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CHAPTER 1 Machining Knowledge Editor
Concepts

Thefirst chapter explains the concepts behind the Machining Knowledge Editor.
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Best practice definition. The example of a hole.

Best practice definition. The example of a hole.

There are many ways to machine a hole. It will depend on the hol€e's diameter, its
depth, the ratio depth/diameter, the quality of the cylindrical surface, the tolerance
of the diameter, and more.

We can create ahole using atwist drill, areamer, aboring bar, amill, or some other
type of tool. Sometimes we start directly from the surface. Sometimeswe must start
from an existing hole or a centerpoint.

What appliesto holes, also applies to most other features: generally there will be
aternative ways to have them manufactured.

A company’s best practice defines their methodology of machining certain manu-
facturing features. It defines, for a set of machining features, which operations
should be used, which tools should be used, and in which order these should be
applied. The best practice is defined by sets of Machining Rules.

In addition to the day-to-day advantage of generating fast, reliable and reproducible
solutions, having a best practice also serves as a vehicle for standardization.
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Machining Rule concept

Machining Rule concept

A Machining Rule defines how amanufacturing feature (M ore Worked Feature)
can be machined starting from another feature (L ess Worked Feature) using a tool
of acertain class.

rrad STEFP1HOLE
W = SET HOLMD TAFEREL

ool = TVWAST CORILL
oper = DRILLIMNG

In general, aMachining Rule will correspond to a manufacturing operation (e.g.
drilling a hole or milling a pocket) and will describe:

¢ when thisoperation is alowed

* what result can be achieved (which shape is created, which tolerances can be
achieved)

¢ which tool is necessary (which typeis required, what dimensions are required)
* which start shape needs to be there.

For brevity, in thistraining when we talk about a‘Rule’ we actually mean a
‘Machining Rule'.
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RuleLibrary

RuleLibrary

Rules are aways grouped in aRuleLibrary. Three different RuleLibraries, with dif-
ferent purposes, are used in NX:

1. The‘Machining Knowledge' library, which is used by the Create Feature Pro-
cess command. This RuleLibrary defines the best practice to manufacture fea-
tures.

2. The‘Feature Mapping’ library, which is used by the Find Features command.
This RuleLibrary defines how afeature of one type can be changed (mapped,
transformed) into a feature of another type. This functionality can be used to
transform external or modeling features (User Defined Features) into manufac-
turing features and vice versa. See “Feature Mapping” on page 123.

3. ‘Feature Recognition’ rules. These are outside the scope of this tutorial.

*  DIMachiring Rules(for Milling Dalling Tuming and WireEDI,

used by N comand Create Feature Process...

\
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f Mapping Fules,
optionally used after X command Find Features...

= Featwe Recognition Rules,
uzed by N command Find Features....

In the Machining Knowledge Editor release 7.5 you will see 3 different Tabsfor the
3 different Rules you can define. The names of the Tabs and the Tab order are fixed.

Editing machining and mapping rules does not require any knowledge or skillsin a
particular programming language like C or C++.
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Starting the Machining Knowledge Editor

The Machining Rules are used by the inference engine which is dedicated to
searching a solution to machine manufacturing features. Machining Rules are the
elementary process steps and the application of a Machining Rule will generally
result in asingle NX operation object. The inference engine will be discussed in
“How Operation Selection works’ on page 39.

Sarting the Machining Knowledge Editor

Rules are defined with the dedicated Machining Knowledge Editor application.
Every user can view and edit the Rules. Protection can be arranged by setting spe-
cial file permissions on the relevant files/directories or are handled by Teamcenter

when you are working in managed mode.

The Machining Knowledge Editor is opened from the start menu Programs > UGS
NX Version > Manufacturing Tools > Machining Knowledge Editor.

Activity: Open the Machining Knowledge Editor

e Sart the application
¢ Fromthe menu bar, choose View > Options
* Inspect tab Exchange Adapter

¢ Ingpect tab TCIN. When you work in managed mode, you must check active
‘Use Teameenter Integration’. When not in managed mode, you will be reading
and writing to the file system. In managed mode, the 2-tier or 4-tier connection
parameters must be set. Further details can be found in the NX Help for the
Machining Knowledge Editor.
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Loading the Rule Library

Loading the Rule Library

Thefirst step isto load the RuleLibrary. Either use File> Open in the main menu,
or click on the Open icon in the toolbar. Thiswill open adialog in which a.xml file
can be selected and opened.
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Note Screenshot is taken when working in native mode.

By default, the dialog will open in the directory defined by the system variable
UGII_CAM_MACHINING_KNOWLEDGE_DIR. Recently used libraries can be
found by clicking on the ‘My Recent Documents' icon.

You can open multiple .xml filesin the Machining Knowledge Editor. This allows
for easy copying of data between libraries.

Activity: Load a Machining Knowledge Library
* Open the ‘machining_knowledge.xml

Machining Knowledge Editor Training- Concepts



The Machining Knowledge Editor User Interface

The Machining Knowledge Editor User Interface

The Machining Knowledge Editor User Interface consists of three sections:

B Machining Knowledge Editor - [machining knowledge.xml:1]

% File Edit View ‘Window Help
O=HE ?
M arne
-- %8 Machining Knowledge
+- 18] MillDill
+- 1% Tuming
+- %] ‘wireEDM
Feature Heu:u:-gnitiu:un] Feature Mapping 45] Machining Knowledge J

* The Tree View showing the RuleLibrary tree. Thislists the names of the Rules.
The Tree View is mainly used for finding and activating nodes, and for starting
specific commands.

The three Tabs (new in NX 7.5) allow to switch between modes for Machining
Rules and Feature Recognition Rules and Feature Mapping Rules.

* The Table View showing the activated nodes.

[l name Frinaty | Dpeiation | InprtFesturas | DutpaFesiues |
1 &l LAl (=] &l STEF1HOLE [
5 Odil_n_cordm S1H 44 DAILUNG 1 [POCKET_AOUMD_TAFEA 1 [STEFTHOLE 1
B rill_up: 518 42 DAILUMG 1 |STEPTHOLE 1 |STEFIHOLE 1
7 vin_cerim_cham 43 DAILUNG 1 [POCKET_ROUND_TAFER 1 |STEFIHOLE 1
5 il 551 45  DAILUNG 1 [ELssk 1 |STEPIHOLE 1
kx| IChamie_51H_Dnll 31 EEI_I:; ERS 1 |STEPIHOLE 1 |STEFIHOLE 1
i [+ J\ &-Comment ) Ruile [/ . |1
= - m¥ 2200 Y T g m

The Table View is mainly used for finding and filtering on Rules.
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The Machining Knowledge Editor User Interface

* The Rule View showing the component data of a selected Rule.

e |'I.'-'|.':| Li_in_ecentear_S1H  QuipuolPesies el ) STEF1HOLE
O pevaborClars [np=| [DRILLING InpriF astunss [l 1 POCEET_ROUKND_Té
Priciily [4.4 Assouncas ool | TUIST_DRILL

Thisview is used to define aRule.

m— The display of the Tree View and Table View can be tog-
window Help 516 from the pull-down menu View. From the sub menu
Options select the name of the view. Thiswill toggle the display

of the view. When checked active, it is displayed.
Custarmization

Tree Yiew
Table Wiew

Activity: Change the visibility of the views

* Toggle the visibility of the views with the View entry in the main menu.
* Display all views again.
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Tree View

Tree View

The Tree View liststhe Rulesin atree format. The Tree View ismainly used for
finding and activating nodes, and for starting specific commands.

""" @ Dl _SIMPLE_HOLE J
""" @ Spot_Drill

""" @ Rough_POCKET_RECT_STR

""" @ Finish_Floor_POCKET_RECT...

""" @ Finish_Wall_POCKET_RECT_...

