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i.  Tool Data

Tool Data File “Examp1.too”

Tool_sheet
ii. Process Data

Process Data Model

® Manufacturing_feature

® Manufacturing feature

Process Data File “Exampl.dat”
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Program File "Exampl.nc"

DESCRIPTION

FILENAME = "C:¥DH¥WKS.DIR¥APZ WPD¥EXAMP1.NC";
PROGNAME = EXAMP1,
DATE ="09-30-1996";
AUTHOR ="WZL";
}
FILES

PLAN := APZFILE(NAME := 'C¥TESTISO¥INPUT¥EXAMP1.DATY;

CONST

{

PLACEMENTL =  AXIS2 PLACEMENT 3D(  LOCATION=CARTESIAN_POINT(COORDINATES=
[200.0000,100.000,10.0000]));

ORIGIN = SET_ORIGIN(LOCATION = PLACEMENT1);

PLACEMENT2 = AXIS2 PLACEMENT 3D( LOCATION = CARTESIAN_POINT(COORDINATES =
[620.0000,450.0000,300.0000]));

WITHDRAWAL_PLANE = ELEMENTARY_SURFACE(POSITION = PLACEMENT?2);

}

PROGRAM EXAMP1, /I MAIN PROGRAM

EXEC ORIGIN;
EXEC WITHDRAWAL_PLANE;
EXEC PLAN.ROUGH_DRILLING_HOLEL],

EXEC PLAN.DRILLING_HOLEZ;
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Tool Data File "Examp1.too"

DESCRIPTION

FILENAME = "EXAMP1.TOO",
DATE ="09-30-1996";

AUTHOR ="ST/ETH",

CONST

{

[l *** TOOLS ***

TOOL3 = TOOL(

TOOL_TYPE =.GENERAL_TOOL.,

POSITION =7,

NUMBER_OF_TEETH =2,

DIMENSION = TOOL_DIMENSION(

DIAMETER = 12.0000,

EDGE_RADIUS = 0.0000,
EDGE_CENTER_HORIZONTAL = 0.0000,

TIP_LENGTH = 0.0000,

TOOL_TOP_ANGLE = 0.0000,

TOOL_CIRCUMFERENCE_ANGLE = 0.0000,

TOOL_LENGTH = 75.0000);

TECHNOLOGICAL_DATA = TOOL_TECHNOLOGICAL_DATA(

CUTTING_ANGLE = 0.0000,

FREE_ANGLE = 0.0000,

ROTATION_DIRECTION =.CW.,
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CAN_UNDERCUT = FALSE));

/I DRILL 12MM

TOOLS5 = TOOL(

TOOL_TYPE = .GENERAL_TOOL.,
ID="9,
POSITION =9,
NUMBER_OF _TEETH =2,

DIMENSION = TOOL_DIMENSION(
DIAMETER = 34.0000,
EDGE_RADIUS = 0.0000,
EDGE_CENTER_HORIZONTAL = 0.0000,
TIP_LENGTH = 0.0000,
TOOL_TOP_ANGLE = 0.0000,
TOOL_CIRCUMFERENCE_ANGLE = 0.0000,
TOOL_LENGTH = 75.0000),
TECHNOLOGICAL_DATA = TOOL_TECHNOLOGICAL_DATA(
CUTTING_ANGLE = 0.0000,
FREE_ANGLE = 0.0000,
ROTATION_DIRECTION =.CW.,
CAN_UNDERCUT = FALSE));

/I DRILL 34MM
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Process Data File "Exampl.dat"

DESCRIPTION

FILENAME = "EXAMP1.DAT",
DATE ="09-30-1996";

AUTHOR ="BR/WZL";

FILES

TOOL_DATA := APZFILE(NAME = 'EXAMP1.TOO');

CONST

SECURITY_PLANEL = ELEMENTARY_SURFACE(POSITION = PLACEMENT1);

BLOCK = BOX_DIM_TYPE(MIN_VALUES = CARTESIAN_POINT(COORDINATES =

[-320.0000,-150.0000,-101.0000]),

MAX_VALUES = CARTESIAN_POINT(COORDINATES = [0.0000,0.0000,0.0000]));

TEST_WORKPIECE = WORKPIECE(
MANUFACTURING_FEATURES =
[DRILL_HOLE1,BOHRUNG_3,BOHRUNG_4,BOHRUNG_5,BOHRUNG_6],

ITS_MATERIAL =50,

ITS_GEOMETRY = BLOCK),

PLACEMENT1 = AXIS2_PLACEMENT _3D( LOCATION = CARTESIAN_POINT(COORDINATES
= [0.0000,0.0000,5.0000]));

/I FOR SECURITY PLANE 1

PLACEMENT4 = AXI1S2_PLACEMENT_3D( LOCATION = CARTESIAN_POINT(COORDINATES =

[-290.0000.-32.5000,
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-1.0000]));

// FOR DRILL HOLE 1

I1*** MANUFACTURING FEATURES

DRILL_HOLE1 = HOLE(
FEATURE_PLACEMENT = PLACEMENT4,
ITS_ WORKPIECE = TEST_WORKPIECE,
DEPTH = 30.0000,
ID =4,

MANUFACTURING_DATA = [ROUGH_DRILLING_HOLE1, DRILLING_HOLEL1]);

/[ *** TECHNOLOGY ***

TECHNO4 = TECHNOLOGY( FEEDRATE = 400.0, SPINDLE = 1273.0);

TECHNOS = TECHNOLOGY( FEEDRATE = 400.0, SPINDLE = 748.0);

/I *** WORKINGSTEPS ***
ROUGH_DRILLING_HOLE1 = HOLE_DRILLING_MANUF_DATA(

ITS_ID ='ROUGH_DRILLING_HOLEZY',

ITS_FEATURE=DRILL_HOLEL1,
ITS_SECPLANE=SECURITY_PLANEL1,
ITS_TOOL=TOOL_DATA.TOOLS3,
COOLANT=TRUE,
ITS_TECHNOLOGY = TECHNOA4,

RETRACT_PLANE = SECURITY_PLANEZ1);
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DRILLING_HOLE1 = HOLE_DRILLING_MANUF_DATA(
ITS_ID ='DRILLING_HOLEL1®',

ITS_ FEATURE = DRILL_HOLE_1,

ITS_SECPLANE = SECURITY_PLANEI1,

ITS_TOOL = TOOL_DATA.TOOLS,
COOLANT =TRUE,
ITS_TECHNOLOGY = TECHNOS5,

RETRACT_PLANE = SECURITY_PLANE
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[Pocket, Slot]

2-14 Pocket,Slot
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RTINS
A

smaller_hole

(ABS)
Hole
1
Q (J)
Counterbore_hole | Countersunk_hole |

larger_hole

constant_diameter_hole

(L tapered_hole
(> J) pitch

J \
{}( 16, 2, Length_measure }

threading_depth

diameter
—{( 16, 1, Length_measure>

{j( 16, 2, Length_measure )
Round_hole /

change_in_diameter [
mT-——=- M ——— ———— 1
I 1 Taper_select !
et A
| 1 Hole_bottom_condition_select ! 1
b T ____ ! I
TR
(L (J_’ I Diameter_taper | | Angle_taper |
ws |l [ T____ _____ _I _____ )
iti i i angle
Blind_bottom_condition Through_bottom_condition &: final_diameter rl, 9
4

{ 16,1, Length_measure) (16, 5, Plane_angle_measu@

Flat_hole_bottom | R
— — corner_radius

16, 1, Length_measure)
Flat_with_radius_hole_bottom
radius
16, 1, Length_measurej
Spherical_hole_bottom
tip_angle
P_ang 16, 1, Length_measure)
Conical_hole_bottom . tip_radius

INes

C( 16, 2, Length_measure)

{ 4,57 (2.2) )
T first_feature _ , -—
o - X 2, 56, Machining_feature )
| |
ABS
| ( ) second_feature _ , -—
I Transition_feature \ 2,56, Machining_feature )
1
i |
& &
Chamfer Fillet

i

| angle_to_plane

| radius
I——{'J 16, 5, Plane_angle_measure )

—————— —( 16, 1, Length_measure }

—C( 16, 1, Lengthfmeasure)

[Hole, Transition_feature]

2-15 Hole
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{
\

-

17,23, Label

its_list L[1:?7]

{___ 14,95, Toolpath _’)1;;_ ————————— Toolpath_list

its_tool_direction

( 6,59 (1)
N
T
|
|
|
J
its_i 2
(ABS)
its_toolpath Wokingstep
———

.

|
0

1
Elementary_surface !

X >

13,92, Tool_direction_select )

[
|
|
|
|
|
|
A

I}

|
I its_feature
I ___'Fo_ol____‘P its tool (ABS) Rapid_movement
________ - Milling_workingstep
its_technology [
,l. its_strategy
O ____
| Rapid_strategy '_|
1 Lo T .
[Sec_plane,Special]
its_machine_functions
1
I Machine_functions [
L p— ]
I
| coolant
|
I e —
—J Boolean ! -
el | ———[:( 7,60, TwoSD_workingstep )
coolant_pressure
L——— 16,28, Pressure_measure )
e : \
mist L——Y 13, 90, Freeform_workingstep )
———d Boolean |I
axis_clamping L[0:?] its_process_model
—————— K 1723 Label ) | 1 |
| Process_model_list |
L ]
chip_removal i
________ A Boolean |1 .
&4 Boolean | | its_list L[1:?]
|
'J.)
1
Process_model |
N ]
[
} ini_data_file
&) ¢ d |
cutspee -~ \ |
L( 16,8, Speed_measure [ File_type e 1723, Label \)
st T et Nt iy
spindle ¢{ 16,10, Rot_speed_measure
Technology its_type
feedrate
16,8, Speed_measure ~ H —
X peec ) ———X4 Process_model_type !——\(__ilz_&_l-_agel___>
feedrate_per_tooth
C_‘( 16,2, Length_measure )

[Milling_workingstep]

2-16 Workingstep
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N

7, 60 (2,6)

(ABS)

Two5D_workingstep

,.J—r Starting_
point type |

approach

retract

1
~

4

-0 Cartesian_point

its_coordinates

L

{] Approach_retract_strategy

-

F——-Cl

(ABS)
Milling_type_manuf_data

1

-3

Feature_manuf_data

(ABS)

__(X

1

,
.
-0

~
8,61, Planar_face_manuf_data /]

A
———(X 8,62, General_outside_profile_manuf_data }
-

e
——<XX 8,63, Pocket_manuf_data \}
’
——X 9,64, Step_manuf_data \/
~
F——CX 9,65, Slot_manuf_data /I
—— _:1‘ Transition_manuf_data I

I tool_motion_data

&

{10,75, Botlom_and_side_rough_milling/\

N\
10, 70, Generic_manuf_data )

___{X

12, 80, Hole_manuf_data \|
-

ts_coordinates

|
| ~
.

———-L.{ Cartesian_point

1 ——— —{{ 16,1, Length_measure )
grade
i__—{‘ 16,1, Length_measure )
I radius
1
—— ] Helix
i
| angle
|
I—{,( 16,5, Plane_angle_measure )
overlap
T meal T3
“““ G ___Rea ||
————=) Ramp
T
| angle
|
| —| \
——=4 16,5, Plane_angle_measurej
overlap
A meal T
< _Real |
—————C Tool_axis
_____ e Along_path
path
____{\,( 14,95, Tool_path )
J
————— '® Zigzag

T
|
| angle
|
|

—{‘( 16,5, Planeiangleimeasure)

second_corner_point

-___{jl Cartesian_point i

[Two5D_workingstep]

2-17 Workingstep
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(ABS)
8 61 (1) Planar_face_manuf_data

1 tool_motion_data
Planar_face_roughing_manuf_data| C( 10, 71, Plane_rough_milling)

| tool_motion_data
PIanar_face_finishing_manuf_dataI C( 10, 72, PIane_finish_miIIing)

Lo

(ABS)
8,62 (7) General_outside_profile_manuf_data

| tool_motion_data

1
——d Profile_roughing_manuf_data | C( 10, 73, Side_rough_milling)

1 tool_motion_data
Profile_finishing_manuf data | ( 10, 74, Sideﬁfinishimilling)

(ABS)
863 Pocket_manuf_data
1

—d Pocket_plunge_manuf_data

tool_motion_data |j—-jm—----—--—--—-—=---— -

12, 81, Spot_driling_manuf_data )

12, 82, Multistep_drilling_manuf_data )

1 tool_motion_data
Pocket_roughing_manuf_data [ C( 10, 75, Bottom_and_side_rough_milling)

tool_motion_data
Pocket_bottom_finishing_manuf_dat%—oc 10, 72, Plane_finish_milling )
tool_motion_data
Pocket_sides_finishing_manuf_datal—r_‘,( 10, 74, Side_finish_milling )

L4

[Planar_face_manuf_data, Outside_profile_manuf_data, Pocket_manuf_datal]

2-18 Feature_manuf _data
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(; 10,70 (7) ;)
recract_plane "Jr____P_Ie;e____l
Lo d
(ABS)
Generic_manuf_data Sstrategy -"J( 11,79, Milling_type \
1
axial_cutting_depth ~
_____ 3 (ABS) -LJ( 16,2, Length_measure )
4 Plane_milling |
| stepover
L C‘J( 16,1, Length_measure )
( 10,71 (8) )
T
|
o
r 1 finishing_allowance_bottom
-——<(]  Plane_rough_miling I 16,1, Length_measure )
( 10,72 (8,8,9,9) ))
T
|
O
——=] Plane_finish_milling
radial_cutting_depth . \
_____ P (ABS) u( 16,2, Length_measure J
4 Side_milling ———
| axial_cutting_depth _ \
\..( 16,2, Length_measure )
( 10,73 (8) ))
T
|
O
1 - . finishing_allowance_side
———+J4  Side_rough_miling {"( 16,1, Length_measure )
( 10,74 (8,8,9,9) )]
T
&
——— Side_finish_milling
stepover
: P "1( 16,1, Length_measure )
| /
_____ -y (ABS) | ial i h
) Bottom_and_side_milling axial _cutting_dept C'.( 16,2, Length_measure )
I
! radial_cutting_depth :( 16.2, Longth_measure )
( 10,75 (7,8,9,9) )
[
|
9] finishing_allowance_bottom -
| __(y Botom_and_side_ (16,1, Length_measure )
A rough_milling L
| finishing_allowance_side
L C‘,J( 16,1, Length_measure )
1
| __~ Bottom_and_side_ |
A finish_milling }

[Generic_manuf_data]

2-19 Generic_manuf_data
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(: 11,79 (10)

Unidirectional_milling

first_direction

second_direction

|
Direction |

cutmode

Direction i

d

Bidirectional_milling

first_direction

second_direction

first_cutmode

Contour_parallel_milling

spiral_direction

cutmode

first_direction

".{ Bidirectional_and_contour_miIIingIL

second_direction

first_cutmode

spiral_cutmode

d Contour_and_bidirectional_millingI

first_direction

second_direction

first_cutmode

spiral_cutmode

Contour_spiral_milling

rotation_direction _

T
|
L

cutmode

q 17,16, Cutmode_type )

|

C.{ Direction |

:l Direction |
¢ 17,16, Cutmode_type /\
C( 16,12, Rot_direction J\
'S \
L,( 17,16, Cutmode_type )

|

C'.! Direction !

