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SIEMENS
What is Feature-based Machining (FBM)?

Traditional Manual CAM steps Automatic  FBM steps

Define Workpiece Define Workpiece
Create operation 1 Automatically Find Features
Select geometry Automatically Create Operations
Select tool
Specify cutting & non-cutting
parameters
Define feeds & speeds
Add UDE’s
Generate tool path Generate tool paths
Create operation 2, 3,4, 5, ... n Make changes as needed
Simulation & Verification Simulation & Verification
Post processing Post processing
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Example User Workflow SIEMENS
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Example User Workflow
Find Features — Automatically finds 105 features
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Example User Workflow SIEMENS
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Example User Workflow SIEMENS
Create Feature Process - Creates 84 operations
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SIEMENS
Where is FBM being implemented?

Most customers start with 2%2D Prismatic Machining 1g ~d D>

Standard features appear in many different parts like /2 | P
Mold bases ‘e Y /a0
Machinery parts N KT AT 1784
Automotive parts
Aerospace parts

Predominantly holes, pockets and slots

Using OOT\E;) parametric feature types

Siemens PLM Software




Turning, WEDM and Color & Attribute features
were added in NX7.5

@ 'Machining Feature Navigator - 'Features

Features & Feature Type [«

4]

'Features
=-c¢ die_plate_wire_sing
+ WEDM_FREE_SHAPED_STRAIGHT_15
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+ WEDM,
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+ WEDM,
+ WEDM
- off WEDM.
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4 WEDM.
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IIWEDM

FREE.
FREE.
FREE.
FREE.
FREE.
FREE.
FREE.
FREE.
FREE.
FREE.
FREE.
FREE.

SHAPED.
SHAPED.
SHAPED,
SHAPED.
SHAPED.
SHAPED,
SHAPED.
SHAPED.
SHAPED.
SHAPED.
SHAPED.
SHAPED,

STRAICHT_1&
STRAIGHT_17
STRAICHT_18
STRAICHT_19
STRAICHT_20
STRAIGHT_21
STRAICHT _22
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STRAIGHT_24
STRAIGHT_25
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'Details
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SIEMENS
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SIEMENS
Feature Teaching was added in NX8.5

* Automatic Feature Recognition for your own, customer specific, (milling,
drilling, turning, WEDM) feature types £ Teach estires 0 X

Feature Type A

Select Feature Type
— 5 CustomerFeature -

= CUSTOMERFEATURE ‘ﬂ
+ [} DrillMillFeature

+ ﬁ MoldWizardFeature

i R DraarecchaNic\WirardEasturs

Add Mew Feature Type i é :
Recognition Rule A
Select Rule
Rule & Feature Typ
% STEPS -
B SURFACES
By TURNING
By WEDM B
B~ IcusToMERFEATURE] cusTonm
73| [ | N
Add New Rule |
Recognition Rule Options v
Feature Faces A
' Select Face (5) B
Create Recognition Rule A
=
Teach Recegnition Rule i'qi
o | e |

Page 9 Siemens PLM Software



SIEMENS

Where can you implement FBM?

Hole Making

Floor/Wall Milling

Cavity Milling

Turning

WEDM (2 and 4-axis Internal Trim and No Core)
Thread Milling and Hole Milling

Planar Milling

Plunge Milling

Z-Level Milling

Fixed Axis Surface Contouring

Variable Axis Z-Level Milling

Variable Axis Surface Contouring (Streamline
and Contour Profile)

ALY
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FBM existing Limitations (1/2)

SIEMENS

No support available yet for rule-based creation of sub-operations:

Face Milling manual

Generic Motion operation

Turning Teach Mode operation

Probing operation

[} Create Move Subop ‘

Maove Type A
{3} Create Move Subop € Type
Move Type / _? Calibrate Length -
vibve | ype _
= Calibrate Length
A Linear Move To Point -

|@ Calibrate Stylus

4 Calibrate on Sphere
i Probe Point

] I!L‘ Probe Surface Point

pi’.] Probe Cylinder

L Clearance Plane

Linear Move To Point

M Linear Move Along Vector

It Linear Move along Tool Asxis
7 Linear Move Normal Tool Axis
'/' Linear Delta Move

