Document number: NRL-SNT-TR-01-25
E‘: "c

NRL-SNT

Working Draft: ISO 14649 Part 12 & 121

Turning Data Model for STEP-NC

ISO SC4 Fukuoka Meeting, October 2001

Suk-Hwan Suh (shs@postech.ac.kr)
National Research Lab for STEP-NC Technology
POSTECH, KOREA (http://www.STEP-NC.com)




Contents

|. Introduction
- Background
- Foreword

II. Part 12: turning features
- Relationship between Part 10 and Part 12
- Turning feature schema

lll. Part 12: process data for turning
- Relationship between Part 10 and Part 12
- Turning process schema

V. Part 121: tools for turning
- Relationship between Part 10 and Part 121
- Turning tool schema

National Research Lab for STEP-NC Technology (NRL-SNT) Suk-Hwan Suh, October 2001



1.1 Background

1. Co-worked by two institutions:
- NRL-SNT of POSTECH, Korea
- ISW of University of Stuttgart, Germany
Preliminary work — User requirements for turning data model (Feb 2001)
15t Version of the turning data model (April 2001)
Presentation at SC1 Frankfurt Meeting (May 10, 2001)
2"d Version of the turning data model (May E 2001)
Presentation at SC4 San Francisco Meeting (June 12, 2001)
3'd Version of the turning data model (August E 2001)
4t and Harmonized version (September 10, 2001) to be presented
at Fukuoka Meeting (Oct 2001)
9. To be submitted for ISO CD-ballot in the very near future
10. Both institutions will update and follow up henceforth for the deliverables
of Task 5.2 of the IMS STEP-NC Project
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1.2 Foreword

1. Part 12: Turning features
- Maximum compliance with AP224 (2"d Ed.)
- Consistency with Part 10 of the ISO 14649 FDIS version of August 2001

2. Part 12: Turning process
- Consistency with the paradigm of Part 10 and 11 of ISO 14649 FDIS

3. Part 121:
- Maximum compliance with 1ISO 13399
- Consistency with the paradigm of Part 10 and 111 of ISO 14649 FDIS
- Inclusion of figures for clarity and completeness of definition

4. Commercial softwares (SFP and CAD/CAM system) and catalogues practically
used for turning are referenced

5. Verification by pre-implementation
- Usage test for the defined turning features are made
- Open issues are remaining !
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NRL-SNT

Il. Part 12 : turning_feature

1. Location of turning_feature related with Part 10
2. Overall schema of turning_feature
3. Subclasses of turning_feature:

1) knurl

2) cut_in

3) end_face

4) outer_round

5) revolved_feature




2.1 Location of turning_feature

manufacturing_feature

| 1 |

. region
transition_feature two5D_manufacturing_feature
1
compound_feature 1= turning_feature machining_feature replicate_feature
|
|
|
|
ST T direction elementary_surface
material_side depth
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2.2 Overall schema of turning_feature

material_side .
___________ direction

outer_diameter

outer_round

shoulder

revolved_flat

revolved_round

general_revolution

revolved_feature |O=

(L1717 |

groove
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Remarks on turning_feature

1. Fitting the turning feature in the current Part 10, which is now as a subtype of
two5D _manufacturing_feature

2. turning feature has material_side as a optional attribute

3. Five subtypes for turning feature: 1) knurl, 2) outer_round, 3) revolved_feature 4)
cut_in, 5) end_face

4. The first 3 are based on AP224 (2"d Ed.), and the latter 2 are newly added for
practical use in turning operation.

5. outer_round has 3 subtypes:
1) outer_diameter (has 2 subtypes: cone & cylinder — for practical use)
2) shoulder (same as that of AP 224)

3) step_face ( newly added for practical use )
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Informative: Schema of AP224 (2" Ed.)

e [AaE) Mactinng |
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2.3.1 Knurl feature

* Compared with AP224, a new subtype catalogue knurlis included

base_ feature :
Lhsgemal jermar L_hl.h-.\_rmrl. -|:n-a-.'\._l-_tr.ur| turnlng_feature

tooth_dept

toleranced_length_measure
diameter_pitch

material_side

Turning_feature

e - ! toleranced_length_measure
T appled_duage material_side root_fillet
— —n = toleranced_length_measure
o~ number_of_teeth -

INTEGER
major_diameter

1 “toleranced_length_measure

nominal_diameter

toleranced_length_measure

D
traight_knurl Diagonal_knurl Diamond_knurl

wn

helix_angle

plane_angle_measure

helix] angle

plane_angle_measure
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2.3.2 Cut_In feature

1. Newly added for practical use in turning operation
2. Itis identical to the shape of the used tool.

material_side
turning_feature —

!