——- |

'C.I Direction |
C( 17,16, Cutmode_type )
{ 17,16, Cutmode_type )

Cl Direction i

-——- |

q Direction |
C( 17,16, Cutmode_type )
(17,16, Cutmode_type )
( 16,12, Rot_direction /\
(_"( 17,16, Cutmode_type )

Center_milling

User_def_milling

[Milling_type]

2-20 Milling_type(
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Milling_type

Bidirectional_milling

Unidirectional_milling (8)’——"” %
~
\74

/N
Contour_paralell_milling \

WY

) &) g
Bidirectional _and_contour_ >~ SK N
milling HR 2’< >

Nl .

L ~ r ™' S Y
Contour_and_bidirectional _ N >_§ ﬂK
milling - Hz k<

N <4

Center_milling O Q

2-21
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retract plane

d Plane i

C

12,80 (7) )

L

(ABS)

feed_on_retract

"'( 16,8, Speed_measure

cutting_depth

Hole_manuf_data

dwell_time_bottom

.':( 16,2, Length_measure

16,4, Time_measure

Drilling_strategy

reduced_cut_at_start

reduced_feed_at_start

I depth_of_first_drilling

N T
G __Real !
Y e mH
< Real ||

reduced_cut_at_end

\_

reduced_feed_at_end

depth_of_last_drilling

<) 16,1, Length_measure
< Real ]

A Real 1

L __Real__|!

16,2, Length_measure

/\ spindle_stop_at_bottom

N

| chip_breaking

~  Boolean | [
"J|_ Boolean J_!

first_depth

| depth_of_step

dwell_time_step

feed_on_retract

spindle_stop_at_bottom

spindle_orientation_at_bottom

depth_of_test_cut

of oo ]
C( 16,1, Length_measure )
C}( 16,1, Length_measure )
C.( 16,4, Time_measure )
C{ 16,8, Speed_measure )
]

CI Direction |

—

waiting_position_for_measuring

X 16,2, Length_measure )

spindle_orientation_at_bottom

q Cartesian_point i

C’ Direction i

compensation_chuck

T
!
1
strategy -
_________ —_
{ 12,81 (8) ]
- /
[
'J'J
____—(:| Spot_drilling_manuf_data
( 12,82 (8)
~.
] |
d’ 1
————— (3 Multistep_drilling_manuf_data
T T
I .
|
I
———— Boring_manuf_data
T
|
H
_____ - Back_boring_manuf_data
_____ 9 Threading_manuf_data
_____ -(}l uUser_defined_hole_manuf_data

[Hole_manuf_data]

2-22 Hole_manuf_data
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Hole_making_motion_data

Spot_drilling

Multistep_drilling

Step_feed Rapid_Step_feed
A l A ! A
| i i ! i I
1 1 1 1
1 1 v !
\
NN SRR
i Aio
! L.A .
| | |
! 1
i |
1
]
1
Boring
:Feed rate
Fine_boring Round_trip_boring Boring E— for cutting
LA P
KN X | >
\ NN
|
1
Spindle_off & Spindle_off
orientation
Back_boring Threading
Tapping Reverse_tapping

Spindle orientation

T

ol I .

]

|

1

i

]

]
\ 1 \
S S

' f i

1 1

Spindle_off & Spindle_off &
Spindle Spindle_off & spindle_on CCW spindle_on CW
on CW orientation
2-23
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2.6

2-24

2-24

fill

7

-

2-24
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(1)

(2)

3)

(4)

2.7

2-6

2-12

2-7

2-24

2-8

2-24

2-24

2-24
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High Level

(1)

(2)

2000 10

data Modeling for Manufacturing Data Management

60
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(3)

4)
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[ ]
[ ]
2-25
EXPRESYXML early
o 1S0 14649
binding Tule l
DTD syntax
Y
Product Modd Data .
—» Manufacturing XML EXPRESS driven Data
" Process Plan
Ao S -
Managem — Management
Technology
- K_Data
_Daa >
ST >
Resource || CNC CNC | | Resource
Daa > | | Factory XML/Web Fectory| | kK Daa_ >
XML XML
Technology — . L Technology
— Scheduling Daa
2-25
%)
Data Model
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°
) 2-26
1S0O 6983 1SO 14649
1SO 6983 CNC DATA MODEL
Sequence
Preparator O
Fuer?ction O Nmber Tool
O Dimensions k'
Feed working
Funcion [P, Spnde steps™ [ Manufacturing
Fanction e Data
u
Fu-lr-%t)ilon O | Miscellaneous Technology
Function M achine .
- defined by Natural Language  Ncprogramme Mmcﬂons > Igcn&cngnnts
- represents manufacturing —yGoode - defined by EXPRESS Language
proces_?;glln;pl|cﬂ}/_f:;»‘-:.::_._.‘.::_._._...:__n NS 810 000 - represents manufacturing processes explicitly
Eglpcﬂg& " cckjlriving& Reusng 168 Seiar | | - suitable for Editing& Archiving&Reusing
2-26

(6) (eXtensible Markup Language)
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(7)

(8)

Data Model

Part21

Part21

Part 21

Part21
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(9)

_I:Z- EXPRESS—Gr
eg1:7] _L-

2-27

I

’h_o_‘

(10)
2-28

C D

#PCDATA
. type.
ins ref | % id.

EMPTY

|
|A h| |A al e, [A f]smee cF

type SET ").
min("

t SELECT"
s)é:gtedltem (G|l-%) Value e (X (Y%
e e
: ty;': empry P
-' ns et | & id.

EMPTY

NOTE: |P ent Elementlncludes|

IChiild_Tag

2-27
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<Parent>...

<Child>...

</Child>
</Parent>

type(“ ENUMERATION)
value (X| )

DTD rep.(Graphical




Document Type Declaration

Mapping Table

CNC DTD for
DATA l CNC DATA

MODE
M?DEL XML file of

NC data

Map

EXPRESS instance

. Edit

to CNC

2-28
2-29
Executable element | [0:?]
1
) 6 (5 (5 executable_data
Manufacturing |its_featur i _ L[17]
_feature o——— Workingstep NC_function Workplan
its_operation é |ts_;'lt1ra\ac{1€|3§ng Machining Manufacturing
Machinim =m0 Strategy~ _information
ng_ its_tool manufactured
operation - e
o| Cutting_tool Part artS[1:
its_Technology 5 = owned_by
arson_in erson
L o n_in_ 5  _person |
Technology organization
. . . owned_by
its_machinefunctions Machine Organization organization
functions
2-29

66



2-30

Workingstep

typeidentifier(“Manufacturing_feature”)
basetype(“ENTITY ")

ier(“Executable”)
ENTITY")
(“LIST")

Workingstep.
its_operation

typeidentifier(“MachiningOperatior

Workingstep.
P basetype(“ENTITY")

its_feature

typeidentifier(“Manufacturing_feature”)
href.
T
Machine
_operation.
its starateqy]

typeidentifier(“Machining_strategy”) ins-ref | typeidentifier¢ Cutting_tool”)
refid.

Machine_
operation_| id.

1
Machine

typeidentifier“Cutting_tool” >
" operation.
m

basetype("ENTITY")

typeidentifier
basetype(' EN

=

prrnpoee|

“MachineFunctions)
il

“Machining_strategy"”)
{ Machining strategy)

Manufacturing

i baset: “ENTITY” H typeidentifier(“Person_in_organization") typeidentifier(“Organization”)
M ?gfﬁfgltjlggg ;yper;d::(ltlizi:.,a)n)) _inform 3 basetype(‘ENTITY") formationowned_ | pacetype(“EN n—&v.)
manufactured part "?,9"(‘%") owned by person by organization

+

Pelf;i)gidemiﬁer(“Parl") ggg|den\ifier(“PersonJniorgamzatlori')

tyFelden\ifiel(“ Organization”)
refid.

2-30 XML DTD

(11)

<manufacturing_feature id="SLOT1">
<manufacturing_feature.id type="SIMPLE">
<String>SLOT1</String>
</manufacturing_feature.id>
<two5D_manufacturing_feature>
<machining_feature>
<machining_feature.manufacturing_data type="LIST" min="0"
basetype="two5D_workingstep">
<ins_ref type="slot_rough_milling" refid="slot1_rough" />
</machining_feature.manufacturing_data>

<slot>

67



<slot.course_of_travel>
<ins_ref type="contour" refid="contourl" />
</slot.course_of_travel>
<slot.width>
<ins_ref type="length_measure" refid="length2" /> </slot.width>
</slot>
</machining_feature>
</two5D_manufacturing_feature>
</manufacturing_feature>
<length_measure id="lengh2">
<length_measure.theoretical_size type="REAL" >
20.0 </length_measure.theoretical_size>
</length_measure>
<contour id="contourl">
<contour.segments type="LIST" min="1" basetype="contour_type">
<ins-ref type="contour_type" refid="polyl" />
</contour.segments>
</contour>
<contour_type id="poly1">
<ins_ref type="polyline" refid="polylinel" />
</contour_type>
<workingstep id="slotl_rough">
<milling_workingstep>
<two5D_workingstep />
</milling_workingstep>
</workingstep>
(12)
2-31
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<Xxml verson="1.0" 7>
<IDOCTYPE Technol 0@/
ST EM

"i5014649.did" > s ol e

<Technolog _DaIfeat ="l OT1%> =1 Technology_Data

< A ure I "n n .

<iQ b b ISR 4 “ﬁlslntl 4/attnbutevalue
<twebD_mél ufacturmg feature> @ iet

<machining_feature> &

:; ea'fﬂ? emem>aX|5100 & [ feature_placement

:l/ttsgwor |ece>example2 workpiece % [ its_workpiece

T2 depth> 03 example2
<manufactur|n§ datatépe:"set n="0" & ] depth

wobD Workln step''>
<ins _ref type="s|o%, roug II ing" gstep

refid="slofl_rough"
<é|m?nufacturmg date>

©- [ manufacturing_data
@ [ course_of fravel

@ [ |angth_rreasure
<course of travel>

® [ |length_rmeasure

</|ns réf‘tyP(;.: contour” refid="contourl" /> % [theoretical_g

< >

Slone of_travel Cilion 4

<ins ref type="length_measure"/> @ [ segments
</width> & [ theori? 3 lerfth_rmeasure

[y 2 @ [ theoretical_sizd
& [Heontol] Oy |1 50
® [ milling_workingstep
2-31 XML NC
(13)
[ )
[ ]
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2.8

2-32
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CAM)

€
2,

CAM

CAM

CAM

2-32
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NC

o
‘ ‘ Workingsteps
(STEP AP224)

(STEP AP203)

| r utting Tool Stratlm
Operation Data of Workingsteps

1o

volumetric Features

HoIe Slot,Pocket,etc @Q

Planar_face Step,
etc

Non Volumetric Features .
Surface_finish, (S-CAM) described
Tolerances,etc by 1SO14649

2-33

2-33
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1)

2-34

AP24) NC AP2 )
NC Workingseps
(AD > >
A
—> A2) CNC 1014649
N NC
AP2B)
il (A3
|
l CAM
—> —
(A9 (Ad)
ot
2-34
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2-36 2-37
2-38

Workingsteps Workingsteps

Geometry Data of Model Part

g

<t—r> —O

180
120

I!’I‘fl

Cc-C

'?""—"I

2-35

(] Workingsteps

(2)
2-35
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2-36

[Hole_1]
Countersunk_hole
[Hole_3] Compound_feature

Round_hole  Counterbore_hole

Categorize Machining Design Features [A21] (Continued)

[Hole_11]*2 (D) D(0,+1,0)

Countersunk_hole [Slot 4] (D) A(0,0,+1)
Jlot C(-1,+1,0)
)

[Thread_3]*2 (D)
[Hole_1]*2 (A)

Countersunk_hole

[Pocket_2] (A or B
General_cutout

[Head_2] (A)
Planar_face
7

@

[Head_3] (C) [Hole_2] (A)
Planar_face Compound_feature
[Round_hole+ Counterbore_hole]

SO =)
Slot

[Hole_4]*2 (A)
Countersunk_hole

B00-1)  E(0-10)

[Hole 6]*2 (A)
Countersunk_hole

[Slot_1] (A)
Slot

[Step_1] (A)
Step

[Hole_9]*2 (C)
Countersunk_hole

‘a [Hole 7]*2 (A)

[Hole_8]*2 (A)
Countersunk_hole

Countersunk_hole

N
[Hole_3] (A)
Compound_feature
[Round_hole + Counterbore_hole]

[Side_1] (A or B)

: . [Boss_1] (A)
General_outside profile

Rectangular_boss

L—U /
[Head_1] (B) [Pocket_1] (A) [Hole_10]*2 (E) [Thread_2]*2 (E) | | [Slot_3] (E)
Planar_face Rectangular_open_pocket|| Countersunk_hole || Thread Slot

2-36
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3)

® Create Strategy of Process Plan
® Modify Machining Design Feature
® Assign Machining Design Feature to Each Process

