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Action_method Action ARM
Process Resource Action
Action Action
Action_method
Action_method
1SO10303-41 1S010303-49 Action Action_method
Action_resource Action Action_method

Action_property
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supported_item

sequential_position

sequential_action_method

T

serial_action_method

G

concurrent_action_method

—

action_method_relationship

}

count_measure

characterized_
product_definition

related_method

4

)

T defined_product

J] relating_method

—0

action_method

process_product
association

chosen_method T

‘L process

e
—

action

product_definition_
process

related_action T T relating_action

action_relationship

property_process

&

process T

replacement_relationship

process_product
association

characterized_
action_definition

property_o r_shapel)

property_or_
shape_select

definition

T operations S[1:7]

action_property

property_definition

action_resource_requirement [>— property T é

action_property_ L

J) representation product_definition_shape [5—

requ!rement_for_ o representation 'L of_shape T
action_resource

usage S[1:7] iresources S[1:7] representation shape_aspect o
(@) )

L action_resource D representation related_shape_aspect relating_shape_aspect

J) kind

resource_property_
representation

shape_aspect_relationship

5

action_resource_type

property

characterized
_resource _definition

T

resource_property

resource

4.4.5

shape_definition
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relating_method

‘ gear operation’

T name

L

action_method

relating_method
™

-

serial_action_method

#1

related_method

#1

]

relating_method

L

relating_method

serial_action_method

#4

serial_action_method

serial_action_method

related_method

#2
related_method related_method
Q O
action_method action_method
#5
name name
&) O
‘drive ‘ park
¢ 4
action_method action_method
#3 #4
name name
Q Q
‘ reverse’ ‘neutral
4.4.6 Action_method
R name
- . action_method
| relating_method #1
serial_action_method ‘ park’
| related_method N name
L
action_method
5 B #2 E;,
relating_method ‘ reverse’
serial_action_method
related_method e name
L
R action_method
- ] #3
relating_method
‘neutral
serial_action_method
related_method i . hod name
. action_metho
#4 E;)
‘drive’
4.4.7 Action_method
ARM
4.4.8
EXPRESS-G
4.4.8 Single_piece_part Mapping Table Single_piece_part AIM




product_definition_formation

product_definition_formation<
product_definition.formation
product_definition
product_definition.frame_of_reference->
product_definition_context<=
application_context_element

application_context_element.name='part definition’

<- -> <=
4.4.8 Single_piece_part process_plan_version
fabrication_defined_by AlM
process_plan_version product_definition_process

SINGLE_PIECE_PART (as fabrication_defined_by)

i product_definition_formation
formation T
product_definition_formation product_definition
@]
formation T
L characterized
RS cHdSyteD product_definition

Ll
frame_of_reference defined_product
@]

process_product
association

J) process
9]

product_definition_
process

[ L

‘ part definition’

product_definition_context

application_context_element

process_plan_version

4.4.8 Single_piece_Part Mapping Table

4.4.9 Process_plan_version  Mapping Table Process_plan_version AIM
Action product_definition_process
4.4.9 process_plan_version manufacturing_process activities
4.4.10 Manufacturing_process  Mapping Table Manufacturing_process
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AlM Action_method Manufacturing_process
process_ plan_version

manufacturing_process

sequential_method process_
plan_version Action Action_method
Manufacturing_process machining_process
Action_method Manufacturing_process
machining_process sequential_method Manufacturing_
process_relationship 4.4.11
4.4.10 Manufacturing_process shape_aspect assigned_feature

Manufacturing_process
machining_process shape_aspect

action Process_plan_version

(as activities)

PROCESS_PLAN_VERSION process_plan_version

| I

product_definition_process

action T
J) action
(L chosen_method

product_definition_process

J) action_method

process_plan_version é
manufacturing_process

4.4.9 Process_plan_version  Mapping Table
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(as assigned_feature)

MANUFACTURING_PROCESS

manufactruing_process

i ?

manufactruing_process manufactur Ing_ action_method
process_relationship
(r (r T chosen_method
action_method sequential_method action

T relating_method T &

property_process
8]

action_method_relationship —C} serial_action_method

process

(L related_method

process_property_association

action_method

property_or_shape
[

—O machining_proces property_or_
shape_select

}

shape_definition

}

shape_aspect

) non_machining_process

4.4.10 Manufacturing_process  Mapping Table

process_plan_version i

J? chosen_method

i relating_method
manufacturing_proces i

sequential_position
10 manufacturing_
process_relationship/#1

related_method o
machining_proces 1

relating_method

sequential_position r :
- manufacturing_
2 process_relationship,/#2

related_method .
machining_proces

4.4.11 Manufacturing_process machining_process

Machining_process AlIM

Action_method 4.4.12 Machining_process
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machine identifies
process
4.4.13 Single_setup_process  Mapping Table

Action_method

Single_setup_process setup_process

machining_operation sequence_for_setup
4.4.14 Machining_operation
Sequential_method

Machining_operation shape_aspect

manufacturing_activity assigned_process

MACHINING_PROCESS

!

machining_process

I

action_method

(as processes)

machining_process

I

action_method
@]

relating_method

Machining_process

Mapping Table

single_setup_procecss

Single_setup_process AlIM
4.4.13
single_machine_setup
Machining_operation AIM

4.4.14

target_feature

(as identities)

machining_process

I

action_method

I

supported_item

T usage [i]

action_resource

4

machine

action_method_relationship =

serial_action_method

related_method

Q

8

action_method

sequential_method

&

&

single_setup_process

single_setup_
process_relationship

4.4.12 Machining_process

Mapping Table
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SINGLE_SETUP_PROCESS

!

single_setup_process

I

action_method

(as single_machine_setup)

single_setup_process

I

action_method
[®]

relating_method

(as sequence_for_setup)

single_setup_process

T

action_method

T relating_meth

od

action_method_relationship

é

serial_action_method

$

sequential_method

&

machining_operation

setup_activity_relationship

T

action_method_relationship —O

serial_action_method

related_method

(@1

action_method

machine_setup D—1—0 ancillary_setup

tool_setup O——0 fixture_setup

4.4.13 Single_setup_process Mapping Table
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MACHINING_OPERATION

v

machining_operation

I

sequential_method

T

serial_action_method

I

action_method_relationship

(as assigned_process)

machining_operation

I

sequential_method

T

serial_action_method

T

action_method_relationship

L related_method

action_method

5

process_plan_activity

5

manufacturing_activity

4.4.14 Machining_operation

4.4.15 ARM

4.4.15

(as target_feature)

machining_operation

I

sequential_method

I

serial_action_method

I

action_method_relationship

9]

related_method

action_method

[#]

chosen_method

action

process_plan_activity

&

5

property_process

manufacturing_activity

[#]
process

process_property_association

description

property_or_shape

Q
property_or_
shape_select

J

shape_definition

}

4

'machining operation feature’

shape_aspect

4.4.16

Mapping Table

4.415 AIM
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process_plan_version

fabrication_defined_by

activities L[1:7]

(1]
—d

single_piece_part

machining_process

processes L[1:?7]

identities

e

single_setup_process

machine

#1

single_machine_setup S[l:?']q
e

fixture_setup

(2]
—

#1 #1
sequence_for_setup L[1:?]
[1] assigned_process
—-C0 machining_operation ——— part_mounting
1 #1
2] assigned_process
— machining_operation — process_activity
#2 #1
[2] ] single_machine_setup S[1:?] ]
— single_setup_process { fixture_setup
#2
-7
sequence_for_setup L[1:?] assigned_process
—mc machining_operation — part_mounting
3 #2
[2] assigned_process
—C machining_operation . EEEEEEE— process_activity -
o identities .
machining_process machine
#2 #2
processes L[1:7]
[1] i single_machine_setup S[1:?] 5
—C single_setup_process . fixture_setup
#3 #3
sequence_for_setup L[1:?]
[1] assigned_process
—1C machining_operation . —™0 part_mounting 43
[2] assigned_process
—yg machining_operation ———0 process_activity
#6 #3
[2] ) single_machine_setup S[1:?] -
— single_setup_process C fixture_setup
#4
sequence_for_setup L[1:?7]
[1] assigned_process
—-a machining_operation ——— part_mounting G4
7
[2] assigned_process
— machining_operation — process_activity
4415 ARM
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chosen_method

manufacturing_process
#1

N

[&]

process_plan_version
#1

L

relating_method

manufacturing_

process_relationshig/#1

sequential_position
—————01

l related_method

usage [i]
machining_proces #11‘.1—-— machine 1
relating_method
manufacturing sequential_position 2
process_relationship/#2
l related_method
chosen_method L usage [1]
J machining_proces D machine
#2 #2
J
property_process o relating_method
[®] A sequential_position
process smgle_set_up_ ) n 1
process_relationship,/ #1
process_p_ro;_)erty_ related_method
association #2
property_or_shape single_setup_process o

9]

shape_aspect i3

2

sequential_positionT

relating_method

setup_activity
relationship

#1

i related_method

fixture_setup

relating_method

machining_operation

single_setup_
process_relationship/#2

relating_method

#2

J) related_method

—

single_setup_process

L related_method

process_activity

T chosen_method

property_process /.,

L
process

process_property_
association

#4

property_or_shape

]

shape_aspect i

4.4.16

(4) Feature

Feature

O

relating_method

relating_method

[

#1
sequential_position 2
#2
setup_activity
relationship #2

l related_method

fixture_setup

#2

machining_operation

sequential_position
EE—
#1

<O

related_method

part_mounting

#1

AIM

Feature



Feature 4.4.17 shepe_aspect
Manufacturing_process_feature Feature-Tree Feature
Feature Feature_dependency Feature

Feature_interaction

Feature 4.4.18
Feature shape_aspect characterized_object
shape_aspect characterized_object relationship
shape_aspect_relationship characterized object_relationship Feature
Feature group
4.4.19 Shape_aspect Manufacturing_process_feature = Mapping Table

Shape_aspect AlIM shape_aspect Manufacturing_
process_feature AIM characterized_object feature_definition

Machining_feature
ISO 10303-224

feature_dependency

related_feature_item relating_feature_item

feature_relation S[0:?]

p
feature_identification_item L 1 feature_interaction
related_feature

feature

manufacturing_process_
feature
J

element I
|

shape_aspect

as_is_shape to_be_shape

intermediate_shape

4.4.17 Feature ARM
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chracterized_definition

chracterized_product_

shape_definition Q

definition

4]

characterized_object

related_object

property_definition

relating_object

&

characterized_object_

relationship

product_definition_shape

of_shape

group_assignment

—G

shape_aspect

L assigned_group

group

related_shape_aspect

relating_shape_aspect

relating_group

related_group

—

shape_aspect_relationship

4.4.18 Feature

group_relationship

SHAPE_ASPECT

MANUFACTURING_
PROCESS_FEATURE

!

shape_aspect

!

instanced_feature

O

4.4.19 Shape_aspect

4.4.20

feature_definition

I

shape_aspect

characterized_object

Manufacturing_process_feature

Intermediate_shape

shape_aspect_relationship

Mapping Table

4.4.20

Mapping Table

Intermediate_shape

AlIM

Intermediate_
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shape

Manufacturing_

shape_aspect

process

INTERMEDIATE_SHAPE

(Manufacturing_process to intermediate_shape as in_process_shape)

4.4.21

item AlM

feature_relation

‘intermediate shape’

j) name

as_is_shape

Intermediate_shape

to_be_shape

in_process_shape

shape_aspect_relationship

name {L

'intermediate shape’

related_shape_aspect

shape_aspect_relationship

relating_shape_aspect

shape_aspect

(L of_shape

product_definition_shape

I

property_definition

(L name

' to be intermediate shape’

(as as_is_shape)

manufacturing_process

]

shape_aspect

of_shape

Q

product_definition_shape

I

property_definition

(L name

"as is intermediate shape’

(as to_be_shape)

I

shape_aspect_relationship

action_method

T

shape_definition

T chosen_method

action

4

T

property_or_
shape_select

property_process

process

T property_or_shape

D—

process_property_association

4.4.20 Intermediate_shape

Feature_identification_item

group
4.4.21

Manufacturing_process_feature

Feature_identification_item

Mapping Table

Mapping Table

class

Feature_identification_

feature_interaction

feature



Feature_dependency

Feature_interaction

4.4.22 Feature_dependency  Mapping Table

group_relationship
Feature_identification_item
related feature_item

4.4.23

group_relationship

Feature_interaction Mapping Table

Feature_identification_item

Feature_dependency
4.4.22

relating_feature_item

Feature_interaction
4.4.22

related_feature_item

FEATURE_ (as feature_relation) featur
IDENTIFICATION_ITEM (as feature)
feature_identification_item
l T feature_identification_item
feature_identification_item class T
? cl) class
class group ?
group
T T relating_group
T assigned_group
group group_relationship
group_assignment

)

feature_interaction

A

applied_group_assignment

4.4.21 Feature_identification_item

l. items [i]

group_item

I

instanced_feature

Mapping Table

AlIM

AIM
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FEATURE_DEPENDENCY

feature_dependency

i relating_group ? related_group

group_relationship

feature_dependency

I

group group
group_relationship é é
class class
feature_identification_item feature_identification_item

(as relating_feature_item) (as related_feature_item)

4.4.22 Feature_dependency  Mapping Table

FEATURE_INTERACTION feature_interaction

| I

group_relationship

feature_interaction l related_group
T group
group_relvationship J)
class

)

feature_identification_item

(as related_feature)

4.4.23 Feature_interaction Mapping Table

4.4.24 ARM Feature-tree Tree 4.4.25 4.4.26

4.4.24 AIM 4.4.24
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relating_feature_item

feature_ feature manufacturing_
identification_item / #1 process_feature #1

[
relating_feature_item

feature_dependenc
_dep Y 1

l related_feature_item

feature_ feature manufacturing_
identification_item /" #2 process_feature

#2

feature_dependenc
ure_aep Y fio

{L related_feature_item

feature_ feature manufacturing_
identification_item " #3 process_feature uq

T relating_feature_item

feature_dependency 43

{L related_feature_item

_ _ f_eatL'J re_ feature manufacturing_
identification_item / #4 process_feature #4
4.4.24 ARM Feature Tree

# o #3 e . QL

4.4.25 Feature Tree
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feature_
identification_item / #1

<7 [®)
relating_group

assigned_group

relating_group

applied_group_
assignment #1

feature_dependency

#1

@]

instanced_feature

#1

related_group

feature_
identification_item

assigned_group

applied_group_

#2 assignment #2
Litems S[1:7]
feature_dependency o 1]
instanced_feature o
{L related_group
feature_ assigned_group applied_group_
identification_item /" #3 assignment #3
&
. litems S[1:7]
relating_group
instanced_feature
feature_dependenc #3
_dep Y /i3
related_group
O )
feature_ assigned_group applied_group_
identification_item /" 44 assignment #4
[1] (Litems S[1:7]
instanced_feature
#4
4.4.26 AIM Feature Tree
(5) Fixture
Fixture Fixture
4.4.27 Fixture_assembly Fixture
_assembly_element Fixture Fixture setup_activity
fixture_setup
part_fixture_mounting Fixture
single_setup_process (clamp_ position)
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—{ (ABS) setup_activity

fixture_setup

identifies_fixtures S[1:7]

9]

] comprised_of S[1:?]
—] fixture_assembly rL

located_by S[1:7] T sub_assembly_select

Q
location_select

L fixture_assembly_element

L—Q  part_fixture_mounting  {{)m—

part_hold_downs S[1:?]

L clamp_position part_mounting

o) (0]

part_hold_downs S[0:?]

single_setup_process

i i -2
single_machine_setup S[1:7] (ABS) manufacturing_activity|

&)
sequence_for_setup L[1:?7]

9]

machining_operation

assigned_process

4.4.27 Fixture ARM

4.4.28 Fixture_setup Mapping Table Fixture_setup AlM

action_method process_plan_activity
4.4.28 Fixture_setup Fixture_assembly

identifies_fixture

4.4.29 Fixture_assembly  Mapping Table Fixture_assembly AIM
action_resource 4.4.29 Fixture_
assembly Fixture_assembly Fixture_assembly _element comprised_of

part_fixture_mounting located_by
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FIXTURE_SETUP

!

fixture_setup

I

process_plan_activity

I

action_method

4.4.28 Fixture_setup

FIXTURE_ASSEMBLY

(as identifies_fixture)

fixture_setup

I

fixture_assembly

process_plan_activity

!

I

action_resource

action_method

T resources [i]

|

characterized_
action_definition

(.[J

requirement_for_
action_resource

I

operations [i]

(as comprised_of)

!

fixture_assemby

I

action_resource

(as located_by)

fixture_assemby

fixture_assemby

I

action_resource

J

relating_resource

action_resource_requirement

Mapping Table

action_resource_relationship {

fixture_asembly_relationship

Q

related_resource

action_resource

fixture_assembly

fixture_assembly_element

I

process_plan_activity

manufacturing_activity

action_resource

I

&

T resources [i]

action_method

part_fixture_mounting

requirement_for_
action_resource

T

|

characterized
action_definition

action_resource_requirement

L[)

4.4.30

4.4.29 Fixture_assembly

Clamp_position

operations [i]

Mapping Table

Mapping Table

Clamp_position AlIM
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resource_property

Clamp_position

fixture_asembly

Single_setup_process

CLAMP_POSITION

!

clamp_position

I

resource_property

Clamp_postion

part_hold_downs

4.4.30

part_hold_ downs

(as part_hold_downs)

clamp_position

I

resource_property

i resource

characterized_
resource_definition

)

action_resource

)

fixture_assembly

Single Setup Process to Clamp Position as part_hold_downs)

single_setup_process

I

action_method

clamp_position

T

supported_item

-T usage [i]

T

resource_property

action_resource

‘L resource

characterized
resource_definition

4.4.31
4.4.32

ARM

4.4.30 Clamp_position

4.4.31

Fixture_setup Fixture

AIM

Mapping Table

Clamp_posiotion

4.4.31



single_setup_process

single_machine_setup S[1:?]
1

[1]

fixture_setup

#1

#1
part_hold_downs S[0:?]
(1] -
— clamp_position

part_hold_downs S[1:?]

identifies_fixtures S[1:7]

[#)

comprised_of S[1:?]

fixture_assembly

(L [1

fixture_assembly _

element #1

sequence_for_setup L[1:?]

located_by S[1:?]