""" @ Rough_SLOT_RECT_1

""" @ Finish_Floor_SLOT_RECT_1

""" @ Finish_Wall_SLOT_RECT_1

""" ® Tap_S1H_thread

""" @ Dndll_51P

""" @ Counterbore_S2P

""" @ Counterbore_S3F_D1

""" @ Counterbore_S3F_DZ

""" @ Dnll_53F_D3

""" @& Dil_in_center_S1H

""" @ Dnl_up_S1H

""" & Mill_Rough_S1P_Contour

""" @ Chamfer_S1H_Dl ﬂ

M Erwironment I

Activity: Navigating thetree
* move through the tree use the arrow-up, arrow- down, Home, End, Page Up,
and Page Down keys.

* Sections of the tree can be expanded or collapsed by clicking with the left mouse
button on the +/- sign shown in front of the node name.

* Sections of the tree can be expanded or collapsed by using the left and the right
keys on the keyboard.
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Tree View

Selecting nodes

Most commands are executed on one or more nodesin the Tree View or Table
View. If acommand is started from the Tree View, only the selected nodes will be
used as input for the commands.

Inthe Tree View al nodes of the project can be selected. In the Table View only the
activated nodes can be selected (as these are the only nodes which are displayed in
thisview).

Selected nodes will be highlighted in the views where the nodes are visible. Nodes,
which are (de)selected in one view (e.g. Tree View), are also (de)selected in the
other view (Table View).

Activity: Selecting Nodesin the Tree View

* click MB1 on a node (active or not active) for single select.

e Control + click MB1 to modify the selection. The node will be added or removed
fromthe current selection.

e Shift+ MBL allows multiple selection. All nodes starting from the previously
selected node will be added to the current selection.

e Shift+ Up or Shift+ Down allows multiple selection. A new selection will be
started from the first node where the shift was pressed.

Activating nodes
Only activated nodes are visible in the Table View.
The status (activated/deactivated) is shown with the check box in front of the node.

1@ Spot_Dril
@ FRough_POCKET RECT STR

Activity: Activating Nodesin the Tree View

e Click with the left mouse button on the check box in the Tree View to toggle the
status of the node. If the node is part of a selection, all other nodes will be set to
the same activation status regardless of their current status.

10
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Tree View

* Pressthe space bar to reverse the status of the node. If the node is part of a
selection, the status of all other nodes will also be reversed from their current
status.

e All children of a node can be activated from the Tree View popup menu by exe-
cuting the Activate Children command.

* All nodes can be deactivated from the Tree View popup menu by executing the
Deactivate All command.

Renaming nodes

In the Tree View anode can be renamed by first selecting it, followed by another
mouse click on the name of the node or by pressing F2. Thiswill start the editing
mode indicated by the box around the name. The changes can be cancelled by
pressing the ‘Esc’ button. The editing mode will be closed when clicking outside
the editing box.

Activity: Rename a node

¢ Renamethe‘RuleLibrary’ nodeinto ‘ Default RuleLibrary’.

Ordering nodes

Inthe Tree View nodes can be moved by making a selection, dragging this selection
with MB1 pressed within the Tree View on one of the other nodes, and releasing
MB1. Thiswill move all selected nodes to a position below the node that the selec-
tion was dragged on.

Activity: Moving nodes within the Tree View

¢ Move some of the nodes within the Tree View.

Copying nodes

Inthe Tree View nodes can be copied by making a selection, dragging this selection
with MB1 pressed within the Tree View on the RuleLibrary node, and releasing
MB1. Thiswill copy all selected nodes and add them at the end of thetree. All data
related to anode will be copied to the new node. This enables to quickly create a
new Rule from an existing Rule.
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Tree View

Activity: Copy a hode
e Copy some of the nodes within the Tree View.
* Rename these nodes.

Deleting nodes

In the Tree View nodes can be deleted by making a selection, and pressing the
‘Delete’ button or by selecting ‘ Delete’ from the popup menu. Thiswill delete all
selected nodes.

Activity: Delete a node

¢ Delete the nodes that were created in the previous exercise.

12
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Table View

Table View

The Table View shows the data of activated nodesin an’'Excel’ style tabular repre-
sentation. The Table View is mainly used for finding and filtering nodes.

Selecting nodesin Table View

Nodesin the Table View can be selected in one of the following ways:

MB1 on the beginning of arow issingle select. If the mouse is moved whilethe
MBL1 is pressed (and you should see an arrow cursor), multiple lines will be
selected.

Control + MB1 on the beginning of a not-selected row modifies the selection.
The node will be added to the current selection.

Control + MB1 on the beginning of a selected row modifies the selection. The
node will be removed from the current selection.

Shift+MB1 on the beginning of arow allows multi selection. All nodes from the
previous selected node will be added to the current selection.

MB1 on the top left Cell will select all rowsin the Table View.

Commandsin Table View

Node specific commands can be started from the popup menu of the Table View.
This popup menu only appears when using MB3 on the beginning of the row.

Table View Toolbar

The Table View toolbar contains the following settings and commands for the Table
View:
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Table View

* Page Setup of Table View: Pops up the Page Setup window for the Table View.
In this window the setup of the Table View can be changed.

EETEE—— £

Hagra Presias
- & E
Lot BN pigw [DOm —te I €
] weodd | i
Tap |1.50in  Batom 1500 ]
i
5
Titles and Gridlires [
[¥ Aom Heada: 3
¥ Cobamn Hesdees
[ Perd Frams Lage Dud bl
¥ Wertcal Liric ¥ Firsk i, an Coban: I yaibeal

¥ Hozordal Linisy

-~
¥ [rk Black and'whis Fiesk Colurire, S Flovas [ Ewezoriad

[ o | Cancel | [ Save setings 5o prokie

e Export Table View to Microsoft Excel: Saves the content of the Table View to
an MS Excel file format.

e Zoom in Table View by 20%: does what it says.
e Zoom out Table View by 20%: does what it says.
* Reset Zoom: Resets the zoom of the content of the Table View to 100%

* Replace: Searches the column for entries containing the search string i
and replaces the search string with the replacement string. The search
string does not support wildcards.

e Filter: Hides al rows that do not have data matching the search string
in the selected column. To display all rows again, the filter button has
to be pressed again. If acell isselected instead of acolumn, then the data of this
cell isused to preset the search string for filtering the column containing the
cell. The search string supports wildcards:
* replacing zero or more characters
? replacing exactly one character
; Separating elements of a vector

14
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Table View

Autofilter: Activating the AutoFilter adds a new row to the TableView =2
just below the top row with the column names. Clicking with the mouse

in one of thefieldsin this AutoFilter row shows amenu with all different values
in the column. Selecting one of the values will show only the rows with that
value and filter out all rowswith other values. Upon deactivating the AutoFilter
the AutoFilter row isremoved and thefilters are reset, i.e. al rows are shown
again.

Toggle Freeze rows Toggle Freeze columns: moves the selected rows/ =ni
columns to the first positions, where they will remain visible when

scrolling through the Table View. Pressing the button again will restore the nor-
mal display of the rows/columns.

Hide rows/ Unhide rows; Will hide the selected rows. Unhide rows =|=]
will show all hidden rows again.

Hide columns/ Unhide columns: Will hide the selected columns. MM
Unhide columns will show all hidden columns again.

Activity: Using some Table View commands

Activate all Rules.

In the ‘“name’ column find the nodes starting with ‘ Tap’ by using the filter
“Tap*”

Use thefilter wildcards command on the ‘name’ column to display all rowsthat
have ‘ SIH’ at the beginning, at the end, or somewhere in the string.

Use the freeze/hide commands.

Use the Autofilter command to filter on the OperationClass and the OutputFea-
tures column values.