® Generate Machining Process Feature

I:I: Existing Data Model - : New Data Models

Requirements to

Slra(eg‘y of Process Plan
Process Planning for Tolerance ﬁ

identify [Machining Process Design]
1.Strategy for > Sequence of
s f " d Machining .
Create |— Sequence of Machining Process(es) and —j Frocese g s
Type of Machine Tool for Each Process and Type of Machine Tool
Strateg){ of A232 for Each Process
P Machining
2.Strategy for
Process | Assigning Features
— to Each Process
N A2 Data Model for Computerized
Manufacturing | ©AM Numerical Controller
Model Data Modify Engineer [ISO 14649]
of Machining Machining
Design Feature Design
with
Feature Modified Model Data —
Feature Group
A233 of
Design Feature Assign
with Feature Group Machining Design
cAM Feature
3.Strategy for to Each Process
Clamping Position A234
and Method
of Each Process T Mode! bata of
Manufacturing lodel Data o
Engineer CAM Machining Design
Feature assigned to
Manufacturing Each Process
Engineer
Generate
y Machining [Machining Process Design]

o Process | Model Data of Machining
Ly ndicate Feature Process Feature
Clamping assigned to Each Process
Position and 1 A235
Method b
2230 [Machining Process Design]
— Clamping Position
and Clamping Method
ing CAM o
Engineer
Node: A23 | Title: Design Machining Process(es) Number: 5

2-37

(4) Workingstep

® Determine Actual Machine Tool for Each Process

® Design Workingsteps and Generate Cutting Tool Strategy for Feature of

76




Each Process
® Determine Sequence of Workingsteps for Each Process

® Determine Operation Data of Workingsteps for Each Process

Workingsteps 2-37 2-38
Workingsteps (Operation Type) Cutting Tool Strategy
(Tool Body) (Tool Path Strategy)
Head_2 Head_2_rough,Head_2_Finish

Workingsteps
Head_2_Rough Workingsteps Facemill
Plane_rough_milling

Workingsteps

77



I:I: Activities which have Child Diagrams I:I Existing Data Model - New Data Model
Machining Resource
Database Data Model for Computerized
Numerical Controller
l l [1SO 14649]

[Machining Process Design] Determine [Machining Process Design]
Machining Process(es) > Actual Machine Tool » Actual Machine Tool
and Type of Machine Tool for Each Process for Each Process
for Each Process

A241
Machining
[Machining Process Design] Techn
Model Data of Machining Database
Process Feature
assigned to Each Process
A,
Design Workingsteps ™
and Generate \évcrkmgTste:)Z with
Cutting Tool Strate: utting Tool Strategy
fg B 9y $ 1.Cutting Tool Body
(87 SRS 2.Tool Path Strategy
of Each Process 3.0peration Type
A242 L 3
Determine
Manufacturing Sequence of Sequence of
Engineer P Workingsteps Workingsteps
for Each Process
A243
[Machining Process Design]
Clamping Position
and Clamping Method l
Determine
Operation Data Opearion Data
of Workil —> of rkingstep:
for Each Process
A244
CAM T
Node: A24  [Title te Wor for Pr Number: 6

2-38 Workingstep

Workingsteps
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Design Workingsteps and Generate Cutting Tool Strategy for Features [A242]

Examples of Workingsteps for the 2nd Process

Process Machining Process Features
Id No Type Seq 1D of Workingstep Tool Body | Tool Path Strateg Operation_type
Head 2 [ 1 Planar face —p 1 Head 2 Rough Eacemill Bidirection Plane _rough_milling
2 Head2 Finish Facemill Unidirection Plane finish_milling
Pocket 101§ 1 Open pocket with Boss
|| L1Pocket 102 Plunqirillirlﬂist drill Drilling Drilling
Pocket 102] 1 Closed pocket 2 Pocket 102 Rough Endmill Contour _parallel | Bottom _and_side_rough_milliny
3 Pocket 102 Finish | Endmil Contour parallel | Bottom and side finish millin|
Ssota T 1 Slot
sot2 |1 Slot L] Teeslot 1 Siot Rough | Endmil Center_milling
v& Teeslot 1 Tee-slot Roucy T slot_mill Center_milling
Teeslot 1 1 Slot 3] Teeslot 1 Slot Finish Endmil Center_milling
L4 ] Teesslot 1 Tee-slot Finisf T slot mill Center_milling

!}

Endmill Contour_parallel Side_rough_milling
Hole 102 | 1 | Compound feature Countersink Drilling Counter_sinking
Boring tool Boring Boring
2nd Hole 103 T 1 1l Compound feature
Hole_104 2 Compound_feature 1 Hole 102 Drilling Twist_drill Drilling Drilling
2 Hole 102 Boring Boring ool Boring Boring
Hole 105 2 || Compound featurevith Thread \ 3 | Hole 102 Counter sinking Countersink Drilling Counter_sinking
Hole 1@ 2 1 Compound feature 1 Hole 105 Drilling Twist_drill Drilling Drilling
2 | Hole 105 Counter_sinking Countersink Drilling Counter_sinking
step 1 | 1] Step \ 3 Hole 105 Tapping Tap Taping Tapping
Hole 106 | 2 Compound feature 1 Step 1 _Plane Rough Eacemill Bidirection Plane _rough_milling
2 Step 1 _Side Rough Endmill Contour_parallel Side_rough_milling
Hole_108 2 Compound_feature 3 Step 1 _Plane_Finish Facemi Plane_finish_milling
|_Side 101 1 General _outside_profile 4 Step 1 Side Finish Endmill Contour parallel | Bottom and side finish_mill
[ sige 103 T2 T ceneral outside profie |
Head 3 1 Planar_face 1 Hole 106 Drilling Twist_drill Drilling Drilling
Hole 109 § 2 Compound_feature 2 | Hole 106 Counter si Countersink Drilling Counter_sinking
3 Hole 106 Reaming Reamer Boring Reaming

2.9

2-39
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1)
the Model Driven Intelligent Control of
Manufacturing
Technology Administration

1999 10 Advanced Technology Project 290
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(2)
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2-40

Lockheed

‘Baosing

GM

Ford

NE Milling NG Tuming

CAFP

2-40

Product Data

1984

Exchange Specification

15
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Martin Hardwick 100

2-41
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STEP-NC is integrated

geometry workpiece workplan
J S[0:?] J L[0:7]
geometry machining_feature |~ machining_workingstep
1) S[0:?]
™ 1 1 ]
pocket plane hole region machining_operation
1| Lo
1 T
plane_milling side_milling drilling tool
geometry toolpath |* technology
1
..... ; T )] strategy
cutter_contact_trajectory cutter_location_trajectory parameterised_path
2-41
workpiece machining_feature

machining_workingstep
machining_operation
tool drilling plane_milling
toolpath

The Super Model Database

FBMach Process Planning System

FBMach feature-based machining
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FBMach
2000 2000 11
FBMach

STEP Tools workingsteps workingstep-methods workingstep actions

ST Repository

2000 5

e-manufacturing
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Tools

eXtensible Markup

Language
Hyper Text Markup Language
2000 5 Industrial Review Board STEP Tools
(3
Down To The
Super Model
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2-42

Electro-Mechanical Integrators Inc. of Franconia

2-42

87



STEP Tools

(Open Modular Architecture Control)

General Dynamics Land

Systems Jet

Propulsion Laboratory

(4)
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Fard Gl Boeing Lt ke

CAD CAD CAD CAD
Systam 1 Systam 2 Syslem 3 Systam 4
ETEF reetu FTEF ndwrtnce STEF i s FFEP terians-

ETEP it [ﬁrmu ] !l-'l'ﬁl'm |EIIPIleI'm

Supplier 1 Supplior 2 Supplier 3 Supplior 4
s s | "--|;:;;;ra ‘—|;:;;f:::=a
Cam CAPP HE Milling HE Tuming

[ One astabase replaces hundreds of POM files |

2-43 P
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3.1

3.11

3.1.2

91



3.2

Exchange of Product model data

3.3

92

STandard for the

1994



3.3.1
1986

1992

Document Type Definition element

<IDOCTYPE memo [

<IELEMENT memo -- (title,section,date,content)>
<IELEMENT title -O (#PCDATA)>
<IELEMENT section -O (#PCDATA)>
<IELEMENT date -O (#PCDATA)>
<IELEMENT content -O (#PCDATA)>
1>

<memo>

<title> </title>

<section> </section>
<date> 11 20 </date>
<content>

</content>
</memo>

3-1 SGML
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3-1

3-1 <IDOCTYPE memo[ ... ]>

"<IELEMENT"
II>II
<.> <...>
3-1 2 "memo" title,section,date,content
title,section,date,content 3 6
#PCDATA
-- ".Q" - O

3.3.2
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3.3.3

(Hypertext Markup Language) World Wide Web

(eXtensible Markup Language;

1998 2 (World Wide

Web Consortium)

95



3-2

well-formed document)

<?xml version="1.0" encoding="shift_JIS' 7>
<memo>

<title> <ftitle>
<section> </section>
<date> 11 20 </date>
<content>
</content>
</memo>
3-2 XML
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34

® Internet Explore5.0

Part28

Part28

35

® Java

Netrscape5.0

97



351
3-3

Part1201

Part21 29

i

3-3

part
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(1)

Part21
Partll/Part21
(2) Partll

Partll

99

Partll



attribute

ENTITY point;
X : REAL;
- REAL,;
: REAL;
END_ENTITY;

3-4

100



ENTITY

DERIVE ...
INVERSE ...
UNIQUE ...
WHERE ...
END_ENTITY;

3-4

DERIVE

UNIQUE

entity

flower

101

INVERSE

WHERE

supertype entity

subtype



TYPE color = ENUMERATION OF (white,red,pink,yellow,bule);

END_TYPE;

ENTITY flower;
ABSTRACT SUPERTYPE OF ( ONEOF(rose,violet,lily,chery));
flower_color ; color;

END_ENTITY;

ENTITY rose;
SUBTYPE OF (flower);
rose_attr:STRING;
END_ENTITY;

ENTITY violet
SUBTYPE OF flower ;
violet_attr:STRING;

END_ENTITY

person employee

student

ENTITY person;
SUPERTYPE OF (employee ANDOR student);
name : STRING,;
age : INTEGER;
address : STRING;
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END_ENTITY;

ENTITY employee;
SUBTYPE OF (person);
employee_attr:STRING;

END_ENTITY;

ENTITY student;
SUBTYPE OF (PERSON);

student_attr:STRING;

END_ENTITY;
person male female
citizen alien

ENTITY person;
SUPERTYPE OF ( ONE OF(male,female) AND ONE
OF(citizen,alien));
name : STRING,;
age : INTEGER;
address : STRING;

END_ENTITY;

ENTITY male;
SUBTYPE OF (person);

male_attr:STRING;
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END_ENTITY;

ENTITY female;
SUBTYPE OF (person)
female_attr:STRING;

END_ENTITY;

ENTITY citizen;
SUBTYPE OF (person);
citizen_attr:STRING;

END_ENTITY;

ENTITY alien;
SUBTYPE OF (person);
alien_attr:STRING;

END_ENTITY;

ENTITY nurbs_curve;
SUBTYPE OF
(b_spline_curve_with_knots,rational_b_spline_curve);

END_ENTITY;
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NUMBER REAL
STRING BOOLEAN
BINARY

ENTITY person;
name: STRING,;
age : INTEGER,;
address : STRING;

END_ENTITY;

ARRY LIST BAG

a_bag_of point : BAG OF point;

a_set_of point: SET OF point;

point
ENTITY line;
pO : point;

pl : point;

105

INTEGER
LOGICAL

SET



END_ENTITY;

TYPE
TYPE volume = REAL;

END_TYPE;

ENTITY structure;
bulk : volume;

END_ENTITY;

ENUMERATION SELECT

TYPE car_move = ENUMERATION OF (forword,back,left,right);
END TYPE;

TYPE attachement = SELECT(nail,screw) ;

END_TYPE;

ENTITY nail;
length : REAL ;
head_area : REAL ;

END_ENTITY;

ENTITY screw ;
length : REAL;
pitch : REAL;
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END_ENTITY;

3-5

SCHEMA

SCHEMA
CONSTANT
TYPE ...
ENTITY ...
FUNCTION ...
PROCEDURE ...
RULE ...

END_SCHEMA,

CONSTANT

thousand : NUMBER := 1000;

milion : NUMBER := thousand**2 ;

107



END_CONSTANT;

ALIAS CASE ESCAPE

IF REPEAT RETRN SKIP

(3) Part21

Part21 Clear text encoding of the exchange structure

Partll

1SO10303-21; END-1S010303-21;

ASCII

108



SO-10303-21;
HEADER,

ENDSEC,;
DATA;

ENDSEC;
END_ISO_10303 21;

3-6

ENTITY widget;
i1l:INTEGER;
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bn:BINARY;

s1:STRING(3);

s2:STRING;

| :LOGICAL;

b :BOOLEAN;

rl:REAL(4) ;

r2:REAL;
END_ENTITY;

#10 = WIDGET(10,"123FBD",'/ABC','XYZABCDEFG',.T.,.F.,5.000,5.4321) ;

LIST ARRAY e 1
2 3

LIST
ENTITY widget;
attl : LIST[0:?] OF INTEGER;
att2 : LIST[1:?] OF INTEGER;
att3 : OPTIONAL LIST[1:?] OF INTEGER ;
att4 : REAL;

END_ENTITY;

#20 = WIDGET((),(10,20,30),$,12.5);

empty list (list with zero element)
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ARRAY
ENTITY widget

att1:ARRAY [-1:3] OF INTEGER;

att2:ARRAY [1:5] OF OPTIONAL INTEGER ;

att3:ARRAY [1:2] OF ARRAY [1:3] OF INTEGER ;
END_ENTITY;

#30 = WIDGET((1,2,3,4,5),(1,%$,3,4,5),((1,2,3),(10,20,30)));

SET
ENTITY widget;

a SET OF INTEGER;;
END_ENTITY;

#40 = WIDGET((1,2,3)) ;
#41 = WIDGET((0,$,2));

#42 = WIDGET((0,0,3));

BAG
ENTITY widget;
b BAG OF INTEGER;

END_ENTITY;

#50 = WIDGET((1,2,3));
#51 = WIDGET((10,11,12,$,14,15,16));

ENTITY part ;
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attl LIST [0,3] OF REAL;
size: REAL ;

END_ENTITY;

ENTITY widget;
id : NUMBER;
pp : part;

END_ENTITY;

#60 = PART((1.1,2.2,3.3),100.23) ;
#61 = WIDGET(10,#60);

TYPE
TYPE
typel = INTEGER;

END_TYPE;

TYPE
type2 LIST [1:2] OF REAL;

END_TYPE;

ENTITY widget;
att : REAL;
attl : typel;
att2 : type2;

END_ENTITY;

#70 = WIDGET(10.5,3,(11.1,22,2)) ;
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ENUMERATION
TYPE
color= ENUMERATION OF (red,white,green,blue);
END_TYPE;

