w2} 7H8ta,
(i)-(ii) S wHEg).

3. STEP-NC A7|at

3.1 ISO 14649 A 7|0} o 24 AE

B 7= SO 146492 Pant 10, Part 113 Part
18] 27lels ez FHsact. Pat 10, i,
1119] UoF(Unit of Functionality)¢} #1% AEE]l=
Fig. 29} 73t}

PZCAD, CAME S| =83 Asd A 1X 2003 39

STEP#} ISO 14649 dl¢|8] Td-& EXPRESS ¢
o] Eall 7}&9t}t. EXPRESS ¢lole 3R =4S
A Qelshe 2E o3 e T dietel|
ol T@I} UHE do|g] F2E WAIFHA ded.
I BE, STEP HlolEu|o| 28 F&3}7] Y e
EXPRESS JR 249g P32 A ks o] el o]
2 A 2"e] deje] Bd 2 ulito] F& o] Bz
X Bz}, o) Fig 39 =2]434(Logical Design)
of APl A2, EXPRESS A2 2% 53 4
o|efu)e) 22 wo|E] 2] AoJ(DDL: Data Definition
Language)Z "B dhe Aot 5 =dcdddAe
STEP dlo|epyolx & BAlE, dlE 8 X2 8F
£ 708 27IvHconceptual design)2 &t AE A
(conceptal designys & F, =¢8] dAl(logical design),
Ea] YA (physical design) BAIZ o]FejFc}. Fig.
3o vjolejuols AA @Al k2 STEP dlo]e]u)
o)x AA &A)7F vEht Ut} STEP-NC 27|vi=
EXPRESS 10| 2 7|g¥e] lorng, 72 Wy Eol
Heg 4 9t o] o, STEPHE 3§ T2y
7S AIM 27191} ARM £7)8t & o|F A& ot

LUOFs (# ol A0} | Applcation Qbject

Pan 10 | Project (2)

'Workpiece (6) d aumeric
manufacturing.featwe property_parametet, matetial.

Features (91} | boss. pocket. mond_hole. s\, siep.

project. person_and_addrmas

F_xgcutablg (54 i 1001_body. execulable, selup, workingstep
mackining_tool. machining. workingstep. workplan
Operation (&) i machine_unctions, frce_ixes, machining oparation.

. }lo0l-disection, apetion. tooipath list , lechnciogy
Tooipath (15)  ; ap_M_palh_angle culter_contact_traiectory

i connactor rra.ectoly _t;u_lve_\_\flih_nonml_veclor N
Measures {(3)  ; bmits_and_fils okranced_lengih_measure.
phus_minus_value

Part 11 | Milling Process ] boring boltom_and, side_milling drilling center_milkng
Opeiations(65} reeform_operstion side.miking, reaming tapping

Pan 111 | Milling Cutting i diit) ihreading tool. endmill, ool dimension
Tools (32) Tacemill

Fig. 2. ISO 146492] UoF.

"' [_Dow Reaiirement ) (J Fowl e
. !
bata Wotel [ ConcepiiolDesion | [STEPIZ00S) | ) AW
Ingepsnvent Application
Deslan
! ]
Wanlevellgical | () Boto-Model Mdependent (ogical
design nesion
[ow Level fogical desion | (€} EXPRESS - DOLwapping |
Dxa Moge! 1 1
Depantent Plysicol Desian @ Physical Desien
Deslon 0008, OROB. Ruse 0B
Implententation

Fig. 3. STEP vl E{u|o]=2] A #473.



STEP-Compliant CNCE $13} STEP-NC Repository T3 51

2 dlolgjue) A28 MAY ZU7LE BH sk Aol
Za3icl A AF 7o) 23 dlolg #ale] A
A AIM 29 27EARE 5 JodoMe
ARM Rdjo] g 78)7|% 3tc} oj3) Lofj¢lel|lA] AR
2 T UES ZZ:3E] AoA BFIAL ofE R
AM 4o B1sl, ARM 222 EA TH oA A}
25 o2 EHE ] LA olalEr) 47] W&
ojtk, B A7E 1SO 146492 ARM 29 S tjide
. STEP-NC RepositoryE 7#&315t},

32F2 AEE|

72 AelElzE 7FESY YL JERIE machining
_feature, 7}5 2.3 #o]X-& YeElNE machining
_operation®] 18O 14649 Part 1091 A ¢]=lo] Uch
Pant 102) ¢)21§ AEEIELE NC 7hsell 223 3%
el T PuErkE £408 7PAT AR, U 7
oluf Ak 7hx §of Zbzte) 7hg FA0) Bag A
el 33 FBEEL Purt 11, 129} Part 1119]) 3]
glo] Ark &, Pan 11, 12, 1112] AEEIES Pan
102] VEIETE J&golr] A elHolA] L, dlo]EjH|o]
& 2710} AL OB ZEsla] ool ATk

vk 7R SRR, 7h ARy v, 24
T 71E71E, 8RB JE[ER FAEEd, 2
AEE] Abolo] BAle o3 Zh Machining_
feasure”} 32] 7] 2] machining operationS $/22
z+3, Al machining_operation®] machining_tool,
machining_strategy, machine_functions, machining_
technology® 4302 zter), &, 7FeS A8 o
g ¥el 7k 2doldg $3 7L, 22kl vt
F Aol M8 day7, sl 71, A
2x271¢ A% "

4. Hjo[E{dfjo| & &

4.1 EXPRESSOI|M DDLZE 04"

TEL 913 volejulo] 222 AAY diolg|Ho]
2= Oracledt AR 33 d)o|ejw]|o| 2 ObjectStore S
AH2-519 ok EXPRESS &710k2 = 180 14649 FDIS
B{de] Part 10, 11, 1119] EXPRESS %Y & ARE3}
Hck.