If:: Linear Move to MCS Position

Page 11

|1y Circular Move

1 5{ Retary Point Vecter Move
(=) Rotary Polar Move

At Follow Curve/Edge

ﬁ Follow Part Offset
Move to Machine Position
Machine Control

& Set Tracking Point

-.i: Rotate Tool

< Show Shortcuts

{3} Create Teachmode Subop

Move Type

#° Linear Move

_’,? Engage Settings
f'h Retract Settings
"‘:..-% Profile Maove

Machine Control
4 Show Shortcuts

A Linear Move To Point

~ Linear Move Along Vector

It Linear Move along Tool Axis
fl7 Linear Move Normal Tool Axis
./' Linear Delta Move

I?;: Linear Move to MC5S Pesition
;’Z Retary Point Vecter Move

Machine Control
| Set Tracking Point

\i) Rotate Tool
4 Show Shortcuts
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SIEMENS
FBM existing Limitations (2/2)

Focus is on face-based operations; drive geometry is not support yet

Machining Areas used to limit machining to a subset of the feature’s faces

Only automatic boundary generation is supported for boundary based operation

Machining Area support for boundaries is still on our to-do list

+[[[) WEDM_FREE_SHAPED_STRAIGHT
- -[{f) WEDM_FREE_SHAPED_STRAIGHT 1
- WEDM_GEOM_1
Q&
- -[{f) WEDM_FREE_SHAPED_STRAIGHT_2
- WEDM_GEOM 2

Q=
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SIEMENS

PMI support in FBM

S Name (Instance Filter: All)
T T ——
E E i b : = JADdemo2
Dimension tolerances = —— |l aes:
. E El 2-Qlg) Feature 1
5 3 o8
Diameter tolerance e =2
e + 4H5C g
Radius tolerance oo o
W
LImItS & FItS [iL,J! Threaded Hole < | > ‘.,
. . Position Type e I
Operakion Feature of Size W%
Surface Finish
4 "Specify Paoink (1) o) |
Thread Direction M
Thread tolerances Hole Direction |29 ormal o Face ]
Form and Dimensions M
Face Color
Thread Dimensions A
Face Attributes Sie M4x15 )
Radial Engage [I:I.?S E‘! 'Details A
Tap Drill Diameter % || ‘Attribute ‘Value ‘Overridden  ‘Origin| _
Length [1.5xDiameter m C-BORE DIAMETER 14 250000 _. 14 251
Rotation C-BORE DEPTH 9. 8787878... 9.878]
HOLE DIAMETER 9.0000000... 9.0001
®right  (Left e o B, o
I COLOR 36 36
solacted Color A MW_HOLE_SHCS_C_BORE 1
MW_HOLE_SHCS_CLR 1 1
HE
I Name Greern
| 36 [ Name| N g Ea
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SIEMENS

Why are customers interested in FBM?

Process Automation
Significantly reduce the time needed to create NC programs
Productivity improvements of 10x have been documented
Process Quality

Reduce the amount of mistakes in “simple” and “repetitive” NC
programming tasks

Spend more time on critical / non-standard tasks
Process Standardization

Ensure that the “standard process” is used by default

Support the standardization of cutting tools

Page 14 Siemens PLM Software



Machining Knowledge Definition
How does it work?