& [

assigned_process

[1]
L— machining_operation ———-2 part_fixture_mountin
1 #1
4.4.31 Fixture_setup ARM
] [1] usage S[1:7]
single_setup_process o
#1
Q
relating_method
Setup_activity I’elated_method .
relationship 1] fixture_setup 1

J

[1] operations S[1:7]

requirement_for_
action_resource #1

‘L related_resource

fixture_assembly

element #1

relating_method

related_method

L. resource resources S[1:?]
clamp_position 1
#1 (1 &
fixture_assembly —!
#1
J
- relating_resourc [1]
fixture_assembly
relationship #1

resources S[1:?]

requirement_for_
action_resource

#1

[ 9]

operations S[1:7]

machining_operation

(o]

L sequential_position

1

4.4.32 Fixture_setup

part_fixture_mountin

#1

AIM
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4.4.2
(1)

ISO 10303 AP240
(2)

ISO 10303 AP240

(3)

4.4, Macro Process Planning Micro Process
Planning AP240
4.4,
Micro Process Planning Macro Process Planning
XML
Micro Process Planning AP240  Property_parameter
4)
AP240
FLAT_FACE OUTSIDE_PLANE ( )
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( 4.4.2-1)
AP224/240
CAD

4.4.2-1

3 AP224/240 4.4.2-3
SET

5 surface roughness
removal thickness
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4.4.2-1

4.4.2-2

4.4.2.-2
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of_product

product_definition_
formation
#35

definition

product_ efi nition

anchor for feature description

characterized_object
feature_definition

definition instanced feat
— instanc ure
product_definition_ o of_shape round hole
ope shape_aspect
definition A
definition

shape_definition_
representation product_definition_ _

(gusedirepresemali on #4302

advanced_brep_ definition definition
shape_representation shape _definition_ shape_definition_
representation representation
#4303 #4310
used_representation (l &usedﬁrepr@enlalion
shape_reprwentatioj shape_representation_|

with_parameters
items §[1:7] #4300

items §[1:7]

axis2_placement_3
#4320

v L g o &

| advanced face | | advanced face | geometry "branch”
REPERESENTATION OF THE ROUND HOLE FEATURE.

parameter "branch"

4.4.2-3

(1)

( 4.4.2-4)

() AP240

4.4.2-4
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edge curve
AP224/240
Express-X ( edge

curve)

4.4.2-5

4.4.2-5 4.4.2-6
SLOT (AP224/240 )
4.4.2-6
AP240
AP240 (AP224 )
Macro Micro
AP240
Macro
Micro
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(5)

1SO10303-240DIS
1SO10303-240

ISO/TC 184/SC 4
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4.5

45.1
AP240 AP224
ISO/TC 184/SC 4/WG 3
AP240 AP224 T24
T24  Deputy Leader AP240
AP240 ISO/TC 184/SC 4/WG 3
Deputy convener Len Slovensky
(1) AP240
AP240 DIS 1S
DIS 2004 4
DIS 2004
DIS 2004
DIS 2004
FDIS 2004
IS 2005
(2) AP224ed3
AP224 CD
IS
DIS 2004
DIS 2005 1
DIS 2005
DIS 2005 7
FDIS 2005
IS 2005 1
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4.5.2

AP240

4.5.2.1 AP240

AP240 Process plans for machined products

AP238

Macro Process Planning

NC Micro Process Plan

STEP Manufacturing Suit

A STEP Manufacturing Suite

Input from .
Micro PP &
STEP In, STEP Out, ere #

STEP Throughout Inspection Finished Part

Macro Micro

Process Process AP240
Planning Planning AP219
NC programming

STEP
Product Data - '
Generation
AP24O AP238 AP238 o
% -
A | e

Eunction /

m AP224 AP202 & AP203

ISO 6983

—_— M&G Codes
Standards

AP203

Shop Floor
(DESIGN) (FACTORY) (FACTORY) (FACTORY)
4.5.1 STEP Manufacturing Suit
4.5.1 Manufacturing Application Protocol AP

APs for Manufacturing
e AP202 - Associative draughting

= AP203 - Configuration controlled 3D designs of
mechanical parts and assemblies

e AP219 - Dimensional inspection information
exchange

= AP223 - Exchange of design and manufacturing
product information for casting parts

e AP224 - Mechanical product definition for process
plans using machining features

e AP232 - Technical data packaging coreinformation
and exchange

e AP238 - Application interpreted model for
computer numeric controllers

» AP240 - Process plans for machined products
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Micro Process Plan

45.2.2 AP240
4.5.2
AP240
AP240
4.5.3

AP238 15014649

NC

4.5.2.3 AP240
454

NC
AP240
4.5.5
45.2.4
AP203 AP214

(1) Base Feature

4.5.7

Micro Process Plan AP240

Micro Process Plan

AP240

CAM

4.5.3

4.5.6

Base Feature  Volumetric Feature
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4.5.2

4.5.3
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Base Feature

Base Feature Volumetric Feature

4.5.8

(2) Volumetric Feature
Volumetric Feature

Base Feature Volumetric Feature
45,9

3)

4.5.10 45.11

Computer Aided Process Planning System (Prototype)

Create Base Features
with Surface fi

Recognize
Volumetric Features

Add Properties
and Toleran

Design Fixture

L

Process Plan Data
with Features
(AP240)

I 1 Micro Process Planning _

| Same Access |: Micro

| to Databases | Process Plan Data
, asshown | ﬁ

| intheright | ! (ST

| figure I:

Machining Technology Database
Machine Tool Database
Cutting Tool Database

Design
Cutting Tool
[Existing System]

45.4 AP240



Shape of the Sample Part_1

[Pocket_with_Boss A1]

(a3l + a32 + a33)

" 236 N
oR2
[ ™ 1
3,
L. LI =
@ 40
1 . >N
el | 8 16-R5 \'—/ 73
s L N
-t
13 o
¢ 56 3 5 < 48
G Material
D
J gl |25
3
{ i
E s 1
= F
E-E
7—
AVAR VAV
F-F
455
[Hole_with_Thread_CL, C2] tsiot_c1] |[ Piane c11 CO+LO)  A(0,0+1)
[Plane_C1] Compound _feature Sot Flat_face
Flat face (Hole_C11(Composite_hole(c111+c112)) + ol G(-1,0,+1)
= Thread_C11(Thread))
[Plane_B3]
Flat_face
[Plane_A1] [Pocket AT] _|
Flat_face [Hole_A2]
Pocket =
Composite hole
| (a21 + a22 + a23)
[Plane G1] [Teodol A3) ‘ \ 2 B(00-)  D(0-10)
Flat_face Slot ﬁ)
A ‘ ‘ [Hole_with_Thread_A6, A7)
[Hole_G1, G2] \ EI;oIe_A_lt] hol / Compound_feature
Composite hole omposite hole | __ (Hole_A61(Composite_hole(a611+a612)) +
\ (‘ (11 + g12) (i1+a12) _N\\"# | Thread_A61(Thread))
—1 cC_>
[Side_AB1] —’ E;‘J(I)TI\ e _Al0, All]
: . posite hole
Outside_profile [Groove AB1] k (a101 + a102)
Groove [Hole_A8, A9]
§ ite hol
[Hole A12, A13] 2 E%Tﬁzzg oe [Slot_AZ]
Round_hole [Hole_A4, A5] = Slot
’ Composite hole
[Plane_B4] (a4l + ad2) [Hole_A3]
Flat_face A Composite hole
N\

Compound_feature [Slot_D1] [Side AB2]
(Pocket_A11(Pocket) G Slot Outside_profile
+ Boss_A11 (Boss))
- [Plane_D1]
(7 N [Hole with_Thread_D1, D2] Flat_face
Compound_feature
[Plane B1] [Plane_D1] (Hole_D11(Composite_hole(d11+d12)) + [Plane_B2]
Flat_face Flat_face Thread D11(Thread)) Flat_face
4.5.6
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Base Feature Volumetric Feature

Flat_face (Planar_face) | pocket (closed) ~ Round_hole (Hole)

|

Step

Pocket (open)

)

Outside_profile )
(General_outside_profile) Boss Composite_hole

]

y
¢

4.5..7

[Plane_C1] C0+10)

Flat_face

A(0,0,+1)

Create Base Feature

[Plane_C1] G(1.0.+1)

Flat_face

[Plane_B3]
Flat_face

B(0,0.-1) D(0-1,0)

[Side AB1]
Outside profile

[Plane _B4]
Flat_face

\/ [side ABZ]
Outside_profile

(-
7/1% [Plane D1]
' ‘\ Q Flat_face
L 77
[Plane_B1] [Plane_D1] [Plane B2]
Flat_face Flat_face Flat_face

4.5.8
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R ecognize [Hole with_Thread CL, C2] CO+L0  A00+1)
. Compound_feature
Volumetric Feature (Hole C11(Composite hole(ctitvctig)+ | G(10+D
Thread_C11(Thread))
[Slot_C1]
[Pocket_A1] [l Siot
Pocket Composite hole
(821 + a22 + a23)
@ [Tee-slot_A3] BOODN RRICEED)
Slot -
T [Hole_with_Thread_A6, A7]
[Hole G1,G2] [Hole A1] L2, compound_feature
Composite hole Composite hole (Hole A61(Composite hole(a611+a612)) +
(911 +g12) (a1l + a12) Thread_A61(Thread))
[Hole A10, A11]
@ ite hol
[Slot_A1] [Groove AB1] (airgf Sgafoa °
Slot Groove [Hole_A8, A9]
[Hole A12,A13] E;%TEZ?;;)E hole (S0 AZ]
Round_hole [Hole_A4,A5] Slot
Composite hole
(a4l + ad2) [Hole A3]
Composite hole
(a31 + a32 + a33)
[Pocket_with_Boss A1]
Compound_feature [Slot_D1]
(Pocket_A11(Pocket) Slot

+ Boss A1l (Boss))

[Hole_with_Thread_D1, D2]

Compound_feature
(Hole_D11(Composite_hole(d11+d12)) +
Thread D11(Thread))

4.5.9

) #AD POPINAWINE) (D RARSEESRM SobTW At

=lolx]

=laix]

Frlo- eRPEHY @2 (a8QA0+ %Y DEDER|[(DBRBRB S|4

=1 Workpiece

BS-0219
BS-0242
SL-0273

T isl-0344
| . PK-01ED

D 47
USAGE NAME:  [AI—i0a7 BOTTOMGONDITON
TYPE Conical hole bottom
- PLAGEMENT CORNER RADIUS 0000
LOGATION X 190000 RADIUS 0000
LOGATION 'Y = 60000 TIP ANGLE 120000
LOGATION Z = 15000 TIP RADIUS 0000
0000
2% ; ?EEE Reverse fis SIDE SURFAQE ROLGHNESS
VALUE:  [35
UNIT RMaxx
DIAMETER 10000
HOLE DEPTH. 14000 BOTTOM SURFAGE ROUGHNESS
 GHANGE IN DIAMETER m}us : ’E
TAPER TYFE - LR
FINAL DIAMETER: 10000
ANGLETAPER  : DDOD degrees
¥ Thread_information Cancel
THREAD INFORMATION
FORM [0 FITCH [i5
FIT GLASS & FUCHDIAMETER  [e
MAJOR DIAMETER  [immn THREAD HAND Fieht Fanded =
MINOR DIAMETER  [a376 QUALIFIER —
APPLEDLENGTH 5

#as—t| | & =i | | |[soliaworks 2000 - 5.

4.5.10

P

ol
B g

1

L

a 2|
o

=

a8

X

[[[FEmge [,

GOE. 8 2087




IRIE HAD  POPINAWINGE) =1 FEABEERM 900 AL2%H

Add Propertiesto the Slot

=Iolx]

- il Edit

Sl X | o- [fREY @ 2ead2+a%y DELHE ERRRRE D L

HL-0199

- PF-000%
T sL-0eM
g PE-DISY
i BS-0140
| oSL-033B
H HL-0080
HL-D082
[ -y
| eSL-0388

] 173
USAGE NAME  [S-o172 | -SWEPTSHAPE
TYPE Square_U
PR = U IDTH 25000
LOCATION X = 230000 U_FIRST_RADIUS 5000
LOCATION ¥ = 90000 UFIRST_ANGLE 90000 degress
LOCATIONZ : -10.000 U SECOND_RADIUS 5000
A5 X 0000 U SECOND_ANGLE 90.000 degress
RIS Y 0000
RS Z 1.000

 END CONDITION 1

TYPE Open_slot end

FIRST RADIUS 0.000 SIDE SURFAGE ROLUGHNESS
SECOND RADIUS 0.000 VALUE 35
RADIUS 12500 UNIT RMax

~END COMNDITION 2
TYPE Radiused slot_end

BOTTOM SURFAGE ROUGHNESS
WALLE © BE
LN Fiax

FIRST RADILS © 0000

SECOND RADIUS : 0000

RADIUS 12500

SLOT DEPTH 10000 SLOT TYPE Slot
SLOTWIDTH = 26000

A5t @ 521 || Bindons 225 2. [0

2000 ¥ Paint Shop Pro

=

4.5.11

||| [REP s ||

lers ==

lexmmmal

GHBHEE 218

Part_shape

assigned_feature S[1:7]

-((1, 5, MateriaD (L 4 (1)>
B

2003-09-18

1, 6, Manufacturing erocess_featu@

d Intermediate_shape

— Process_plan_version

(ABS) Setup_activity

in_process_shape

activities_contained L[1:?i

1, 1, Machino—dentfies] vachine setup

(ABS) Manufacturing_process

Fixture_setup

identifies_fixtures S[1:7]

1 setups L[1:7]

Ancilliary_setup

Tool_setup identifies_tool S[1:?]

Performance_rate

duration S[1.7
activity_number
/—0

(aBs) | feqensy
Activity references

organization_id
name
description

Non_machining_process

non_machining_activity L[1:?]

(L, 3, Tool_assembly>

b

Aresouroes S[1:7]

Machining_process

1, 4, Setup_activity,

(ABS)

(ABS) Manufacturing_activity b— | Generic_manufacturing_resource

v

single_machine_setup S[1:?

Work_cell

t
1
micro J)Ian_referenceé 1 ® Validation

processes L[1:7]

External_schema_
definition

[

contains S[1:? identified
0

Workstation

Single_setup_process

part_hold_down S[0:?]

[] NC_function

Tool_magagine, Clamp_position

turret_carousel

Controller_program

ltarget_feature S[1:?]

Manufacturing_process_features|

|
controlled_by!

Controller

feature_dependency S[0:?7]

!
relating feature item I
Feature_dependency | related feature item d Feature_identification_item |

Feature_interaction

{1_ Part_loading

(] Part_handling

LQY Process_activity |

(] Part_machine_mounting|

Resource_with_material

resource_material

(]

FC] Fixture_pallet_mounting
(] Part_fixture_mounting

Resource_
with_representation

resource_documentation "

(] Part_fixture_unmounting
[] Ancillary_activity

dentiies fiturd

uses_to_perform

— mating _solution Clamp_mating_ -q Part_unloading | | Externally_defined_representation |
uence_for_setup L[1:7] definition 14
sed oL selup L1 .(1 Part_machine_unmounting mol_representanonl
for q igned ion
Machining_operation = .
ining_operatl -(:I Fixture_pallet_unmounting | Tool_assembly_elementl
contains S[0:7] accomplished_by.

comprised_of S[1:7]

ters S

Process_parameter

4.5.12 AP240

ARM
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AP224

AP224 Base Feature Volumetric Feature

AP240 Feature_identification_item 4.5.12
45.2.4 AP240 Macro Process Plan
45.2

45.2 Macro Process Plan

Macro Process Plan is composed of
the following operations for each Machining process

1. Select a Machine Tool for the Machining process
2. Input relationship between M achining processes
3. Input the type of Part mounting

4. Input the Axisrelationship
between the machine tool Spindle and the Part

5. Input Clamping positions

6. Assign Featuresto the M achining process

[After Micro Process Plan and Fixture (and Tool) Design]

(7. Determine the detail of Setup activities) I

(1)
Select a Machine Tool for the Machining process

4.5.3

(2) Input relationship between Machining processes
4.5.13
A ———
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4.5.3

1. Select a Machine Tool for the Process I

[Input Requirements for a Machine Tool]

(1) Type of Machine Tool

(2) Minimum axis range motion of X_axis,
Y axisand Z_axis

(3) Number of control axis

(4) Table Indexing function

(5) Maximum spindle speed

[Select a Machine Tool for the Process]
(1) Machine Tool Manufacturer
(2) Company model

2. Input relationship between Machining processes |

Machining_ Machining_
process_ process_
1 3

A
Machining_ Machining_ Machining_
process_ process_ process_
1 2 3

Machine A Machine B

(Continuous execution for eachPart.)

B-2 A
Machining_ Machining_ Machining_
process_ process_ process_
1 2 3
Machine A Machine A Machine B
(Continuous execution for eachLot.)
45,13
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B ———
C ——

3) Input the type of Part mounting
4.5.14
Part mounting type C

4)

Input the Axis relationship between the Machine tool spindle and the Part

4.5.15
(6)
(5) Input the Clamping positions
Clamp Locator Jack 4.5.16
Clamp ————
Locator ———
Lack —— Locator
(6) Assign Features to the Process
454 (1) Base Feature
Base Feature Base Feature
(4)
Feature
Plane_C1 Plane_D1 Feature
4.5.5 Volumetric Feature
Volumetric Feature
4.5.18

4.5.19 4.5.6 4.5.7 4.5.20

4.5.4(2)
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45.21 4.5.8 4.5.9 4.5.22
4.5.10

3. Input the type of Part mountin

Part mounting type A

Part_machine_mounting

ﬁ Part
* | Machine Table |

| Machine Table |

Part mounting type B

Part_fixture_mounting

Part
Part
# ‘ Fixture
Fixture Machine Table

| Machine Table

Fixture_machine_mounting is a subtype
of Fixture_setup.

Part mounting type C

Part_fixture_mounting [Off the Machine]

#»%

Fixture Pallet

| Pallet |

i . Fixture_pallet_mounting is a subtype
Pallet_machine_mounting of Fixture_setup.
[On the machine]

Fixture
Fixture

| Pallet |

¢ Pallet
| Machine Table |

| Machine Table |

4.5.14
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4. Input the Axis relationship
between the machine tool Spindle and the Part

5.1 Input therelationship between the machine tool spindle

and the part Y

(a) The Z_axis of the Spindleis Machine Tool Spindie

parallel totheZ_axisof the z

Part, and the X_axis of the

Spindleisparallel tothe X_axis z * X

of the Part X

X

(b) TheZ_axisof the Spindleis v

parallel totheZ_axisof the Machine Tool Spindle

Part, and the X_axis of the z

Spindleisparalld totheY_axis z

of the Part

X

(c) TheZ_axis of the Spindleis perpendicular to
the Z_axis of the Part

—r» N

(d) Others

Machine Tool Spindle

5.2 Indicate the face of the Part which isfaced to the Fixture

X

Machine Tool Spindle

]
]
]
]
i
z i
z«{ |
X N

4.5.15
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5. Ineut Cl amei ng Positions I

Indicate the Clamping Position(s) [<— ] and
Input the position type for each Clamping Position,
Clamp, Locator or Jack

Locator ., Clamp

L ocator

Jack
(Adjustable locator)

L ocator

4.5.16

6. Assign Features to the Process (1% Process) l
D(0,-1,0)
o

C(0,+1,0)

l_ Clamping
Direction

B(0,0,-1)

4.5.17
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454 Base Feature

6. Assign Features to the Process (1% Process) I

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

| B(O, o‘-1)| — | Plane B1 | | Plane B2 | | Plane_B3 | | Plane_B4 | | Side ABL | | Side AB2

| (0, +1, 0)| - | Plane_C1 |

| D0, -1, 0)| — | Plane D1 |

(2) Display Selected Base Features

[Vector] [Assigned Base Feature]

| B(0,0, -1) | R | Plane B1 | | Plane B2 | | Plane B3 | | Plane B4 |

| C(0, +1,0) | —_— | Plane_.C1 Plane_rough milling, Plane_finish_milling |

| D(0, -1, 0) | R — | Plane D1 Plane_rough milling, Plane finish_milling |

Regarding Plane_C1 and Plane_D1, We need to get Process activities from
Machining Technology Database before Feature Assignment

4.5.5 Volumetric Feature

6. Assign Features to the Process (1% Process) l

(3) Select Volumetric Features assigned to the Process

[Base _feature] [Assignable Volumetric Feature]

PlaneC1 | — | Slot C1 l—cl Hole with_Thread_C1 |—| HoIe_with_Thread_CZ|
PlaneDl | —— | Slot DL |—:| Hole with Thread D1 |—| HoIe_with_Thread_D2|

(4) Display Selected Volumetric Features

(None)




Assigned Features to
the 1st Process

D(0,-1,0)

B(O’O'_1)>\
Plane B2 > |
[Flat fa_ce] Flat_face C(0,+1,0)
[Plane D2} l Clamping
Flat_face Direction
(Plane_

Rough_Milling )
[Plane_C2]
Flat_face
[Plane D1] (Plane_Rough_Milling)
Flat_face
(Rough)

[Plane_C1]
Flat_face
(Rough)

[Plane_B1]
Flat_face

[Plane_B4]
Flat_face

4.5.18

6. Assign Features to the Process (2 Process)

A(0,0,+1) o

4.5.19
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4.5.6 Base Feature

6. Assign Features to the Process (2 Process) l

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

| AQ,0, +1)| —_— | Plane Al | | Step Al | | Side AB1 | | Side AB2 |

|G(-1, 0, +1)| SN | PLane G1 |

(2) Display Selected Base Features

[Vector] [Assignable Base Feature]

| AQ, 0, +1) | — | Plane AL | | Step AL | | Side AB1L | | Side AB2 |

|G(—1, 0, +1)| _ | PLane G1 |

4.5.7 Volumetric Feature

6. Assign Features to the Process (2 Process) l

(3) Select Volumetric Features assigned to the Process

[Base_Feature] [Assignable Volumetric Feature]

| Plane Al | —_— |PocketﬁA1 | |Pocket7wwthiBossiA1| |SI0t7A1| |Slut7A2| |Teeislot7A3| | Hole A1 |
| Hole_A2 | | Hole_A3 | | Hole A4 | | Hole A5 | |H0|e_with_Thread_A6 | |Groove_ABl|
[ Hote vith thread A7 | [ Holeas | | Hoteao | [Hoteat2] [ Hote as]

| Step Al | _ |H0|e_A10| |Ho|e_A11|

| Plane G1 | J— | Hole_G1 | |H0Ie_62|

(4) Display Selected Volumetric Features

[Base_Feature] [Assigned Volumetric Feature]

| Plane A1 | _— | Pocket Al | |P0cket7wwthiBossiA1| |S|0tﬁAl| |SI0t7A2| |Teeis\ot7A3| | Hole A1 |
| Hole A2 | | Hole A3 | | Hole A4 | | Hole A5 | | Hole with_Thread A6 | |Groove7ABl|
| Hole_with_Thread A7 | | Hole A8 | | Hole_A9 | |Ho\eiA12| |HOIeiA13|

| Step_ Al | _— |Ho\eiA10 | |H0I97A11|

| Plane G1 | N | Hole_G1 | | Hole G2 |




Assigned Featuresto | [Pocket_with_Boss A1]