= cut_in

““—— material_side

Cut in direction

dept)—]i"""“"""’:

toleranced_length_measure || direction
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2.3.3 End face feature

1. Newly added for practical use in turning operation
2. Used for machining of a plane surface on the end wall of a workpiece

material_side

turning_feature ———__ | material_side
g *
_— - - - D

E ' diameter
=] 1

1

toleranced_length_measure

o
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2.3.4 Outer_round: overall schema

* outer _round has 3

1) outer_diameter (modified from AP224)

subtypes :

3) step_face (newly added)

feature_length

turning_feature

1

diameter

material_side

2) shoulder (based on AP224)

material_side

toleranced_length_measure

toleranced_length_measure

(ABS)outer_diameter

shoulder

1

toleranced_length_measure

diameter

v_shape | boundary

toleranced_length_measure

diameterl

diameterl

toleranced_length_measure

diameter2

— vee_profile

toleranced_length_measure

profile

radius

profile]

toleranced_length_measure

length

plane_angle_measure

cone_select_type | tltiangle plane_angle_measure

cone_diameter2

cone_angle
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2.3.4.1 Outer_round: outer_diameter, cone,

cylinder

* outer_diameter has 2 subtypes for practical use : 1) cone 2) cylinder

feautre_length
< .

\ 77 MOuter diameter
v - (with taper)

-
feature_length i
\ diameterl

cone_angle
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2.3.4.2 Outer_round: shoulder & step face

* Step face is newly added for practical use

radius2

4 prefle_sngle
o ¥ (g Vee_prodile)
N

radiusl

‘u'.’;
s
profle_radiuss ‘.--'l N
(for Ver_profil=l oy

% uk_angla
(Bar Ve _profils)
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2.3.5 Revolved feature: overall schema

e Compared with AP224, material _side is moved to as an attribute of turning feature
e Based on FDIS, profile defined in Part 10 is used instead of bounded curve

turning_feature

material side

material_side

radius

toleranced_length_measure

l

1

I

revolved_round

revolved_flat

general_revolution

groove

rounded_edge_shape

radius

toleranced_length_measure

plane_angle_measure

flat_edge_shap, outer_edge |profile

profile_lgngth

toleranced_length_measure

sweep_angle
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2.3.5.1 Revolved feature: revolved round &
revolved flat

rounded edge shape flat_edge shape
{defined by Partial circular profile) (defined by Linear pm[‘il-.!j

\:11::1“[ 1

s 1 i
o ] ‘ n
N .
.' | ) !
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2.3.5.2 Revolved feature: general revolution
& groove

Cpen_profile
T

_ matesial_direct on

v\l‘#d’

.

-

T puter_edpe_shape
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NRL-SNT

lll. Part 12 : Process data for turning

1. Relationship / update of machining_operation of Part 10
2. Turning_machining_operation
- Turning_machining_strategy
- Details of subclasses
3. Turning_technology
4. Turning_machine_functions




3.1 Relationship / update for
machining_operation of Part 10

* Based on FDIS of Part 10, turning_machining_operation is now an attribute
of turning_machining_operation

Part 10

(ABS) machining_operation 8 (ABS)turning_machining_operation

Its_technology Its_machine| functions Its | tool

(ABS) turning
_machining_strategy

(ABS) technology (ABS) machine_functions (ABS) machining_tool

Q

(ABS) (ABS) turning (ABS)turning_tool
turning_technology _machine_functions

Part 121
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3.2 Turning_machining_operation

* Attributes of turning_machining_operation are consistent with FDIS of Part 10:
* Has 4 subtypes: facing, grooving, contour_turning, and thread_turning

approach

approach_retract_strategy

retract

machining_operation approach_retract_strategy

tting_depth
g _cep length_measure

(@)
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3.2.1 turning_machining_strategy:
An attribute of turning_operation

first dlrectlon

(ABS)turning_machining_operation

e

allow_multiple_passes

boolean

_______________________

!

|

D

g (ABS) unidirectional

explicit

bidirectional

thread_turning_type

' length_measure +--!

------- ]

i direction -

|
perpendicular diagonal gradual
unidirectional _unidrecional _unidirectional

I
pass_return anqle !
[}
plane_angle_measure '
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wvard_feed |

cut in amount function

user_defined_function

threading_direction

Threading_direction_type

plane_angle_measure
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Remarks

¥ @ approach (turning_machining_operation )
<— (@ first_direction (turning_machining_strategy )

@ return_direction (turning_machining_strategy )
return_amount (turning_machining_operation)

@ second_direction (removed from turning_machining_strategy based on FDIS)
amount (cutting_depth : turning_machining_operation)

® retract (turning_machining_operation )

® overcut_length (turning_machining_strategy )
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3.2.1.1 unidirectional