Expert: configures the best practice machining processes

(Machining Know

ledge Editor application)

=]

ﬁ ¥

Machining
Knowledge

NC Programmer |-

(NX CAM)

4
7 [ Feature Name
Feat

Machining Feature Navigator

Feature Type

Machining

t
tures

COUNTER_BORE_HOLE_1

COUNTER_BORE_HOLE_10
COUNTER_BORE.HOLE_11
COUNTER_BORE_HOLE_12
COUNTER_BORE_HOLE_13
COUNTER_BORE_HOLE_14
COUNTER_BORE_HOLE_15
COUNTER_BORE_HOLE_16
COUNTER_BORE_HOLE_17
COUNTER_BORE_HOLE_18
COUNTER_BORE_HOLE_19

£5) COUNTER_BORE_HOLE_2

COUNTER_BORE.HOLE_20
COUNTER_BORE_HOLE_21
COUNTER_BORE_HOLE_3
COUNTER_BORE_HOLE_4
COUNTER_BORE_HOLE_5
COUNTER_BORE_HOLE_6

i COUNTER_BORE_HOLE_7

COUNTER_BORE_HOLE_8
COUNTER_BORE_HOLE_9

COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE
COUNTER_BORE_HOLE

Features

Page 15

Knowledge

Tool Database
Teamcenter Resource
Manager or ASCII

Template Database

SIEMENS

NX CAM loads
the appropriate
Machining
Knowledge

& Operation Navigator - Geometry

Name Path

Teamcenter or native

o @[l STANDARD_THREAD

@ SPOT_DRILL_STD_THREAD b
@ DRILL_STD_THREAD x
@} THREAD_STD_THREAD x

@ @i STANDARD_THREAD_1

= @{il STANDARD_THREAD_2

= @[ CB_HOLE
@) SPOT_DRILL_CB_HOLE
@ DRILL_CB_HOLE
@) CBORE_CB_HOLE

= @{fl CB_HOLE_1

H XX

Operations
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SIEMENS
FBM — basic principles

Operations are selected based on (customer specific) rules
Feature type
Feature parameters (dimensions, tolerances)
Product material & selected machine tool

Tools are selected from the configured tool database

Tool type
Tool search parameters (from the tool database; not the internal tools)

Once selected,
Operations are created by copying them from the selected template
Operation parameters can be overruled from the rules; this includes:
Cutting & non-cutting parameters, step overs, cut levels, etc.
Cycle parameters and UDE’s
Feeds & speeds
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Turning example

SIEMENS

Typically used for complex and reoccurring features that require several
operations

«  Cut region definition through containment

- As mentioned before, no support available yet for teach mode operations

- WORKPIECE
- &) TURNING_WORKPIECE

.

- ig} AVOIDANCE

[l TURNING_GROOVE_FACE
- - CONTAINMENT
iV 52 ROUGH_GROOVE_FACE

BRI TURNING_GROOVE_OD

~ g CONTAINMENT 4
‘. 72 ROUGH_GROOVE_OD

- TURNING_GROOVE_OD_1

2§ CONTAINMENT_5
i 52 ROUGH_GROOVE_0D 1

—-[{f) TURNING_GROOVE_FACE_1

3 CONTAINMENT_1
.. 7 5@ ROUGH_GROOVE_FAC...

--[{[} TURNING_GROOVE_ID

2§ CONTAINMENT 2
i ' 52 ROUGH_GROOVE_ID

-} TURNING_GROOVE_ID_1

g CONTAINMENT 3
. ¥ 52 ROUGH_GROOVE_ID 1
& FACING

-V %2 ROUGH_TURN_OD

Page 17
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Machining Feature — Machining Area
Extension to Feature Teaching

SIEMENS

Machining Area is a User defined “name” associated with a set of faces

and/or edges
Defined using standard NX PMI Labels

Machining areas can be used to define operations that work on a subset a

feature’s geometry

FACES_CYLINDER_1

FACES _BOTTOM_1 FACES_WALL

FACES_CYLINDER_2 FACES_FLOOR

# Machining Feature Navigator - Fe:

Features

- [M|EJECTOR PIN_HOLE_NEW

- DRILL_EJECTOR_PIN_HOLE
18- MILL_EJECTOR_PIN_HOLE
- MILL_AREAL
B
- M MILL_AREA2
L

For online live demo please use the following link:

Features
=t Test_STEPZHOLEs x_t_setup_1_sc...
= Test_STEP2HOLEs _»_t
=- STEP2ZHOLE_THREAD_1
fa, FACES_CYLINDER_1
fa, FACES_CYLINDER_2
fa, FACES_BOTTOM_1
-4 STEP2ZHOLE_THREAD_2
fa, FACES_CYLINDER_1
fa, FACES_CYLINDER_2
fa, FACES_BOTTOM_1
-4 STEP2ZHOLE_THREAD_3
LNFACES CYLINDER 2 |
fa, FACES_TOP_CHAMFER_2
fa, FACES_CYLINDER_1
fa, FACES_TOP_CHAMFER
fa, FACES_BOTTOM_1

Quickly add new feature definitions for feature-based machining

Page 18
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Operation Teaching SIEMENS

Is available since NX8

Use NX CAM to generate machining rules from existing CAM operations and store in MKE

In the Machining Knowledge Editor (MKE), edit the machining rules to make them more
general. Also add or optimize machining conditions & set the priorities

- @3 WORKPIECE
MName
= MILL_AREA POCKET_ROUGHING
® p————— =-O0%) Machining Knowledge Name ! -
¥ roc ROUCHING +-Ciligg MillDrill OperationClass [oper.] |mill_|:cmt|:|ur.CAVITY_MILI
q_: POCKET_FINISHING + D% Tuming . 1
= D% WireEDM Pririty |
3| Teach Operations ,? X - hﬁmﬂﬁﬁilgizs Canditions I Constants] b aterials Machines] E:-:planation] Image ] .&dd-ons]
Machining Rule Library A El_-ﬂ:; Mill Blue Area . . . .
— El_-ﬂ; POCKET_FINISHING REM Application Criteria
elect Library =
; o is_defined(nvi MACHINING RULE)
L : nwi MACHINING_RULE = "POCKET_FINISHING_PROMO"
REH Tool Attributes
tool . CorRadMill = 0.0
tool Descr = "End Mill 8 mm"
tool . Diamnster = 8.0
Feature For Rules A tool Flutelength = 19.0
tool HolderDes = "Steep Taper SEGA0"
o Select Machining Feature (1) 3'5 tool HolderRef = "HLDOO1_O00001"
tool MaterialDes = "HSS Coated"
41 tool TaperingleR = 0.0
Create Machining Rules A tool .TaperedSDia - 00
Teach Machining Rules ﬂl tool  libref = "ugt0201_002
— REH Less Worked Feature Attributes
[. il lwf MACHINING_RULE = "POCEET ROUGHING_ PROMO"
lwtf SUBTYFE = 0
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NX H 9-«+ &5 0H- < @wnon-s NX10 Build CAM_nx003mr 90 - Manufacturing - [STEP1HOLE prt] SIEMENS _ O X
EN m mﬁﬁw View  Cuve Render Tools ntemal P a9 w8 X

zﬂ @ E g ¥ ’b h: 4.1

5 Menu - fé;. 7 [F B Q’u [na nFilter v | | Entire Assembly ¥
3 | Operation Navigator - Geometry [m]
Name. Path Tool
GEOMETRY
™71 p Unused Tiems
b’( =1 MCS_MILL
- WORKPIECE
2 - [ SMALL_NO_CHAMFER
¥ -§- SPOT_DRILLING 1 v UGTO3ZL_ 001
2 '/ -§- DRILLING 1 v UGTO301_006
£ ey
"/ 4 SPOT_DRILLING 2 v UGTO221 001
ﬁ 7 - DRILLING 2 v UGTD301_006
! - COUNTERSINKING 2 g UGTO261 016
ﬂ - [0 BIG_NO_CHAMFER
-
i = [T BIG_WITH_CHAMFER
V' HOLE MILLING 4 v UGT0201 016
@ Y - HOLE_CHAMFER MILLING 4 | v UGT0205 002
- E
Dependencies v
Details v