Sorting cells

In the Table View the rows can be sorted by attribute by clicking on the name of the
column.

Editing cells

In the Table View the attributes of nodes can be edited. Cells are:

white, if the valuein the cell can be edited,
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Table View

light gray, if the value in the cell isread-only,
dark gray, if the attribute does not exist for the node.

The Table View displays both single value attributes (for example the ‘ name’
attribute), and vector attributes (for example the * OutputFeatures’ and the ‘ Product-
Materias attribute).

Several cells, either single value or vector values, in one column can be set to the
same value by:

select one Cell having the value you want to copy, 10 in the example screenshot.

select a corner of that Cell such that the cursor shape changes to a small rectan-
gular.

drag that corner of the Cell over the other Cells
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Several single value cells, not necessarily in one column, can be set to the same
value by:

Select several cells
Ctrl-click in one of the fields that you want to change

Edit the value of the last selected cell and press Enter; the values of all selected
cells are changed to the new value.

Activity: Editing Cells

Activate all Rules.
In the Table View click on the ‘name’ column to order the data.

Change the priority of all the TAPPING operationsto 10 using the two
described methods.

16
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Rule View

Rule View

The Rule View shows the data of a selected Rule. Thisis shown in a set of tabs,
which are described later, and six Rule Definition Components. These are;

Havo [ Dvill Hode in e DupuFfesiuss fred ] [STEF1BOLE
OipsistionClaes [opsr]  |ORILLIKG pufssues ]  |POCKET_ROURD_ TAPERED
Frigsity L0 Resources (ool | TVIST_DRILL

Corefliors | Constants | Haleiak | Machs | Esplanabor | Image | Addons

Name. Contains the name of the Rule.

OperationClass (oper.). Contains the class of the operation that is to be generated
based on this Rule. Pressing the F8 key in thefield will pop-up ascrollable list with
operation classes. Select oneitem from the list, type the value manually, or use a
copy/paste sequence. The operation class and its parameters determine the motions
of the tool during the operation.

Note Display Names (also known as Nice Names) for operation classes are not
supported by the Machining Knowledge Editor. The class name will be shown.
This also applies for the feature classes and the tool classes.

The display color will change when avalid OperationClassis defined. This also
appliesfor the feature classes and the tool classes. The classes and related informa-
tion are defined in the customization belonging to the RuleLibrary. Thisis
explained in “Customization view” on page 37.

Thereisaspecia class DummyOperation that can be use to change one feature
type into another feature type. Rules of this class have no tool class.

Priority. Contains a numerical value which determines the relative priority of the
Rule, compared with other Rules producing the same More Worked Feature. The
priority defines which Rule will be tried first, when there are more Rules that can
machine the same feature. Generally, we give Rules that correspond to ‘ cheap’
operations (like drill operations) a higher priority than Rules that correspond to
‘expensive’ operations (like reaming operations). This way we can be sure the sys-
tem will try cheap Rulesfirst and when these cannot be applied, try the next more
expensive Rule etcetera.
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Rule View

OutputFeatures (mwf.). Contains the class of the Output Feature that is produced
by the operation when the Ruleis applied. This corresponds to the shape of the fea-
ture at the end of the operation. Pressing the F8 key in the field will pop-up a scrol-
lablelist with feature classes. Select oneitem from thelist, type the value manually,
or use a copy/paste sequence. When the Rule produces multiple features, they are
separated by commas.

InputFeatures (Iwf.). Contains the class of the Input Feature that is expected by
the operation before the Rule is applied. This corresponds to the shape of the fea-
ture at the beginning of the operation. Pressing the F8 key in the field will pop-up a
scrollable list with feature classes. Select oneitem from the list, type the value man-
ually, or use a copy/paste sequence. When the Rule consumes multiple features,
they are separated by commas.

Resources (tool.). Contains the class of the tool that is used by the operation when
the Ruleisapplied. Pressing the F8 key in the field will pop-up ascrollablelist with
tool classes. Select one item from the list, type the value manually, or use a copy/
paste sequence.

When you locate the mouse pointer in any of the above fields you get a short help
text.

In addition to the six Rule Definition Components, there are seven Tabs containing
more detailed aspects of the Rule Definition. These are described in the following
sections.

Conditions Tab

This tab shows the conditions pertaining to the Rule. Conditions are used to
describe specifics of the Rule, like when a Rule can be applied, which specific tool
should be selected, operation parameters etc. All conditions are interpreted aslogi-
cal expressions and must be true. If one or more conditionsisfalse, the Rule will be
rejected.
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Rule View

The conditions are described in an easy, Visual Basic style, text based editing envi-
ronment. Thisallowsfor freetext editing (manual typing, delete, insert, copy, paste,
etc.) with support for standard windows shortcuts:

TABLE 1. Shortcutsfor condition editing

Ctrl + A Select al text.

Ctrl + X Cut selected item.

Ctrl +C Copy selected item.

Ctrl +V Paste

Home Goes to beginning of current line.

Ctrl + Home Goes to beginning of document

End Goesto end of current line.

Ctrl + End Goes to end of document.

Shift + Home Highlights from current position to beginning of line
Shift + End Highlights from current position to end of line
Ctrl + Leftarrow | Moves one word to the left at atime

Ctrl + Right arrow | Moves one word to the right at atime.

For more detail s please refer to “ Conditions concept” on page 22.

Constants Tab

This tab shows the constants that can be used within conditions to improve consis-
tency and readability. Constants can be used instead of hard-coded valuesin
expressions. See “ Constants concept” on page 30.

Materials Tab

This tab shows the list of materialsthat are defined as part materials within NX. A
Rule can be made valid for selected materials. By checking the ‘All Materials
check box, aRule will be valid for any material, also for materials that will be
added in the future.
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Rule View

Machines Tab

Thistab showsthe list of machinesthat are defined within NX. A Rule can be made
valid for selected machines. By checking the ‘ All Machines' check box, a Rule will
be valid for any machine, also for those that will be added in the future.

Explanations Tab

Contains afree textual explanation of the Rule.

Image Tab
You can add a picture to the Rule. The image can have as format .jpeg or .jpg. Use
the command Add Image... that is available in the popup menu of the Image tab.

The picture appears in the Image Tab.
Condiore | Coratanty | Matsiisl: | Machine: | Explanslion  1n#gn | Decorsion:

meaf
Faf
1ol

opar = DRILLING

SIEF1RULE
PC ROLIND TAPERELD

Add-on Tab

ThisTabisnew in NX 7.5. It enables the creation and editing of what we have
called“Add-ons’. Depending on the Rule’'s Operation Class, different types of Rule
Add-ons can be defined.

Examples of Add-on Object Typesfor aDrill Rule are:

¢ Cycle- enables definition of the cycle type and its specific parameters
e Start of Path Events - like Approach Markers, opstop and many more
* End of Path Events-

¢ Knowledge Fusion (KF) - all parameters of the Rule’s Operation Class can be
defined viaKF if desired.

20

Machining Knowledge Editor Training- Concepts



Rule View

Example of Add-on-Typesfor aGroove OD Rulefor turningis.

* Geometry Parent, class Containment (is mandatory)

Example of Add-on-Typesfor an Internal_Trim Rule for Wire EDM is:

e Geometry Parent, class Wedm_Geom (is mandatory)

Examples of Add-on-Typesfor a Cavity Mill Rule are:

e Geometry Parent, class Mill_Area
* CutLeve, class ZlevelBase
* NcmLocalEngage, class EngageRetract Default

Examples of Add-on-Typesfor aThread Milling Rule are;

e  Geometry Parent, class Hole_Boss (is mandatory)
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Conditions concept

A conditionisalogical expression which can evaluate to TRUE or FALSE.
There are four distinct categories of Conditions:

e ‘Application Criterid’ see page 22.

e ‘Tool Attributes’ see page 24.