* Depending on return direction and uniformity of cutting depth, 3 subclasses are
defined for practical use

path_return_angle = any value

= 90° cutting_depth
Bﬁ?&ﬁtg:;az;gipthgo // Non-uniform cutting depth given by /n g_cep
given by cutting_depth . / gradual_depth; % of CUtt':g__d_e_pEfl_____» 9/ra/dual_depth
2 ¥ 4 ¥
e s/ { e/
v
path_return_angle = any value /
_ Uniform cutting depth given by ya
: /
cutting_depth D _>| ’/
« Il
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3.2.1.2 bidirectional

* second _direction is omitted as Part 11 of I1SO 14649 FDIS

approach (defined in
turning_machining_operation)
first_direction

e
< e
v .

gl

A
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3.2.1.3 thread_turning_type:
user_defined_function (examples)

* Incorporates methods used in machine shop

cutting depth“

»

1 N : number of passes

(a)

(9)) (c)
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3.2.1.4: thread_turning_type:
threading_direction

1. Incorporates methods used in machine shop
2. Five directions: left, right, center, left_zigzag, right_zigzag
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3.2.2 Turning_machining_operation: facing

-

turning_machining_operation

finish |allowance
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3.2.3 Turning_machining_operation: grooving

turning_machining_operation

————————————————————————

finish_{allowance
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3.2.4 Turning_machining_operation:

contour_turning
\\ /‘
\‘ //
¢ Pa—
A

turning_machining_operation

————————————————————————

é X_return_amount:

________________________

——————————————————————————————

! iy . 1
| | ““““““““““ < positive_ratio_measure |
e 1

finish| allowance
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3.2.5 Turning_machining_operation:
thread_turning

turning_machining_operation

finish jallowance
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3.3 turning_technology

1. Compared with milling technology, const spindle _speed and const surface speed
are included as type of speed selection type

Spindle_speed speed_selection_type

= | const_spinde_speed |

sync_sgindle_and z feed boolean
Inhibit [feedrate_override

boolean
Inhibit[spindle_override boolean
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3.4 turning_machine_function

* Same as milling_machine_function of Part 11 of 1SO 14649 FDIS

machining_function

| coolant boolean

———————————————————————————

“““““““““““ i Pressure_measure

------- mist - boolean [
through_spindle_coolant boolean [
axis clamping | identifier |
chip removal boolean
orienfed spindle stop i direction |
Its process model :
Iaiaatatee ettt i Process_model_list |
other functions ' .
i Property_parameter |
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NRL-SNT

V. Part 121 : Tools for turning

1. Relationship / update of machining_tool of Part 10
2. Attributes of turning_tool

3. Turning_tool _body

4. Turning_cutting_component

5. Assembly component




4.1 Relationship / update for
machining_tool of Part 10

Part 10

(ABS) machining_operation

Its | tool

(ABS) machining_tool

Q

(ABS)milling_tool (ABS)turning_tool

Part 111
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4.2 Turning_tool schema

1. Mostly based on ISO 13399
2. Inclusion of catalogue knurling tool to cover tools used for knurling operation

machining_tool

!

turning_tool

4 & N
assembly_component turning_tool_body turning_cutting_component
1 1 l
1
! !
fixing_type [ solid_boring_bar P=F=°| solid_turning_tool solid_tool_edge cuttingl_insert
: 1
chip_breaker P—'| insertable__boring_bar P=fF=0 insertable__turning_tool 1
(ABS) 1| catalogue_ simple_shape_insert | (ABS)
tool_body_assembly knur|ing_too| irregular_shape_insert
_component I 1
11 irregular_shape irregular_shape
_threading_insert _parting_and
tool_blade _grooving_insert
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Informative: Schema of 13399

SALMBL U R L R o W (Tl S ETET » reference to
MPUSE TN mony A —3 subtype

e ——

e -

ﬁﬁiﬂﬂ XAt

National Research Lab for STEP-NC Technology (NRL-SNT) Suk-Hwan Suh, October 2001



Informative: Some turning tools covered in the schema

BORING BEAR peEsiGNATION SYSTEM

AT Hawguilio

Thread insert -EEH-EE _
Boring bar

B Blade or Holder Size

T minimize: risk of witration and deliecion akays choose

p
[11]

groove insert

& Blade of 1ooihokder with smales) possible cesiheng
® Toodhiodided with masimm shank smensin

) #'_Il IH I & Rpcoimimesndation of Tmax s smaler than Blaoe:
L — height (B}

_.-"'F'_E_-H"hl,-' - o E
i | "
-l'-;;.-'_‘%j_ g ol ® _I'h
'\-__ d-.. I - ﬁ
i Ly
L ST
® Hisde oF haldder sdth madimum biladcle 4l
blade Blade holder
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4.3 Attributes of turning_tool