Restricted © Siemens AG 2015 All rights reserved.
Page 20

Create a single “teach” part
file per feature type

Model a feature for each
machining “variant”
Recognize the features and
create a feature group for
each feature

Per feature group, define
the operations for that
variant including:

* Operation parameters
* Tool

* Cycle parameters

* UDE’s, etc.
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SIEMENS

NX10 Build CAM_mx003mr30 - Manufacturing - [STEPLHOLE.prt]

Feature Group conditions
determine which variant to use
» Feature dimensions; Diameter <= 16.0

» Feature tolerances; Roughness < 3.2
* Feature color; Color = GREEN

Y\, i STEPLHOLE Objects Parameters

=& - [JISMALLNO CHAMFER Name  Alias Type Name = | Type Value
| SPOTDRILUNG L ANGLE_BOTTOM_CHAMFER Angle 0 .
2 N DRILLING | Operation oper  DRILLING - ANGLE_BOTTOM _CHAMFER 1 Angle 0 L) Featu re attrlbutes‘
- [DSMALL_WITH_CHAMFER Tool  tool TWIST_DRIL ANGLE TOP_CHAMFER Angle o 1
. L‘!’S?OTJ}E.\'[LING,Z ! ANGLE_TOP_CHAMFER 1 Angle o
- CHAMFER Tet
- COUNTERSINKING 2 - coLor IntNumber 120
- ([ BIG_NO_CHAMFER + DEPTH Length +/- PL]
-yl HOLE MILLING 3 - DEPTH_BOTTOM_CHAMFER Length o H d' H d
i i T Operation conditions are used to
Lok HOLE_MILLING 4 - DEPTH_TOP_CHAMFER Length 0
% HOLE_CHAMFER_MILLING 4 - DEPTH.TOP_CHAMFER L Length o -
P ‘ match tool & operation parameters

Operatars

Cle =TG- L] T

Conditions

with feature parameters

* Tool.Diameter = Feature.Diameter_1
o  Operation.DepthOfCut = 0.25 *

o o feature.Depth

« Etc.

Condition

Create Machining Rules A
‘ ch Mact > |
[l Teach Machining Rules !‘
Deperi
Detai s
Drag cursor to pan view =
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View Window Help _[=]x
DesBHER|2c|B O |
Name
DRILLING_STUFENBOHRUNG u STUFENBOHRUNG
=01 Wachining Knowledge Hame [ =T OutpuF satures (m ) .
# O Tuming OperationClass oper ] [hole_naking DRILLING InputFeatures fiw.] STUFENBOHRUNG

Prioiiy T Resources [tool ) ["Twist Deill’

‘Condiions | Constants | Mateisls | Machines | Explanstion | Image | Addons |

REM Application Criteria -

s_defined (mwf MACHINING RULE

] )
| mwE.MACHINING RULE - "SINKING STUFENBOHRUHG"
| REH Tool Criteria

=-offy STUFENBOHRUNG
= g NO_CHAMFER
% SPOT_DRILLING_STUFENBOHRUNG

SINKING_STUFENBOHRUNG

= g SINGLE_SIDED
SPOT_DRILLING_1_STUFENBCHRUNG
PRE_DRILLING_STUFENBOHRUNG
SINKING_1_STUFENBOHRUNG
CHAMFER_A_STUFENBOHRUNG
CHAMFER_B_STUFENBOHRUNG

= oy TWO_SIDED
BACK_SPOT_DRILLING_STUFENBOHRUNG
BACK_DRILLING_STUFENBOHRUNG
TOP_SINKING_STUFENBOHRUNG

| REM User Defined
| tool.Diamster - mwi DIAETER 2

| REM Less Worked Feature Criteria
Lvf MACHINING RULE - *DRILLING STUFENECHRUNG"
REH Operation Attributes

| REM Cut Area —> Machining Ares
| oper. Geonetry Roles - mwi FACES CVLINDER 2

.

REM Customize Dialog —> Approach_Feed Percent
0.