ENTITY widget;
p_color : color;

END_ENTITY ;

#80 = WIDGET(.RED.) ;

TYPE
size = SELECT (area,radius);

END_TYPE;

TYPE
area : REAL ;

END_TYPE;

TYPE
radius : REAL ;
END TYPE;

ENTITY circle;
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Il : size;

END_ENTITY;

303 AREA CIRCLE
#90 = CIRCLE(AREA(30.3));

DERIVED

ENTITY yy;
yl REAL:
y2 REAL;
y3 REAL;

END_ENTITY;

ENTITY xx;
x1l yy;
X2 yy,
X3 yy;
DERIVE
attl REAL:=ff_function(x1,x2);
att2 REAL:=Ill_function(x2,x3);

END_ENTITY;

#100 = YY(10.1,20.2,30.3) ;

#101 = YY(100.1,200.2,300.3);
#102 = YY(100.1,2000.2,3000.3) ;
#103 = XX(#100,#101,#102) ;
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internal mapping

external mapping

# 1 2
# AA('XYZ")BB(10,20.5)CC(#10)
)
et
CONSTANT
3.5.2 Java
(1) Java
Java
Java
°
)
°
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(2)

Java

3-7

package
{}
3-7
)
3-8
import
import *
3-8
3-8
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(3)

Java

°

Java byte short int long char float double

10 16 8

°

Java

Java

°

Java

3-9
{ }
3-9
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4)

Java

3-10

interface extends

{3

3-10

public  abstract

abstract

Java

extends

(5)

3-11
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class extends implements
{
{3}
3-11
public abstract final
Java
extends
Java API
java.lang.Object implements
[

scope

3-12
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{}

3-12
public protected final private static
3-13
} ( {throws }
{1}
3-13
void
throw

abstract static

public protected final private
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(6)

Java

Kit

3.6

3.6.1

Application Programming Interface

3-14

121

Java Development



T o= ] =

3-14
Part21
Part21 Part21
Part21 Java
Java Part21

ava
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3.6.2

3-15

L EXPRESS

XML |
_| I start.javamode java
example
example_type
— STEP |
step.java,enumeration.java
logical .java
util java
tool.java
3-15
Java
Part21
Part21 Java
model.java

123

Part21



Java

start.java

Part21 model.java

Java

3-15 "example” example

example_type

step.java STEP

enumeration.java

logical.java

util.java

tool.java

3.6.3

model.java

Ilstepll
step step

3-16

124



fina

first ﬁsu il |

Z;h successing ==

= successing|
[ = V]
=¥ successing|
o
Java
3-16
STEP step
Java USEDIN
TYPEOF
3.6.4 EXPRESS Java
Java
Java
Part21
Part21
Java Part21

125

step



Part21

Java  package

Java
Java
null
Part21
ABSTRUCT SUPERTYPE Java
SUBTYPE
extend
implements
interface

126

Java

abstract

extends



ONEOF

SUBTYPE
AND,ANDOR
Part21 ANDOR
Java Part21 Java
CONSTRUCT
CONSTRUCT

SUBTYPE OF
Entity

NUMBER

Java  double
REAL

Java  double

INTEGER
Java int
STRING

Java  String

BINARY

Java

LOGICAL

Java UNKNOWN Java
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® BOOLEAN
Java  boolean

® ARRAY LIST SET BAG

o TYPE

REAL,INTEGER,STRING
double,int,String
ENUMERATION
Java

SELECT

Java

implement

Java

enumeration

Java

util.java

Part21

Part21

Java  Object

< >
ENTITY point;

X:REAL;
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V:REAL;
Z2:REAL;
END_ENTITY;

<Java >
package example;
import step.*;
import example_type.*;
public class point extends step{
/I field: point
public double x ;
public double y ;
public double z ;
public point(){ }
public point(double argl,double arg2,double arg3){

x=argl,;
y=argz2;
z=arg3;
}
}
2
< >

TYPE attachement = SELECT (nail,screw) ;

END_TYPE;

ENTITY nail;
length:REAL;

head_area:REAL;
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END_ENTITY;

ENTITY screw ;
length:REAL,;
pitch:REAL;

END_ENTITY;

<Java >
package example;
import step.*;
import example_type.*;
public class nail extends step implements attachement{
/I field: nail
public double length ;
public double head_area ;
public nail(){ }
public nail(double argl,double arg2){
length=arg1l;

head _area=arg2;

package example;
import step.*;
import example_type.*;
public class screw extends step implements attachement{
I/ field: screw
public double length ;
public double pitch ;
public screw(){ }

public screw(double argl,double arg2){
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length=arg1l;

pitch=arg2;

package example_type;

public interface attachement{}

< >

TYPE color = ENUMERATION OF (white,red,pink,yellow,bule);
END_TYPE;

ENTITY flower;
ABSTRACT SUPERTYPE OF ( ONEOF(rose,violet,lily,chery));
flower_color:color;

END_ENTITY;

ENTITY rose;
SUBTYPE OF (flower);
rose_attr:STRING;

END_ENTITY;

ENTITY violet
SUBTYPE OF (flower);
violet_attr:STRING;

END_ENTITY;

131



<Java >
package example;
import step.*;

import example_type.*;

abstract public class flower extends step{

/I field: flower
public color flower_color ;
public flower(){ }
public flower(color argl){

flower_color=argl;

package example;
import step.*;
import example_type.*;
public class rose extends flower{
Il field: rose
public String rose_attr ;
public rose(){ }
public rose(color argl,String arg2){
super(argl);

rose_attr=arg2;

}

package example;

import step.*;

import example_type.*;

public class violet extends flower{

Il field: violet
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public String violet_attr ;

public violet(){ }

public violet(color argl,String arg2){
super(argl);

violet_attr=arg2;

package example_type;
import step.*;
public class color extends enumeration{
public color(String argl){
super(argl);

super.enume=".white.red.pink.yellow.bule.";

< >
ENTITY b_spline_curve;
degree : INTEGER;

control_points_list : LIST [2:?] OF point;

curve_form . STRING;
closed_curve : LOGICAL;
self_intersect : LOGICAL;
END_ENTITY;

ENTITY b_spline_curve_with_knots;
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SUBTYPE OF (b_spline_curve);

knot_multiplicities : LIST [2:?] OF INTEGER;

knots : LIST [2:?] OF REAL;
knot_spec : STRING;
END_ENTITY;

ENTITY rational_b_spline_curve;
SUBTYPE OF (b_spline_curve);
weights_data : LIST [2:?] OF REAL;

END_ENTITY;

ENTITY nurbs_curve;
SUBTYPE OF (b_spline_curve_with_knots,rational_b_spline_curve);
END_ENTITY;

<Java >
package example;
import step.*;
import example_type.*;
public class b_spline_curve extends step{
/I field: b_spline_curve
public int degree ;
public point [] control_points_list ;
public String curve_form ;
public logical closed_curve ;
public logical self_intersect ;
public b_spline_curve(){ }
public b_spline_curve(int argl,point[] arg2,String arg3,logical arg4,logical arg5){
degree=argl;

control_points_list=arg2;
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curve_form=arg3;
closed_curve=arg4,

self_intersect=arg5;

package example;
import step.*;
import example_type.*;
public class b_spline_curve_with_knots extends b_spline_curve{
/I field: b_spline_curve_with_knots
public int [] knot_multiplicities ;
public double [] knots ;
public String knot_spec ;
public b_spline_curve_with_knots(){ }
public b_spline_curve_with_knots(int argl,point[] arg2,String arg3,logical
arg4,logical arg5,int[] arg6,double[] arg7,String arg8){
super(argl,arg2,arg3,arg4,arg5);
knot_multiplicities=arg6;
knots=arg7;

knot_spec=arg8;

package example;

import step.*;

import example_type.*;

public class rational_b_spline_curve extends b_spline_curve implements
rational_b_spline_curve {

/I field: rational_b_spline_curve
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public double [] weights_data ;
public rational_b_spline_curve(){ }
public rational b spline_curve(int argl,point[]] arg2,String arg3,logical
arg4,logical arg5,double[] arg6){
super(argl,arg2,arg3,arg4,argb);

weights_data=arg6;

package example;
import step.*;
import example_type.*;
public class nurbs _curve extends b _spline_curve with_knots implements
rational_b_spline_curve {
/l field: rational_b_spline_curve
public double [] weights_data ;
/I field: nurbs_curve
public nurbs_curve(){ }
public nurbs_curve(int argl,point[]] arg2,String arg3,logical arg4,logical
arg5,int[] arg6,double[] arg7,String arg8,double[] arg9){
super(argl,arg2,arg3,arg4,arg5,arg6,arg7,arg8);

weights_data=arg9;

package example_type;

public interface rational_b_spline_curve {}

5 ANDOR
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ENTITY person;
SUPERTYPE OF (employee ANDOR student);
name:STRING;
age:INTEGER;
address:STRING;

END_ENTITY;

ENTITY employee;
SUBTYPE OF (person);
employee_attr:STRING;

END_ENTITY;

ENTITY student;
SUBTYPE OF (person);
student_attr:STRING;

END_ENTITY;

ENTITY employee_and_student;
SUBTYPE OF (person)
CONSTRUCT OF (employee,

person,
student);

END_ENTITY;

<Java >

package example;

import step.*;

import example_type.*;

public class person extends step{

/I field: person
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public String name ;

public int age ;

public String address ;

public person(){ }

public person(String argl,int arg2,String arg3){
name=argl;
age=arg2;

address=arg3;

package example;
import step.*;
import example_type.*;
public class employee extends person{
/I field: employee
public String employee_attr ;
public employee(){ }
public employee(String argl,int arg2,String arg3,String arg4){
super(argl,arg2,arg3);

employee_attr=arg4;

package example;

import step.*;

import example_type.*;

public class student extends person{
/I field: student

public String student_attr ;
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public student(){ }

public student(String argl,int arg2,String arg3,String arg4){

super(argl,arg2,arg3);

student_attr=arg4;

package example;
import step.*;
import example_type.*;
public class employee_and_student extends person{
/I field: employee
public String employee_attr ;
// field: student
public String student_attr ;
public employee_and_student(){ }
public  employee_and_student(String  argl,String
arg4,String arg5){
super(arg2,arg3,arg4);
employee_attr=argl;

stu dent_attr=arg5;

}
}
3.6.5 Part2l Java
Part21 Java
[ Java
() Java
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e = new

Part21

ENTITY widget;
il:INTEGER,;
s2:STRING;
| :LOGICAL;
b :BOOLEAN;
r2:REAL;

END_ENTITY;

<Part21 >

#10 = WIDGET(10,'’XYZABCDEFG',.T.,.F.,5.4321) ;

<Java >

widget e10=new widget(10,"xyzabcdefg"new logical(".t."),false,5.4321) ;

2 LIST

ENTITY widget;

attl : LIST[0:?] OF INTEGER,;
att2 : LIST[1:?] OF INTEGER,;
att3 : OPTIONAL LIST [1:7] OF INTEGER ;

Java

140

Java



att4 : REAL;

END_ENTITY;

<Part21 >

#20 = WIDGET((),(10,20,30),$,12.5);

<Java >

widget e20=new widget(new int[]{},new int[]{10,20,30},null,12.5);

3 ARRAY

ENTITY widget;
attl ARRAY [-1:3] OF INTEGER;
att2 ARRAY [1:5] OF OPTIONAL INTEGER;
att3 ARRAY [1:2] OF ARRAY [1:3] OF INTEGER ;

END_ENTITY;

<Part21 >

#30 = WIDGET((1,2,3,4,5),(1,%$,3,4,5),((1,2,3),(10,20,30)));
<Java >

widget e30=new widget(new int[]{1,2,3,4,5},new int[[{1,0,3,4,5},new

int[][]{{1,2,3},{10,20,30}});

4 SET

ENTITY widget;
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A :SET OF INTEGER ;

END_ENTITY;

<Part21 >
#40 = WIDGET((1,2,3)) ;
#41 = WIDGET((0,0,2));

#42 = WIDGET((0,0,3));

<Java >
widget e40=new widget(new int[[{1,2,3});
widget e41=new widget(new int[]{0,0,2});

widget e42=new widget(new int[[{0,0,3});

5 BAG

ENTITY widget;
b : BAG OF INTEGER;

END_ENTITY;

<Part21 >
#50 = WIDGET((1,2,3));

#51 = WIDGET((10,11,12,0,14,15,16));

<Java >

widget e50=new widget(new int[[{1,2,3});

widget e51=new widget(new int[]{10,11,12,0,14,15,16});

ENTITY part ;
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attl LIST [0:3] OF REAL;
size: REAL ;

END_ENTITY;

ENTITY widget;
id : NUMBER;
pp : part;

END_ENTITY;

<Part21 >
#60 = PART((1.1,2.2,3.3),100.23) ;

#61 = WIDGET(10,#60);

<Java >
part e60=new part(new double[]{1.1,2.2,3.3},100.23);

widget e61=new widget(10,e60);

7 TYPE

TYPE
typel = INTEGER;

END_TYPE;

TYPE
type2=LIST [1:2] OF REAL;

END_TYPE;

ENTITY widget;
att : REAL;

attl:typel;
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att2:type2;

END_ENTITY;

<Part21 >

#70 = WIDGET(10.5,3,(11.1,22.2)) ;

<Java >

widget e70=new widget(10.5,3,new double[]{11.1,22,2});

TYPE
color= ENUMERATION OF (red,white,green,blue);

END_TYPE;

ENTITY widget;
p_color : color;

END_ENTITY ;

<Part21 >
#80 = WIDGET(.RED.);

<Java >

widget e80=new widget(new color(".red."));

TYPE
size = SELECT (area,radius);

END_TYPE;
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TYPE
area : REAL;

END_TYPE;

TYPE
radius : REAL;

END TYPE;
ENTITY circle;
Il : size;

END_ENTITY;

<Part21 >

30.3 AREA CIRCLE

#90 = CIRCLE(AREA(30.3));

<Java >

circle e90=new circle(new Double(30.3));

3.6.6 XML

1.0 version 1.0

encoding "Shift-JIS"
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<?xml version="1.0" encoding="Shift_JIS" ?>

XML

Model

Model
3-17
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Modd

entity

entity_name

Entity attr 1

Entity_attr n

3-17 Model

application_context

<entity>

<entity_name>application_context</entity_name>

<application>configuration controlled 3d designs of mechanical

assemblies</application>

</entity>
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application_context application_protocol_definition