Compound_feature
the 2nd PrOCeSS [Pocket_A11(Rectangular_open_pocket) A(0,0,+1)

+ Boss A1l (Rectangular_Boss)] G(-1,+1,0)

[Side_AB2] T
Outside profile ; ole_
P [Hole_with_Thread_A6, A7] Compound_feature
CEPeUE] [EE [Hole_A31(Countersunk_hole) +
[Hole_A61(Countersunk_hole) + Hole A32(Round_hole)]
[Step_Al] Thread A61(Thread)] = =
Step [Hole_A12, A13]
Round_hole
[Slot_A2] [Hole A4, A5]
- Composite hole
Slot [Plane_G1]
[Hole A1] (aEraA2) @ Planar_face
[Hole ALD, Al1] Composite hol -
ole L
Composite hole (el + a2 [Groove AB1] [Slot_A1] [Hole G1,G2]
(a101 + a102) Groove Slot Compositehole
(011 + g12)
[Hole_AZ2]
Compound_feature
[Plane_A1] [Hole_A21(Countersunk_hole) +
Flat_face Hole_A22(Round_hole)]
[Side_AB1]
[Hole A8, A9] [Teeslot_A3] t E—— Outside_profile
Counterbore_hole Slot [ _Al]
Pocket
4.5.20

6. Assign Featuresto the Process (3" Process) I

Clamping
Direction

4.5.21



4.5.8 Base Feature

6. Assign Featuresto the Process (3" Process) l

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

| C(0, +1,0) | —_— | Plane_C1  Plane_rough_milling, Plane_finish_milling |

| D(, -1, 0) | _ | Plane D1  Plane_rough_milling, Plane finish_milling |

(2) Display Selected Base Features

[Vector] [Assigned Base Feature]
| C(0, +1,0) | B — | Plane_C1 , Plane_finish_milling |
| D(, -1, 0) | _ | Plane D1 , Plane finish_milling |
4.5.9 Volumetric Feature

6. Assign Features to the Process (3" Process) l

(3) Select Volumetric Features assigned to the Process

[Base_feature] [Assignable Volumetric Feature]

| Plane C1 | —_— | Slot C1 |—r.| Hole_with_Thread_C1 |—| HoIe_with_Thread_C2|

| Plane_D1 | _ | Slot D1 |—c| Hole_with_Thread_D1 |—| HoIe_with_Thread_D2|

(4) Display Selected Volumetric Features

[Base_feature] [Assigned Volumetric Feature]

| Plane C1 | - | Slot C1 |—c| Hole with Thread C1 |—|Ho\e_W|th_Thread_C2 |

| Plane D1 | B | Slot D1 |—|:| Hole_with_Thread_D1 |—| Hole_with_Thread_D2 |
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[F'Tﬁ”fgczll Thread_D11(Thread)) .
(Plane (Plane_Finish_Milling)
Finish_

Milling)

[Slot_D1]
[Hole_with_Thread_D1, D2] Slot
Compound_feature

(Hole_D11(Composite_hole(d11+d12)) +

[Plane _D2]

Clamping
Direction

[Plane_C1]
[Plane_C1] Flat_face
Flat_f:;ce (I?Ia}ne_
(Plane Finish_
Finish_ _ [Siot_c1] | | Milling)
Milling) [Hole with_Thread_C1, C2] Sot

Compound_feature

(Hole_C11(Composite_hole(c111+c112)) + .
Thread_C11(Thread)) Assigned Features to

tha qrd Pracoce
\Z LA AA "]

TrIiCOT

4.5.22

4.5.10

Feature Assignment Table

Process Assigned Feature [Base_Feature] —»  [Volumetric Feature]
| Plane_B1 | | Plane_B2 | | Plane_B3 | | Plane_B4 |
Ist | Plane C1 Planeiroughimilling)|
| Plane D1 Plane_rough_milling)|
| Plane Al |—> |Pocket7A1 | | PocketiwithiBossiA1| |Slot7Al| |SI0t7A2| |Teeislot7A3| | Hole Al |
| Hole A2 | | Hole A3 | | Hole A4 | | Hole A5 | | HoIe_with_Thread_A6| |Groove_ABl|
2nd |H0Ieiwith7Thread7A7| | Hole_A8 | | Hole_A9 | |Ho|e7A12| |HO|67/-\l3 |
| Step_Al |—> | Hole A10 | | Hole A11 |
|PIane_G1 |—> | Hole_G1 | | Hole_G2 |
| Plane_C1 (Plane_finish_milling l—» | Slot C1 H Hole with_Thread C1 |—| Hole_with_Thread C2 |
3rd

| Plane_D1 (Plane_finish_milling |_. | Slot D1 |_u| Hole_with_Thread D1 |_| Hole_vvith_Thread_D2|
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4.5.2.4 Micro Process Plan
Micro Process Plan 45,23

1)

Generate Process Activities for Features

4512
4.5.24 4.5.25
(2) Sequence Process Activities
(1)
4.5.13 4.5.12 4.5.12
3) Add other Manufacturing Activities
4.5.14
4 Determine Performance rate for each Activity
(5) Specify Tooling Requirements
(1)
4.5.26 4.5.30
45.31
4.5.12 AP240

45.11
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| Computer Aided Process Planning System (Prototype) |

Create Base Features
with Surface finish

Recognize
Volumetric Features

Add Surface finish -
and Tolerances

Design Fixture

L1

Process Plan Data
with Features
(AP240)

Micro Process Planning

Micro

1
| Same Access !
j to Databases |I

1

1

1

' Process Plan Data :

: |istﬁzor\|l‘g;r;1t :' @ (ISO 14649) '
1 figure |: :
------- 1 Machining Technology Database ] 1
1 Machine Tool Database Design 1

1 o Cutting Tool Database Cutting Tool 1

y [Existing System] 1

4.5.23 Micro Process Plan

4.5.11 Micro Process Plan

Micro Process Plan is composed of
the following operations for each Machining process

1. Generate Process Activities for Features I
2. Sequence Process Activities I
3. Add other Manufacturing Activities I
(4. Determine Performance rate for each Activity) I

(5. Specify Tooling Requirements) I
(6. Generate Operator Instructions) I
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4.5.12

1. Generate Process Activities for Features

An Example for the 3rd Process

Countersunk_hole |

2 |Hole_E1, E2 Chamfering

Counter_sinking Countersink

Thread_E11, E21

3 Hole_E1, E2 Tapping

Tapping Tap

Machining Process Feature Seq ID of Workingstep Operation Type Tool Body | Tool Path Strategy
Process
Id No Type /‘ 1 Head_D1, D2 Finish Plane_finish_milling Endmill Unidirection
Head_D1, D2 2 Planar_face (Finish K . A
— - ( ) 1 Slot_D1 Rough Bottom_and_side_rough_milling Endmill Contour_parallel
Slot_D1 | 1 | Slot 2 Slot_D1 Finish Bottom_and_side_rough_milling Endmill Contour_parallel
1 Hole_D1, D2 Drilling Drilling Twist_drill | ---momeeee-
Hole_D1, D2 | 2 | Compound_feature
2 |Hole_D1,D2 Chamfering Counter_sinking Countersink| ~ ------------
Hole_D11,D21 | 2 | Countersunk_hole |
5] Hole_D1, D2 Tapping Tapping Tap | -
Thread_D11,D21 | 2 | Thread |
3rd 1 | Head_E1, E2 Finish Plane_finish_milling | Endmill Unidirection
Head_E1, E2 | 2 | Planar_face (Finish)
1 Slot_E1 Rough Bottom_and_side_rough_milling Endmill Contour_parallel
Slot_E1 1 Slot
~ | | 2 Slot_E1 Finish Bottom_and_side_rough_milling Endmill Contour_parallel
Hole_E1, E2 | 2 | Compound_feature 1 Hole_E1, E2 Drilling Drilling Twist_drill | ---momeeee-
Hole_E11,E21 I 2
| 2

Thread |

its_operation

Operation Data

its_machining_strategy

(ABS) Machining_operation

Touch_probing

its f.ll Technology

its_tool

its_machine_functions

.J1 Cutting_tool

1J1 Machine_| i

| (ABS) Milling_type_operation p

1
—q (ABS) TwoSD_milling_operation |

q (ABS) Drilling_type_operation |

1

(ABS) Drilling_operation

Freeform_strategy
Two5D_milling_strategy
Drilling_type_strategy

Drilling

(ABS) Side_milling

Plane_finish_milling
Side_rough_milling

—d]

(ABS) Boring_operation

Side_finish_milling

( (ABS)Bottom_and_side_milling

Bottom_and_side_rough_milling |

4.5.24

d Freeform_operation

Bottom_and_side_finish_milling |

s

I vom ]
d Thread_drilling

1SO 14649
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Machining Strategy

L-.-

(ABS) Two5D_milling_strategy |

AL LL L

Unidirection |

\\\\ NN ‘i\\\§

Bidirection

Contour_parallel

Bidirectional_contour

Contour_bidirection

Contour_spiral

Center_milling

Explicit

13

4.5.13

ISO 14649

2. Sequence Process Activities
An Example for the 3rd Process

Seq ID of Workingstep Operation Type Tool Body
1 Slot_D1 Rough Bottom_and_side_rough_milling Endmill
2 | Slot_D1 Finish | Bottom_and_side_rough_milling | Endmill
[Table Index]
3 | Slot_E1 Rough | Bottom_and_side_rough_milling | Endmill
4 | Slot_E1 Finish | Bottom_and_side_rough_milling | Endmill
5 | Hole_E1, E2 Drilling | Drilling | Twist_drill
[Table Index]
6 | Hole_D1, D2 Drilling | Drilling | Twist_drill
7 | Hole_D1,D2 Chamfering | Counter_sinking |Countersink
[Table Index]
8 | Hole_E1,E2 Chamfering | Counter_sinking |Countersink
9 | Hole_E1, E2 Tapping | Tapping | Tap
[Table Index]
10 | Hole_D1, D2 Tapping | Tapping | Tap
11 | Head_D1, D2 Finish | Plane_finish_milling | Endmill
[Table Index]
12 | Head_E1, E2 Finish | Plane_finish_milling | Endmill
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4.5.14

3. Add other Manufacturing Activities |

- Part loading

- Part unloading

- Validation

- Ancillary activity

4. Determine Performance rate for each ActiviEz I

- Allowed time
- Performance rate

5. Specify Tooling Requirements

Pull Bolt

Tool Assemblies for the 39 Process

Holder b
1. Facemill BT40-C32-120 /

NIKKEN

.
Facemill
NSE400R-503S32

NIKKEN

4.5.26 ()
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Pull Bolt

2. Endmill 10.0 ¥

Holder
BT40-NBS10-165
Daisyouwa Seiki

Collet
NBC10-10
Daisyouwa Seiki

Collet
NBN10
Daisyouwa
Seiki

Endmill-10.0
EPP4100
Hitachi Tool

4

-~

4.5.27 ()

Pull Bolt

3. Drill 8.5 (ﬁ)
Holder

BT40-NBS13-165 /

Daisyouwa Seiki

Collet
NBC13-85
Daisyouwa

Collet Seiki
NBN13
Daisyouwa Seiki %
Drill-8.5
EWSR8.5
-

Hitachi Tool

4.5.28 ()
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Pull Bolt
4. Countersink

Holder -

BT40-NBS16-165 /

Daisyouwa Seiki

Collet
NBC16-16
Collet Daisyouwa Seiki

NBN16
Daisyouwa
Seiki !
Countersink &
CM00120

Hitachi Tool f"’

4.5.29 ()
5. Tap M10
Pull Bolt
Holder Py
BT40-CK3-135
Daisyouwa Seiki /"—
Tap Holder
M10TAP-
HOLDER

Daisyouwa Seiki

Tap
CSP10M1.5
NACHI

5

4.5.30 ()
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Fixture Assembly for the 3@ Process

4.5.31
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5. AP240

IT
IT 3 CAD
NC CAM
AP240
AP240
AP240
5.1
AP240
10 ISO TC184/SC4

ECOM
ISO TC184/SC4 Industrial Data

5.1.1 IMTF(Integrated Manufacturing Task Force)
(1) 1

I-AAM(Integrated Application Activity Model)
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(2) IMTF(Integrated Manufacturing Task Force)

ISO TC184/SC4 12 10
TC184/SC4
AP213
Task Force  1SO TC184/SC4
Integrated Manufacturing Task Force IMTF
ISO TC184/SC4 ISO TC184/SC4 477

Integrated Manufacturing

Integrated AAM
Integrated AAM SC4

SC4

(3) IMTF
IMTF TC184/SC4

SC1/WG7 ISO TC29/WG34

“Integrated Manufacturing”

TC184/SC4
“ Integrated Manufacturing”
“Integrated Manufacturing”
SC4 WG10 Framework Project
SC4 Industrial Data Framework|[1] “ Integrated Manufacturing ”
(4) IMTE
IMTF 14 3 SC4 1SO

TC184/SC4 527 14 3

1) Executive Summary of Integrated Manufacturing Task Force, SC4 N1302, 2002-03-20. [2]

2) Final Report Integrated of Manufacturing Task Force, SC4 N1303, 2002-03- 20, [3]
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3) Requirements Definition Document (RDD) for “Integrated Manufacturing”, SC4 N1304,
2002-03-20. [4]

4) I-AAM for “Integrated Manufacturing Technologies”, SC4 N1305, 2002-03-20. [5]

5) Macro and Micro Process Planning, SC4 N1306, 2002-03-20. [6]

6) Issues Log against SC4 N1214 --1216, SC4 N1307, 2002-03-20. [7]

(5) IMTF AP240 : Process plans for machined parts
IMTF
14
AP240 : Process
plans for machined parts AP240 16
1SO
5.1.2 IMTF
IMTF  Executive Summary|[2] IMTF
(1) “ Integrated Manufacturing”

Integrated Manufacturing

SC4 Industrial Data Framework|[1] 5-1
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Updating SC4 N1302, N1304
2002/08/20, 01/06
Y. Ishikawa

Capability of Produce

(Product Life Cycle) ~7
’—(-De;ign / Engin

“Integrated
Manufacturing”

(Support)

(Operate / I

Regduce)

(C rerate)

(Support)
er) (Dispose) I

(Facility Life Cycle) Capability is equivalent to either
Product Design or
Individual Product

Individual
Facility

Design

5-1 “Integrated Manufacturing” in

Life Cycle of Product / Facility

(2) “ Integrated Manufacturing”

Integrated Manufacturing (Business)
(Operate) (Means) 3
SC4 Industrial Data Framework[1]

-5-1[2][4] Integrated Manufacturing

Integrated Manufacturing

Integrated Manufacturing
“ Integrated Manufacturing”

“ Integrated Manufacturing Management”

Integrated

Manufacturing Technologies”
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(Manage Project /ngramm,ﬂ_
Al

(Plan Facility)

Updating SC4 N1302, N1304
2003/02/03, 2002/06/07, 02/22
ECom, Japan

(Manage Product Configuration

(Business)

(Plan Production)

“Integrated Manufacturing
Management”

(Procure Product Materia

(Control Shop Floor)

(Procure Facility)

(Operation)

(Design & Engineer) A3

Detail Design
Engineering Analysis

(Design / Engineer Product)
Conceptual Design & Systems Engineering
Performance & Functional Design

A3L-A34)

(Means)

(Engineer Production)
Plan / Design Material
Plan Manufacturing Processes
Develop Tooling Package
Generate Machine Program:

“Integrated Manufacturing”

“Integrated Manufacturing
Technologies”

(Manufacture Product)

(Operate Facility] ASZASS

(Design Facility)

(Produce Facility)

5-2 * Integrated Manufacturing”

3)

STEP Standards for The Exchange of Product model data

4)

I-AAM[8]

Integrated AAM
[9] [10]

AP Application Protocol

Integrated AAM
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5-1[2][4]

5-1 SC4 N11302 N1304 2001/10/04 ECom
| An “Overview” I-AAM | 1S016100-1 | SIMA Part 1
Business
Mar}age Not Defined Not Defined Not Defined
Project / Programme  [Al
Manage
Product Configuration [a2 Elen BresliEion Plan Develop | |
Plan Production Enterprise Resources Production Plan
A5 [A3] A3 AALAG2AM
Procure ) Procure ) Acquire Resources Not Defined
Product Materials Product Materials A4 [~
Control Shop Floor Control Shop Floor Execute Control Production
AS52] [As1] Manufacturing Orders  [A5 A5
Plan Facility Not Defined Plan Equipment e Not Defined
Procure Facility Procure Facility — Acquire Equipment m Procure Facility v
4]
Operation
Design & Engineer
Design / Engineer . . .
sl e Not Defined Design Product = Design Product I
f ; Engineer ; Engineer
SgIiCEr ReEen A35 Manufacturing Process N EAPIEST [FReeEss ) Manufacture of Product  [a>
Manufacture Product e Not Defined Not Defined Produce Product
Means
Design Facility Engineer N ) Engineer
ot Defined
Production System [a2] Production System R3]
Produce Facility Not Defined Not Defined E:g\éti;ion acilty
A47
Operate Facility Operate Control Manage
Production System | A52A55 Equipment & Process AG| Production Facility A46)
“ Integrated Manufacturing 8 STEP AP

Integrated Manufacturing

STEP AP

5-3[2][4]
P-A351 : Engineer Manufacturing for Mechanical Parts / Assembly
F-A6 / P-A53 : Operate Facility for Produce Products )

Technologies

“ Integrated Manufacturing

“Integrated Manufacturing

Integrated Manufacturing
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Updating SC4 N1302, N1304
2003/02/03, 2002/09/13, 02/26

Plan Facility

ECom, Japan

~ Manage “Integrated Manufacturing
roLeal [Bragram sy Management”
1 1so15531 PLcs Plan
I__MA_NDiTE_ L Life cycle Change — ErQ.d.LLFJ.LDI].. Procure
Management ISO 15531 P gc_igqt_l\{lgt_erial Control
AP203CC1 MANDATE | 1SO 15531
Product Structure & i MANDATE
Configuration Item 1SO 18629 1SO 15531
Control PSL | ! J_M&\‘.DﬁTE_._l_i
. T ili ~l  1so 1862 1
Business Procure Facility i Sops?.s 9 :
Operation

| Design & Engineer 3

I Design / Engineer Product

Engineer Production

“Integrated Manufacturing”

“Integrated Manufacturing
Technologies”

AP232 ptual Design & Systems Engil A31' rev)
Technical Datap nctional Desilzl;ymi Plan / Design Material
Package AP203CC e a— Dian Manufg i
J Product shdl . Desion IS5 7355, A
o Al e PLIB Dimensional AP240
AP202 P
Associative Suiece Cond  wis_ linspection Red Mech-Par broeaes |ITC184 SCIWG Manufacture
Draughting _L1 Design Cal P= === for PP using Planning ISO 14649
] ~CS19n ~aCy assembly / CNC Data.
e o) cnemaics | aPz0s AP238 Tcﬁéiﬁéﬁgm
g Intelligent - = m | Structure AP223 AP229 AP207 Inteorated
1 Mechanical Analysis Cast Parts | Forged Parts [Sheet Metal Die CNCgData
Views | Design & Mfg.| Design & Mfg.[Plan'g & Design| . AP238
mm——— TC29 WG34 Integrated
1SO 13399 CNC Data.
Means -
X - Produce Facility
Design Facility

AP240
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y

u Finished Part
STEP In, STEP Out, Moro pp =) =™
STEP Throughout =) y
CMM Inspection
Macro Micro AP240 AP238 AP219
Process Process
Planning Planning NC programming I
AP240 AP238
. o STEP - “ 1SO14649
Function g’e‘:]‘g;;t?oa;a APato e — \
wit
AP22 . T Peatres AP ISO 14649 \
1SO 6983
Standards P M&G Codes
AP224
OR
AP203E2
(DESIGN) (FACTORY) (FACTORY) (FACTORY)
5-4 AP240
5.2 CAD/CAM
1990 3
5-5 3 CAD 3D CAD 3
[11]
3 1990
2000 60%
3 3D CAD
3D CAD 3
3D CAD I-DEAS UniGRAPHICS
Pro/ENGINEER CATIA CADSEUS CAD
CAD 3D CAD
3D
3D CAD 3
3D CAD
3
3
2 3
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AP240
3D CAD
3
2 CAD 2 CAM
5-6 i
[12]
1T
AP240
100%
3 ]
. . . 70%
100 = . n
. N BED
F l! g 60%
l- i
—] (i
.‘ "l = 68%
]
]
E
D
c
5-5 3
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2 CAD

5.3
5.3.1 AP240
(1)
AP240
AP240

10 20 30
CAM

5-6 CAM

AP240

40

50

60

70
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Create Base Features
with Surface finish
Add Surface finish -
and Tolerances

Capture
Volumetric Features

Design Fixture

Process Plan Data
with Features
(AP240)

Macro Process Planning

s
u.