* ‘Less Worked Feature Attributes’ see page 26.
e ‘Operation Attributes’ see page 27.

Although NX does not “know” these categories, it is good to keep them in mind
and organi ze them into these four categories.

Application Criteria

Application criteria state when a Rule may be applied. In general, application crite-
riaare related to the size and quality of the More Worked Feature. Examples are;

* The roughnesses that can be achieved: e.g. drilling isonly allowed until a cer-
tain roughness, otherwise reaming/boring should be used.

* Thesizetolerancesthat can be achieved: e.g. drilling isonly allowed until acer-
tain diameter tolerance, otherwise boring or reaming should be used.

e The shape of the feature: e.g. drilling with a straight drill will finish the shape
only when there are no chamfers.

* Thesize of thefeature: e.g. drilling is only allowed when the feature is not too
deep or too large, otherwise another operation type should be used.

A Rule can only be applied to a feature when al its application criteria are TRUE.
When the expression evaluates to FALSE, evidently the Rule may NOT be applied.

An example of an application criterion for using atwist drill is

‘Dnstants] Materials] Machines] E:-:planati-:un] Image ] .ﬁ.dd-nnsl

FEM Application Criteria
mwf DEPTH ~ mwf DIAMETEE 1 < &
%% Featue 1z too deep for DEILL cvcle
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REM Application Criteria
mwf_DEPTH / mwF.DIAMETER 1 < 6
$$ Feature is too deep for DRILL cycle

Each line in this example has a different function. Thefirst line starting with
‘REM’ is considered as remark and does not have any effect on the behavior of the
program. The programmer can use remarks to include short explanations or obser-
vations. It is advised to add remarks so others can understand the behavior of the
Rule and the reason for the conditions. There can be severa lines of remarks fol-
lowing each other, but each line needs to start with ‘REM ’.

The second line

mwf_.DEPTH / mwf.DIAMETER_1 < 6

isthe actual condition. In this case defining that the DEPTH attribute of the mwf
(More Worked Feature) should be smaller than 6 times the DIAMETER_1 of the
mwf. When applied to a manufacturing feature, with its actual parameter valuesfor
DEPTH and DIAMETER, this condition isfalse, the Rule will be rejected and the
system will continue evaluating the next Rule.

Thethird line starting with $3$ defines the message that will be output when the con-
ditionisfalse and thusthe ruleisrejected. Thismessageis part of the messages that
users will seeif they want to analyze why a certain solution was found. As a conse-
guence, these messages should be clear enough for the users to be able to under-
stand why a Rule was not used. When the Ruleis denied because of this condition,
the text prefixed with “$$” will be printed in the Information window (if displayed)
and to the MSAnalysis.lisfile on the STEMP directory.

In the above examples, DEPTH and DIAMETER_1 are attributes of
STEP1HOLE. In order to obtain acomplete list of attributes you can usein
expressions, type “mwf” followed by adot “.” and select one from the list.

When the editor recognizes valid entries, it will display them in a different color.
These colors are defined in the Preferences.xml that can be found in the
MACH\machining_knowledge editor directory.

Another example of an application criterioniis:

I:n-slarn Mateiial: | Machings | Esplanation | Image | ddd-ons

REK Application Criteri
[ _class [S0(wwt DIAMETER 1 mef DIARETEER 1 UEreE:x, mwl DIAHETER ]
5 Featuy Lo L st ool be achisved with this Rulé

T I
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IT_class_ISO(mwf_DIAMETER_1, mwf_DIAMETER_1_UPPER,
mwf_DIAMETER_1_LOWER) >= 11
$$ Feature"s tolerance class cannot be achieved with this Rule

In the IT-class system for tolerancing dimensions, alow value denotes a tighter tol-
erance than ahigh value. So if the I T class of an actual featureis7, it istoo tightly
toleranced to be drilled. Then this application criterion will evaluate to FALSE and
the Rule will not be applied.

In the above example,

IT_cass_IS0{par], par]_UPFER, par]_LCAWER) ' . .
Thits t6 b guenveral function bo cheterming the 1T-chass Follosing IT__CI a_$_| SO( ) isafunction
Eha 150 tables, delivering an integer number as

Tha thrée paramebers ara rasl valuss and denote the nominsl -
wabm {parl); the _upper valus { par? | and the _lovesr waboe | result. When pl acing the mouse

fpard ], | over thefunction text, atool tip

[For stance 1 IT_class_[S0(7000, 0.021, 0.0 ywllreburn 7. | --
It 5 447 R e e precise, ek the offset of the bandwth & | Will @ppear explaining the func-

root consickerad. Onby e quality class s caloulated. tion, see |eft.

In order to obtain acomplete list of functions you can use in expressions, press F8
and select one from the list.

Some other examples of rather common Application Criteriaare:
@l Coretants | Materials | Machines | Explanation | Image | Add-ore

mwf  SIDE_RODGHAWESS 1 12.%
Festurss side roughness canncot be schiswed
wwf DIAHETEE 1 53
#% Feature's diameter is too large
wef DEFTH_TOF _CHAHFER . 0.01
EIE I'.-' Ligé WmAET :'l 1 E ] l-_ I.'||||I I

mwf.SIDE_ ROUGHNESS 1 > 12.5

$$ Features side roughness cannot be achieved
mwF.DIAMETER 1 < 63

$$ Feature"s diameter is too large
mwf_DEPTH_TOP_CHAMFER > 0.01

$$ Feature must have a top chamfer

Tool Attributes

The Tool Query defines the size of the tool that will be used for the operation.
Examples are:

24
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e Thediameter of the tool should be corresponding to the diameter of the mwf;
e.g. thedrill diameter should be smaller than the maximum toleranced size of
the mwf diameter but should be larger than the minimum toleranced size.

e Thetool should be long enough: e.g. the length of the drill should be larger than
the depth of the hole.
A Rulewill have one or more expressions to specify tool attributes like:

tool .Diameter >= mwfF.DIAMETER_ 1 + mwfF.DIAMETER_1 LOWER

tool .Diameter <= mwfF.DIAMETER 1 + 0.5*(mwf.DIAMETER_1 UPPER +
mwF.DIAMETER_1_LOWER)

tool .FluteLength > mwf.DEPTH

The expressions above were entered using copy and paste, see screenshot bel ow.

ool . Loowses b mwi DILAHETEF L mwt LISHETER 1 LiMES
! iTAHETEE_ & 0 E=imwf DITAHETERE_1_ITFPES wuf [IANETER_1_TONEF
TEETH

In the above example, Diameter, and Flutelength are attributes of
TWIST_DRILL. In order to obtain a complete list of attributes you can usein
expressions, type “tool” followed by adot “.” and select one from the list.

Thetext printed, when one of these conditions evaluatesto FALSE, says*“ Conflictin
one of the tool size specifications’. That would happen, for instance, if we had mis-
takenly entered something conflicting like:

tool _.POINT_ANGLE = 120 AND tool .POINT_ANGLE = 118

Note The operator AND is equivalent to putting the expressions on separate lines.

A Rule should not be rejected based on conditions defining tool Attributes. When
the cutting tool of the classis not available, the Rule will not be applied and NX
will try the next Rule. In that case, the $$text will not be displayed.