- <entity id="el10">

<entity_name>application_context</entity_name>

<application>configuration controlled 3d designs of mechanical parts and
assemblies</application>

</entity>
- <entity id="e20">

<entity_name>application_protocol_definition</entity_name>

<status>international standard</status>

<application_interpreted_model_schema_name>config_control_design</application

_interpreted_model_schema_name>
<application_protocol_year>1994</application_protocol_year>
<application>el0</application>

</entity>

3.6.7

Java

Java

Java
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3.7

3-18
10
I 10
t—r
3-18
3
Part21
Part21 model.java
model.java
Internet Explorer
Part21
Part21
Expresso
Expresso Part21
Part21 21

NIST Expresso
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NIST Expresso

http://www.mel.nist.gov/msidstaff/denno/nist-expresso.html

3.7.1 Part21
Part21

(1) Part21

#10 = APPLICATION_CONTEXT('Configuration controlled 3D designs");

#20 = APPLICATION_PROTOCOL_DEFINITION('international standard','c
onfig_control_design’, 1994, #10);

#30 = MECHANICAL_CONTEXT(' ', #10, 'mechanical");

#40 = DESIGN_CONTEXT(" ', #10, ‘design");

product product
mechanical_context

product_definition_formation_with_specified_source  design_context

#50 = PRODUCT('Cubel’, "', ', (#30));

#60 = PRODUCT_DEFINITION_FORMATION_WITH_SPECIFIED_SOURC
E('Cubel.l,'' , #50, .NOT_KNOWN.);

#70 = PRODUCT_DEFINITION( ', ', #60, #40);

#80 = PRODUCT_RELATED_PRODUCT _CATEGORY('detail’, $, (#50));

#90 = PRODUCT _DEFINITION_SHAPE( ', "', #70);

product_definition_formation_with_specified_source
‘unclassified’
#100 = SECURITY_CLASSIFICATION_LEVEL (‘'unclassified");
#110 = SECURITY_CLASSIFICATION( ', ' ', #100);
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#120 = CC_DESIGN_SECURITY_CLASSIFICATION(#110, (#60));

#130 = COORDINATED_UNIVERSAL_TIME_OFFSET(9, 0, . AHEAD.);
#140 = LOCAL_TIME(15, 15, 3.0E+001, #130);
#150 = CALENDAR_DATE(1998, 17, 2);

#160 = DATE_AND_TIME(#150, #140);

security_classification date_and_time

‘classification_date'

#170 = DATE_TIME_ROLE(classification_date");

#180 = CC_DESIGN_DATE_AND_TIME_ASSIGNMENT (#160, #170, (#110));

product_definition ‘creation_date'
#190 = DATE_TIME_ROLE(creation_date’);
#200 = CC_DESIGN_DATE_AND_TIME_ASSIGNMENT (#160, #190, (#70))

#210 = PERSON('12345', "Yamada', 'Taro', $, $, $);
#220 = ORGANIZATION('67890', 'KGT Inc.', '),
#230 = PERSON_AND_ORGANIZATION(#210, #220);

product person_and_organaization
‘design_owner’
#240 = PERSON_AND_ORGANIZATION_ROLE('design_owner);
#250 = CC_DESIGN_PERSON_AND_ORGANIZATION_ASSIGNMENT (#230,
#240, (#50));
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product_definition_formation_with_specified_source
product_definition person_and_organization
‘creator’
#260 = PERSON_AND_ORGANIZATION_ROLE(‘creator");
#270 = CC_DESIGN_PERSON_AND_ORGANIZATION_ASSIGNMENT (#230,
#260, (#60, #70));

product_definition_formation_with_specified_source
person_and_organization
‘design_supplier'
#280 = PERSON_AND_ORGANIZATION_ROLE('design_supplier’);
#290 = CC_DESIGN_PERSON_AND_ORGANIZATION_ASSIGNMENT (#230,
#280, (#60));

security_classification person_and_organization
‘classification_officer
#300 = PERSON_AND_ORGANIZATION_ROLE(classification_officer");
#310 = CC_DESIGN_PERSON_AND_ORGANIZATION_ASSIGNMENT (#230,
#300, (#110));

product_definition_formation_with_specified_source  product_definition
security_classification approval
#320 = APPROVAL_STATUS('not_yet_approved’);
#330 = APPROVAL(#320, ' );
#340 = APPROVAL_DATE_TIME(#160, #330);
#350 = APPROVAL_ROLE(‘approver";
#360 = APPROVAL_PERSON_ORGANIZATION(#230, #330, #350);
#370 = CC_DESIGN_APPROVAL(#330, (#110, #60, #70));
length_unit

length_unit  SI
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#380 = (GEOMETRIC_REPRESENTATION_CONTEXT(3) GLOBAL_UN
CERTAINTY_ASSIGNED_CONTEXT((#450)) GLOBAL_UNIT_ASSIGNED _
CONTEXT((#390, #400, #440)) REPRESENTATION_CONTEXT(", "));

#390 = (LENGTH_UNIT() NAMED_UNIT(*) SI_UNIT(.MILLI., .METRE.));

#400 = (NAMED_UNIT(*) PLANE_ANGLE_UNIT() SI_UNIT($, .RADIA
N.));

#440 = (NAMED_UNIT(*) SI_UNIT($, .STERADIAN.) SOLID_ANGLE_U
NIT();

#450 = UNCERTAINTY_MEASURE_WITH_UNIT(LENGTH_MEASURE
(1.0E-004), #390, 'MODEL_ACCURACY', 'Maximum Tolerance applied to
Model";

#460 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 0.0E+000));
#470 = VERTEX_POINT('V1', #460);
#480 = CARTESIAN_POINT(", (1.0E+001, 0.0E+000, 0.0E+000));
#490 = VERTEX_POINT('V2', #480);
#500 = CARTESIAN_POINT(", (1.0E+001, 1.0E+001, 0.0E+000));
#510 = VERTEX_POINT('V3', #500);
#520 = CARTESIAN_POINT(", (0.0E+000, 1.0E+001, 0.0E+000));
#530 = VERTEX_POINT('V4', #520);
#540 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 1.0E+001));
#550 = VERTEX_POINT('V5', #540);
#560 = CARTESIAN_POINT(", (1.0E+001, 0.0E+000, 1.0E+001));
#570 = VERTEX_POINT('V6', #560);
#580 = CARTESIAN_POINT(", (1.0E+001, 1.0E+001, 1.0E+001));
#590 = VERTEX_POINT('V7', #580);
#600 = CARTESIAN_POINT(", (0.0E+000, 1.0E+001, 1.0E+001));
#610 = VERTEX_POINT('V8', #600);

#620 = DIRECTION(", (1.0E+001, 0.0E+000, 0.0E+000));
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#630 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 0.0E+000));
#640 = VECTOR(", #620, 1.0E+001);

#650 = LINE('L1', #630, #640);

#660 = EDGE_CURVE(EL', #470, #490, #650, .T.);

#670 = DIRECTION(", (0.0E+000, 1.0E+001, 0.0E+000));

#680 = CARTESIAN_POINT(", (1.0E+001, 0.0E+000, 0.0E+000));
#690 = VECTOR(", #670, 1.0E+001);

#700 = LINE('L2", #680, #690);

#710 = EDGE_CURVE(E2', #490, #510, #700, .T.);

#720 = DIRECTION(", (1.0E+001, 0.0E+000, 0.0E+000));

#730 = CARTESIAN_POINT(", (0.0E+000, 1.0E+001, 0.0E+000));
#740 = VECTOR(", #720, 1.0E+001);

#750 = LINE('L3', #730, #740);

#760 = EDGE_CURVE(E3', #530, #510, #750, .T.);

#770 = DIRECTION(", (0.0E+000, 1.0E+001, 0.0E+000));

#780 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 0.0E+000));
#790 = VECTOR(", #770, 1.0E+001);

#800 = LINE('L4', #780, #790);

#810 = EDGE_CURVE('E4', #470, #530, #800, .T.);

#820 = DIRECTION(", (0.0E+000, 0.0E+000, 1.0E+001));

#830 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 0.0E+000));
#840 = VECTOR(", #820, 1.0E+001);

#850 = LINE('L5', #830, #840);

#860 = EDGE_CURVE(E5', #470, #550, #850, .T.);

#870 = DIRECTION(", (0.0E+000, 0.0E+000, 1.0E+001));

#880 = CARTESIAN_POINT(", (1.0E+001, 0.0E+000, 0.0E+000));
#890 = VECTOR(", #870, 1.0E+001);

#900 = LINE('L6', #880, #890);

#910 = EDGE_CURVE(E6', #490, #570, #900, .T.);

#920 = DIRECTION(", (0.0E+000, 0.0E+000, 1.0E+001));
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#930 = CARTESIAN_POINT(", (1.0E+001, 1.0E+001, 0.0E+000));
#940 = VECTOR(", #920, 1.0E+001);

#950 = LINE('L7', #930, #940);

#960 = EDGE_CURVE(ET', #510, #590, #950, .T.);

#970 = DIRECTION(", (0.0E+000, 0.0E+000, 1.0E+001));

#980 = CARTESIAN_POINT(", (0.0E+000, 1.0E+001, 0.0E+000));
#990 = VECTOR(", #970, 1.0E+001);

#1000 = LINE('L8', #980, #990);

#1010 = EDGE_CURVE(ES', #530, #610, #1000, .T.);

#1020 = DIRECTION(", (1.0E+001, 0.0E+000, 0.0E+000));

#1030 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 1.0E+001));
#1040 = VECTOR(", #1020, 1.0E+001);

#1050 = LINE('LY', #1030, #1040);

#1060 = EDGE_CURVE('E9', #550, #570, #1050, .T.);

#1070 = DIRECTION(", (0.0E+000, 1.0E+001, 0.0E+000));

#1080 = CARTESIAN_POINT(", (1.0E+001, 0.0E+000, 1.0E+001));
#1090 = VECTOR(", #1070, 1.0E+001);

#1100 = LINE('L10", #1080, #1090);

#1110 = EDGE_CURVE('E10', #570, #590, #1100, .T.);

#1120 = DIRECTION(", (1.0E+001, 0.0E+000, 0.0E+000));

#1130 = CARTESIAN_POINT(", (0.0E+000, 1.0E+001, 1.0E+001));
#1140 = VECTOR(", #1120, 1.0E+001);

#1150 = LINE('L11', #1130, #1140);

#1160 = EDGE_CURVE('E11', #610, #590, #1150, .T.);

#1170 = DIRECTION(", (0.0E+000, 1.0E+001, 0.0E+000)):

#1180 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 1.0E+001));
#1190 = VECTOR(", #1170, 1.0E+001);

#1200 = LINE('L12', #1180, #1190);

#1210 = EDGE_CURVE('E12', #550, #610, #1200, .T.);
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#1220 = CLOSED_SHELL('CS', (#1340, #1460, #1580, #1700, #1820, #1940));
[ ]

#1230 = EDGE_LOOP(ELL, (#1240, #1250, #1260, #1270));

#1240 = ORIENTED_EDGE('OE11', *, *, #660, .F.);

#1250 = ORIENTED_EDGE('OE12', *, *, #810, .T.);

#1260 = ORIENTED_EDGE('OE13', *, *, #760, .T.);

#1270 = ORIENTED_EDGE('OE14', *, *, #710, .F.);

#1280 = FACE_OUTER_BOUND('FOBL', #1230, .T.);

#1290 = CARTESIAN_POINT(", (1.0E+001, 0.0E+000, 0.0E+000));

#1300 = DIRECTION(", (0.0E+000, 0.0E+000, -1.0E+002));

#1310 = DIRECTION(", (-1.0E+001, 0.0E+000, 0.0E+000));

#1320 = AXIS2_PLACEMENT _3D(", #1290, #1300, #1310);

#1330 = PLANE('P1', #1320);

#1340 = ADVANCED_FACE('AF1', (#1280), #1330, .T.);

#1350 = EDGE_LOOP('EL2', (#1360, #1370, #1380, #1390));

#1360 = ORIENTED_EDGE('OE21', *, *, #660, .T.);

#1370 = ORIENTED_EDGE('OE22', *, *, #910, .T.);

#1380 = ORIENTED_EDGE('OE23', *, *, #1060, .F.);

#1390 = ORIENTED_EDGE('OE24', *, *, #860, .F.);

#1400 = FACE_OUTER_BOUND('FOB2', #1350, .T.);

#1410 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 0.0E+000));

#1420 = DIRECTION(", (0.0E+000, -1.0E+002, 0.0E+000));

#1430 = DIRECTION(", (1.0E+001, 0.0E+000, 0.0E+000));

#1440 = AX1S2_PLACEMENT _3D(", #1410, #1420, #1430);

#1450 = PLANE('P2', #1440);

#1460 = ADVANCED_FACE('AF2', (#1400), #1450, .T.);

#1470 = EDGE_LOOP(EL3', (#1480, #1490, #1500, #1510));

#1480 = ORIENTED_EDGE('OE31', *, *, #710, .T.);

#1490 = ORIENTED_EDGE('OE32', *, *, #960, .T.);

#1500 = ORIENTED_EDGE('OE33', *, *, #1110, .F.);
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#1510 = ORIENTED_EDGE(OE34', *, *, #910, .F.);

#1520 = FACE_OUTER_BOUND('FOB3', #1470, .T.);

#1530 = CARTESIAN_POINT(", (1.0E+001, 0.0E+000, 0.0E+000));
#1540 = DIRECTION(", (1.0E+002, 0.0E+000, 0.0E+000));

#1550 = DIRECTION(", (0.0E+000, 1.0E+001, 0.0E+000));

#1560 = AXIS2_PLACEMENT _3D(", #1530, #1540, #1550);

#1570 = PLANE('P3', #1560);

#1580 = ADVANCED_FACE(AF3', (#1520), #1570, .T.);

#1590 = EDGE_LOOP(EL4', (#1600, #1610, #1620, #1630));
#1600 = ORIENTED_EDGE('OEA41', *, *, #760, .F.);

#1610 = ORIENTED_EDGE('OEA42', *, *, #1010, .T.);

#1620 = ORIENTED_EDGE('OEA43', *, *, #1160, .T.);

#1630 = ORIENTED_EDGE('OE44', *, *, #960, .F.);

#1640 = FACE_OUTER_BOUND('FOB4', #1590, .T.);