-t
"
i
[
.el‘u,-" I r/r'

T |
1 Same Access !l
I to Databases .|
I asshown I
I intheright 1!

Micro
Process Plan Data
(1ISO 14649)

figure
: Design
| . Cutting Tool
I [Existing System]
5-7 AP240
5-7 AP240
AP203 AP214 3 AP240
AP203 AP214 3
Base Feature Volumetric Feature Base Feature

5-8
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Base Feature Volumetric Feature

Flat_face (Planar_face) | pocket (closed) Round_hole (Hole)

Step

/

Outside_profile
(General_outside_profile)

E= (L&

5-8

AP240

Base Feature
Base Feature Volumetric Feature

Volumetric Feature

5-9 5-

Base Feature

2 Base Feature Base Feature
Base Feature Volumetric Feature
Volumetric Feature Side_AB1 Side_AB2 Volumetric
Future Plane_A1l Hole_Al Grove_AB1
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1 5-
5_
AP240 NC
AP240
CAM NC
= —
[ O
- [ —
L . @ 40 t
— 1| iers \I/ 73
£ r—l
____J
3D Geometr _.,.“ A
: el M il H]
zuti1 N I | I |
12260 Il 1 F_G Material
D
}

E-E

\YAR A%
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0t B Planar_face
( ) | M- Planar_face

2 ( )
3 ! - a
( ) = I
[ 1
5-10
Assigned Features to [Pocket_with_Boss Al]
Compound_feature
Rl b [Pocket_A11(Rectangular_open_pocket) A(0,0,+1)
+ Boss_A11 (Rectangular_Bos9)] ™ G(-1,+1,0)
[Side_AB2]
Outside profile [Hole A3]

[Hole with_Thread_A6, A7)

Compound_feature
Compound_feature

[Hole_A31(Countersunk_hole) +

[Hole_A61(Countersunk_hole) +
[Step_A1] Thread_AGL(Thread)] Hole A32(Round_hole)]
Step [Hole_A12, A13]
Round_hole
[Hole_A4, A5]
[Slot_A2] .
Sot S i O | Prane_cy
[Hole A1] Planar_face
[Hole AL0, AL1] Composite hol
ole L
Composite hole (a1l + a12) [Groove AB1] [Slot_Al] [Hole G1, G2]
(2101 + a102) Groove Slot Composite hole
o (911 +g12)
[Hole A2
Compound_feature
[Plane A1] [Hole_A21(Countersunk_hole) +
Flat_face Hole A22(Round_hole)]

[Side AB1]
Outside profile

[Hole A8, A9]
Counterbore_hole

[Tee-dot_A3J]
Slot

[Pocket_A1]
Pocket

5-11 2
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(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

AQ©, 0, +1) | —» Plane A1 Step Al Side AB1 Side AB2

G(-1,0,+)| — PLane G1

(2) Display Selected Base Features

[Vector] [Assignable Base Feature]

A, 0, +1) | —— | Plane Al | | Step Al | | Side AB1 | | SidefABZ|
G(-1,0, +1)[ —— PLane G1

(3) Select Volumetric Features assigned to the Process

[Base_Feature] [Assignable Volumetric Feature]
Plane AL | — | Pocket AL | |Pocket_with_Boss_A1| |SIot_A1| |SIOt_A2| |Tee_s|ot_A3| | Hole AL |
)
| Hole_A2 | | Hole_A3 | | Hole_A4 | | Hole_A5 | | HoIe_With_Thread_A6| |Groove_ABl|

| HoIe_with_Thread_A7| | Hole A8 | | Hole A9 | |Ho|e_A12| |HOIe_A13 |

Step Al | —— |Ho|e_A10| |HOIe_All|
Plane G1 | —» | Hole G1 | | Hole G2 |

(4) Display Selected Volumetric Features

[Base_Feature] [Assigned Volumetric Feature]

Plane Al E— |Pocket7Al | |Pocket7witthossz1| |Slot7A1| |SI0t7A2| |Teefs|ot7A3| | Hole Al |

| Hole A2 | | Hole A3 | | Hole A4 | | Hole A5 | | HoleiwithiThread7A6| |Groove7ABl|

|Ho|e7with7ThreadiA7| | Hole_A8 | | Hole_A9 | |H0Ie7A12| |Ho|eiA13|

Step Al | — |Ho|e7A10| |H0Ie7All|
Plane_G1 E— | Hole_G1 | | Hole_G2 |

5-12 2
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Process Assigned Feature [Base_Feature] —  [Volumetric Feature]
| Plane B1 | | Plane_B2 | | Plane B3 | | Plane B4
1st .
Plane_C1 Plane_rough_milling)
| Plane D1 Plane_rough_milling)|
|PIane7Al |—> |Pocket7Al | |Pocket7witthossz1| |S|ot7A1| |SI0t7A2| |TeeislotiA3| | Hole A1 |
| Hole A2 | | Hole A3 | | Hole A4 | | Hole A5 | | HoIefwitthhread7A6| |Groove7ABl|
2nd |Ho|e7with7Thread7A7 | | Hole A8 | | Hole A9 | |Ho|e7A12| |Ho|e7A13|
| Step Al l—» |HOIefAlO| | Hole A1l |
|PIane_Gl |—> | Hole G1 | | Hole G2 |
| Plane_C1 (Plane_finish_milling |—> | Slot C1 |—0| Hole with Thread C1 |—| Hole with_Thread C2 |
3rd
| Plane_D1 (Plane_finish_milling |—> | Slot D1 |—E+ Hole with_Thread D1 |—| Hole with_ Thread D2 |
5-13
Machining Process Feature Seq ID of Workingstep Operation Type Tool Body | Tool Path Strateg
Process
Id No Type 1 Head_D1, D2 Finish Plane_finish_milling Endmill Unidirection
Head D1,D2 | 2 Planar_face (Finish) 1 Slot_D1 Rough Bottom_and_side_rough_milling Endmill Contour_parallel
Slot_D1 | 1 | Slot 2 Slot_D1 Finish Bottom_and_side_rough_milling Endmill Contour_parallel
1 Hole_D1, D2 Drilling Drilling Twist_drill | ---meeeee-
Hole_D1, D2| 2 | Compound_feature
2 | Hole_D1,D2 Chamfering Counter_sinking Countersink| ~ -------m----
Hole_D11,D21 | 2| Countersunk_hole | : :
3 Hole_D1, D2 Tapping Tapping Tap |  --=-eemeeee-
Thread_D11, D21 | 2 | Thread |
3rd 1| Head_E1, E2 Finish Plane_finish_milling | Endmill Unidirection
Head_E1, E2| 2 | Planar_face (Finish)
1 Slot_E1 Rough Bottom_and_side_rough_milling Endmill Contour_parallel
e | ! | St 2 Slot_E1 Finish Bottom_and_side_rough_milling Endmill Contour_parallel
Hole_E1, E2| 2 | Compound_feature 1 Hole_E1, E2 Drilling Drilling Twist_drill | =-emeemeeen
Hole_E11,E21 |2 | CanmEET e | 2 | Hole_E1, E2 Chamfering Counter_sinking Countersink| = --e-e-eeeen
Thread_E11, E21| 2 | Thread | 3 | Hole_E1, E2 Tapping Tapping TEp || e
5-14
5.3.2 AP240

(1)
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(2)

NC

3)

4

CAM
AP240

5)

CAM

AP240

AP240

AP240

AP240

NC

CAM
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(6)

AP240

AP240
5.3.3
5.3.1 AP240

(1)

AP240
(2)

CAM

®3)

AP240
(4)

3 CAD

5)

AP240

%

CAD

CAM

AP240
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534

53.1 AP240

(1)

(2)
AP240

3

AP240

CAM

AP240
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5.4
AP240

1)
(2)
3)
541
)

AP240
o 3 CAD

O

a CAD CAM

(2)

CAD/CAM AP240

5.4.2

1)

O AP240 CAD/CAM
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(2)

CAD/CAM

5.5
(1)

(2)
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5.6

CAM
5-2
5-2
A 2004 26
CAM
B CAM 2004 4
C CAM 2004 5
5.7
5.7.1 A
(1)
CAD CAM CAD
CAM
CAD CAM
+ 0.0001
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(2)

(3) AP240

AP240

1SO6983 NC

CAM

4

NC

CAM

(5) AP240

CAM

CAM

CAD/CAM

CAD

AP240

NC
AP240
CAM

AP240

AP240
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CAD NC

CAM CAM

(6) AP240
AP240 CAM
CAM

CAM

AP240
AP240

AP240

()
CAM

200 1000

CAM
AP240

AP240

(8)
NC

AP240

CAM

CAM
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CAM NC

CAM

NC

AP240

AP240

CAM

(9)
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572 B
(1)

(2)
NC

NC
AP240

(3) AP240

AP240

mi CAD

o CAD

CAD CAM

AP203E2
Base Feature

CAD CAM

CAD UG
AP203E2 uG

CAM CAM

uG
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(4)
12 CAD CAM

CAD/CAM CAD/CAM
AP240 CAD/CAM
(5) AP240
AP240
O
O
O
O
(6) CAD NC
CAD NC
CAD NC
AP240
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(7) AP240

CAM
CAM
5.7.3 C
(1)
1 2
CAD NC
Al
LISP
Mill-Plan
(2) AP240
CAD NC
(3) AP240
VERICUT

VERICUT NC

NC NC
AP240
VERICUT
(4) CAM
CAM
CAM
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CAD CAD

()
AP240

AP240

5.8

AP240

AP240

AP240

CAM

DB

AP240
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6.1
Process Plan AP240
1ISO/TC184/SC4 Manufacturing Task Force STEP/APs
AP DIS
STEP
CAD/CAM
STEP/AP224
STEP/AP224
AP(AP240) CAD/CAM
STEP/EXPRESS

ECOM/JSTEP

CAD
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6.2

6.2.1

CAM
CAD

CAD

CAD
CAM

CAD
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6.2.2

1ISO10303-224

6.2.3

1ISO10303 224

1ISO10303 224
1SO10303-240)

1ISO10303-224

CAD

CAD CAM
1ISO10303 224
CAD

CAD/CAM
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6.3
6.3.1

ISO TC 184/SC 4 Industrial Data

1) 1
1 10 “
" TC 184/SC4 AP Application Protocol
AAM (Application Activity Model)

I-AAM (Integrated Application Activity Model)
2) IMTF (Integrated Manufacturing Task Force)

TC 184/SC 4 12 10
TC 184/SC 4

TC 184/SC 4

[21]
AP213
[22]
Task Force TC 184/SC 4
TC 184/SC 4 Integrated Manufacturing Task
Force IMTF TC 184/SC 4 477

Integrated Manufacturing
Integrated AAM
Integrated AAM SC4
SC4
3) IMTF
IMTF TC184/SC4
SC1/WG7 ISO TC29/WG34

Integrated Manufacturing”

“ Integrated Manufacturing”
“ Integrated
Manufacturing”
SC4 WG10 Framework Project
13 6
SC4 Industrial Data Framework [13] “ Integrated Manufacturing ”
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4) IMTF

IMTF “ Integrated Manufacturing " [33] [36] 13 10

[41] [45] 14 3 TC184/SC4 527
6.3.2 IMTF
IMTF  Executive Summary [41] IMTF

1) “ Integrated Manufacturing”

Integrated Manufacturing

SC4 Industrial Data Framework [13]
-6.31 Integrated Manufacturing [41][43]
“ Integrated Manufacturing”
“ Integrated Manufacturing”
14 8 -6.31
[41][43]

2) “ Integrated Manufacturing "

Integrated Manufacturing (Business)

(Operate) (Means) 3
SC4 Industrial Data Framework[13]
-6.3-2 “ Integrated Manufacturing 8
Integrated Manufacturing [41][43]
“ Integrated Manufacturing” -6.31

“ Integrated Manufacturing’

Integrated Manufacturing
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“ Integrated Manufacturing Management”

“ Integrated
Manufacturing Technologies”
3) “ Integrated Manufacturing ”

“ Integrated Manufacturing ” P-A351 :
Engineer Manufacturing for Mechanical Parts/ Assembly F-A6/ P-A53 : Operate Facility for Produce
Products Integrated Manufacturing Technologies
4) * Integrated Manufacturing ” STEP AP

Integrated Manufacturing
STEP AP ISO “ Integrated Manufacturing
-6.33  -6.34 [41][43]
6.3.3 IMTF AP240 : Process plans for machined parts
IMTF
AP240 : Process plans for machined parts 14

6.3.4

1) AP240: Process plans for machined parts

AP240
DIS
2) “ Manufacturing Suite” STEP
-6.3-5 “ Manufacturing Suite” AP
STEP
AP203
AP224
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AP240

NC CNC ISO 14649 CNC
NC CNC AP238 1SO 14649 AIM

6.3.5 A.1 Base Documents
[1] 1SO 10303 Product data representation and exchange -
Part 203 Configuration controlled 3D designs of mechanical parts and assemblies
[2] 1SO 10303 Part 213 Numerical control process plans for machined parts <Project withdrawn>
[3] 1SO 10303 Part 214 Core data for automotive mechanical design processes
[4] 1SO 10303 Part 219 Dimensional Inspection <TBD>
[5] 1SO 10303 Part 224 Mechanical product definition for process planning using machining features
[6] SO 10303 Part 238 AIM for ISO 14649-10 <TBD>
[7] 1SO 13399 Cutting tool data representation and exchange
[8] 1SO 14649 Physical device control - Data model for computerized numerical controllers --
Part 10 General process data
[13] SC4 N1167 SC4 Industrial Data Framework, 1SO TC184/SC4 Standing document, 2001-08-01
6.3.6 A.2 Documents, discussed in IMTF
[21] Proposal for Integrated Manufacturing Strategy, JSTEP, 2000-October
[22] Proposal of New Process Data Model based on AP213, C. Sakamoto, 2000-October
[23] Terminology for Digital Manufacturing, C. Sakamoto, 2001-February
[24] Machining Process Model and Machining Feature, T. Kishinami, 2001-February
[33] “Integrated Manufacturing”—*" Overview” and Scope--, SC4 N1214, 2001-10-22
[34] Recommendations for “Integrated Manufacturing”, SC4 N1215, 2001-10-22
[35] I-AAM on “Integrated Manufacturing”, SC4 N1216, 2001-10-22
[36] Comments and Proposals for Further Requirements for Manufacturing Tasks, SC4 N1266, 2002-01-18
6.3.7 A3 Output Documents of IMTF
[41] Executive Summary of Integrated Manufacturing Task Force, SC4 N1302, 2002-03-20
[42] Final Report of Integrated manufacturing Task force, SC4 N1303, 2002-03-20
[43] Requirements Definition Documents for “Integrated Manufacturing”, SC4 N1304,
2002-03-20, superseding SC4 N1214 and N1215
[44] 1-AAM for “Integrated Manufacturing Technologies”, SC4 N1305, 2002-03-20,
superseding SC4 N1216
[45] Macro and Micro Process Planning, SC4 N1306, 2002-03-20
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Updating SC4 N1302, N1304
2002/08/20, 01/06
Y. Ishikawa

Capability of Produce

(Product Life Cycle) ~7_
’—éDesign / Engin

Product
Design

“Integrated
Manufacturing”

(Cerate)

Individual

Facility (Support)

Eacility J

Design (Dispose)
A

(Facility Life Cycle) Capability is equivalent to either
Product Design or
Individual Product

-6.3-1
“Integrated Manufacturing”
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Updating SC4 N1302, N1304
2003/02/03, 2002/06/07, 02/22
ECom, Japan

“Integrated Manufacturing
Management”

(Procure Product Material
- (Control Shop Floor)

Al
(Business) -

(Operation)

(Manage Project / Programm'e)_
Al

(Manage Product Configuration

(Plan Production)

“Integrated Manufacturing”

(Design & Engineer) [(53

(Design / Engineer Product) “Integrated Manufacturing
Conceptual Design & Systems Engineering (Engineer Production) . »
Plan / Design Material Technologies

Performance & Functional Design

Detail Design Plan Manufacturing Processes
Erancerg Ayt e W ot o oo
(Manufacture Product)

o _

-6.3-2 “Integrated Manufacturing” Overview

Updating SC4 N1302, N1304
2003/02/03, 2002/09/13, 02/26
ECom, Japan

oo l\ilLaSage “Integrated Manufacturing
Penient PEoREQIRI
! 1ISO 15531 | Mana
| NENTTE_ 3 Life cycle Change Procure
Management Product M_a;eria Control
AP203CC1 MANDATE __ | 1SO 15531 .— Shon Flao.
Product Structure & MANDATE 1SO 15531
Configuration Item
Control | MANDATE, _ |
o e -
Business i ISOPISSLGZQ I
Operation

| Design & Engineerm'

I Design / Engineer Product

AP232 |ptual Design & Systems Engifrecsiae Engineer Production
Technical Data p _Inctional Desigr=— Plan / Design Material
Package AP203CC Design YRy Plan Man
T Product Shaj . 1SO 13584 AP219 aa
o Feature:l PLIB Dimensional
Ap202 SlpeciCond. ; Mech.Part De C184 SCLWG Manufacture
Associative ——— MLIB Inspection Red )
: . - — T — for PP using F| A 1SO 14649 _Praduct IE
Draughting || Design Calc, Planning cNCData, T ;= —- :
| CFD Analysil ASSemol/ m———=r ata. TC184 SCIWGT?
T M| (<CTEES AP238 1SO 14649 AP219
| [ntelligent - == == == | Structure AP223 AP229 AP207 Integrated CNC Data. Inspected Data
Mechanical | Analysis Cast Parts | Forged Parts [Sheet Metal Die CNC Data
Design & Mfg.[Design & MfgJPlan'g & Design . AP238

1 Views 1
- -

TC29 WG34
1ISO 13399

Integrated A52-A55

CNC Data.