NX will try to use the tool with the biggest Cutter Diameter that is still smaller than
the maximum as specified by the expressions. As a consequence, the lower limit
only needsto be defined when it is essential for acorrect tool selection, like for drill
type operations. For milling operations alower limit is most of the times not neces-
sary. For thisto function, NX must know which attribute holds the size of the Cutter
Diameter. Thisisatrivial issue, but since the tool classification isfree, it is neces-
sary to appoint one of the tool’s attributes to be the Cutter Diameter. Thisisdonein
the Customization View with command Set as Cutter Diameter...
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Tool Sort Order

Generally, more than one tool of the desired class satisfies the tool query. Itis
important to avoid choosing atoo long and therefore unstable tool. Tools are
ordered by their length. For this to function, NX must know which attribute holds
the size of the Cutter Length. Thisisatrivial issue, but since the tool classification
isfree, it is necessary to appoint one of thetool’s attributes to be the Length. Thisis
done in the Customization View with command Set as Cutter Length.

Less Worked Feature Attributes

When defining Less Worked Feature attribute val ues we define the in-process
geometry. The screenshot above shows the drill point that exists before drilling the
hole.

If no Less Worked Feature is required, the class BLANK is used. This meansthe
operation does not need a defined starting geometry.

Note In general, there should be at least one operation with BLANK as LWF
for every MWF feature type. Otherwise there will be no complete solution
found for a specific feature type.

In order to calculate the dimensions we need to be familiar with the feature classes
and their attributes.

To specify the dimensions of the drill point (class POCKET_ROUND_TAPERED) we
need following expressions:

IwF.DIAMETER_1 = mwF.DIAMETER_1 * 0.5
IwF_DIAMETER_2 = O
IwfF.DEPTH = IwF.DIAMETER_1/2

Inthe above example, DIAMETER_1, DIAMETER_2 and DEPTH are attributes of
Less Worked Feature POCKET_ROUND_TAPERED. In order to obtain a

26

Machining Knowledge Editor Training- Concepts



Conditions concept

complete list of attributes you can usein expressions, type “Iwf” followed by a dot
“." and select one from thellist.

When there is no expression for the LWF attribute, NX copies the corresponding
value from the MWF. Thisworks only if the attribute names match exactly. So, if
the DEPTH of the feature does not change, you do not need to enter the expression:

IwF_DEPTH = mwf.DEPTH
Also, you do not need to enter expressions like:
IwF_.X_POSITION

IwF.Y_POSITION
Iwf.Z_POSITION

mwF.X_POSITION
mwF.Y_POSITION
mwF.Z_POSITION

When the LWF is of class BLANK, we do not care about the LWF class and hence
do not need to specify any LWF attributes.

For readability, it is good practice to have Iwf attributes on the left side of the equa-
tion.

Operation Attributes

The last category of conditions specifies attributes of the Rule's operation. Exam-
plesare:

FEM Cperation Attributes

oper . Control_Point_Type ="Tool_ Shoulder"
oper  Maxinum_Depth_Distance = mnwf DEFTH +
oper . Through_Clearance =

* The operation should go deep enough
¢ What isthe control point on the tool

Above a screenshot with some examples of assignmentsto operation attributes. In
order to obtain a complete list of attributes you can use in expressions, type “oper”
followed by adot “.” and select one from the list.
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Expression syntax | Functions

This section gives ashort overview of the expression syntax including the operators
and functions that can be used within the expressions.

Table 2—Operators

Operator Explanation
= equal
< smaller than
<= smaller than or equal
> greater than
>= greater than or equal
<> not equal
+ addition
- subtraction
* multiplication
/ division
n power
AND logical
OR logical
NOT logical
( left parenthesis
) right parenthesis
IF THEN ELSE | conditional expression

Notea-b+cisevaluatedasa- (b + c). Itisadvised to use bracketsfor clarity
and correct evaluation.
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Functions

Press F8 while in the Conditions Tab to obtain alist of functions:

TABLE 3. Functionsto be used in expressions

output function(ar gument) explanation
[degrees] | ACOS (number) returns the arc cosine.
[degrees] | ASIN (number) returnsthe arc sine.
[degrees] | ATAN (number) returns the arc tangent.
[number] | COS (degrees) returns the cosine.
[number] | SIN (degrees) returns the sine.
[number] | TAN (degrees) returns the tangent.
[integer] CEIL (number) returns the smallest integer >= input value.
[integer] CEIL_RANGE (number) Theinput value can be arange, bound sin-
gle or double sided.
IF (a<=number<=b) THEN CEIL ((at+h)/2)
Otherwise same as CEIL (number)
[integer] FLOOR (number) returns the largest integer <= input value.
[integer] FLOOR_RANGE (number) | Similar to CEIL_RANGE
[boolean] | is_defined(arg) returns TRUE if arg is defined; FALSE other-
wise.
returns FAL SE if arg does not exist;
arg can be of typereal, integer or string;
[integer] IT_class |SO(number , Example:
number,number) IT_class(20,0.021,0) =7
[doublée] roughness_value(string) returns the roughness value of an attribute
[boolean] | on_same axis(mwfl, returns true if the two features are on the
mwf2) same axis
[doublé€] distance(mwf1, mwf2) returns the distance between two features
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Constants concept

Constants are objects with a name, atype and avalue. We use them in conditions
instead of ‘hard-coded’ values, for instance:

oper .Depth = mwf.DEPTH + constant.DEPTH_EXTEND
instead of
oper .Depth = mwf_DEPTH + 2

Using constants instead of hard-coded val ues eases the readability and maintain-
ability of expressions.

Another advantage of using constants is the possibility to vary the values for any
combination of machine/ material. If thereis no value specified then the default is
used.

_E h ':“"'"hl' | Martwwr | Expandee | (regm |

Eon | dhme | tm=: £ ALY STEE. [ALUNTA |
ool Alreggny Chamd = 1] wipgm — 7% Lty Turel) 5 e
bl Cheth Posds 0 md g '_I T m Lt et

I'I I —"I_ J-:: .-:H" — 13 DOaan
L8] ] o e =] e R

Above screenshot shows a constant.Pre_Drill _Limit with a different value for
material ALUMINIUM.

A constant can be of datatype ‘double’, ‘integer’, or ‘string’.

Different constant values can be defined for metric and inch part files. Based on the
units used in the part file, NX will automatically select the correct values of the
constants.

* If you define a constant value in metric (mm) only then NX will calculate the
english (inch) value by division by 25.4.

* If you define a constant value in english (inch) only then NX will calculate the
metric (mm) value by multiplication with 25.4.

* |f you define avalue for both english (inch) and metric (mm) unit systems then
-however- these values will be used by NX.
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| | | | |

Scope of a Constant

Preferably we declare a Constant ‘globally’, that is on the RuleLibrary level, with
its default value and if applicable its values per machine/ material combination.

We use the Constant locally in a Rule’s Conditions and when the value should be
different from the global value we can define the Constant locally at Rule level.

Constant Command I cons

* Opensadiaog window to declare anew Constant and its default value.
¢ Cuts selected Constant and saves it on the clipboard.

¢ Copies selected Constant and saves it on the clipboard.

¢ Paste from the Clipboard

* Delete selected Constant

e Edit selected Constant (alternative for double click)

These commands are also available in the pop-up menu of thelist of constants.

Using Constantsin Expressions

In order to obtain a complete list of Constants you can use in expressions, type
“constant” followed by adot “.” and select one from the list.

Itis possibleto use aconstant even beforeit is declared. However, the Check Valid-
ity command will stumble over this and you can declare afterwards.
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Finding Rules based on criteria

There are several ways of finding and searching within the Machining Knowledge
Editor. These options are described in the following section.

Find in all Rule Conditions

Use command Find in all Rule Conditionsin the condition Tab or on the RuleLi-
brary, to activate (so they’re displayed in Table View) al Rules having the search
string.

Find/Replace
To search for any text in the conditions and replace that text. When at the end of the

Rul€e's condition, the command asksiif it should continue to search in the next Rule
unless the ‘“Wrap around search’ is checked active.