#1650 = CARTESIAN_POINT(", (1.0E+001, 1.0E+001, 0.0E+000));
#1660 = DIRECTION(", (0.0E+000, 1.0E+002, 0.0E+000));

#1670 = DIRECTION(", (-1.0E+001, 0.0E+000, 0.0E+000));

#1680 = AXIS2_PLACEMENT _3D(", #1650, #1660, #1670);

#1690 = PLANE('P4', #1680);

#1700 = ADVANCED_FACE('AF4', (#1640), #1690, .T.);

#1710 = EDGE_LOOP(EL5', (#1720, #1730, #1740, #1750));
#1720 = ORIENTED_EDGE('OE51', *, *, #810, .F.);

#1730 = ORIENTED_EDGE('OE52', *, *, #860, .T.);

#1740 = ORIENTED_EDGE('OE53', *, *, #1210, .T.);

#1750 = ORIENTED_EDGE('OE54', *, *, #1010, .F.);

#1760 = FACE_OUTER_BOUND('FOBS5', #1710, .T.);

#1770 = CARTESIAN_POINT(", (0.0E+000, 1.0E+001, 0.0E+000));
#1780 = DIRECTION(", (-1.0E+002, 0.0E+000, 0.0E+000));

#1790 = DIRECTION(", (0.0E+000, -1.0E+001, 0.0E+000));

#1800 = AXIS2_PLACEMENT _3D(", #1770, #1780, #1790);
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#1810 = PLANE('P5', #1800);

#1820 = ADVANCED_FACE('AF5', (#1760), #1810, .T.);
#1830 = EDGE_LOOP(ELS6', (#1840, #1850, #1860, #1870));
#1840 = ORIENTED_EDGE('OE61', *, *, #1060, .T.);

#1850 = ORIENTED_EDGE('OE62', *, *, #1110, .T.);

#1860 = ORIENTED_EDGE('OE63', *, *, #1160, .F.);

#1870 = ORIENTED_EDGE('OE64', *, *, #1210, .F.);

#1880 = FACE_OUTER_BOUND('FOB6', #1830, .T.);
#1890 = CARTESIAN_POINT(", (0.0E+000, 0.0E+000, 1.0E+001));
#1900 = DIRECTION(", (0.0E+000, 0.0E+000, 1.0E+002));
#1910 = DIRECTION(", (1.0E+001, 0.0E+000, 0.0E+000));
#1920 = AXIS2_PLACEMENT _3D(", #1890, #1900, #1910);
#1930 = PLANE('P6', #1920);

#1940 = ADVANCED_FACE(AF6', (#1880), #1930, .T.);

#1950 = MANIFOLD_SOLID_BREP('MSB', #1220);
#1960 = ADVANCED_BREP_SHAPE_REPRESENTATION(ABSR', (#1950),
#380):;
#1970 = SHAPE_DEFINITION_REPRESENTATION(#90, #1960);
2) ENTITY
Part21 AND OR ENTITY

AP203

ENTITY REPRESENTATION_CONTEXT1
SUBTYPE OF (GEOMETRIC_REPRESENTATION_CONTEXT)
CONSTRUCT OF (GEOMETRIC_REPRESENTATION_CONTEXT,
GLOBAL_UNCERTAINTY_ASSIGNED_CONTEXT,
GLOBAL_UNIT_ASSIGNED_CONTEXT,
REPRESENTATION_CONTEXT);

END_ENTITY;
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ENTITY NAMED_UNIT1
SUBTYPE OF (NAMED_UNIT)
CONSTRUCT OF (LENGTH_UNIT,

NAMED_UNIT,
SI_UNIT);

END_ENTITY;

ENTITY NAMED_UNIT2
SUBTYPE OF (NAMED_UNIT)
CONSTRUCT OF (NAMED_UNIT,

PLANE_ANGLE_UNIT,
SI_UNIT);
END_ENTITY;

ENTITY NAMED_UNIT3
SUBTYPE OF (NAMED_UNIT)
CONSTRUCT OF (NAMED_UNIT,
SI_UNIT,
SOLID_ANGLE_UNIT);

END_ENTITY;

ENTITY NAMED_UNIT4
SUBTYPE OF (NAMED_UNIT)
CONSTRUCT OF (CONVERSION_BASED_UNIT,
NAMED_UNIT,
PLANE_ANGLE_UNIT);
END_ENTITY;
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3.7.2 model
Part21 Part21
model.java
model.java
Part21 e380 el1350 el1470
e1590 el710 1830 el1220

original Part21

#

package main;

import step.*;

import config_control_design.*;

import config_control_design_type.*;

public class model {

public static void expression() {

/11SO-10303-21;

//IHEADER;

[IDATA,;

application_context el0=new application_context("configuration controlled 3d
designs of mechanical parts and assemblies™);

application_protocol_definition e20=new
application_protocol_definition("international
standard","config_control_design"”,1994,e10);

mechanical_context e30=new mechanical_context(" ",e10,"mechanical");

design_context e40=new design_context(" ",e10,"design");

product e50=new product("cubel”,” "," ",new product_context[]{e30});
product_definition_formation_with_specified_source e60=new
product_definition_formation_with_specified_source("cubel.1"," ",e50,new

source(".not_known."));

product_definition e70=new product_definition(" "," ",e60,e40);

160



product_related_product_category e80=new
product_related_product_category("detail”,null,new product[]{e50});

product_definition_shape e90=new product_definition_shape(" "," ",e70);

security_classification_level e100=new security classification_level("unclassified");

security_classification e110=new security_classification(" "," ",e100);

cc_design_security_classification €120=new
cc_design_security_classification(e110,new classified_item[]{e60});

coordinated_universal_time_offset €130=new
coordinated_universal_time_offset(9,0,new ahead_or_behind(".ahead."));

local_time e140=new local_time(20,15,3.0e+001,e130);

calendar_date e150=new calendar_date(1998,17,2);

date_and_time e160=new date_and_time(e150,e140);

date_time_role e170=new date_time_role("classification_date");

cc_design_date_and_time_assignment €180=new
cc_design_date_and_time_assignment(e160,e170,new date_time_item[[{e110});

date_time_role e190=new date_time_role("creation_date");

cc_design_date_and_time_assignment €200=new
cc_design_date_and_time_assignment(e160,e190,new date_time_item[]{e70});

person e210=new person("12345","yamada","taro",null,null,null);

organization e220=new organization("67890","kgt inc."," ");

person_and_organization e230=new person_and_organization(e210,e220);

person_and_organization_role e240=new
person_and_organization_role("design_owner");

cc_design_person_and_organization_assignment e250=new
cc_design_person_and_organization_assignment(e230,e240,new
person_organization_item[]{e50});

person_and_organization_role e260=new person_and_organization_role("creator");

cc_design_person_and_organization_assignment e270=new
cc_design_person_and_organization_assignment(e230,e260,new

person_organization_item[]{e60,e70});
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person_and_organization_role €280=new
person_and_organization_role("design_supplier");

cc_design_person_and_organization_assignment €290=new
cc_design_person_and_organization_assignment(e230,e280,new
person_organization_item[[{e60});

person_and_organization_role e300=new
person_and_organization_role("classification_officer");

cc_design_person_and_organization_assignment €310=new
cc_design_person_and_organization_assignment(e230,e300,new
person_organization_item[[{e110});

approval_status e320=new approval_status("not_yet_approved");

approval e330=new approval(e320," ");

approval_date_time e340=new approval_date time(e160,e330);

approval_role e350=new approval_role("approver");

approval_person_organization e360=new
approval_person_organization(e230,e330,e350);

cc_design_approval e370=new cc_design_approval(e330,new
approved_item[]|{e110,e60,e70});

named_unitl €390=new named_unitl(null,new si_prefix(".milli."),new
si_unit_name(".metre."));

named_unit2 e400=new named_unit2(null,null,new si_unit_name(".radian."));

named_unit3 e440=new named_unit3(null,null,new si_unit_name(".steradian."));

uncertainty_measure_with_unit e450=new uncertainty_measure_with_unit(new
Double(1.0e-004),e390,"model_accuracy","maximum tolerance applied to model");

representation_contextl e380=new representation_context1(3,new
uncertainty_measure_with_unit[[{e450},new unit[]{e390,e400,e440},","";

cartesian_point e460=new cartesian_point("",new
double[]{0.0e+000,0.0e+000,0.0e+000});

vertex_point e470=new vertex_point("v1",e460);

cartesian_point e480=new cartesian_point("",new
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double[]{1.0e+001,0.0e+000,0.0e+000});
vertex_point e490=new vertex_point("v2",e480);
cartesian_point e500=new
double[]{1.0e+001,1.0e+001,0.0e+000});
vertex_point e510=new vertex_point("v3",e500);
cartesian_point €520=new
double[]{0.0e+000,1.0e+001,0.0e+000});
vertex_point e530=new vertex_point("v4",e520);
cartesian_point e540=new
double[]{0.0e+000,0.0e+000,1.0e+001});
vertex_point e550=new vertex_point("v5",e540);
cartesian_point €560=new
double[]{1.0e+001,0.0e+000,1.0e+001});
vertex_point e570=new vertex_point("v6",e560);
cartesian_point €580=new
double[]{1.0e+001,1.0e+001,1.0e+001});
vertex_point e590=new vertex_point("v7",e580);
cartesian_point €600=new
double[]{0.0e+000,1.0e+001,1.0e+001});

vertex_point e610=new vertex_point("v8",e600);

cartesian_point("",new

cartesian_point("",new

cartesian_point("",new

cartesian_point("",new

cartesian_point("",new

cartesian_point("",new

direction e620=new direction("",new double[]{1.0e+001,0.0e+000,0.0e+000});

cartesian_point €630=new
double[]{0.0e+000,0.0e+000,0.0e+000});
vector e640=new vector("",e620,1.0e+001);

line e650=new line("I11",e630,e640);

edge_curve e660=new edge curve("el",e470,e490,e650,true);

cartesian_point("",new

direction e670=new direction(",new double[]{0.0e+000,1.0e+001,0.0e+000});

cartesian_point €680=new
double[]{1.0e+001,0.0e+000,0.0e+000});

vector e690=new vector("",e670,1.0e+001);
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line e700=new line("12",e680,e690);

edge_curve e710=new edge_curve('e2",e490,e510,e700,true);

direction e720=new direction("",new double[]{1.0e+001,0.0e+000,0.0e+000});

cartesian_point €730=new cartesian_point("",new
double[]{0.0e+000,1.0e+001,0.0e+000});

vector e740=new vector("",e720,1.0e+001);

line e750=new line("13",e730,e740);

edge_curve e760=new edge_curve('e3",e530,e510,e750,true);

direction e770=new direction("",new double[]{0.0e+000,1.0e+001,0.0e+000});

cartesian_point €780=new cartesian_point("",new
double[]{0.0e+000,0.0e+000,0.0e+000});

vector e790=new vector("",e770,1.0e+001);

line e800=new line("14",e780,e790);

edge_curve e810=new edge_curve("e4",e470,e530,e800,true);

direction e820=new direction("",new double[]{0.0e+000,0.0e+000,1.0e+001});

cartesian_point €830=new cartesian_point("",new
double[]{0.0e+000,0.0e+000,0.0e+000});

vector e840=new vector("",e820,1.0e+001);

line e850=new line("15",830,e840);

edge_curve e860=new edge_curve("e5",e470,e550,e850,true);

direction e870=new direction("",new double[]{0.0e+000,0.0e+000,1.0e+001});

cartesian_point €880=new cartesian_point("",new
double[]{1.0e+001,0.0e+000,0.0e+000});

vector e890=new vector("",e870,1.0e+001);

line e900=new line("16",e880,e890);

edge_curve €910=new edge_curve("e6",e490,e570,e900,true);

direction €920=new direction("",new double[]{0.0e+000,0.0e+000,1.0e+001});

cartesian_point €930=new cartesian_point("",new

double[]{1.0e+001,1.0e+001,0.0e+000});

vector e940=new vector("",e920,1.0e+001);
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line €950=new line("17",e930,e940);

edge_curve e960=new edge_curve("e7",e510,e590,e950,true);

direction e970=new direction("",new double[]{0.0e+000,0.0e+000,1.0e+001});

cartesian_point €980=new cartesian_point("",new
double[]{0.0e+000,1.0e+001,0.0e+000});

vector e990=new vector("",e970,1.0e+001);

line €1000=new line("18",e980,e990);

edge_curve e1010=new edge_curve("e8",e530,e610,e1000,true);

direction e1020=new direction("",new double[]{1.0e+001,0.0e+000,0.0e+000});

cartesian_point e1030=new cartesian_point("",new
double[]{0.0e+000,0.0e+000,1.0e+001});

vector e1040=new vector("",e1020,1.0e+001);

line €1050=new line("19",e1030,e1040);

edge_curve e1060=new edge_curve('e9",e550,e570,e1050,true);

direction e1070=new direction("",new double[]{0.0e+000,1.0e+001,0.0e+000});

cartesian_point e1080=new cartesian_point("",new
double[]{1.0e+001,0.0e+000,1.0e+001});

vector e1090=new vector(",e1070,1.0e+001);

line e1100=new line("110",e1080,e1090);

edge_curve e1110=new edge_curve('el10",e570,e590,e1100,true);

direction e1120=new direction("",new double[]{1.0e+001,0.0e+000,0.0e+000});

cartesian_point e1130=new cartesian_point("",new
double[]{0.0e+000,1.0e+001,1.0e+001});

vector e1140=new vector("",e1120,1.0e+001);

line e1150=new line("111",e1130,e1140);

edge_curve e1160=new edge_curve('el1",e610,e590,e1150,true);

direction e1170=new direction("",new double[]{0.0e+000,1.0e+001,0.0e+000});

cartesian_point e1180=new cartesian_point("",new

double[]{0.0e+000,0.0e+000,1.0e+001});
vector e1190=new vector("",e1170,1.0e+001);
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line e1200=new line("112",e1180,e1190);

edge_curve e1210=new edge_curve('el2",e550,e610,e1200,true);

oriented_edge e1240=new oriented_edge("oell",null,null,e660,false);

oriented_edge e1250=new oriented_edge("0e12",null,null,e810,true);

oriented_edge e1260=new oriented_edge("0e13",null,null,e760,true);

oriented_edge €1270=new oriented_edge("oel4",null,null,e710,false);