EXPRESS MEE= JAF djojeflol 2oz 2
| (object) , TAIY diolepdo] 2ol Tl (relation)
2 ) g=32, AEE) 7HAE 4 attibute) BA2]
shte] dicolumn)SE P}, Fig. 4= A&7
& 713 <lElEje] DDLES) 3L B9FT) 7} 9l

lo

rr

Elgldl i3l BAIE WEL, FEEHE S4E
superentityoll #]7-gkct,

dolgjule] 20) F& A o3 2 () diel
EjH| o] 20l 2 738}3L7} Sl STEP &7 vl &3 =)
- EXPRESS #%2£ #n)3Mc}. (i) EXPRESSE 3
Z3lo] DDLE gy FAY dlolefufol Lo 2]
DDL2 SQL#% FelZ 2MdE 4 3tk dii) dlofE
wo] 2ol vig} A7|olo] sjFsle HolE-E A ddTh
(iv) @9 <le|Ho] Z(query interface)S 23} (v)
S| F diojejefjol Al2EofA AlFahe Lo v
S o] R39, JREY s S 3 )

Fig. 55 271 442 Hojgol 4" ool
Subentity?) closed_ pocket®] &4 FolA boss_id,
slope 52 superentityoll %32, feature_boundary_
id? closed_poket Blo) 8ol gt AAY wis
identifier”} 23S <183k} ¥ (aggregation) E}Y
& listof_ FFAE 8 HAIZH PP} Fg. 6
o 4] workplan DEJE) &= executable?] 2 AEE 7}4)
I 43, workplanz} executable® z}z} 3hute] <lE]
Elojlng o] AL )P E) 3L, workplan o}

-

ENTITY pocket
SUBTYPE OF imanufacturing_feature);
iks_boss: SET [0:7] OF hass;
slope: OPTHONAL plane_angle_measure;
bottom_condition: pocket_bgttom_condition;
END_ENTITY;

ENTITY ¢losed_pockey
SUBTYPE OF (pocket);
feature_boundary: bounded_curve;
END_ENTITY:

CREATE TABLE pocket {
pocket_id integer NOT NULL REFERENCES OJD_MAPPING(QID_KEY),
its_boss_id integer,
slope double precision,
bottom_condition_id Integer):

CREATE TABLE closed_pocket (
closed_pocket_id integer MOT NULL REFERENCES OND_MAPPING(OID_KEY),
feature_poundary_id Integer);

Fig. 4. 3% TAE 7} AEg o3,

OID_MAPPING | OID_KEY | ENTITY_NAME
100 3D_POINT
POCKET | pocket_id Its_boss_id slope | bottom_condition_id
100 1 2.0 3

CLOSED_PQCKET | closed_pocket_id

100 1

feature_boundary_id
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ENTITY workplan
hs_etements: LIST[D:7} OF executable;
END_ENTITY;

CREATE TABLE workptan (
workplon_id integer NOT NULL REFERENCES OID_MAPPING{OID_KEY),
its_elements_id integer);

CREATE TABLE tistofexecutabte (
{istofexecutable_id integer HOT NULL REFERENCES
OID_MAPPING(OID_KEY),
executable_id integer,
executable_index intezer);

CREATE TABLE executable (

executable_id integer NOT NULL REFERENCES OID_MAPPING(OID_KEY),
its_id varchar{100)};
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select its_feature_id
from machining_workingstep;

o A GB2RM AHESte BT Fel
select its_tool_id
from bottom_and_side_milling,
machining_operation
where its_operations_id =
bottom_and_side_milling_id :

o 37 Aol
select its_list_id
trom operation, toolpath_list;
where its_tool_path_id = toolpath_list_id;

o PFEEA Yo} FhEby W)
select its_operations_id
from manufaciuring_feature, closed_pocket
where closed_pocket_id =
manufacturing_feaiure_id;

o AA A7 25]2) 78 Ee(is_id 73 &)
% operationel] E AWE Ao} 7ok
287 %2 A-<lE OID_KEYE o83ty d
A QAo

select machining_operation_its_id

from machining_workingstep, machining_operation
where its_operation_id =
machining_operation_id;

o 7H37N Aol
select axial_cutting_depth_id,
radial_cutting_depth_id
from bottom_and_side_milling, machining_operation
where its_operation_id =
bottom_and_side_milling_id;
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