H
p =] ==l
L —y =] Fedicr
[ ek fI— Vepire i
1= i it ] Coes

) LT
Ll 1 TR

Z Using TableView autofilter

] ) ] | InputFeatures | OutputFeatures
. t)seTabIeV|ev\./t0.f|Itl.elr<the ITUI$L|- T ETEPTHOLE
n:ar{“?]?na”yf(:;err'a' f' IeR” SO 4 lBLeNk 1 [STEPTHOLE |
achining afeature of class 1 |STEPIHOLEA  |STEPTHOLE
STEPIHOLE. 1 |POCKET_R 1 [STEFTHOLE
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Finding Rules based on criteria

W

Using TableView Filter Column

* You can search a selected column using the Wildcard search. For instance you

can find all activated Rules who's name starts with Chamfer:

Wildcard Ssarch Dialop

Seach shing

|Chsmie o

Shait hedp
replaces 2010 OF Mole chaiacters
¥ mplaces eactl one chatacts
o uned 10 Bajedgla ik alemants

Activity: Searching the Rules

e Usethetableviewto find all Rules with the TAPPING OperationClass.
¢ Find all Rulesthat use the condition ‘tool.Diameter < mwf.DIAMETER 1’
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Testing the Rules

Check Validity

Once aRuleiscomplete, the Rule can be checked by compiling the Rule or some of
the conditions. Compilation of the Rule conditions can be done on different levels.
Typically thisisdone to test conditions on validity ‘on the fly’.

¢ Select one or more lines in the conditions Tab and execute Check Validity
(selection) from the pop-up menu.

¢ Sdlect the Rule node in the RuleLibrary and execute Check Validity from the
pop-up menu.

If the compiler discovers mistakes these are indicated by bookmarks. Locate these
bookmarks and correct the mistakes with the help of the compiler’s error message.

Activity: Check Validity
¢ Sdlect a Rule and check the validity of some of the conditions.
* Sdect several Rules and check the validity of the Rules.

Building

Before the Rule Library can be used, the RuleLibrary has to be compiled. The com-
mand Build on the RuleLibrary will create adll (dynamically linked library) which
is used by command Create Feature Process.

Normally the build ends successfully and there will be adll created in the same
directory asthelibrary xml file. Thisdll contains the compiled and linked Rules.

If the build finishes with an error, the MachiningK nowledgeEditor.log contains all
error messages. Thisfileis saved in the STEMP directory.

Activity: Building the RuleLibrary
¢ Build the RuleLibrary
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Testing in NX with Create Feature Process

Once alibrary has been built, the Create Feature Process command in NX can be
used to test the Rules. This can be done by selecting featuresin the NX Manufac-
turing Feature Navigator and starting the Create Feature Process from the popup
menu.

Reading the Infor mation window and the M SAnalysis.lis

After each execution of Create Feature Process there will be areport in the Infor-
mation window and in the MSAnalysis.lis file on the STEMP directory.

At the beginning of the file, the used dll is mentioned, like:

Knowledge library: C:\Program Files\UGS\NX
7 .5\mach\resource\machining_knowledge\machining_knowledge.dll

When aRuleis denied because of a condition, the text after that condition prefixed
with “$3$” will be printed.

Activity: Testing the RuleLibrary

e Sart NX

¢ Load atest model

¢ Switch to Manufacturing.

* Inthe Feature Navigator, recognize features with the Find Features command
e Sart the Create Feature Process command on a feature.

Machining Knowledge Editor Training V7.5- Concepts 35



Rules for multiple More Worked Features

Rules for multiple More Worked Features

It isalowed, for feature mapping rules only, to have multiple mwf’s separated by
commeas.

Attribute Rule.type [direct,composed,indirect] determines the applicability of the
Rule.

e direct
mwf OR mwf OR mwf

Attributes in conditions are prefixed with “mwf”. Since only attributes can be
used that arein all mwf classes there can be no confusion.

e composed
mwf AND mwf AND mwf
Attributes in conditions must be pre-fixed with mwf_1, mwf_2 etcetera.

Thisisnot yet supported in for operation selection rules.
It is supported in NX6 for feature mapping rules.

e indirect

Rule will befiltered out in any case during Compute > Operations command.
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Customization view

The customization defines which classes are avail able and which attributes can be
used. Once aRuleLibrary isloaded, the customization can be viewed by selecting
View > Customization from the main menu.

i
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B G
This opens the customization view consisting of atree view on the left listing the
classes. On the right hand side you find an attribute view listing all attributes of the
selected class, and arelation which shows the relations of the selected class with
other objectsin the customization.

In therelation view, for instance, we find that al operations under HoleMaking
have a 1:1 relation with the Cycle object which you can find back under the NXOb-
jects node.

The tree views contains:

* Features, Operations and Tools classes. For the Operation classes, field Con-
tainer Type holds the name of the operation template where the class is defined.

e Materials and Machines from the NX libraries.
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The attributes view shows, for each attribute in the selected class:

(e T [ =]
=T &

¢ Attribute: the name of the attribute asit is used in the MKE.

* Display Name: the path to the parameter in the NX Operation Dialogue. It helps
to find the purpose of the operation parameters.

e Type: the type of the attribute
e Enum Type: the type of enumerated defining the allowed values of the attribute.

Activity: Customization view

¢ Open the Customization view and explore the customization.

Making changes to the customization

Changing the customization is described in “ Customization Files’ on page 132.
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CHAPTER 2 How Operation Sdection works

This chapter deals with the Operation Selection that was introduced in NX6. It
gives some background on how things work. NX CAM programmers do not neces-
sarily have to be aware of this.

What is Operation Selection?

Rule-based operation selection is a proven technology seamlessly integrated into
NX 6 that helps you automatically create operations such as milling, drilling and
tapping from a generic template. Since NX 7.5 it is also applicable to Turning and
Wire EDM operations.

It lets you select features such as holes, slots, and pockets from any source, includ-
ing features that are user defined, identified, recognized or tagged.

It applies best practice machining rules on the features while taking into account
any defined PMI.

Benefits of feature based Operation Selection are;

* Standardize on best practice machining knowledge. The software finds the best
solution for a machining task within a company’s environment.

e Savetime with process automation.
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Machining Knowledge Editor and NX

Subgect Matter Expert, configures the bast practice machining proceszes
(Mzachining Knoededge Editor application)
e

R BChingre
Library
= : N CAM loads
- . the approprate
_________________________ Machining
Knowledoe Library

ML Progranmer
(M CAM) S -

F s 76 Sarang FLM 5 ofkang

Thereisaclear separation between the tool of the Subject Matter Expert, the
Machining Knowledge Editor (above the dashed line) and the NX Programmer.

« Manaperment of the knowledge data files can be done in Teamcensr

EERERIRER
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Machining Knowledge Editor and NX

The Machining Knowledge Library dll is created using the MKE. NX can be con-
figured to use this dIl. For details on the configuration, See “Customization Files’
on page 132.

Since, inNX 7.5, thedll istill created using a c-compiler, it is necessary to havea
c-compiler installed.
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Exampl es of operation sequences

STEPIHOLE and STEPIHOLE_THREAD in 4 operations.
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Coill_Z1H

Drill_up_S1H

Chamfer_S1H

Drill_S1H

Chamfer_S1H

Tapping_S1H

rged Fasturs

g Feshurs

L

gt Fiaad e
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Observe that Spot_Drill and Drill_S1H and Chamfer_S1H are three elemental
operations that appear in the solution for both features. Thisis an essential concept:
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elementary rules are defined only once and are applied whenever appropriate. This
sets aside the NX FBM solution to other systems or custom made solutions which
find solutions by definining the complete set of operations for every case that
needs to be automated. In NX FBM, amodification to a Rule will have effect in all
instances where the rule will be applied.
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Finding a solution using elementary rules

Finding a solution using elementary rules

In this example we will follow the reasoning process that is followed when search-
ing for asolution for afeature of type STEPIHOLE with a diameter 12H7.