* Selectively taken from ISO 13399 (administrative information, e.g.,
manufacturers,,, .are excluded)

machining_tool

its_ct

its tool body

turning_tool_body

Itting _component

turning_cutting_component

its_ass

embly component

assembly_component

overal I_irassembly___Length___J:

direction_foris_pi_nd_le_qr_i_e_rlt_at_ip_n____:

turning_technology

time_measure
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Informative: overall _assembly length (turning_tool) vs.
tool body length (turning _tool body)

its_tool_body

its_assembly_component

overall_assembly_length

its_cutting_component

Its_tool_body_length
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4.4 turning_tool body

1. catalogue knurling tool is newly defined

2. Mostly based on I1SO 13399 excluding blade holder, ..., intermediate_insert_holder.

turning_tool Its_tool_body length ;------------==-------
cLB ittt i length_measure !

minimum_bore diameterr ™~~~ 7T i
= = i length_measure |
______________________ 1

its_shank_style

.

round

1
solid_boring_bar P=<| solid_turning_tool

vibration_damping — rectangular

BOOLEAN

insertable_boring_bar P—p=—0| insertable turning_bar

(@)

tapered

(ABS)tool_body o
Assembly_component 1

ll

tool_blade
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4.4.1 shank type

1. Necessary for collision avoidance between tool body and workpiece

round shank_diameter \ED )i shank_height

shank_width

' shank_height

rectangular
shank_type <

shank_width

shank_taper_angle

shank_height

tapered -

shank_width
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4.4.2 tool blade

1. Commonly used one in practice

Blade_shape\‘té/
Cutting_edge_height= Blade_height
>\
Blade_length Number_of_insert_pocket

Tool_blade
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4.5 turning_cutting_component

'""""“"'éll material
* Same as 1SO 13399 | 'ts_matzr'
Gorner 10U ™ ength_measure
\
Turning_cutting_component __Qhamfg_r_eg_;;_g_[n__t_a[_flze:g_ h Length_measure
1 | |
J: J, Chamfered]_corner._angle Plane_angle measure
Cutting | Solid_tool_edge| Cutting_insert _____I\ll_me_e_lr__lr of faces_with_chipbreakers
| Length_measure [1 {ommmmm Integer
(L (L i Major_cutting_edge normal_clearance
Simple_shape_insert|| Irregular_shape_insert ;r ““““““ Plane_angle_measure
i L 1 i Minor_cutting_edge_normal_clearance
f‘-‘-““-‘-‘ ------ |Plane angle measure|
Irregular_shape Irregular_shape ! Insert normal rake
_threading_insert _parting_and i_________“;_______ |I H |
_grooving_insert i ength_measure
Hand_of_insert
Ez==zomnnnoss Hand_of _tool
i Number_of cutting edge
e Integer
Cutting_edge_condition
e Cutting_edge_type
|

: 2 S Ch Of d
rounded sharp chamfered amtere
_and_rounded
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4.5.1 cutting_insert

Insert_shape Its_insert_shape — _ _
cutting_edge length cutting_insert Irregular_shape _insert width
length_measure |1 ——1 length_measure
Included_angle 1 l lrregular_shape_insert length
plane_angle_measure simple_shape_insert Irregular_shape_insert ——— length_measure
Irregular_shape_insert_thickness
ISO-dode 1
label length_measure
Simple_shape_insert_length

length_measure

Simple_shape_insert_thickness maximum_insert_cut_depth
—| length_measure |

length_measure

Tolerance_class . .
label Insert_cutting_edge_width
Number_of teeth per cutting_edge —| length_measure |
Integer angle_of_major_cutting_edge
Thread_pitch plane_angle_measure
length measure——1 Itrr:?(?:é?r:_s?rizert Irregutl_ar_shage groove profile_angle
Minimum_thread_pitch = 9_ _r%%rv:ﬂg_i?]nsert ————— plane_angle_measure
length_measure| ----1 = = i
_ Its shape of man cutting edge
Maximum_thread_pitch shape_of_main_cutting_edge
length measurel==--1 |
Hand of thread | | |

hand_of_thread

straight profiled circular
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4.5.3 Insert_shape

Insert

type square triangle diamond parallelogram hexagon

form A <> E <:>

Insert

type octagon pentagon trigon rectangle round trapezodial

form O Q O O E
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4.5.4 irregular_shape_insert

Threading_pitch

Maxilmum_cutting_depth
Insert_Cutting_edge_length
—p!
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4.6 assembly component

| assembly_component | damp ]
1 —

screw i

— fing_type —— |

fin_lever ]

wedge :

ship_seat :

none :

l upper_side :

both_side | |

National Research Lab for STEP-NC Technology (NRL-SNT) Suk-Hwan Suh, October 2001