Means

-6.3-3 STEP APs & Rel. Std.s on the “Overview”
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Updating SC4 N1302, N1304
2003/02/03, 2002/09/13, 02/26
ECom, Japan

~ Manage “Integrated Manufacturing
Proiect LProaramnys | Management”
1SO 15531 | s Plan
!_  MANDATE Life cycle Change ._Production Procure
Management 1SO 15531 Product Materja Control
AP21457,31,6,4PR1[ |  MANDATE 1SO 15531 .—Shon Floor, (2]
Product Structure & MANDATE A%
Configuration Item :\f,AoNlDEf'I?,IEl
Control 3 1 L Ll —
Business |
......... L
Operation

Design & Engineerm|

Design / Engineer Product

Engineer Production

- yal Design & Systems Engi
AP214S7,3,1,6,4,}, o emiional Desilw

Plan / Design Material
PR1;S2 AP214S3,1; lan M
PDM / Technical PR1;S2,Gn | 214FF1,2,3;C1
Data Package Property Design  [1SO 13584 AP240
— Product Shapq Form Features | pLIB | reg;;zz:; Fr|  Process T84 SCLNGT
AP214D2;P2,1 Surface Cond. MLIB J Planning
_| Associative [ r—- CNC Data.
Draughting [ | A.F’Zl‘f AP214S3 1. AP238 ISO 14649
I AP20X.1 S2G83X | oy ol k1.pr1 | AP214S3.1; AP214S3,1; | AP214S3,1; | AP214S3,1; Integrated CNC Data. Inspected Data
; Design Calc. (¥ 2" S2;Gn;AP209 || S2;Gn,PR1 | S2;Gn,PR1 | S2;Gn,PR1 CNC D.
Intelligent . Assembly / ata.
| > CFD Analysis . : Structure Cast Parts
I Mechanical 1 Kinematics Analysis TC29 WG34 Integrated
Views 1 1SO 13399 CNC Data.
N
Means

-6.3-4 AP214 & Rel. Std.s on the “Overview”

STEP In, STEP Out,
STEP Throughout

Input from g Finished Part
Micro PP
CMM Inspection
Macro Micro AP240 AP238 AP219
Process Process
Planning Planning NC programming

7] .
1SO14649

STEP
Function Product Data
—_— Generation / 1SO 6983

oo 1SO 14649 \
ISO 6983

Standards M&G Codes
- AP203E2

and

AP224

(DESIGN) (FACTORY) (FACTORY) (FACTORY) (FACTORY)

NC

-6.3-5 A STEP Manufacturing Suite
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AP240

CAD Product
Data Quality
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9.1

WG
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15 1

2003 7 8 ( ) 14:.00 17:15

6 61
( ) ( ) ( ) (JSA)
( ) ( ) ( ) (NDE)
( ) ( )
(JIPDEC) (NEC)
(MER) (ECOM) (ECOM)
( ) 15

15-01-01

15-01-02

15-01-03 AP240

15-01-04

15-01-05

« )
() Q&A
2
(AP224
AP240)
a) b) AP240

AP240
AP240

ECOM JIPDEC
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AP240 ( )
(1) 1ISO TC184/SC4 Stuttgart 6/22 27 ISO TC184/SC4 WG3 CD
Ballot Comment Resolution Workshop 6/20 21

CD Ballot ARM

AP238 14649

CD 9 DIS Ballot
DIS Ballot
(2) AP240
ARM
AIM
Mapping Resource

(3) Machine Tool  Configuration Model (NIST Model)

AP240 Machine Tool Model CD
Workshop 8/12 14

(4) AP240
CAD/CAM
ISO 6983 ( NC ) ISO 14649
Q
A NC
(5) AP238 1SO14649 Resolution
Stuttgart Resolution

AP238
AP238 1S014649

(6) AP223 (Casting)
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Assembly/Parametrics ( )
(1)
Part 109 CD

Part 1101/1102 DTS
Module XML/HTML Confirmatory Ballot

(2) Stuttgart

SASIG PDQ SC4
SASIG SC4
Part 108 DIS Ballot T24 1Al
PDES Inc. Part 111(Design Feature) Modeling Feature
ENTITY
Part 1xx( 2D )
Stuttgart
SAISG Digital Plant Dr. Kjellberg
JAMA
IDW (Industrial Data on the Web) STEP
.stp .step .p21 MIME Resolution

IDW XML Ontology

EXPRESS 11 ed2 FDIS TC

PDQ
15-01-05

149



JMA/JAPIA  PDQ

PDQ

OEM

PDQ

OEM
PDQ
PDQ
CATIA STEP
(OEM)
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14 8 10:30-13:00
ECOM A
MRI
15-02-01 5

15-02-02 AP240 WorkShop

15-02-03 AP240
15-02-04 AP240ARM

1 AP240
DIS

2)
1SO10303-108 DIS

3)

DIS

1ISO10303-109

WG

DIS
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(1)

15

2003 11 12 ()

6
( )
(NEC)
(MER)
1SO
AP240
AP238
AP240
AP238
1SO14649 ARM
AP238
AP240
AP240

AP224E?2 SEDS Issue

CastingAP AP223

Dimensional Tolerance

10:30 13:00

(ECOM)

DIS

ARM

GD&T
1S014649

SC4

NWI

AP224E1

(ECOM)

ARM

L.Slovensky

E3

(JSA)
( )
( ) 13
AP238

JNC

AP214 AP203
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Modulel050 AP224 Harmonization
T24

ASAM Association for Standardization of Automation and Measuring Systems
oDSs
SC4

Consistent Manufacturing Strategy

1SO13399
1SO13399 walk through

EuroStep Royal Institute of Technology Sweden

PLIB
1ISO13399 TC29
(2)
108 IS
WG
WG
AP224E2 WG SEDS lIssue
1S
ECOM
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AP240

11 14

PDQ

ECOM

12 17 10:30 13:00
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15 4

2003 12 17 ( ) 10:30 13:00
4 ECOM A

(JSA) ( ) ( )
( )
(NSSOL)
(MER) (ECOM) (ECOM)
( ) 13
ISO TC184/SC1
04-02 11 19 20 SC1 SC1/WG7
TC184 18 19
o 1S023570 JTC1/SC25/WG3
IEC SC65C
O SC1 Chair Peter Mueller
ASAM
BSAD TC184
O TC29/WG34 1ISO13399 1S014649
1S014649-111 -121
SC1/WG7
O 15014649 STEP Integrated Resource
SC4
3
SC1/WG7
AP203ed2
04-05 AP203ed2
JP10 ed2
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JP11

AP203 AP214 AP224 AM1050

JP12

TC213

AP203ed2

AP240 12 4

Part109 DIS

AP224
04-03

m|
m]
AP224ed3

04-04

N

AP224
Mapping Table

AP240
AP240

O o o o o o o

No JP11 AP
ISO
DIS 5 4
2 IS
AP224 SEDS
SEDS AP224
2 20
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O O o o

04-06

STEP

18 10:30 13:00

NWI
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15

2004 2 18 ( ) 10:30 13:00
4 ECOM A
( )
(JSA) ( )
(MER) (ECOM)
NSS

ISO TC184/SC1 SC4

ISO/TC 184/SC 4
1SO10303-224 AP224

O
AP224ed3

1SO10303-240 AP240

i DIS
O

SC1/WG7

O 1S014649

ISO/TC 184/SC 4

SC4

ISO/TC 184/SC1

Integrated Resource

o SCi

i SC1

AP240

1SO14649

AP238

()

ISO/TC184/SC1

SEDS

SC4

STEP
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AP203ed?2

TC213

AP214

AP240 12 4 DIS

Part109 DIS

AP240

MSTC AP240

STEP

STEP

ISO/TC 184/SC4

PR

2/28

SC4
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ISO TC184/SC4 WG3 T24 AP240 Workshop

2003 8 12 () 14

2
Len Slovensky (US, Northrop Grumman Information Systems, 1SO TC184/SC4
WG3 Deputy Convener and ISO TC184/SC4 WG3 T24 AP240 Co project Leader),
Martin Hardwick(US, STEP Tools, Inc, ISO TC184/SC4 WG3 T24 leader ),

, 1SO TC184/SC4 WG3 T24 Deputy leader and I1SO TC184/SC4 WG3 T24
AP240 Co project Leader
ECOM

AP240 AAM, ARM, Mapping Table

Application Object, Application Assertion Mapping Table
1.1 Application Object Application Assertion
(1) AP238 Schema
Manufacturing_activity AP238  Workingstep NC_function
NC_function Tool_change Table_index Activity AP240
(2)
Manufacturing_process Intermediate_shape

(3) Manufacturing_feature

Feature_tree  Feature_dependency

.2 Mapping_table
Manufacturing_process Manufacturing_activity

Mapping

AP240
DIS Document
Len Slovensky

DIS Document Review Internal Check List
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AP240
Q:ARM

A:Manufacturing_Prosess

WG3 Convener
Len Slovensky
ISO
Len Slovensky
.DIS

DIS Comments
SC4 Meeting
Workshop

ARM AIM
AO
Action

Action_Method

Action

Action_Method

entity
AP
AP240 1S0O13399
Q: 1SO13399
A: 1SO13399
1SO13584
Casting AP) revise
Q:Casting AP
Casting AP
A:1SO TC184/SC4 Len

Manufacturing_Process

Early Comments

Action_Method

AP

Action

Action_Method

Slovensky
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WG 2003/07/10

2003/07/10 13:30 17:30
ECOM ECOM
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WG 2003/08/28

2003/08/28 13:30 17:30

STEP1

STEP2 UG
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WG

API

STEP
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WG 2003/10/08

2003/10/08 13:30 18:00

166



4 WG 2003/11/06

2003/11/06 13:30 18:00

4 4 4 <«

e 2003/12/
e 2004/03/
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WG 2003/11/28

2003/11/28 13:30 17:30
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XML

4 4 4 4 4 4 <«

XML

XML ECOM
STEP XML
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WG

2003/12/18 13:30 17:30
ECOM

o AP224
1SO10303-224

ISO 10303-224
1SO10303-28 XML
- Edition 2
1SO10303-11
1SO10303-40

1SO14649 -

EXCEL

STEP XML

v EXPRESS XML

2003/12/18

1ISO 10303-28
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DTD XML Schema

STEP XML
STEP XML

STEP AP224

XML Schema

XML
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WG 2004/01/22

2004/01/22 13:30 17:30

- A,B,C.D

oK -
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v Ver.2

v XML

Ver.1l
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WG 2004/02/10

2004/02/10 13:30 17:30
ECOM ECOM

WG
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9.2

9.2.1 AP224 ISO/TC 184/SC 4SEDSReport No0.907

Section 1. GENERAL INFORMATION (completed by SC4 Secretariat/WG Convener):

SEDS Report Number: 907
Date Submitted: 2003-12-10
Status: Open 200312-10
Assigned WG: 03

SEDS Team Leader:

SEDS Team Members:

Section 2. ENHANCEMENT AND DISCREPANCY INFORMATION (completed by Author of
SEDS Report):

Author: Chiaki Sakamoto

Email Address: chiaki_sakamoto@paw.hi-ho.ne.jp

Part and Clause where Issue Originates: 1SO 10303-224 edition-2 4.3.178 and 4.3.179

Other Parts Affected by the Issue: None

Related Issues: None

Summary/Abstract/Keywords: Pocket to Angle_taper and Directed_taper

Problem Description:

In the current version, Pocket has the change_in_boundary defined by zero or one
Angle_taper or Directed_taper. In the application for Injection molding, Pocket

requires the change_in_boundary defined by zero, one or many Angle taper or

Directed_taper.

Conditions Under Which the Issue Was Discovered: Application for Injection molding.
Proposed Solution (Optional):

4.3.178 Each Pocket has the change_in_boundary defined by zero, one or many Angle_taper.
4.3.179 Each Pocket has the change_in_boundary defined by zero, one or many

Directed_taper.

Section 3. RESPONSE INFORMATION (completed by SEDS Resolution Team Leader):
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If Accepted, Resolution:

Section 4. FOLLOW-UP INFORMATION (completed by WG Convener):

Class:

Priority:

Impact of Change:

Further Action Required:

Action Required by SEDS Coordinator/WG Conveners/QC/SC4:

9.2.2 AP224 ISO/TC 184/SC 4SEDSReport No0.908

Section 1. GENERAL INFORMATION (completed by SC4 Secretariat/WG Convener):

SEDS Report Number: 908
Date Submitted: 2003-12-10
Status: Open 2003-12-10
Assigned WG: 03

SEDS Team Leader:

SEDS Team Members:

Section 2. ENHANCEMENT AND DISCREPANCY INFORMATION (completed by Author of
SEDS Report):

Author: Chiaki Sakamoto

Email Address: chiaki_sakamoto@paw.hi-ho.ne.jp

Part and Clause where Issue Originates: 1ISO 10303-224 edition-2 4.2.206
Other Parts Affected by the Issue: None

Related Issues: None

Summary/Abstract/Keywords: Slot_end_type

Problem Description:

In the current version, Each Slot_end_type is either a Flat_slot_end_type,
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Open_slot_end_type, Radiused_slot_end_type or a Woodruff_slot_end_type.
In the application for Injection molding, Loop_slot_end_type is required

as a Slot_end_type. Loop_slot_end_type has no end.
Conditions Under Which the Issue Was Discovered: Application for Injection molding.
Proposed Solution (Optional):

4.2.206 Add Loop_slot_end_type as a Slot_end_type.

Section 3. RESPONSE INFORMATION (completed by SEDS Resolution Team Leader):

If Accepted, Resolution:

Section 4. FOLLOW-UP INFORMATION (completed by WG Convener):

Class:

Priority:

Impact of Change:

Further Action Required:

Action Required by SEDS Coordinator/WG Conveners/QC/SC4:

Section 3. RESPONSE INFORMATION (completed by SEDS Resolution Team Leader):

If Accepted, Resolution:

Section 4. FOLLOW-UP INFORMATION (completed by WG Convener):

Class:

Priority:

Impact of Change:

Further Action Required:

Action Required by SEDS Coordinator/WG Conveners/QC/SC4:
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9.2.3 AP224 ISO/TC 184/SC 4SEDSReport No0.907

1. I propose the following solution for seds 907.

"Pocket" has L[1:?] of "angle_or_directed_taper" for "change_in_diameter"
as an optional attribute.
The count of L[1:?] for the pocket boundary starts as follows.
a) In case of "Open_profile",

the count starts clockwise from the right hand side geometry of the open
area

in "Open_boundary".

b) In case of "Closed_profile",

the count starts clockwise from the geometry on the plus X axis.

In the above both cases, we do not count radiuses for
"Rectangular_closed_profile",

"Square_u_profile"” and "Vee_profile".
Comment) | suppose only "Rectangular_closed_pocket" and "Rectangular_open
pocket"

are used in the application for injection molding,

2. | absolutely agree to the proposal from L.Slovensky for seds 908 .
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9.24 40

ISO/TC 184/SC 4

Summary of AP240 ARM

AP240 ARM Sum

| Part_version

r Process_plan_version

activitiesL[1:?]

mary -

I____]: New Entities for DIS Version

) r
sical ol Part_shape ! | 1,5 Material)

I

references

r Performance_rate

] Ve N S
“Tfabrication_defined_b aq ( 140 ) P
y red . — I 1
require ?ma(ena ! -‘l; | alternate_activity [ H——
[ | 4
(ABS) Setup_activity [)r——— —_-
| Manufactunng_process_featuresi L ____J‘ —_——— (ABS)
L 1—| (1, 2, Fixture_assembly ) Activity
assigned_feature \f | ¥__ E——
—_— —_—

(ABS)Manufacturing_process

Ancilliary_setup [}—1—(] Fixture_setup l——oden s_fixtures

organization_id
L

contains S[1:?]}

used_in

]
Workstation
»

1

| h 11
5‘”ge—msa[01:‘,,"]e—se“p accompl\shedibi i I

name
setups L[1:?] S[1:7] —
| ifies_ tool description
B e ~identifies | ) L 1 __ 1 |l b___ T 7"
N (T s @ 1. Machine L { Machine_setup L'}— —C] Tool_setup C =371 Trosommces (1]
ncnfmacll?:nlngiacuvny \11 3, Tooliassemb|y>

assigned_proces I 1 | . . i
Machining_process 1, 4, Setup_activity (ABS)Manufacturing_activity Ik-)___ | Generic_manufacturing_resource |

target_feature

I
esource_ |
processes L[1:?] T Y O ! :_q with_representation |
| Controller_program | 2= ! = -
. . Single_setup_process ———— e | | f———— — - — 1
identifie il L ] Resource_with_material |
Sequenie[fg]r*sem’) I Tool_change I{]— —q Part_machine_mounting I = T Tesource _materi
& al
Machining_operation | ) | i i
| Table_index ] —C_I Part_pallet_mounting | Material -

T operation_type

T

— |
Tool_magagine a 1(31 S[ —me M —-(_‘l Part_fixture_mounting I L=~ ==
turret carousel i :. Machine_operation_type 1 ! —_——— L L5 ) L@ )

T ] it —-C‘l_ Part_unloading | ——— =T
possessed_by e r— — TN 1|
- | Manufacturing_process_features _q_Pa“ machine unmountlng J| \_1'_2r(1) )I Tool_assembly |
Machine —— — —

part_hold_downs 14 )
> elemen I Measuring b— —d Part_pallet_unmounting | = =

controlled_b: ' PIB" hota_downs | L i I Fixt bl |

- contains S[0:?]| | Clamp 'I____Sﬂ_;, i | Fixture_assembly J| i

| | position —_—O I Ancillary_activity b— —{1 Part_fixture_unmounting ————y—— |

Controller I T \1 2, Fixture_assembly ) | identifies fixture_ jl |

______ ~ p |_ identifies fixture ___ __ __
feature_sequenc J) H’ma‘mgisolunon | l ian hanﬂ'E_FJ_' uses_to_perform !
e -
= Process_activity |  rocess parameters @ f————————
I ] T mating_shape [ s it process_parameters 1
-] Feature_tree | I Pallet I ICIam;‘r:ngg dy ——-s 2}-——q Shape_aspect bd—esg‘b—eu—bi— lioats] :,{ Process.
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Sample Part for Example

Shape of the Sample Part
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Features

[Head_B4]

[Head_D1]
Planar_face

[Hole_with_Thread_D1, D2]
Compound_feature
[Hole_D11(Countersunk_hole) +
Thread_D11(Thread)]

[Slot_D1]

[Head_D2]
Sot Planar_face

Planar_face
1

[Head_A1]
Planar_face

[Pocket_AB1]
General_cutout

[Head C1]
Planar_face

[Teeslot_A3]
Slot

[Hole_A1]
Countersunk_hole

D(0,+1,0)

A(0,0,+1)
C(-1,+1,0)
[Head_B3]
Planar_face
B(0,0,-1) E(0,-1,0)

1

[Hole_C1, C2]
Countersunk_hole

I [Hole_A2]
Compound_feature

[Hole_A21(Countersunk_hole) +
Hole_A22(Round_hole)]

[Hole with_Thread_A6, A7]
Compound_feature
[Hole_A61(Countersunk_hole) +
Thread_A61(Thread)]

Round_hole

[Side AB1]
General_outside_profile| | g0t A1]
Slot
[Hole A12, A13] [Hole A4, A5

Groove

Z Countersunk_hole

[Groove

[Hole_A8, A9
Counterbore_hole

AB1]

[Hole_A3]

[Pocket_with_Boss A1]
Compound_feature
[Pocket_A11(Rectangular_open_pocket)

A—

Compound_feature

Hole_A32(Round_hole)]

[Hole_A31(Countersunk_hole) +

[Side AB2]
General_outside_profile

[Hole_A10, A11]

Countersunk_hole

+B All lar_B
0SS _/ (Relctangu ar_Boss)] =R [Head_E2]
N [Hole with_Thread_E1, E2] Sot ez jees
Compound_feature
[Head B1] r[Heﬁd_El} [Hole E11(Countersunk_hole) + [Head B2Z]
Planar_face Planar_face Thread_E11(Thread)] Planar_face
Feature List of the Sample Part
Y Group Marme Id Feature Clagsification W Group Marme Id Feature Classification

1| A [Planar face |Head A1 #3901 [Plarar facs 30| AB |Pockst Pocket AB1 #94 |General cutout
2 Step Step Al #3902 |Step Kl Profile Side_AB1 #942 |General_outside_profile
3 Pocket Pocket with Boss A1 | #303 |Compound feature 3z Side AB2 #3943 |General_outside_profile
4 (Pockat Af1) #904 |Rectangular open_pocket 33 Hole Groove A1 #944 |Groowe
5 {Boss A1) #905 [Rectangular boss 34| B |Planar face |Head B1 #951 [Planar face
a Slot Slot_Al #3906 [Slot a5 Head B2 #952 |Planar face
7 Slot A2 #9307 |Slot 36 Head B3 #3953 |Planar face
8 Tee slot A3 #908 [Slot 37 Head B4 #954 [Plarar facs
g Hole Hole_A #9309 |Countersunk_hole 38| C |Planar face |Head &1 #9361 |Planar face
10 Hole_A2 #3110 (Compound_featurs a9 Hole Hole C1 #9362 [Countersunk_hole
1 (Hole_A21) #3911 |[Countersunk_hole 40 Hole G2 #963 |Countersunk_hole
12 {Hole_A22) #912 [Round_hole 41| D |Planar face |[Head [d #3971 |Planar face
13 Hole_A3 #9313 [Compound feature 42 Head 02 #9372 |Planar face
14 (Hole_Ad1) #3914 |[Countersunk_hole 43 Slot Slot_D1 #973 [Slat
15 {Hole_A32) #915 [Round_hole 44 Hole Hole_with_T hread_D1 #5974 |Compound feature
16 Hole_Ad4 #3916 [Countersunk_hole 45 (Hale D113 #9375 |Countersunk_hole
17 Hole AS #9917 |Countersunk_hale 46 (Thread D12) #9576 |Thread
18 Hole with Thread A8 | #918 |Compound featurs 47 Hole_with_Thread D2 | #3977 |Compound_featurs
18 {Hole_Aéi1) #919 |Countersunk_hole 48 tHale D213 #9758 |Countersunk_hole
20 (Thread_AG2) #920 |Thread 48 (Thread D22} #9579 |Thread
21 Hole with Thread A7 | #3921 |Compound featurs 50| E |Planar_face |Head Bl #9581 [Planar face
22 {Hole_AT1) #922 |Countersunk_hole 51 Head E2 #9862 |Planar face
23 (Thread_A72) #923 |Thread 52 Slot Slot_Ef #9583 |Slot
24 Hole_AS #5924 |Countebore_hole 53 Hale Hole_with_Thread Ef | #9584 |Compound_featurs
25 Hole A& #925 [Countekare_hale 54 tHale E11) #9585 |Countersunk_hole
26 Hole A10D #926 |Countersunk_hole 55 (Thread B12) #9586 |Thread
27 Haole_A11 #5927 |Countersunk_hale 56 Hole_with Thread E2 | #987 |Compound feature
28 Hole A2 #928 [Round_hole 57 tHale_E21) #9588 |Countersunk_hole
28 Hole A13 #5929 |Round hale 58 (Thread E22) #9589 |Thread
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Macro Process Plan