Deil_S1H STERF1HOLE
X O
I |
BLA K

STEP{HOLE
Thi ket [Feicaisirieed it P ur) ol b o Bilank

il Inna Iu:mml.l.h.: | I Tl dpa i Nermpss
iy o o r1 = DE FTHCLE el

Paam_51H 1 ARG 1 |srErHou 1 |STOFSOE 1 |CHUCKHG LA
Ban_51H i1 R 1 |sTEFniLE 1 |STEF=ME 1 |BORE

Chugvied 514 isill 1 HOLE Wil | 1 |5TEFIHOLE 1 |STOFS0UE 1 |CTANTER_ GIRIOLG
Chumias S1H_Dsl i1 COURTERSIING 1 |STEFIHCLE 1 |STOFsOUE 1 |COURTER_SINKIMG
Dell_sm_1H L L V] 1 |sTEFsaE 1 |STEFeiiE 1 |TwrEE DAL
Dl st _ibuaivind B1H i 3 [, | iy 1 |POCEET Faliiay TaPERET: 1 |STEFTSOUE 1 |Twthl DR
Croll_m_ o578 14 IFLLING 1 |POCKDT ROUMD TAPEREC 1 |STOFISOLE 1 |Twil DAL
GCETH [i5 J_:-E'l.l.'u:. T e 1 [ETEFRANE 1 [Twral CHLL

o

First the candidate rules will be selected. These are the rules that produce afeature
of type STEP1IHOLE. By filtering the Table View on STEP1HOLE we can create
that list in the MKE. NX Operation Selection will create the same list internaly.

Operation Selection will first try the candiate Rule with highest priority. We have
given therules priorities such that the least expensive hasthe highest priority. Inthe
example this meansthat Drill_S1H istried first. It cannot be applied because a
diameter tolerance of H7 is not achievable when using atwist drill.

That is one of the Rule’s application criteria. This road ends which is denoted by: .
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STEF1HOLE
- ] H
. "“‘T-'-F.'. o 2HT

. Crill_irecenter 51H
w

—

POCHET _ROUND_TAPERED ETEFTHOLE
Tree bevd (Requred inpd Feabure] weould be POCKET_ROUD_TaPERED
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Charster_i 1t N T TR | T 1 |STEFwE 1 JCOUNTER Sevemal
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Dol saps 50 12 CRILLHEG 1 |sTorwsms 1 |STrPNEmME 1 | Feter DA
Dell_n_condm_chanie_50H £ CRILLHE POCFET_ROumD_FaPERED 1 [$1EPwaE 1 |Fersl bRl
| E R I CC TET BT ] L
[T nﬂ CRILLNE 1 [FLak 1 [FTFPENE 1 Fe¥ar DRl

Then the next expensive Rule, Drill_in_center_S1H istried. Also thisRulewill fail
for the same reason as Drill_S1H : atolerance of H7 cannot be achieved with a .
twist drill.
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STEFTHOLE STEPTHOLE @3l
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We skip afew candiate Rules that are rejected and arrive at Ream_S1H. For this
Ruleadll conditions aretrue, and it is really applied which is denoted by a new node:

Orll_m_canbmr S1H

POCKET _ROUND_TAPERED STEPHOLE
Thiz process requines POCHET_ROUND_TAFER &5 input Jeslure (ha)
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The new nodeis an in-process feature of, again, type STEP1IHOLE. The
Ream_S1H conditions will have loosened the tolerance on its diameter.

The in-process STEP1IHOL E is the new target for the Operation Selection. And
what we have seen before happens again: the candidate list with Rulesistried in
order of priority, highest first.

We see that Drill_S1H is rejected because of a general application settings that
rejects drilling directly without centering first.

The second Rule is Drill_in_center_S1H. For this Rule all conditions are true, and
itisrealy applied which is denoted by a new node:

& 2HT

. ------------- . O STEP1HOLE ‘

STEPTHOLE

FOCKET _ROUND_TAFPERED
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The new nodeis an in-process feature of type POCKET_ROUND_TAPERED.
The in-process POCKET_ROUND_TAPERED isthe new target for the Operation
Selection. And what we have seen before happens again: the candidate list with
Rulesistried in order of priority, highest first.

The applied Ruleis Spot_Drill. For this Rule all conditions aretrue, and it isreally .
applied which is denoted by a new node:

The input feature of Spot_Drrill is of type BLANK.

The Operation Selection has successfully found a suitable set of rulesto completely
machine this feature.

The resulting process in this simplified exampleis: Spot_Drill => Drill => Ream.
NX will now create the operations in the Operation Navigator.

Asyou have surely noticed, the result is found in the reversed order, reasoning
backward from the final feature to the blank feature. Please take a few momentsto

consider the human approach in finding such a solution. Do we solve this sort of
problems much different ?

I nfor mation Window

On your %temp% directory you will find afile MSAnalysis.lis. It hasthe analysis
of the reasoning process including candidate Rules that were rejected.

For afull understanding of how the solution came about, thisfileis essential.
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With File > Utilities > Customer Defaults...you can activate the check box “ Display
Information...etc” to have the file popping up after each Create Feature Process...

e Y — ey —— h[ﬂ o

e wta e Ny Pty Sy e oy Do Ill
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CHAPTER 3 Machining Knowledge Editor
Exercises Part 1. Hole Making

Before proceeding, please make sure you have completed reading “Machining
Knowledge Editor Concepts”.

In this chapter you find exercises to create a number of example MachiningRules:
e Drill

. Tap

* Ream

e Drill-up

e Thread Mill (to be done)

After completing these exercises you are well equiped to ‘trandate’ your com-
pany’s best manufacturing practices into MachiningRules that can be used by NX.
The exercises provide detailed instructions. It should be possible to follow this
training off-line, self-paced.

Each major subject has atime estimation to complete. In total these add up to
amost 12 hours.
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Creating a new RuleLibrary file

10 minutes

The Rule Library fileis an xml source file containing
* MachiningRules

¢ FeatureRecognitionRules

* MappingRules
We will focus on MachiningRu-
lesin this part of the Tutorial.

Mackereng Eravdedgs ﬂ :th"Dl]l'lll:u‘l ﬂ Miappig

There are two options to create anew RuleLibrary file:

1. Copy an existing RuleLibrary file. Advised when your new MachiningRuleL.i-
brary will have alot in common with the old MachiningRuleLibrary. Thisisfor
example when you are going to add extra MachiningRules to an existing
MachiningRuleLibrary.

2. Create anew RuleLibrary file from scratch.

Copying an existing RuleLibrary file

This can be done in the following steps:

* Gotothe UGII_CAM_MACHINING_KNOWLEDGE DIR configuration
directory.

* Copy the configuration file that is linked to the existing RuleLibrary.

* Rename the copy.

* Edit the copy of the configuration file by assigning a new library name to the
MACHINING_KNOWLEDGE_LIBRARY entry.

e Gotothe configuration directory. Depending on the installation thisis either the
UGII_CAM_CONFIG_DIR directory or the UGII_CAM_CUSTOM_DIR
directory.

e Copy the configuration file that is linked to the existing RuleLibrary.
* Rename the copy.

* Edit the copy of the configuration file. Defining the
MACHINING_KNOWLEDGE entry to paint to the new file that was created in
the UGII_CAM_MACHINING_KNOWLEDGE_DIR configuration directory.

o Start the Machining Knowledge Editor.
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In the main menu select View > Options.

Check the *Update Upon Load’ box in the ‘* Customization’ box. Close the dia-
log with the ‘OK’ button.

Open the existing RuleLibrary file. When the ‘NX Configuration Files dialog
appears, select the .dat file that you created and press the OK button.