edge_loop e1230=new edge_loop("ell",new
oriented_edge[]{e1240,e1250,e1260,e1270});

face_outer_bound e1280=new face_outer_bound("fobl1",e1230,true);

cartesian_point e1290=new cartesian_point("",new
double[]{1.0e+001,0.0e+000,0.0e+000});

direction e1300=new direction("",new double[]{0.0e+000,0.0e+000,-1.0e+002});

direction e1310=new direction("",new double[]{-1.0e+001,0.0e+000,0.0e+000});

axis2_placement_3d e1320=new axis2_placement_3d(",e1290,e1300,e1310);

plane e1330=new plane("p1",e1320);

advanced_face e1340=new advanced_face("afl",new face_bound[]{€1280},e1330,true);

oriented_edge e1360=new oriented_edge("0e21",null,null,e660,true);

oriented_edge €1370=new oriented_edge("0e22",null,null,e910,true);

oriented_edge e1380=new oriented_edge("0e23",null,null,e1060,false);

oriented_edge €1390=new oriented_edge("o0e24",null,null,e860,false);

edge_loop e1350=new edge_loop(“el2",new
oriented_edge[]{€1360,e1370,e1380,e1390});

face_outer_bound e1400=new face_outer_bound("fob2",e1350,true);

cartesian_point e1410=new cartesian_point("",new
double[]{0.0e+000,0.0e+000,0.0e+000});

direction e1420=new direction("",new double[]{0.0e+000,-1.0e+002,0.0e+000});

direction e1430=new direction("",new double[]{1.0e+001,0.0e+000,0.0e+000});

axis2_placement_3d e1440=new axis2_placement_3d(",e1410,e1420,e1430);

plane e1450=new plane("p2",e1440);

advanced_face e1460=new advanced_face("af2",new face_bound[]{e1400},e1450,true);
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oriented_edge €1480=new oriented_edge("0e31",null,null,e710,true);

oriented_edge €1490=new oriented_edge("0e32",null,null,e960,true);

oriented_edge e1500=new oriented_edge("0e33",null,null,e1110,false);

oriented_edge €1510=new oriented_edge("0e34",null,null,e910,false);

edge_loop el470=new edge_loop("el3",new
oriented_edge[]{e1480,e1490,e1500,e1510});

face_outer_bound e1520=new face_outer_bound("fob3",e1470,true);

cartesian_point e1530=new cartesian_point("",new
double[]{1.0e+001,0.0e+000,0.0e+000});

direction e1540=new direction("",new double[]{1.0e+002,0.0e+000,0.0e+000});

direction e1550=new direction("",new double[]{0.0e+000,1.0e+001,0.0e+000});

axis2_placement_3d e1560=new axis2_placement_3d(",e1530,e1540,e1550);

plane e1570=new plane("p3",e1560);

advanced_face e1580=new advanced_face("af3",new face_bound[]{e1520},e1570,true);

oriented_edge €1600=new oriented_edge("oe41",null,null,e760,false);

oriented_edge e1610=new oriented_edge("0e42",null,null,e1010,true);

oriented_edge e1620=new oriented_edge("0e43",null,null,e1160,true);

oriented_edge €1630=new oriented_edge("0e44",null,null,e960,false);

edge_loop e1590=new edge_loop(“el4",new
oriented_edge[]{€1600,e1610,e1620,e1630});

face_outer_bound e1640=new face_outer_bound("fob4",e1590,true);

cartesian_point e1650=new cartesian_point("",new
double[]{1.0e+001,1.0e+001,0.0e+000});

direction e1660=new direction("",new double[]{0.0e+000,1.0e+002,0.0e+000});

direction e1670=new direction("",new double[]{-1.0e+001,0.0e+000,0.0e+000});

axis2_placement_3d e1680=new axis2_placement_3d(",e1650,e1660,e1670);

plane €1690=new plane("p4",e1680);

advanced_face e1700=new advanced_face("af4",new face_bound[]{e1640},e1690,true);

oriented_edge €1720=new oriented_edge("0e51",null,null,e810,false);

oriented_edge e1730=new oriented_edge("0e52",null,null,e860,true);
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oriented_edge e1740=new oriented_edge("0e53",null,null,e1210,true);

oriented_edge e1750=new oriented_edge("0e54",null,null,e1010,false);

edge_loop el710=new edge_loop("el5",new
oriented_edge[|{e1720,e1730,e1740,e1750});

face_outer_bound e1760=new face_outer_bound(“fob5",e1710,true);

cartesian_point el770=new cartesian_point("",new
double[]{0.0e+000,1.0e+001,0.0e+000});

direction e1780=new direction("",new double[[{-1.0e+002,0.0e+000,0.0e+000});

direction e1790=new direction("",new double[]{0.0e+000,-1.0e+001,0.0e+000});

axis2_placement_3d e1800=new axis2_placement_3d(",e1770,e1780,e1790);

plane e1810=new plane("p5",e1800);

advanced_face e1820=new advanced_face("af5",new face_bound[]{e1760},e1810,true);

oriented_edge €1840=new oriented_edge("0e61",null,null,e1060,true);

oriented_edge e1850=new oriented_edge("0e62",null,null,e1110,true);

oriented_edge e1860=new oriented_edge("0e63",null,null,e1160,false);

oriented_edge e1870=new oriented_edge("0e64",null,null,e1210,false);

edge_loop e1830=new edge_loop(“el6",new
oriented_edge[]{€1840,e1850,e1860,e1870});

face_outer_bound e1880=new face_outer_bound("fob6",e1830,true);

cartesian_point €1890=new cartesian_point(",new
double[]{0.0e+000,0.0e+000,1.0e+001});
direction e1900=new direction("",new double[]{0.0e+000,0.0e+000,1.0e+002});
direction €1910=new direction("",new double[]{1.0e+001,0.0e+000,0.0e+000});
axis2_placement_3d e1920=new axis2_placement_3d(",e1890,e1900,e1910);
plane e1930=new plane("p6",e1920);
advanced_face e1940=new advanced_face("af6",new face_bound[]{e1880},e1930,true);
closed_shell e1220=new closed_shell("cs",new
face[]{€1340,e1460,e1580,e1700,e1820,e1940});
manifold_solid_brep e1950=new manifold_solid_brep("msb",e1220);

advanced_brep_shape_representation €1960=new

168



advanced_brep_shape_representation("absr",new representation_item[]{e1950},e380);

shape_definition_representation €1970=new
shape_definition_representation(e90,e1960);

/I[ENDSEC,;

/IEND-//1SO-10303-21;

tool.xml();

}
public static int original(int argl) {
int[] vlist=new

int[]{10,20,30,40,50,60,70,80,90,100,110,120,130,140,150,160,170,180,190,200,210,220,
230,240,250,260,270,280,290,300,310,320,330,340,350,360,370,390,400,440,450,380,46
0,470,480,490,500,510,520,530,540,550,560,570,580,590,600,610,620,630,640,650,660,6
70,680,690,700,710,720,730,740,750,760,770,780,790,800,810,820,830,840,850,860,870,
880,890,900,910,920,930,940,950,960,970,980,990,1000,1010,1020,1030,1040,1050,106
0,1070,1080,1090,1100,1110,1120,1130,1140,1150,1160,1170,1180,1190,1200,1210,124
0,1250,1260,1270,1230,1280,1290,1300,1310,1320,1330,1340,1360,1370,1380,1390,135
0,1400,1410,1420,1430,1440,1450,1460,1480,1490,1500,1510,1470,1520,1530,1540,155
0,1560,1570,1580,1600,1610,1620,1630,1590,1640,1650,1660,1670,1680,1690,1700,172
0,1730,1740,1750,1710,1760,1770,1780,1790,1800,1810,1820,1840,1850,1860,1870,183
0,1880,1890,1900,1910,1920,1930,1940,1220,1950,1960,1970,0,0};

return vlist[argl];

}
}
3.7.3
model.java XML
XML
model.java
tool.xml();
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Part21 190

1170

<?xml version="1.0" encoding="Shift_JIS" 7>
- <Model>
- <entity id="e10">
<entity_name>application_context</entity_name>
<application>configuration controlled 3d designs of mechanical parts and
assemblies</application>
</entity>
- <entity id="e20">
<entity_name>application_protocol_definition</entity_name>

<status>international standard</status>

<application_interpreted_model_schema_name>config_control_design</application_int
erpreted_model_schema_name>
<application_protocol_year>1994</application_protocol_year>
<application>el0</application>
</entity>
- <entity id="e30">
<entity_name>mechanical_context</entity_name>
<name />
<frame_of_reference>el0</frame_of reference>
<discipline_type>mechanical</discipline_type>
</entity>
- <entity id="e40">
<entity_name>design_context</entity_name>
<name />

<frame_of_reference>el0</frame_of reference>
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<life_cycle_stage>design</life_cycle_stage>

</entity>

<entity id="e50">

<entity _name>product</entity_name>
<id>cubel</id>

<name />

<description />

<frame_of reference>e30</frame_of reference>

</entity>

<entity id="e60">
<entity_name>product_definition_formation_with_specified_source</entity_name>
<id>cubel.l</id>

<description />

<of_product>e50</of_product>

<make_or_buy>.not_known.</make_or_buy>

</entity>

<entity id="e70">
<entity_name>product_definition</entity_name>
<id />

<description />

<formation>e60</formation>

<frame_of reference>e40</frame_of reference>

</entity>

<entity id="e80">
<entity_name>product_related_product_category</entity_name>
<name>detail</name>

<description>null</description>

<products>e50</products>

</entity>

- <entity id="e90">
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<entity _name>product_definition_shape</entity_name>
<name />

<description />

<definition>e70</definition>

</entity>

<entity id="e100">
<entity_name>security_classification_level</entity_name>
<name>unclassified</name>

</entity>

<entity id="e110">
<entity_name>security_classification</entity_name>

<name />

<purpose />

<security_level>e100</security_level>

</entity>

<entity id="e120">
<entity_name>cc_design_security_classification</entity_name>
<assigned_security_classification>el10</assigned_security classification>
<items>e60</items>

</entity>

<entity id="e130">
<entity_name>coordinated_universal_time_offset</entity_name>
<hour_offset>9</hour_offset>
<minute_offset>0</minute_offset>

<sense>.ahead.</sense>

</entity>

<entity id="e140">

<entity_name>local_time</entity_name>
<hour_component>20</hour_component>

<minute_component>15</minute_component>
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<second_component>30.0</second_component>
<zone>el30</zone>

</entity>

<entity id="e150">
<entity_name>calendar_date</entity_name>
<year_component>1998</year_component>
<day_component>17</day_component>
<month_component>2</month_component>

</entity>

<entity id="el60">
<entity_name>date_and_time</entity_name>
<date_component>el50</date_component>
<time_component>el140</time_component>

</entity>

<entity id="el170">
<entity_name>date_time_role</entity_name>
<name>classification_date</name>

</entity>

<entity id="e180">
<entity_name>cc_design_date_and_time_assignment</entity_name>
<assigned_date_and_time>el60</assigned_date and_time>
<role>el70</role>

<items>el10</items>

</entity>

<entity id="e190">
<entity_name>date_time_role</entity_name>
<name>creation_date</name>

</entity>

- <entity id="e200">

<entity_name>cc_design_date_and_time_assignment</entity_name>
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<assigned_date_and_time>el60</assigned_date and_time>

<role>e190</role>

<items>e70</items>

</entity>

<entity id="e210">

<entity_name>person</entity_name>

<id>12345</id>

<last_name>yamada</last_name>

<first_name>taro</first_name>

</entity>

<entity id="e220">

<entity_name>organization</entity_name>

<id>67890</id>

<name>kgt inc.</name>

<description />

</entity>

<entity id="e230">

<entity_name>person_and_organization</entity_name>

<the_person>e210</the_person>

<the_organization>e220</the_organization>

</entity>

<entity id="e240">

<entity_name>person_and_organization_role</entity_name>

<name>design_owner</name>

</entity>

<entity id="e250">
<entity_name>cc_design_person_and_organization_assignment</entity_name>

<assigned_person_and_organization>e230</assigned_person_and_organization>

<role>e240</role>

<items>e50</items>
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</entity>

<entity id="e260">

<entity_name>person_and_organization_role</entity_name>
<name>creator</name>

</entity>

<entity id="e270">
<entity_name>cc_design_person_and_organization_assignment</entity_name>
<assigned_person_and_organization>e230</assigned_person_and_organization>
<role>e260</role>

<items>e60,e70</items>

</entity>

<entity id="e280">

<entity_name>person_and_organization_role</entity_name>
<name>design_supplier</name>

</entity>

<entity id="e290">
<entity_name>cc_design_person_and_organization_assignment</entity_name>
<assigned_person_and_organization>e230</assigned_person_and_organization>
<role>e280</role>

<items>e60</items>

</entity>

<entity id="e300">

<entity_name>person_and_organization_role</entity_name>
<name>classification_officer</name>

</entity>

<entity id="e310">
<entity_name>cc_design_person_and_organization_assignment</entity_name>
<assigned_person_and_organization>e230</assigned_person_and_organization>
<role>e300</role>

<items>el1l0</items>
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</entity>

- <entity id="e320">
<entity_name>approval_status</entity_name>
<name>not_yet_approved</name>

</entity>

<entity id="e330">
<entity_name>approval</entity_name>
<status>e320</status>

<level />

</entity>

<entity id="e340">
<entity_name>approval_date_time</entity_name>
<date_time>el60</date_time>
<dated_approval>e330</dated_approval>

</entity>

<entity id="e350">
<entity_name>approval_role</entity_name>
<role>approver</role>

</entity>

<entity id="e360">
<entity_name>approval_person_organization</entity_name>
<person_organization>e230</person_organization>
<authorized_approval>e330</authorized_approval>
<role>e350</role>

</entity>

<entity id="e370">
<entity_name>cc_design_approval</entity_name>
<assigned_approval>e330</assigned_approval>
<items>e110,e60,e70</items>

</entity>
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- <entity id="e390">
<entity_name>named_unitl</entity_name>
<dimensions>null</dimensions>
<prefix>.milli.</prefix>
<name>.metre.</name>

</entity>

<entity id="e400">
<entity_name>named_unit2</entity_name>
<dimensions>null</dimensions>
<prefix>..</prefix>
<name>.radian.</name>

</entity>

<entity id="e440">
<entity_name>named_unit3</entity_name>
<dimensions>null</dimensions>
<prefix>..</prefix>
<name>.steradian.</name>