Macro Process Plan for the Sample Part

Machining . Champing .
= Machna Tool Dvactions Stratagy for Faatura Assignmant
Harizental
1st Mill'n:zlﬂc:ha § All Planar_facas n B
with Tabke hdsxng Al Planar_faeas n O and E (only Roughing)
Harirantal o=
il Millhg Machina = ﬂ_ All Faaturas in A and G
with Tabk hdaxing -
Hazrirantal
inl Millng Machna All Faatura n D and E

with Tabls hidaxhg
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Macro Process Plan
(Features assigned to
each Process)

Assigned Features
(1st Process)

E(0,-1,0)

T~

[Head_B2]

Planar_face EQORD

Planar_face D(0+10)
[Head_E2]
Planar_face
(Rough) Clamping
Direction

E
[Head_D2]
Planar_face
[Head_E1] (Rough)
Planar_face
(Rough)
Q [Head_D1]
Planar_face
(Rough)

[Head_B1]
Planar_face

[Head_B4]
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Assigned Features | [pocket_with_Boss A1]

(2nd Process)

[Side AB2]
General_outside profile

Compound_feature

[Pocket_A11(Rectangular_open_pocket)
+ Boss A1l (Rectangular_Boss)]

=

[Hole with_Thread_A6, A7]
Compound_feature
[Hole_A61(Countersunk_hole) +
Thread_A61(Thread)]

A(0,0,+1)

C(-1,+1,0)

[Hole_A3]

Compound_feature

[Hole_A31(Countersunk_hole) +
Hole_A32(Round_hole)]

Countersunk_hole

[Head_A1]
Planar_face

[Hole_A8, A9]

Counterbore_hole

[Step_A1]
= Y
[Slot_A2]
Slot
[Hole_A1]
Countersunk_hole
[Hole A10, A11]

[Hole_A12, A13]
Countersunk_hole

O

[Head_C1]
Planar_face

Slot

[Slot_A1]

[Hole_C1,C2]
Countersunk_hole

= [Hole A2]

Compound_feature
[Hole_A21(Countersunk_hole) +
Hole_A22(Round_hol€)]

[Tee-slot_A3]
Slot

[Side AB1]

General_cutout

General_outside profile

Assigned Features

(3rd Process)

[Head E1]
Planar_face
(Finish)

[Head_D1]
Planar_face
(Finish)

Compound_feature

Thread_E11(Thread)]

[Hole with_Thread_E1, E2]

[Hole_E11(Countersunk_hole) +

Slot

[Hole_with_Thread_D1, D2]
Compound_feature

Thread_D11(Thread)]

[Hole_D11(Countersunk_hole) +

[Slot_D1]
Slot

[Slot_E1]

[Head_EZ2]
Planar_face
(Finish)

Clamping
Direction

[Head_D2]
Planar_face
(Finish)
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Fixture Setup

Fixture Assembly
for the 15t Process

BT412-0630 SKS12070

BT412-
1320 <2

11316-20050

PV-1-03A PV-1-05 PV-1-02

e

PV-1-04

3

PV-1-01

SKS12050 SKS12080

Z-Axis Positioner

11304~ 11316- 13979
23000 20045 23000

19

11279~

20005 BT412-1580

SKS12040

BT412-0630 Assy

O\
% ~
113;2000/

BT412-0260,

Q

Y-Axis Positioner (Left)

BT412-0620

BT412-1340 2>

&

BT412-0620 Assy

I \
SKS12070  SKS12040

SKS12025

BT412-1580 Assy

X-Axis Clamp <x2>

-

417-WF12 <x2>

Fixture Assembly for the 1st Process

I 'f .

11304-  11316-

22000 20050 BT412-0260

I

N

Y-Axis Positioner (Right)

BT412-
1320

X-Axis Positioner

Base Plate
BT412-5200

Z-Axis Positioner (Bar) <x2>

/

11304~ 11279-

X

\ ™~

'SDH1230 BT412-1410 SKS12030

A2

Z-Axis Jack 11304~ 1411~ 11417- 11316-20045
2000 BMI2 9> WFL2

0 eo |

%

SKS12030

BT412-0750 Assy

BT412-0750

BT412-0750-01  BT412-0750-02

Y

. L
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Fixture Assembly for the 1st Process

mating_shape S[1:?]

Single_setup_process

New
Attribute

mating_solution

Base Plate
BT412-5200

Fixture_assembly|
_element

_select

X-Axis Positioner

q%fassemly L
H

BT412-1320

select

clamp_mating_
definition

mating_type

comprised_of S[1:7]

sub_assemly

[
| sub_assemly

part_hold_downs S[0:?]

position_type

Positional
part_hold_downs S[1:?]

comprised_of S[1:?]

! sub_assemly
_select 1
— § sub_assemly ! _Fixture_assembly|
BT412-0750 Assy " ¥ i comprised_of S[1:7] d _select H _element
{ 1 sub_assemly Fixture_assembly]
[ | _select _element
BT412-0750 -~
BT412-0750-01 BT412-0750-02

Fixture Assembly for the 2nd Process
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Fixtiire Ascsemhlv far the 2rd Prncess

Tool Setup

Tool Assembly
for the 39 Process
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Facemill

Pull Bolt

Holder
BT40-C32-120
NIKKEN

Facemill
NSE400R-503532
NIKKEN

Pull Bolt
Endmill 10.0
Holder /
BT40-NBS10-165
Daisyouwa Seiki \
Collet
NBC10-10
Daisyouwa Seiki
Collet

Endmill-10.0
EPP4100
Hitachi Tool

NBN10
Daisyouwa ]
Seiki
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Pull Bolt

Drill 8.5 cp
Holder »

BT40-NBS13-165 /

Daisyouwa Seiki

Collet
NBC13-85
Daisyouwa

Collet Seiki

NBN13
Daisyouwa Seiki

Drill-85
EWSR8.5
Hitachi Tool

Full Balt

Hald=r
BT40-MNBE1 5155 ;

Dy orwa Sl

Countersink

Call=t
MNBC15-13
Sdlet Diaisyauwa Seiki

NBM15

Diaizpausa
Gaild
Zaurtesink
10120
Hitachi Taal
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Tap M10

Pull Bolt

__l“
Holder
BT40-CK3-135

Daisyouwa Seiki _,.-""./

Tap Holder
M10TAP-
HOLDER

Daisyouwa Seiki :
Tap
CSP10M1.5
NAC""/
i
.

Micro Process Plan
for the 39 Process
Using Property_parameter
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Workingsteps and Operations
for Features assigned to the 3rd Process

(Micro Process Plan)

Pawchming Irec s Fabru de1| I - Werlangubes Gpanbon |yEu Iod Hedy | 1=l 1wh ey
oo
] Mo 'yrm 1 Haxd O DIFmzh Fmne_linsh_mim Erdml Uneisdon
Huwrd LF,LE F Munur w2 thniaho 7 =ol_01 Rough Eolom_and_mde_ouph_mbkng Endml Conlow_ponslsd
|
P | . | P br Thl_D! Fnoh Eolom_ard_mde_jouph_mbkng Erdmll Conlow_poialel
! Hole_ D! D2 DCukng Cilng Feod_dil B —
Helu LF . L2 | 2 | Coupeund weun P
2 |Hom 012 Chameing Counim_mnkm Counim =k, —_—
Nk L4, LA | x | Carmrank bale |
3 | Hom_ D', D2 fappnp rapon rap -
Traeod L4, L | 2 | Thewd |
ad 1 | Haxd K E2 Finah Flane_linsh_milng | Endmill | Undisdion
Haud B B2 | ] | Munur w thmisht
/ 1 Tal_E! Fough Eoiom_amd_=de_jouph_mbm Edmll Conow_piaiel
- .
e il 2 Tal_L! Fnoh Eoom_and_mde_jmuph_mbng | Endmdl Conbow_poiael
How B EX | 4 | L T L IR T — 1 Hole E!' E2Ciling Cilnpg Mool _did —
Idr O, C | : | arCInF hoke | 2 |Hole CI, £2 Chamiming Counlm_ankyg Counim ank. B —
mwdl:'ﬂ.l:ﬂl z | Theesd | 3 | Hom £ E2 fappg rapong ran N

Sequence of Workingsteps for the 3rd Process

(Micro Process Plan)

(Plan A Minimizing Table Indexes)

L] IV = Werlan e Cpwrwaen |y le=lbedy M e~ PLT S [+ I'xeu lex| Bedy
1 T _O Fouph Eolom_amd _acls_jmupgh_mkng Endmd 1 Hd _O'!' Fouph Edllom_and_=mde_jough_miing Exdmli
2 | Hoe_O1 O20nInp | Ol | Feod_dill 2 | Tal_O1 Fnoh |Bd|rn_,:rl:|_:ﬁ_|u|.uh_rrlhu | Eximli
1 ke bt v 2|
L] | Ho_0! Fimah |nu||um_;m|_n|-_. mgh_mibkng | Endmd
a | Ho _E! PFough |Bd|rn_,:rl:|_:ﬁ_|u|.uh_rrlhu | Eximli
i |r|u|-_nl_ml:rum|-|m| Counim _mnkng ||-
i ol _E ! Fmezh |Bd|m|_;ru_;n-_pumh_m||nu | Erdml
] | Holm_O1, 02 Fappmng | fapong | an
5 | Holm_ E! EZ Diding | Chdmp | Pl _diil
-] | Hmad O D2 Fnoh | Fane_tnah_miing | Endmd kb I 2|
11 e | ] | Hom D! 02 Cilhng | Dhdnp | Pl _didl
r | Hol k' Fouph |Bﬂ|hm_;rd_;lh_p mgh_mhng | Endmd
r |quJ:|lp2 Chamwing | Counlm_ankng |l:mrll|-1h.
a | Hom_E!' 2 Dulim | Ol | Feod_dill b bk 2|
4 |Hom E! Thard Counli kn Counl k.
] | *i_C! Fnoh |nu||um_;m|_n|-_. agh_mkng | Endmd | mEl — | tms o T | e
1 T r
mn |rhhj.l_ﬂl:h:rri-nu| Counim _mnkng ||- 1 | Hole E! B2 Fagonn | A | fan
1 ke bt v 2|
T | Hom_E! E2 Fappng | fapong | ran o | How_O',OZ fanpng | rapang | rap
L] Haxd £/ E2Fnoh A L] mik Endmd
| £!.E2Fm | mm_krah_milmg | 1 | Humad 01 02 F rush | Pharm_lmoh_ming | Erdmi
1 Ik b |
12 | Hmad_E! E2Finsh | Parm_moh_ming | Edml
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e e

s ===

e
LLL. cELL
4 Oulnp ype_sianmgy

[ b d

|22 Dhinp_ ko m_opmis on |

1
—d 2% FenS0_minp o alon | s _ﬂﬂ'rq Nn!l:l;rllm_m!qwl

1
—q | 2&%) Cvlhinp_omidmn

O Fam_souh_miig |

C | e ming

(J edbom_and_axis_jough_mbm |

Ji"e%2alom_and_ade_miing

J ealom_mxnd_ade_tmah_mimg |

1
—q |AR%1Ea g _opeakon g Eaim |
d - q__ Pmrro |

HH

I R R W

Thiexd_duling

Machine Tool
Configuration Model
(Reference from AP240)
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New Project Plan
using AP240

[Seamless Manufacturing Process] -
[Data Format] Software Package

G ]) | Add
i Properties
|:> Product ‘ .
Data ! Tolerances

-3D geometry H

N~

— i B
|AP203 E2| '

. Recognize
Product . Machining

Data H Features
-3D Geometry !
-Properties B
N
Machining
Functions H Technology

being developed w
in this project '

Existing
NC Program
(1SO 6983)

Product Data
for ProcessPlan
based on AP224
-3D Geometry
-Machining Features
-Properties
-Tolerances

- To develop Product Data Model for Process Plan based on AP224 in order to realize
Seamless Manufacturing mainly for Machine Tool Builders and Die and Mold Manufacturers

- To recognize Machining Feature from 3D Geometry with Property(Surface Finish)

- To create Process Plan using CAPP and Machining Technology Database

- To prepare a tool in order to manage Machining Technology Database
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Transform ISO 6983

to ISO 14649

Objective of thisresearch

No. 1

Information of
1S06983
1.Cutter motion

NN
T

2.Cutting condition

d nput data
(1SO 6983)
CDATA™

1SO 6983
NC code

el |
Tool

infor mation
g O R

Transform
using

EXPRESSX

@utput data)
(1SO 14649)

1SO 14649
NC data

Information of 1SO 14649

1.Task information
Type of Machining feature

2.Tech0|ogy information
Machining strategy and
condition of feature

3.Tool information
Cutting Tool type

4.Geometry information
for Blank model, feature

Benefits

-Revive legacy data and extract knowledge of process planning

g&f‘n,}f Resear ch for transforming from 1 SO6983 data to | SO14649

3

Graduate School of Engineering,
Hokkaido University
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Transforming proceduresfrom | SO6983 data to 1 SO14649

No. 1

Tool information

' Segmentation Q;?,Lgihl
Based Ion tool Z straight Line
Generate | Split Generation rule for
NC code| Split NC | NC cqde J Removal volume
— AL °
I Split NC code Extract continues
G91G28Z0

T2

M6
G91G28Z0

Generation rule from
Remova volume to
Machining feature

tool path
m P | Round Hole
| T |
ransform | nath Path-Profile) ’

6162820 Tool path {7 i Y|
S A2 Generate Machining
Segment_2 — Removal feature
- voome [ 1 e
M6 Workpiece Machining
co162820| hlank model Feature
S N

o A/ 1SO 14649 schema

B |

Generate -
__| Machining Drilling

! S
Removal_volume

Tool

————Raw Stock
| —
1SO 14|649 schema

L | Generate |Working
Working |Step

Operation | Machining operation

Step

A5

A6

(é%g Resear ch for transforming from 1SO6983 data to | SO14649

Graduate School of Engineering,

Hokkaido University

AP240 Workshop
In Sapporo
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AP240 Workshop in Sapporo, Japan

[Meeting Place]

Hokkaido University in Sapporo, Japan

[Meeting Schedule]

Aug. 12"(Tue) 8:00 - 17:00 AP240 DIS Document
13"(Wed) 8:00 - 17:00 AP240 DIS Document
14"(Thu) 8:00 - 12:00 AP240 DIS Document

[Hotel]

Sapporo Aspen Hotel

TEL +81-11-700-2111
(Single Room 8,300 yen/night, Twin Room 15,600 yen/night,
excluding Tax and Service fee,
Discount price for Hokkaido university)
[Hotel Reservation]
Machiko Tamada, Hokkaido University
E-mail tamada@minf.coin.eng.hokudai.ac.jp
TEL +81-11-706-6447
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9.2.5 41 ISO/TC 184/SC 4( )

Overview of CAPP system
using AP240 (Prototype)

2003-10-22
Manufacturing Engineering Research Inc.

C.Sakamoto

Flow of CAPP System
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1 Same Access "I
! to Databases !
I asshown 'l
I intheright

| Computer Aided Process Planning System (Prototype) |

1
i 1
fowre

: [Existing System]

Base Feature

|:> Micro Process Planning

Create Base Features
with Surface finish

Add Properties <:|
and Tolerances

Recognize
Volumetric Features

Design Fixture

Process Plan Data
with Features
(AP240)

1r

Machining Technology Database
Machine Tool Database
Cutting Tool Database

Volumetric F

<:| Design
Cutting Tool

Ll

Micro
Process Plan Data
(ISO 14649)

eature

Flat_face (Planar_face)

Step

T

Outside_profile

(General_outside_profile)

J

‘Iﬂ-...'

Pocket (closed)

Round_hole (Hole)

IR

Pocket (open)

Boss Composite_hole
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Specification of Sample
Parts

Shape of the Sample Part_1

=
[ el ol
U 1 ] | =
_J Lo
[—— LL]
1 e —O—-
F]:r--.‘/_ eSS
Sp 1 1 | r
L L_J
L A
1] ik
| I 1
Material

Vi
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[Hole with_Thread_C1, C2] isiot_c1] || rprane_c1g CO+10)  Aro-1)
[Plane_C1] Compound_feature Sl?)t Flat f;ce
Flat face (Hole_C11(Composite_hole(c111+c112)) + - G(-1,0,+1)
— Thread C11(Thread))

[Plane B3]
[Plane_A1]

Flat_face
Pocket_A1] =
Flat_face Locke{ AL [Hole_A2]
Composite hole
[Plane G1] (a21 + a22 + a23)

[Tee-slot_A3]

B(0,0-1) D(, -10)
Slot

Flat_face

[Hole A1]
Hole G1, G2 :
E:omp_osite hoI]e Composite hole
(011 + g12) (all + al2)

[Hole_with_Thread_A6, A7]
Compound_feature
7| (Hole_A61(Composite_hole(a611+a612)) +

Thread_A61(Thread))

[Side AB1]

[Hole A10, A11]
Outside _profile

Composite hole

[Slot_A1] [Groove AB1]

(a101 + a102)
Slot Groove [Hole_A8, A9]
[Hole A12, A13] Composite hole [Slot_A2]
A1 Rouna_hoI’e [Hole_A4, A5] (a81 +a82) Slot
S Composite hole
[Plane B4] (adl + ad2) [Hole_A3]
Flat_face Composite hole
— (a31 + a32 + a33)

[Pocket_with_Boss A1]
Compound_feature
(Pocket_A11(Pocket)

+ Boss_A11 (Boss))

[Slot_D1]
Slot

[Side_ AB2]
Outside profile

[Plane_D1]
N [Hole_with_Thread_D1, D2] Flat_face
Compound_feature
[Plane B1] [Plane D1] (Hole_D11(Composite_hole(d11+d12)) + [Plane_B2]
Flat_face Flat_face Thread_D11(Thread)) Flat_face

Shape of the Sample Part_2
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Function of Each Stage

| Computer Aided Process Planning System (Prototype) |

Create Base Features
with Surface finish

Add Properties
and Tolerances

Recognize
Volumetric Features

Design Fixture

Process Plan Data Q

with Features
(AP240)

1

e Micro Process Planning :

1 Same Access 1 Micro I

: to Datre]xbases : ﬁ Process Plan Data | ,
as shown

I intheright :' (IS0 14649) :

I figure II 1

______ : Machining Technology Database . 1

' Machine Tool Database Design 1

I Cutting Tool Database Cutting Tool 1

' [Existing System] 1
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Create Base Feature

[Plane_C1]
Flat_face

Flat_face

[Side_AB1]
Outside_profile

[Plane_B4]
Flat_face

[Plane_, A
@ [Step_A1]
[Plane_G1]

Flat_face

[Plane C1] CO+10 A0+
Flat_face

G(-1,0,+1)

[Plane B3]
Flat_face

@ B(©0-) D@-10

O

ol
|2 [side ABZ]

@ ‘ Outside 2 profile

'/ 7
[Plane D1]
Flat_face

‘\;
[Plane_B1] [Plane_D1] [Plane_B2]
Flat_face Flat_face Flat_face

| Computer Aided Process Planning System (Prototype) |

1 Same Access 1
I to Databases !
I asshown 1
I intheright 1
1 figure :l

: [Existing System]

|:> Micro Process Planning

Create Base Features
with Surface finish

Add Properties
and Tolerances

Recognize
Volumetric Features

Design Fixture

Process Plan Data Q
with Features >

1
1

. 1
Micro I
Process Plan Data | ,
(ISO 14649) 1
1

1

1

1

1

1

1r

Machining Technology Database
Machine Tool Database
Cutting Tool Database

<:| Design
Cutting Tool
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Recognize
Volumetric Feature

[Hole_with_Thread_C1, C2]
Compound_feature
(Hole_C11(Composite_hole(c111+c112)) +
Thread_C11(Thread

[Pocket_A1] [Hole A2]

Composite hole
(a21 + a22 + a23)

[Slot_C1]
Slot

COALO | A@o+1)

G(-1,0,+1)

B(00-1) D(©,-10)

Pocket
@ [Tee-slot_A3]
Slot
1
[Hole G1, G2]
Composite hole
(911 + g12)