TOP_CHAMFER_1_STUFENBOHRUNG | oper. Approach Feed Percent = Type A
TOP_CHAMFER_2_STUFENBOHRUNG I

| REM Path Settings —> Cutting Paramster —» Strategy —> Extend Path —> Bottom Of fzet

| oper Bottom Offset Value = 1.5 |Rule Baced .|

-
| REM Tool —» Tool Control Point

uper.CalDulateﬁlntersectlunﬁTy‘pE = "Hone"

| BEM Path Settings —» Collision Check Knowledge Libraries A
uDEr.CheDk,CDlllsl:m = "trua’ hMa = - -
i - = ChInIng nowledge o
Uy Mackiring Knowlsdgs | /9 Functions | £ Source Code | s, Customization Rﬁ{ Tool —» Tool Control Point . i 9 g
Sl Feature Rezagniion | W [P Featue Fecagniion | g Featue Magping | - ’ g MillDrill
- . - - - (Al OperationSets
CheckinDutState | Classicon Priority OperationClass Resources | ProductMaterials bl H :
- W% STUFENBOHRUNG
- (A g NO_CHAMFER 3
- A g SINGLE_SIDED
: - A g TWO_SIDED
- O Turning
- Oy WireEDM
+ Ol XampleEjectorPlate -

lﬂ Location

MachiningRule £

<A X2 B E|%

: ViEmEamm| 5=
Command Delete successfully finished R d y

>i>

Settings

Do | e G
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Operation Set Teaching - Benefits

No need to learn an extra application; use NX CAM to define best
machining practices

Much faster ROI (Return on Investment) for initial FBM projects
Much easier to make changes or add new / alternative processes
(occasional use)

Does not limit the future growth path or sacrifice any of the powerful MKE
capabilities

Does not require any additional licenses (just FBM_Author)

Available as Preview from NX10.0.2 onwards
set UGII_CAM_FBM_ENABLE_TEACH_OPERATION_SETS=1

Already used in production by selected customers
Few additional enhancement required to streamline the workflow
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How to implement FBM — Lessons learned (1/2)

Use the OOTB rules to demonstrate the feasibility and get management buy-in for a
small proof of concept

Get basic training, study the OOTB rules to master the concepts

DIY. This is your core business and your company’s best practice and know how;
document, implement and optimize it by yourself

Assign a CAM expert with IT affinity; not an IT expert that does not understand CAM
Start with a small proof of concept (1-3 weeks) with a limited scope

Test drive the entire process from start to finish (use holes first before you do this on
your own feature types)

Knowledge Acquisition & Standardization

Implementation & Testing
Have something working to demonstrate to your management
Provide ROI details if required
Learn how to estimate a larger project implementation
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How to implement FBM — Lessons learned (2/2)

Enhance the scope incrementally
Make sure you have regression tests in place

Capture validated Create Feature Process results before you start making
changes

Re-run your tests and compare the new outcome with the validated results
Contact me if you need help automating this

Stick to the 80-20 rule; do not get lost in the exceptions

Only automate what “everybody” accepts as good practice

People need to be able to trust the automatic results

Some of the benefits are lost again if users constantly need to validate the
automatic results
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Licensing

What license is required ?
No license required for end users

“FBM Author” license is required for the definition of the
company specific machining knowledge:

Save & Save As in Machining Knowledge Editor

Feature Teaching
Operation & Operation Set Teaching

FBM Author (NX31435) is available as add-on license
FBM Author is included in the Total Machining bundle
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Foundation
CAD 2
2.5x Milling
3x Milling

Turning
Wire EDM
5 X Mill

Simulation

FBM Author

Total
Machining
NX13430
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FBM & Teamcenter

FBM uses the customer’s standard CAM configuration to define:
Operation templates
Cutting tools
Cycles & UDE'’s
Machining Knowledge
Etc.

It supports any mix of Native and Teamcenter.

Most “managed” users store their machining knowledge xml in Teamcenter
along with the operation templates and the cutting tools
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