</entity>

<entity id="e450">
<entity_name>uncertainty_measure_with_unit</entity_name>
<value_component>1.0E-4</value_component>
<unit_component>e390</unit_component>
<name>model_accuracy</name>

<description>maximum tolerance applied to model</description>

</entity>

<entity id="e380">
<entity_name>representation_contextl</entity name>
<context_identifier />

<context_type />

<coordinate_space_dimension>3</coordinate_space_dimension>
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<uncertainty>e450</uncertainty>
<units>e390,e400,e440</units>

</entity>

<entity id="e460">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>0.0,0.0,0.0</coordinates>

</entity>

<entity id="e470">
<entity_name>vertex_point</entity _name>
<name>vl</name>
<vertex_geometry>e460</vertex_geometry>

</entity>

<entity id="e480">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>10.0,0.0,0.0</coordinates>

</entity>

<entity id="e490">
<entity_name>vertex_point</entity_name>
<name>v2</name>
<vertex_geometry>e480</vertex_geometry>

</entity>

<entity id="e500">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>10.0,10.0,0.0</coordinates>
</entity>

- <entity id="e510">

<entity_name>vertex_point</entity_name>
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<name>v3</name>
<vertex_geometry>e500</vertex_geometry>

</entity>

<entity id="e520">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>0.0,10.0,0.0</coordinates>

</entity>

<entity id="e530">
<entity_name>vertex_point</entity _name>
<name>v4</name>
<vertex_geometry>e520</vertex_geometry>

</entity>

<entity id="e540">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>0.0,0.0,10.0</coordinates>

</entity>

<entity id="e550">
<entity_name>vertex_point</entity_name>
<name>v5</name>
<vertex_geometry>e540</vertex_geometry>

</entity>

<entity id="e560">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>10.0,0.0,10.0</coordinates>
</entity>

- <entity id="e570">

<entity_name>vertex_point</entity_name>
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<name>v6</name>
<vertex_geometry>e560</vertex_geometry>

</entity>

<entity id="e580">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>10.0,10.0,10.0</coordinates>

</entity>

<entity id="e590">
<entity_name>vertex_point</entity _name>
<name>v7</name>
<vertex_geometry>e580</vertex_geometry>

</entity>

<entity id="e600">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>0.0,10.0,10.0</coordinates>

</entity>

<entity id="e610">
<entity_name>vertex_point</entity_name>
<name>v8</name>
<vertex_geometry>e600</vertex_geometry>

</entity>

<entity id="e620">
<entity_name>direction</entity_name>

<name />
<direction_ratios>10.0,0.0,0.0</direction_ratios>
</entity>

- <entity id="e630">

<entity_name>cartesian_point</entity_name>
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<name />
<coordinates>0.0,0.0,0.0</coordinates>

</entity>

<entity id="e640">
<entity_name>vector</entity_name>
<name />
<orientation>e620</orientation>
<magnitude>10.0</magnitude>

</entity>

<entity id="e650">
<entity_name>line</entity_name>
<name>l1</name>
<pnt>e630</pnt>

<dir>e640</dir>

</entity>

<entity id="e660">
<entity_name>edge_curve</entity_name>
<name>el</name>
<edge_start>e470</edge_start>
<edge_end>e490</edge_end>
<edge_geometry>e650</edge_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="e670">
<entity_name>direction</entity_name>

<name />

<direction_ratios>0.0,10.0,0.0</direction_ratios>

</entity>

- <entity id="e680">

<entity_name>cartesian_point</entity_name>
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<name />
<coordinates>10.0,0.0,0.0</coordinates>

</entity>

<entity id="e690">
<entity_name>vector</entity_name>
<name />
<orientation>e670</orientation>
<magnitude>10.0</magnitude>

</entity>

<entity id="e700">
<entity_name>line</entity_name>
<name>|2</name>
<pnt>e680</pnt>

<dir>e690</dir>

</entity>

<entity id="e710">
<entity_name>edge_curve</entity_name>
<name>e2</name>
<edge_start>e490</edge_start>
<edge_end>e510</edge_end>
<edge_geometry>e700</edge_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="e720">
<entity_name>direction</entity_name>

<pame />

<direction_ratios>10.0,0.0,0.0</direction_ratios>

</entity>

- <entity id="e730">

<entity_name>cartesian_point</entity_name>
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<name />
<coordinates>0.0,10.0,0.0</coordinates>

</entity>

<entity id="e740">
<entity_name>vector</entity_name>
<name />
<orientation>e720</orientation>
<magnitude>10.0</magnitude>

</entity>

<entity id="e750">
<entity_name>line</entity_name>
<name>I3</name>
<pnt>e730</pnt>

<dir>e740</dir>

</entity>

<entity id="e760">
<entity_name>edge_curve</entity_name>
<name>e3</name>
<edge_start>e530</edge_start>
<edge_end>e510</edge_end>
<edge_geometry>e750</edge_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="e770">
<entity_name>direction</entity_name>

<pame />

<direction_ratios>0.0,10.0,0.0</direction_ratios>

</entity>

- <entity id="e780">

<entity_name>cartesian_point</entity_name>

183



<name />

<coordinates>0.0,0.0,0.0</coordinates>

</entity>

<entity id="e790">

<entity_name>vector</entity_name>

<name />

<orientation>e770</orientation>

<magnitude>10.0</magnitude>
</entity>

<entity id="e800">

<entity_name>line</entity_name>

<name>l4</name>

<pnt>e780</pnt>

<dir>e790</dir>

</entity>

<entity id="e810">
<entity_name>edge_curve</entity_name>

<name>e4</name>

<edge_start>e470</edge_start>

<edge_end>e530</edge_end>

<edge_geometry>e800</edge_geometry>

<same_sense>true</same_sense>

</entity>

<entity id="e820"> <entity id="e1010">

<entity id="e1020">
<entity_name>direction</entity_name>
<name />

<direction_ratios>10.0,0.0,0.0</direction_ratios>
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</entity>

- <entity id="e1030">
<entity_name>cartesian_point</entity _name>
<name />
<coordinates>0.0,0.0,10.0</coordinates>

</entity>

<entity id="e1040">
<entity_name>vector</entity_name>
<name />
<orientation>e1020</orientation>
<magnitude>10.0</magnitude>

</entity>

<entity id="e1050">
<entity_name>line</entity_name>
<name>|9</name>
<pnt>el1030</pnt>
<dir>e1040</dir>

</entity>

<entity id="e1060">
<entity_name>edge_curve</entity name>
<name>e9</name>
<edge_start>e550</edge_start>
<edge_end>e570</edge_end>
<edge_geometry>e1050</edge_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="e1070">
<entity_name>direction</entity_name>
<name />

<direction_ratios>0.0,10.0,0.0</direction_ratios>
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</entity>

<entity id="e1080">

<entity_name>cartesian_point</entity _name>

<name />
<coordinates>10.0,0.0,10.0</coordinates>
</entity>

<entity id="e1090">
<entity_name>vector</entity_name>
<name />
<orientation>e1070</orientation>
<magnitude>10.0</magnitude>
</entity>

<entity id="e1100">
<entity_name>line</entity_name>
<name>|10</name>

<pnt>e1080</pnt>

<dir>e1090</dir>

</entity>

<entity id="e1110">
<entity_name>edge_curve</entity name>
<name>el0</name>
<edge_start>e570</edge_start>
<edge_end>e590</edge_end>
<edge_geometry>e1100</edge_geometry>
<same_sense>true</same_sense>
</entity>

<entity id="e1120">
<entity_name>direction</entity_name>

<pame />

<direction_ratios>10.0,0.0,0.0</direction_ratios>
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</entity>

- <entity id="e1130">
<entity_name>cartesian_point</entity _name>
<name />
<coordinates>0.0,10.0,10.0</coordinates>

</entity>

<entity id="e1140">
<entity_name>vector</entity_name>
<name />
<orientation>el1120</orientation>
<magnitude>10.0</magnitude>

</entity>

<entity id="e1150">
<entity_name>line</entity_name>
<name>l11</name>
<pnt>el1130</pnt>
<dir>e1140</dir>

</entity>

<entity id="e1160">
<entity_name>edge_curve</entity name>
<name>ell</name>
<edge_start>e610</edge_start>
<edge_end>e590</edge_end>
<edge_geometry>e1150</edge_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="el1170">
<entity_name>direction</entity_name>
<name />

<direction_ratios>0.0,10.0,0.0</direction_ratios>
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</entity>

- <entity id="e1180">
<entity_name>cartesian_point</entity _name>
<name />
<coordinates>0.0,0.0,10.0</coordinates>

</entity>

<entity id="e1190">
<entity_name>vector</entity_name>
<name />
<orientation>el1170</orientation>
<magnitude>10.0</magnitude>

</entity>

<entity id="e1200">
<entity_name>line</entity_name>
<name>l12</name>
<pnt>e1180</pnt>
<dir>e1190</dir>

</entity>

<entity id="e1210">
<entity_name>edge_curve</entity name>
<name>el2</name>
<edge_start>e550</edge_start>
<edge_end>e610</edge_end>
<edge_geometry>e1200</edge_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="e1240">
<entity_name>oriented_edge</entity_name>
<name>oell</name>

<edge_start>e490</edge_start>
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<edge_end>e470</edge_end>
<edge_element>e660</edge_element>
<orientation>false</orientation>

</entity>

<entity id="e1250">
<entity_name>oriented_edge</entity_name>
<name>o0el2</name>
<edge_start>e470</edge_start>
<edge_end>e530</edge_end>
<edge_element>e810</edge_element>
<orientation>true</orientation>

</entity>

<entity id="e1260">
<entity_name>oriented_edge</entity_name>
<name>oel3</name>
<edge_start>e530</edge_start>
<edge_end>e510</edge_end>
<edge_element>e760</edge_element>
<orientation>true</orientation>

</entity>

<entity id="el1270">
<entity_name>oriented_edge</entity_name>
<name>oel4</name>
<edge_start>e510</edge_start>
<edge_end>e490</edge_end>
<edge_element>e710</edge_element>
<orientation>false</orientation>

</entity>

<entity id="e1230">

<entity_name>edge_loop</entity_name>
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<name>ell</name>
<edge_list>e1240,e1250,e1260,e1270</edge_list>
</entity>

<entity id="e1280">
<entity_name>face_outer_bound</entity_name>
<name>fobl</name>

<bound>e1230</bound>
<orientation>true</orientation>

</entity>

<entity id="e1290">
<entity_name>cartesian_point</entity_name>
<name />
<coordinates>10.0,0.0,0.0</coordinates>
</entity>

<entity id="e1300">
<entity_name>direction</entity_name>

<name />
<direction_ratios>0.0,0.0,-100.0</direction_ratios>
</entity>

<entity id="e1310">
<entity_name>direction</entity_name>

<name />
<direction_ratios>-10.0,0.0,0.0</direction_ratios>
</entity>

<entity id="e1320">
<entity_name>axis2_placement_3d</entity_name>
<name />

<location>e1290</location>

<axis>el300</axis>

<ref_direction>e1310</ref_direction>
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</entity>

<entity id="e1330">
<entity_name>plane</entity_name>
<name>pl</name>
<position>e1320</position>

</entity>

<entity id="e1340">
<entity_name>advanced_face</entity_name>
<name>afl</name>
<bounds>e1280</bounds>
<face_geometry>e1330</face_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="e1350"> <entity id="e1820">

<entity id="e1840">
<entity_name>oriented_edge</entity_name>
<name>o0e6l</name>
<edge_start>e550</edge_start>
<edge_end>e570</edge_end>
<edge_element>el1060</edge_element>
<orientation>true</orientation>

</entity>

<entity id="e1850">
<entity_name>oriented_edge</entity_name>
<name>o0e62</name>
<edge_start>e570</edge_start>
<edge_end>e590</edge_end>

<edge_element>el110</edge_element>
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<orientation>true</orientation>

</entity>

<entity id="e1860">
<entity_name>oriented_edge</entity_name>
<name>o0e63</name>
<edge_start>e590</edge_start>
<edge_end>e610</edge_end>
<edge_element>el1160</edge_element>
<orientation>false</orientation>

</entity>

<entity id="e1870">
<entity_name>oriented_edge</entity_name>
<name>o0e64</name>
<edge_start>e610</edge_start>
<edge_end>e550</edge_end>
<edge_element>el1210</edge_element>
<orientation>false</orientation>

</entity>

<entity id="e1830">
<entity_name>edge_loop</entity_name>
<name>el6</name>
<edge_list>e1840,e1850,e1860,e1870</edge_list>

</entity>

<entity id="e1880">
<entity_name>face_outer_bound</entity_name>
<name>fob6</name>

<bound>e1830</bound>
<orientation>true</orientation>

</entity>

- <entity id="e1890">
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<entity_name>cartesian_point</entity_name>
<name />

<coordinates>0.0,0.0,10.0</coordinates>
</entity>

<entity id="e1900">

<entity_name>direction</entity_name>

<name />

<direction_ratios>0.0,0.0,100.0</direction_ratios>
</entity>

<entity id="e1910">

<entity_name>direction</entity_name>

<name />

<direction_ratios>10.0,0.0,0.0</direction_ratios>
</entity>

<entity id="e1920">

<entity_name>axis2_placement_3d</entity_name>

<name />

<location>e1890</location>

<axis>e1900</axis>

<ref_direction>e1910</ref_direction>
</entity>

<entity id="e1930">

<entity_name>plane</entity_name>

<name>p6</name>

<position>e1920</position>

</entity>

<entity id="e1940">

<entity_name>advanced_face</entity_name>

<name>af6</name>

<bounds>e1880</bounds>
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<face_geometry>e1930</face_geometry>
<same_sense>true</same_sense>

</entity>

<entity id="e1220">
<entity_name>closed_shell</entity_name>
<name>cs</name>
<cfs_faces>e1340,e1460,e1580,e1700,e1820,e1940</cfs_faces>
</entity>

<entity id="e1950">
<entity_name>manifold_solid_brep</entity_name>
<name>msbh</name>

<outer>el220</outer>

</entity>

<entity id="e1960">
<entity_name>advanced_brep_shape_representation</entity_name>
<name>absr</name>

<items>e1950</items>
<context_of_items>e380</context_of items>

</entity>

<entity id="e1970">
<entity_name>shape_definition_representation</entity_name>
<definition>e90</definition>
<used_representation>e1960</used_representation>
</entity>

</Model>
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