Composite hole
[Slot_A1] [Groove AB1] (a101 + a102)
Slot Groove [Hole_A8, A9]
[Hole A12, A13] g;Tﬁ?st; hole [Slot_A2]
Round_hole [Hole_A4, A5] Slot
Composite hole
(adl + ad2) [Hole_A3]
Composite hole
(a3l + a32 + a33)

[Pocket_with_Boss A1]
Compound_feature
(Pocket_A11(Pocket)

+ Boss_A11 (Boss))

[Hole A1]
Composite hole
(all + al2)

[Hole_with_Thread_A6, A7]
Compound_feature

7| (Hole_A61(Composite_hole(a611+a612)) +
Thread_A61(Thread))

Slot

[Hole_with_Thread_D1, D2]

Compound_feature
(Hole_D11(Composite_hole(d11+d12)) +
Thread_D11(Thread))

[Slot_D1]

[Hole_A10, A11]

| Computer Aided Process Planning System (Prototype) |

-——————
1 Same Access 1
I to Databases !
I asshown
I intheright
1 figure

[Existing System]

Create Base Features
with Surface finish

Add Properties
and Tolerances

Recognize
Volumetric Features

Design Fixture

Process Plan Data
with Features <::|
(AP240)

|:> Micro Process Planning

1r

Machining Technology Database
Machine Tool Database
Cutting Tool Database

<:| Design
Cutting Tool

Fixture Data

Micro

1
1

1
Process Plan Data :
(ISO 14649) 1
1

1

1

1

1

1
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Add Properties to the Round_hole

Y=y

RARSSEAERM Db AL H)

=Ioixj

soxh sy o- |8eEY & 2/[6QACEavY | BEDEE|DRRBRBS| L]

File  Edit
= Werkpiece
% B5-0219 g L= T
#
4
e
- &
USAGE NAME  [Wi-gnar | [-BOTTOM GONDITION U —
TYPE Ganical_hole battem =
—PLAGEMENT CORNER RADIUS : 0000 =]
LOCATION X : 130000 RADILS oom
LOGATIONY = 60000 TP ANGLE 120000
LOCATIONZ = -15000 TP RADIUS - 0000
XIS X 000 B
iﬁ‘zf : ?333 p—— SIDE SURFAGE ROUGHNESS x

DIAMETER : 10000
HOLE DEPTH: 14000

- GHANGE IN DIAMETER

TAPER TYPE -
FINAL DIAMETER : 10,000
ANGLE TAPER @ 0000 deerees

[V Thread jnformation

VALUE: [
UNIT RMax

BOTTOM SURFAGE ROUGHNESS
VALUE:  [B
UNIT RMax

el

THREAD INFORMATION
FORM [T PITCH [T
FIT GLASS e PWOHODAMETER @
MAJORDIAMETER [ THREAD HAND T —|
MINOR DIGWETER g CUALIFER I
APPLIED LENGTH &

et @ e

|[Soliaworks 2000 -

Add Properties to the Slot

D AR RO

Fmd HFAD  POPINMWinGE

TR L

||| i (],

Gy s o067

=10l x|

SOk oo [BREHY ® 2 aadcsaey ennl|naranaes|

- HL-0198

& PF-0003

SLOT WIDTH 25,000

Gancel

172
USAGE NAME  [SIni7s [ SWEPTSHAPE
TYPE Square U
~PLAGEMENT UMWIDTH 25000
LOCATION X : 230,000 U_FIRST_RADILS 5000
LOGATION ¥ = 90.000 U_FIRST ANGLE 50000 degrees
LOGATIONZ = -10.000 U SECOND_RADIUS 5000
00 U_SECOND_ANGLE 90,000 degrees
XIS Y 00
A5 2 1.000
-~ END CONDITION 1
TYPE Open slot_end
FIRST RADIUS 0000 SIDE SURFAGE ROUGHNESS
SECOND RADIUS : 0000 VALUE : [
RADILIS 12500 UNIT T —
~EMD GONDITION2————— BOTTOM SURFAGE ROUGHNESS
Radiused slot_end VALUE = B
FIRST RADIUS 0000 UNIT T a—
SECOND RADIUS 0000
RADILS 12500
SLOT DEPTH 10000 SLOTTYPE :  Slot

2000 B9 Paint Shop Pra | oMY

2t | & = @

|| Ewindows 525

[ersz=]

A Emnal

[[[ e R[] 4

EOBHEAM 218
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| Computer Aided Process Planning System (Prototype) |

Create Base Features
with Surface finish

Add Properties <:|
and Tolerances

Recognize
Volumetric Features

Design Fixture

Process Plan Data Q

with Features
(AP240)

=== Micro Process Planning
1 Same Access 1 Micro

! to Databases !
I asshown 'l
I intheright
figure

Process Plan Data
i I (1ISO 14649)

Machining Technology Database )
Machine Tool Database Design
Cutting Tool Database Cutting Tool

[Existing System]

The following 4 operations should be
done

1. Input the Machining Process Number I

2. Select aMachine Tool for the Process

nput Requirements for a Machine Too
(1) Type of Machine Tool

(2) Minimum axis range motion of X_axis, Y_axis and
Z_axis

(3) Number of control axis

(4) Table Indexing function

(5) Maximum spindle speed

[Select a Machine Tool for the Process]

(1) Machine Tool Manufacturer

(2) Company model
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3. Input Clamping Positions

OB AR SRR e e G R spncle and

(a) The Z_axis of the Spindle is parallel to the Z_axis of the
Part, and the X_axis of the Spindle is parallel to the X_axis

of the Par

t

(b) The Z_axis of the Spindle is parallel to the Z_axis of the
Part, and the X_axis of the Spindle is parallel to the Y_axis

of the Part
(c) The Z_axis of the Spindle is perpendicular to the Z_axis

of the Part

&) F{Q

fageoekitisrart which is faced to the Fixture
a) Indicate the Clamping Face(s)

(b) Indicate Clamping Position(s) on each Clamping Face

and

input the position type, that is, Clamp, Positioning, or

Jack

SKS:

Z-Axis Positioner

11304- 11316~ 11279~
23000 20045 53000

11279~
20005

SKS12025
BT412-1580 BT412-1580 Assy

BT412-0630 SKS12070 PV-1-03A  PV-1-05 PV-1-02 PV-1-04 ' " PV-1-01 . \{V!:: v PV-1
' f 2o 5 y ] N
iy ’ A3 !‘ y

BT412-
1320 <2>|

Rieo

=

~

11316—20050

SKS12040
BT412-0630 Assy

Ty

X-Axis Clamp <x2>

=

//v‘/ 4t/
4 &
/W\%wmqb
(]

12050 SKS12080

Fixture Assembly for the 1st Process

11304~ 22000
BT412 0260

Y-Axis Positioner (Left)

BT412-0620 BT412-0620 Assy

11304- 11316~
22000 20050
O\

N

.

BT412-0260

Q

‘#

\#

e

BT412-1340 <x2> SKS12070  SKS12040

|1

Y-Axis Positioner (Right)

W N

BT412-

1320

Base Plate
BT412-5200

f

Z-Axis Positioner (Bar) <x2>

12
20005

23000
X-Axis Positioner g
Z-Axis Jack
s ]
g

I

SKS12030

BT412-0750 Assy BT412-0750

~

VAR \
79-  SDH1230 BT412-1410 SKS12030

| R 1

23000 BMI12<x2> WF12

11304~ 11411~ 11417-

> g \(,‘ [« ]

11316-20045

|

3

BT412-0750-01  BT412-0750-02
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4. Assign Featuresto the Process (1% Process) |

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

B(0, 0, -1) | — | Plane B1 | | Plane B2 | | Plane B3 | | Plane B4 | | Side ABL | | Side AB2

(o] — [Foest]
(oo 0] — [rmesr |

(2) Display Selected Base Features

[Vector] [Assigned Base Feature]

B(0,0,-1) | —— | Plane B1 | | Plane_B2 | | Plane_B3 | | Plane_B4 |

c0,+1,0) | — | Plane C1  Plane_rough milling, Plane finish milling |
D(©,-1,0) | —— | Plane_ D1 Plane_rough_milling, Plane_finish_milling |

Regarding Plane_C1 and Plane_D1, We need to get machining
operations from Machining Technology Database before Feature
Assignment

4. Assign Features to the Process (Continued)

(3) Select Volumetric Features assigned to the Process

[Base_feature] [Assignable Volumetric Feature]

PlaneCl | ——» | SlotC1 l—cl Hole_with_Thread_C1 |—| HoIe_with_Thread_C2|
Plane D1 e | Slot D1 l—l:I Hole with_Thread D1 |—| HoIe_with_Thread_D2|

(4) Display Selected Volumetric Features

(None)
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Assigned Features
to

E(0,-1,0)

B(0,0,-l)>\
Plane B2]

Llat face : Flat_face D(0,+1,0)
[Plane_D2] ﬂ Clamping
Flat_face Direction
(Plane_

Rough_Milling)
[Plane_C2]
Flat_face
[FlTI ?n;e o (Plane_Rough_Milling)
at_face
(Rough) Q
[Plane_C1]
Flat_face
[Plane_B1] (Rough)
Flat_face

[Plane_B4]
Flat_face

4. Assign Features to the Process (2" Process) |

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

AQ©,0,+1) | —— | Plane AL | | Step AL | | Side ABL | | Side AB2 |
6(-10,+1) | — | PLaeGL

(2) Display Selected Base Features

[Vector] [Assignable Base Feature]

AQ,0,+1) | —— | Plane AL | | Step AL | | Side AB1 | | Side AB2 |
6(-1,0,+1)] —— | Pranec1
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4. Assign Features to the Process (Continued)

(3) Select Volumetric Features assigned to the Process

[Base_Feature]

[Assignable Volumetric Feature]

| Plane AL | _ |P0cket7A1 | |Pocket7withiBossiAl| |s|ot,A1| |s|ot,A2| |Tee,s\ot,A3| | Hole A1 |

| Hole A2 | | Hole A3 | | Hole A4 | | Hole_ A5 | | Hole_with_Thread_AGl |Groove_AB1|

| Hole with Thread A7 | | Hole A8 | | Hole A9 | |Ho|e,A12| | Hole A13 |

| Step AL | N |HOIe>AlO| |Hole>A11|

| Plane G1 | J— | Hole_G1 | | Hole G2 |

(4) Display Selected Volumetric Features

[Base_Feature]

[Assigned Volumetric Feature]

| Plane A1 | e |Pocket7A1 | |Pocket7wnhiBossiAl| |S\017A1| |S\017AZ| |Teeis\ot7A3| | Hole A1 |
| Hole A2 | | Hole A3 | | Hole A4 | | Hole A5 | | Ho\eiwithiThreadiAﬁl |Groove,AB1|
| Hole_with_Thread A7 | | Hole_A8 | | Hole A9 | | Ho\eiAlzl | Hole_A13 |

| Step Al | —_ |H0Ie7/-\10 | |Ho\eiA11|

| Plane G1 | N | HoleiGll | Hole G2 |

Assigned Features

to

the 2nd Proces

[Side_ABZ2]
Outside profile

[Hole_A61(Countersunk_hole) +
[Step_A1] Thread_A61(Thread)]
Step \é
[Slot_A2]
Sot
[Hole_A1]
Composite hole
[H ol e A10, All] (a.’l.l 4 alz)
Compositehole
(2101 + a102)
[Plane_A1]
Flat_face
[Hole A8, A9] [Tee-slot_A3]
Counterbore_hole Sot

[Pocket_with_Boss A1]
Compound_feature
[Pocket_A11(Rectangular_open_pocket)
+ Boss_A11 (Rectangular_Boss)]

A(0,0,+1) L)

Compound_feature

[Hole with_Thread_A6, A7]

[Hole_A3]

Compound_feature
[Hole_A31(Countersunk_hole) +
Hole_A32(Round_hole)]

[Hole_A12, A13]

[Hole A4, A5]
Composite hole
(ad1 + a42)

Round_hole

[Plane_G1]

Planar_face

[Groove AB1] [Slot_A1]
Groove Sot

[Hole G1, G2]
Composite hole

[Hole_A2]
Compound_feature

[Hole_A21(Countersunk_hole) +
Hole_A22(Round_hole)]

(011 + g12)

ﬁ [Pocket_A1]

Pocket

[Side AB1]
Outside_profile
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4. Assign Features to the Process (3™ Process) |

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

C(0, +1,0) —>| Plane_C1 Plane_rough_milling, Plane_finish_milling |
D(0, -1,0) —>| Plane D1  Plane_rough_milling, Plane finish_milling |

(2) Display Selected Base Features

[Vector] [Assigned Base Feature]
C(0,+1,0) | ——» | Plane_C1 , Plane_finish_milling |
DO, -1,0) | —— | Plane_ D1 , Plane finish_milling |

4. Assign Features to the Process (Continued)

(3) Select Volumetric Features assigned to the Process

[Base_feature] [Assignable Volumetric Feature]

Plane C1 | —— | Slot C1 |—c| Hole_with_Thread_C1 |—| HoleiwithiThreadicZ|
Plane D1 —_— | Slot D1 |—c| Hole_with_Thread_D1 |—| Hole_with_Thread_D2 |

(4) Display Selected Volumetric Features

[Base_feature] [Assigned Volumetric Feature]

Plane C1 | ——» | Slot C1 H Hole_with_Thread_C1 |—| HoleiwithiThreadiczl
Plane D1 _ | Slot D1 |—|:| Hole_with_Thread_D1 |—| HoleiwwthiThread7D2|
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- [Slot_D1]
[Hole with_Thread_D1, D2] Yot
Compound_feature

(Hole_D11(Composite_hole(d11+d12)) +

Thread_D11(Thread))

[Plane_D2]
Flat_face
(Plane_Finish_Milling)

[Plane D1]
Flat_face
(Plane_
Finish_
Milling)

Clamping
Direction

[Plane_C1]
[Plane C1] Flat_face
Flat_face l(:'?:l?;e—
(Plane_ =
ik Milling)
MiIIina) [Hole_with_Thread_C1,C2]
Compound_feature

(Hole_C11(Composite_hole(c111+c112)) + Assig ned Features
Thread_C11(Thread)) to

the 3rd Process

Feature Assignment Table

Process Assigned Feature [Base_Feature] —  [Volumetric Feature]

| Plane_B1 | | Plane_B2 | | Plane_B3 | | Plane_B4 |

1st

| Plane_C1 Plane_rough_milling)|

| Plane_D1 Plane_rough_milling)|

|PIane7Al |—> |PocketﬁAl | |Pocket7wwthiBossiA1| |Slot7Al| |SI0t7A2| |Tee75\otﬁA3| | Hole A1 |
| Hole_A2 | | Hole_A3 | | Hole A4 | | Hole_A5 | | Ho\eiwwthiThreadiA(Sl |Gr00veiABll
2nd | Hole with_Thread A7 | | Hole_A8 | | Hole_A9 | | Hole A12 | | Ho\eiA13|
| Step_ Al |—> | Hole_A10 | | Hole7A11|
|Plane761|—> | Hole_G1 | | Hole_G2 |
| Plane_C1 (Plane_finish_milling |—> | Slot C1 |—c| Hole_with_Thread_C1 |—| Hole_wwth_Thread_C2|
3rd

| Plane_D1 (Plane_finish_milling |—> | Slot D1 |—c| Hole_with_Thread_D1 |—| Hole_vv\th_Thread_D2|
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Computer Aided Process Planning System (Prototype) |

3D Geometry Data

(AP203/214)

Product Definition Data
for Process Planning
(AP224/ AP240)

I same Access I
I to Databases |

Machining Feature Data

I
I asshown 'l (ISO 14649)
I in the right :' assigned to
: figure | !'|' Machining Process

[Existing System]

Create Base Features
with Surface finish

Add Surface finish
and Tolerances

Recognize
Volumetric Features

Design Fixture

Process Plan Data
with Features
(AP240)

Micro Process Planning

1T

Machining Technology Database

Machine Tool Database
Cutting Tool Database

L

Micro
Process Plan Data
(ISO 14649)

Design
Cutting Tool

The following 3 operations should be done
for Each Machining Process

1. Generate Machining Operations for Features I

An Example for the 3rd Process

PAchnimg oo Fustir aal| IV e-WerkinguE GEwrsacn e el Hedy | locluth Prutug
[} P
o Mo T yom ' Haxd D!, D2 Fimah Plarm_irnah_ming Erdrml Urade scion
Hwd LF.LE | 2 Munur woaiFimah 1 dl_O' RFoaugh Eolom_and_xde_jough_ming | Endmil Conlow_paall
i
P | N | P 2 Tkl 0! Fnoh Eolom_mnd_xde_jough_ming | Exdmil Corlow_paakal
' Holm_DI, 02 Cuiling Duiing reml_chil —_—
Hodu LF. L2 | F | Conipcund ke 7
2 |Hom D' 02 Chamiming Coundmi_ankng Counimarnk, —_—
Noke L1, | i | Coarerard bk |
2 | Hom O, 02 fapnmg LE ..L.T| rap -_—
Traesd r.11.r.z-|| P | Theesd |
ad ' | Huxd £ E2Fnoh Plarm_irnsh_ming | Erdrml | Urade scion
Haud B B2 | F] | Munur woaikimsh 7
/ 1 Hal_E! Fough Eolom_mnd_=is_jough_ming Endmll Conlou_nazlsl
ECES | i | B z Tol_C! Frazh Colom_mnd_mde_joughming | Edmil | Codow_paaml
Heow B EX | ] | cnipcund b — 1 Hom E! EZChilmg Cvinp Mool il ——
Ikl C14,CA || A | o i bk | 2 |Hoe 1,2 Camiming Counlm_ankng Counimank ——
Thresd Ci4, CH | i | Theesdd | 2 | Hom E! E2 Fapung rapong rap -




2. Sequence Machining Operations |

An Example for the 3rd Process

Seq ID of Workingstep Operation Type Tool Body
1 Slot_D1 Rough Bottom_and_side_rough_milling | ~ Endmill
2 | Slot_D1 Finish | Bottom_and_side_rough_milling | Endmill
[Table Index]
3 | Slot_E1 Rough | Bottom_and_side_rough_milling | Endmill
4 | Slot_E1 Finish | Bottom_and_side_rough_milling | Endmill
5 | Hole_E1, E2 Drilling | Drilling | Twist_drill
[Table Index]
6 | Hole_D1, D2 Drilling | Drilling | Twist_drill
7 | Hole_D1,D2 Chamfering | Counter_sinking |Countersink
[Table Index]
8 | Hole_E1,E2 Chamfering | Counter_sinking | Countersink
9 | Hole_E1, E2 Tapping | Tapping | Tap
[Table Index]
10 | Hole_D1, D2 Tapping | Tapping | Tap
11 | Head_D1, D2 Finish | Plane_finish_milling | Endmill
[Table Index]
12 | Head_E1, E2 Finish | Plane_finish_milling | Endmill

3. Design Tool Setup

1. Facemill

BT40-C32-120

Facemill

NSE400R-503S32

NIKKEN

An Example for the 3rd Process

Holder

NIKKEN

o

Pull Bolt
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Pull Bolt

BT40-NBS10-165 /

2. Endmill 10.0

Holder

Daisyouwa Seiki

Collet
NBC10-10
Daisyouwa Seiki

Collet
NBN10
Daisyouwa
Seiki

Endmill-10.0
EPP4100
Hitachi Tool

Pull Bolt

3. Drill 85 69
Holder

BT40-NBS13-165 /

Daisyouwa Seiki

Collet
NBC13-85
Daisyouwa

Collet Seiki

NBN13
Daisyouwa Seiki

Drill-8.5
EWSR8.5
Hitachi Tool
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4. Countersink

Cdle=t
MAM15
Dia s auwa
Seiki
Zaunt=rsink
o010
Hitashi Taal

Pul Balt

£

Halde
BT40-HBE15-135

Diaisraurea S=iki

Call=t
MBZ15-13
Daisyarwa S=ikd

&|

5. Tap M10
Pull Bolt
Holder
BT40-CK3-135
Daisyouwa Seiki /
Tap Holder
M10TAP-
HOLDER

Daisyouwa Seiki

Tap
CSP10M15

NACHI
/.-’
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Fixture Assembly for the 15t Process
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Fixture Assembly for the 2" Process

Fixtiire Aesemhlv far the d Prarcess
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9.2.6

42 1SOITC 184/SC 4( )

Overview of
Feature based Process
Planning system
using AP240 (Prototype)

2004-03-04

T.Inouye, C.Sakamoto

Flow of CAPP System
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I Same Access ||
I to Databases !
as shown |
I in the right h

| Computer Aided Process Planning System (Prototype)

Create Base Features
with Surface finish

Add Properties
and Tolerances

Process Plan Data

. with Features
Macro Process Planning (AP240)
i 1 <;
|:> Micro Process Planning

Ir

Machining Technology Database
Machine Tool Database
Cutting Tool Database

}
]

figure II

h [Existing System]

Recognize
Volumetric Features

Design Fixture

Design
Cutting Tool

L

Micro
Process Plan Data
(ISO 14649)

Parts

Specification of Sample
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Shape of the Sample Part_1
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Base Feature

Volumetric Feature

Flat_face (Planar_face)

Step

T

Outside_profile
(General_outside_profile)

E=

Round_hole (Hole)

Iy

Pocket (closed)

Pocket (open)

Boss Composite_hole

Create Base Feature [Plane_C1] €O Ao+
Flat_face
[Plane_C1] - G(-l,0,+l)
Flat_face E——

//
[Plane_A1]

Flat_face

Outside profile

[Plane_G1]
Flat_face

[Plane_B4]
Flat_face

W

— =

Flat_face

@ B(00-1)  D(0:1,0)

C . @)
(7

\ 2 [Side ABZ]
Outside_profile

_.
=

/
@ [Plane_D1]

Flat_face

[Plane B1] — [Plane_D1]
Flat_face Flat_face

[Plane_B2]
Flat_face
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Recognize

Volumetric Feature

[Hole with_Thread_C1, C2]
Compound_feature

Thread_C11(Thread))

(Hole_C11(Composite_hole(c111+c112)) +

C(O+10)  A(0,0,+1)

G(-1,0+2)

A
[Pocket_A1] [Hole A2
Pocket Composite hole
@ (a21 + a22 + a23)
[Teeslot_A3]
Slot
1
[Hole G1, G2] [ AT
Composite hole Cuiiesivhes
(g11+g12) (all +al2)

— X
[Slot_A1] [Groove AB1]
Sot Groove

[Hole A12, A13]
Round_hole

[Pocket_with_Boss A1]
Compound_feature
(Pocket_A11(Pocket)

+ Boss_A11 (Boss))

[Hole_A4, A5]

Composite hole

(a4l + a42) [Hole A3]
Compositehole
(a31 + a32 + a33)

[Slot_C1]
Slot

B(00-1)  D(0:1,0)

[Hole_with_Thread_A6, A7]
Compound_feature

7| (Hole_A61(Composite_hole(a611+a612)) +
Thread_A61(Thread))

[Hole_A10, A11]
Composite hole
(a101 + a102)

[Hole_A8, A9]

Composite hole

(a81 +a82) [Slot_A2]
Sot

[Slot_D1]
Slot

[Hole with_Thread_D1, D2]

Compound_feature

Thread_D11(Thread))

(Hole_D11(Composite_hole(d11+d12)) +

Functions for Process

Planning
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| Computer Aided Process Planning System (Prototype) |

Create Base Features
with Surface finish

Recognize

Volumetric Features
Add Properties <:|
and Tolerances
Design Fixture

Process Plan Data
with Features
(AP240)

|:> Micro Process Planning

Il

I Same Access ||
I to Databases !
I as shown |
I in the right h
: figure

L

Micro

Process Plan Data
iI (ISO 14649)

Machining Technology Database
Machine Tool Database
Cutting Tool Database

: [Existing System]

Design
Cutting Tool

Macro Process Plan is composed of
the following operations for each Mach
rocess

ining

3. Input thetype of Part mounting
4. Input the Axisrelationship

5. Input Clamping positions
6. Assign Featuresto the M achining process

1. Select a Machine Tool for the Machining process
2. Input relationship between M achining processes

between the machinetool Spindle and the Part

[After Micro Process Plan and Fixture (and Tool) D

esign]

(7. Determinethe detail of Setup activities)
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1. Select a Machine Tool for the Process |

[Input Requirements for a Machine Tool]

(1) Type of Machine Tool

(2) Minimum axis range motion of X_axis, Y_axis and
Z_axis

(3) Number of control axis

(4) Table Indexing function

(5) Maximum spindle speed

[Select a Machine Tool for the Process]

(1) Machine Tool Manufacturer

(2) Company model

2. Input relationship between Machini ng processes I

(Comtisnous exemtion oreark I ot
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3. Input the type of Part mounting I

Part mounting type A

Part_machine_mountmg
=]
* ‘ [ 1chineTabe

| Ivhchine Table |

Part mounting type B
Part_fixiove_mounting

Firture IvAchine Table
Ivh chine Table
| Firture mnckine mowntis pisa sbhige
of Firtwwe_miwp.

Part mounting type C_1

Part_fixture_mounting

Part

“ Fixture

Pallet I

}

Fixture

I Pallet I

Fixture_pallet_mounting is a subtype

Pallet_machine_mounting of Fixture_setup.

Part

. Part

I Pallet I “ Fixture
I Pallet I

— » =
|

\ |

Machine Table

I Machine Table I
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Part mounting type C_2

Part_fixture_mounting

Fixture_pallet_mounting is a subtype
of Fixture_setup.

Part
Fixture Fixture

Pallet Pallet

| Machine Table | Machine Table |

Pallet_machine_mounting I

Fixture

| Pallet |

| Machine Table |

4. Input the Axis relationship
between the machine tool Spindle and the Part

5.1 Input the relationship between the machine tool
spindle and the part

(@) Input the Vector of the Part
parallel to the Machine Tool e A
Spindle Axis.

[Milling machine]
(b) Input the Rotation Angle of

the Part to the Machine Machine Too!
Tool Spindle Axis. Spindle Axis
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[Milling machine with Index Tabl€]

(c) Input the Rotation Axis of the wachine ol
Index Tablein the coordinate Spindle Axis
system of the Part.

5.2 Indicate the face of the Part which is faced to the
Fixture

Machine Tool Spindle

> e

5. Input Clamping Positions I

Indicate the Clamping Position(s+f— ] and
Input the position type for each Clamping Position,
Clamp, Locator or Jack

am

ycator)
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6. Assign Features to the Process (1% Process) |

D(0,-1,0)
B(0,0,-1)>\

C(0,+1,0)

ﬁ Clamping
Direction

6. Assign Features to the Process (1% Process) |

(1) Select Base Features assigned to the Process

[Vector]

[Assignable Base Feature]

B(0, 0, -1) | — | Plane_B1 |

| Plane B2 | | Plane B3 | | Plane B4 | | Side AB1 | | Side AB2

C(,+1,0) | — Plane C1
D, -1,0) | — Plane_D1

(2) Display Selected Base Features

[Vector]

[Assigned Base Feature]

e | Plane B1 |

| Plane B2 | | Plane B3 | | Plane B4 |

C(0,+1,0) | — | Plane C1  Plane_rough_milling, Plane_finish_milling |

D(0, -1,0) —>| Plane D1  Plane_rough milling, Plane finish_milling |

Regarding Plane_C1 and Plane_D1, We need to get Process activities

from Machining Technology Database before Feature Assignment
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6. Assign Features to the Process (1% Process)

(3) Select Volumetric Features assigned to the Process

[Base _feature] [Assignable Volumetric Feature]

PlaneCl | —— | Slot C1 l—cl Hole with Thread C1 |—| Hole with Thread_C2 |
_— | Slot D1 |—c| Hole_ with_Thread D1 |—| Hole_ with_Thread D2 |

(4) Display Selected Volumetric Features

(None)

Assigned Features

o D(0,-1,0) >\
B(0,0-1)

[Plane_B2] e

Flat_face Flat_face ( )
[Plane D2} ﬂ Clamping
Flat_face Direction
(Plane_
Rough_Milling)

[Plane_C2]

Flat_face
E:ITI ?.n]f_‘_Dl] (Plane_Rough_Milling)
at_face
(Rough)

[Plane_C1]
Flat_face
(Rough)

[Plane_B1]
Flat_face

[Plane_B4]
Flat_face
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6. Assign Features to the Process (2" Process) |

G(-1,+1,0)

6. Assign Features to the Process (2" Process) |

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

AQ©,0,+1) | —— | Plane AL | | Step AL | | Side ABL | | Side AB2 |

G(-1, 0, +1)| — PLane G1

(2) Display Selected Base Features

[Vector] [Assignable Base Feature]

AQ,0,+1) | —— | Plane AL | | Step AL | | SideiABl| | SideiABZ|
6(-1,0,+1)] —— [ PLanc G1
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6. Assign Features to the Process (2" Process) |

(3) Select Volumetric Features assigned to the Process

[Base_Feature]

[Assignable Volumetric Feature]

| Plane AL | _ |Pocket,A1 | |Pocket7withiBossiAl| |s|ot,A1| |s|ot,A2| | Tee,slot,A3| | Hole AL |

| Hole A2 | | Hole A3 | | Hole A4 | | Hole A5 | |Hole_with_Thread_A6 | |Groove_ABl|

| Hole with Thread A7 | | Hole A8 | | Hole A9 | |Ho|e,A12| | Ho\e,A13|

| Step AL | N |Ho|e_A10

| | Hole AL |

| Plane G1 | J— | Hole G1 | | HoIe_GZl

(4) Display Selected Volumetric Features

[Base_Feature]

[Assigned Volumetric Feature]

| Plane A1 | e |Pocket7A1 | |Pocket7W|thiBossiA1| |S\ot7A1| |SIotﬁA2| | TeeisIoLA3| | Hole A1 |
| Hole A2 | | Hole A3 | | Hole A4 | | Hole A5 | |Ho|e,wim,Thread,Ae | |Groove,AB1|
| Hole_with_Thread A7 | | Hole_A8 | | Hole_A9 | | Ho\eiAlzl | Hole_A13 |

| Step Al | —_ |Ho\eiA10| |Hole7A11 |

| Plane G1 | N | Hole G1 | | Ho\eiGzl

Assigned Features
fo
the 2nd Proces

[Pocket_with_Boss A1]
Compound_feature
[Pocket_A11l(Rectangular_open_pocket)

+
+ Boss A1l (Rectangular_Boss)] A1) G(-1,+1,0)
[Side AB2] [Hole A3]
Outside_profile - ol
u > proti [Hole with_Thread_A6, A7] Compound_feature
-y ﬁTpcKlgf(_éeatutre A [Hole_A31(Countersunk_hole) +
ole_, ountersunk_nole) + Hole A32(Round_hole
[S?tep_All Thread_A61(Thread)] v = S
ep i " ‘ [Hole A12, A13]
= ) ;\ ‘ Round_hole
[SotAZ] [Hole_A4, A5]
Sot

Composite hole
(a101 + a102)

S

[Plane A1]
Flat_face

[Hole_A8, A9]
Counterbore_hole

(a1 + a_‘I.2)

"’ Comp_osite hole
— ‘l\\
l@ [Hole ATl ) (adl + a42)
A‘ Composite hoI
[Hole_A10, A11] =

[Plane_G1]
Planar_face

[Groove AB1] [Slot_A1]

[Hole G1, G2]
Composite hole

‘ Groove Sot
k [Hole_A2]

Compound_feature

[Hole_A21(Countersunk_hole) +

(011 +g12)

= Hole_A22(Round_hole)]
4 A
|
g;e slot_A3] ﬁ [Pocket_A1]
Pocket

[Side_ AB1]
Outside_profile
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6. Assign Features to the Process (3" Process) I

Clamping
Direction

6. Assign Features to the Process (3" Process) |

(1) Select Base Features assigned to the Process

[Vector] [Assignable Base Feature]

C(©,+1,0) | — | Plane_C1 Plane_rough_milling, Plane_finish_milling |

D(, -1,0) —>| Plane D1  Plane_rough milling, Plane_finish_milling |

(2) Display Selected Base Features

[Vector] [Assigned Base Feature]
C((0,+1,0) | —» | Plane C1 , Plane_finish_milling |
D@, -1,0) | —— | Plane_D1 , Plane_finish_milling |
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6. Assign Features to the Process (3" Process) |

(3) Select Volumetric Features assigned to the Process

[Base_feature] [Assignable Volumetric Feature]

Plane_C1 —_— | SlotC1 |—c| Hole_with_Thread C1 |—| Hole_with_Thread_C2 |
Plane D1 e | Slot D1 |—c| Hole_with_Thread_D1 |—| Hole_with_Thread_D2 |

(4) Display Selected Volumetric Features

[Base_feature] [Assigned Volumetric Feature]

Plane C1 | — | SlotC1L H Hole_with_Thread C1 |—| Hole_with_Thread C2 |
Plane D1 P — | Slot D1 |—4:| Hole_with_Thread_D1 |—| Hole_with_Thread_D2 |

- [Slot_D1]
[Hole_ with_Thread_D1, D2] Slot
Compound_feature

(Hole_D11(Composite_hole(d11+d12)) +

[Plane_D2]

[F'T:"fgczll Thread_D11(Thread)) e
(Plane (Plane_Finish_Milling)
Finish_

Milling)

Clamping
Direction

[Plane C1]

[Plane C1] Flat_face
Flat_face '(:}T:] ?;]e_
Plane nish_
'(:i”iSh_ Milling)
M iIIina) [Hole with_Thread_C1, C2]

Compound_feature B
(Hole C11(Composite hole(c111+c112)) +| Assigned Features

Thread_C11(Thread)) to
the 3rd Process
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Feature Assignment Table

Process Assigned Feature [Base_Feature] —>  [Volumetric Feature]

| PlaneiBll | Plane_B2 | | PlaneiB3| | PlaneiB4|

1st

| Plane_C1 Planeiroughimilling)|

| Plane_D1 Plane_rough_milling)|

|PIane_Al |—> |Pocket_A1 | |Pocket_with_Boss_Al| |SIOt_A1| |Slot_A2| |Tee_s|0t_A3| | Hole Al |

| Hole A2 | | Hole A3 | | Hole_A4 | | Hole_A5 | |HOIe_with_Thread»A6 | |Groove_AB1|

2nd | Hole_with_Thread A7 | | Hole_A8 | | Hole_A9 | |Ho|eiA12 | | Hole7A13|

| Step Al |—> | Hole7A10| |HoleiA11 |

|PIane7G1 l—» | Hole_G1 | | Hole_G2 |

| Plane_C1 (Plane_finish_milling |—> | SlotC1 H Hole with_Thread C1 |—| HoleiwithiThread702|
3rd

| Plane_D1 (Plane_finish_milling |—> | Slot D1 H Hole_with_Thread_D1 |—| HoIe_with_Thread_D2|

| Computer Aided Process Planning System (Prototype) |

Create Base Features
with Surface finish

Recognize
Volumetric Features

Add Surface finish
and Tolerances

Design Fixture

Process Plan Data
with Features <:|
(AP240) Fixture Data
|:> Micro Process Planning -

I Same Access |

Micro
: © Dat:bases ﬁ Process Plan Data
as shown
1 in the right (ISO 14649)
: figure

Machining Technology Database
Machine Tool Database
Cutting Tool Database

Design
o Cutting Tool
[Existing System]
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Micro Process Plan is composed of
the following operations for each Machining

process

1. Generate Process Activities for Features

2. Sequence Process Activities I

3. Add other Manufacturing Activities

(4. Deter mine Performancerate for each Activity) I

(5. Specify Tooling Requirements)

(6. Generate Operator Instructions)

1. Generate Process Activities for Features

An Example for the 3rd Process

Muchinng oo Fad b L L' = ‘Wedanmubaye Cpandaen 1 ypd led Bedy |les|Muth Sruugy
1T oot
d Mo 'y Hexd 0! 2 F noh Flam_'noh_ming Endmil Undiedon
Huwrd LF. LU F 1" Frizh
LT L TEL T 1 THo_O1 Fouph Eolom_and_mdm_ioph_ming | Endmil Coniou_pwalsl
"
— | . | o z Tal_O' Finah Ediom_amnd_ads_jmph_ming Endmd| Conou_paalsl
1 Holm 01 D2 Dukng Cukng Food_dill —
Holw LV LR | ] | cnEcurd Wwhund
2 |Hae_ D' 02 Cam'mnpg Counei_anum o unl miank, —
ekt C11,LH | F | Codrere ik bl |
4 | Hom D! O0Z Fapmng rappng ran _—
mw.-lr.ﬂ.r.xl i | Theeed |
ad 1 | Haad_E!, E2F mzh Plam_'moh_miing | Endmil | Undisdion
Haud B, B2 | 2 | IWnur wewiFnishn
1 ol £ Foupgh Eolom_and_axdm_imgh_ming | Endmdl Conou_pmalsl
Tk B - HAck
| | 2 ol _E! Fnoh Eolom_and_zdm_imgh_ming | Endmil Conlou _pmalel
Heow E-.E2 | F | ConEcumrd wwban 1 Hole £ |_EZ Ching Duling ool _did —_
Ik C44,CH “ F | i A rd bk | 2 |Howm E! B2 Chamimimg Counbei_mnlung o unl mi k. —_—
Thresd Ci1, LA | F | Thresi | 3 | Hom E! ET Fsppnpg rappng rag —
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2. Sequence Process Activities I
An Example for the 3rd Process

Seq ID of Workingstep Operation Type Tool Body
1 Slot_D1 Rough Bottom_and_side_rough_milling Endmill
2 | Slot_D1 Finish | Bottom_and_side_rough_milling | Endmill
[Table Index]
3 | Slot_E1 Rough | Bottom_and_side_rough_milling | Endmill
4 | Slot_E1 Finish | Bottom_and_side_rough_milling | Endmill
5 | Hole_E1, E2 Drilling | Drilling | Twist_drill
[Table Index]
6 | Hole_D1, D2 Drilling | Drilling | Twist_dril
7 | Hole_D1,D2 Chamfering | Counter_sinking |Countersink
[Table Index]
8 | Hole_E1,E2 Chamfering | Counter_sinking | Countersink
9 | Hole_E1, E2 Tapping | Tapping | Tap
[Table Index]
10 | Hole_D1, D2 Tapping | Tapping | Tap
11 | Head_D1, D2 Finish | Plane_finish_milling | Endmill
[Table Index]
12 | Head_E1, E2 Finish | Plane_finish_milling | Endmill

3. Add other Manufacturing Activities I

- Part loading

- Part unloading

- Validation

- Ancillary activity

4. Determine Performance rate for each Activity |

- Allowed time
- Performance rate
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5. Specify Tooling Requirements |

Pull Bolt

Tool Assembliesfor the 379 Process I A

Holder

1. Facemill BT40-C32-120
NIKKEN

Facemill
NSE400R-503S32
NIKKEN

Pull Bolt
- v’f\I
2. Endmill 10.0 ‘
Holder /
BT40-NBS10-165
Daisyouwa Seiki
Collet
NBC10-10

Daisyouwa Seiki

Collet
NBN10
Daisyouwa

Seiki ‘

Endmill-10.0
EPP4100
Hitachi Tool

.-""’
.-"}
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Pull Bolt

3.Drill 85 6@
Holder

BT40-NBS13-165 /

Daisyouwa Seiki

Collet
NBC13-85
Daisyouwa

Collet Seiki

NBN13
Daisyouwa Seiki

-

Drill-85
EWSR8.5
Hitachi Tool

Pull Balt

4. Countersink

Hald=r
BT40-MNBE 515155

D syarma Seihg

Cdl=t
MAC15-15
Call=t Daisyaurwa Saki
MEMN1S
D ooy
Seild
Caurtersink
Zia0120
Hitachi Taal
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5.Tap M10

Pull Bolt

Holder
BT40-CK3-135

Daisyouwa Seiki /”’

Tap Holder
M10TAP-
HOLDER

Daisyouwa Seiki

Tap
CSP10M1.5

NACHI
.

~
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TEL

TEL

241



	機械生産プロセスシステムの標準化調査研究成果報告書
	1. まえがき
	2. 活動要約
	3. 委託業務実施計画
	4. 実施結果および考察
	4.1　加工のための属性情報の調査研究
	4.2　属性情報の検討
	4.3　AP224利用上の課題
	4.4　マシニングプロセスモデルの研究開発
	4.5　国際規格提案骨子作成と国際標準化計画立案ならびに国内普及活動

	5. AP240関連規格の調査分析と普及のシナリオ
	5.1　関連する国際標準
	5.2　CAD/CAMの利用状況
	5.3　活用条件と課題について
	5.4　普及のシナリオ
	5.5　普及促進
	5.6　ヒアリング調査実施内容
	5.7　ヒアリング調査結果
	5.8　おわりに

	6. 結論
	7. あとがき
	8. 参考文献
	9. 付録：議事録、研究発表・文献等
	9.1　委員会議事
	9.2　研究発表・文献等