Save the file with the new library name using the File > Save As command.

Creating a new RuleLibrary file.

This requires the following steps:

Go to the UGII_CAM_MACHINING_KNOWLEDGE_DIR configuration
directory.

Copy an existing configuration file.
Rename the copy.

Edit the copy of the configuration file. Assign a new library name to the
MACHINING_KNOWLEDGE_LIBRARY entry.

Go to the configuration directory. Depending on the installation thisis either the
UGII_CAM_CONFIG_DIR directory or the UGII_CAM_CUSTOM_DIR
directory.

Copy the configuration file that pointed to the original configuration filein the
UGII_CAM_MACHINING_KNOWLEDGE DIR.

Rename the copy.

Edit the copy of the configuration file by defining as the
MACHINING_KNOWLEDGE entry to point to the new filethat was created in
the UGII_CAM_MACHINING_KNOWLEDGE_DIR configuration directory.

Start the Machining Knowledge Editor.
Choose File >New.

Inthe NX Configuration Files dialog box, from the Configuration Folderslist,
select the location for the configuration file:

- If you use astandard NX configuration, select UGII_CAM_CONFIG_DIR.
- If you have custom configurations, select UGII_CAM_CUSTOM_DIR.

- Or you can use Browse to select a configuration file from anywhere on thefile
system.

From the Configuration Fileslist, select the file you copied and renamed.
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¢ Select the unit system and click OK.
* Savethefile with anew name using the File > Save As command.

Aswe will start from scratch we need to create anew RuleLibrary file.

Activity: Creating a new RuleLibrary file
e Createafile‘'my feature machining.dat’ onthe UGII_CAM_CONFIG_DIR
pointing to MyRules.dat.

* Createafile'MyRules.dat’ onthe
UGII_CAM_MACHINING_KNOWLEDGE DIR pointing to MyRules.

¢ Launch the MKE from the Sart menu > UGSNX 7.5 > Manufacturing Tools >
Machining Knowledge Editor.

* Create a new RuleLibrary with File > New.
e Use ‘my_feature_machining.dat’ fromthe UGII_CAM_CONFIG_DIR.
* Savetheinitial source file as MyRules.xml

Activity: Setting the Cutter Diameter and Cutter Length

Since we are working on a new source file, we must appoint one of each tool’'s
attributes to be the Cutter Diameter.

¢ Open the Customization View by selecting View > Customization fromthe main
menu.

* Expand the Tools tree.
* Right-click TWIST_DRILL in the tree and select Set as Cutter Diameter ....

e Sdect the attribute ‘Diameter’ and press the > arrow to move it to the ‘ Group
by’ box.

* PressOK.
¢ Repeat thisfor classes TAP , CHUCKING_REAMER and BORE.
* Repeat with Set as Cutter Length....
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Defining afirst Rule

What this example intendsto explain

e Thebasics of creating a single Machiningrule
* How to Build the MachiningRuleLibrary

* How to test the MachiningRule

All conditions for this MachiningRule are presented here. Please keep in mind that

these are just examples, asisthe MachiningRule itself. Especially conditions of cat-
egory “Application Criteria’ are always customer specific.

60 minutes.

Explanatory picture

maf = STEPIHOLE
It = BLANK

ool =TWIST DRILL
ops = DRILLING

Mame |DriII_STEF'1 HOLE_Direct

We start by defining a MachiningRule which describes how to drill astraight hole
in full material using acommon drill. When creating a new MachiningRule, we
have to define the following items:

* TheMoreWorked Feature class, describing the shape of the end geometry.

* TheLessWorked Feature class, describing the shape of the starting geometry.
* Thecutting tool class.

* The operation class describing the machining strategy.

In our example, this maps to the following:

* More Worked Feature: a straight through hole corresponds to the feature class
‘STEP1IHOLE'.

¢ LessWorked Feature: when starting from full material this corresponds to the
feature class ‘BLANK’.
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¢ Tool: the common drill correspondsto the ‘TWIST_DRILL’ cutting tool class.
* Operation: the drill motion is defined by the ‘DRILLING’ strategy.

Activity: Define a MachiningRule for Drilling a SteplHole

¢ Activate the Machining Knowledge tab in the TreeView and expand the tree.

* Move the mouse over ‘MachiningRuleLibrary’, right-click and choose New...
from the menu.

* Check class MachiningRule and leave the amount to 1.

e Expand ‘MachiningRuleLibrary’ by clicking the + sign and select Machinin-
gRulex.

¢ Rename MachiningRule* to Drill_STEP1HOLE_ Direct. You can either do this
in the Name field or by pressing F2 on the node name in the Tree.

* PressF8inthe OperationClass field and select DRILLING from the list.

¢ Press F8in the More Worked Features field and select STEP1IHOLE from the
list.

¢ Press F8in the Less Worked Features field and select BLANK from the list.

* PressF8inthe Tool field and select TWIST_DRILL fromthe list

e SetthePriority = 3.

Conditions

By creating the MachiningRule, we only defined that you can drill a straight hole
with adrill. But we did not yet define any such details as:

¢ when we want to use this MachiningRule,
¢ what size of tool do we want to use,
e or how deep we want to drill.

Asaresult, the system will use this operation for any hole independent of size or
quality, and will select any drill without regard of the size. In order to create a use-
ful MachiningRule, this information needs to be added. Thisis done by defining
conditions for the MachiningRule. In general, the conditions can be grouped into 4
categories:

e “(1) Application Criterid’ describing when the MachiningRule is allowed.
e “(2) Tool attributes’ describing the details of the tool.
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e “(3) Less Worked Feature attributes’ describing the details of the starting geom-
etry.

e “(4) Operation Attributes’ describing the details of the operation.

The next sections will detail these conditions.
(1) Application Criteria

Application criteria define when aMachiningRule is allowed. In general, these con-
ditions are related to the size and quality of the More Worked Feature. Examples
are

* The roughnesses that can be achieved: e.g. drilling isonly allowed until a cer-
tain roughness, otherwise reaming/boring should be used.

* Thesizetolerancesthat can be achieved: e.g. drilling isonly allowed until acer-
tain diameter tolerance, otherwise boring or reaming should be used.

* The shape of the feature: e.g. drilling with a straight drill will finish the shape
only when there are no chamfers.

e Thesize of thefeature: e.g. drilling is only alowed when the feature is not too
deep or too large, otherwise another operation type should be used.

Conditions are defined as text in the Conditions tab of the Machining Knowledge
Editor. An example of a condition is the following group of lines:

REM This condition checks for the achievable side roughness
roughness_value( mwF.SIDE_ROUGHNESS_1 ) >= 1.6
$$$$ Cannot achieve roughness on side surface

Each line in this example has a different function. Thefirst line starting with
‘REM'’ is considered as remark and do not have any effect on the behavior of the
program. The programmer can use remarks to include short explanations or obser-
vations. It is advised to add remarks so others can understand the behavior of the
MachiningRule and the reason for the conditions. There can be severa lines of
remarks following each other, but each line needs to start with ‘REM .

The second line
roughness_value(mwf_SIDE_ROUGHNESS_1) >= 1.6

isthe actual condition defining in this case that the SIDE_ ROUGHNESS 1
attribute of the mwf (More Worked Feature) should be larger or equal than 1.6. The
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MachiningRule is allowed if the condition is true. In this example, the Machinin-
gRule will be allowed if the SIDE_ROUGHNESS 1 = 1.6 or larger but will not be
dlowed if SIDE_ROUGHNESS 1 = 1.5. If acondition is fase, the whole Machin-
ingRule will beinvalid and the system will continue with evaluating the next
MachiningRule.

The third line starting with $$ defines the message that will be displayed when the
previous condition is false. This message is part of the messages that users will see
if they want to analyze why a certain solution was found. Therefore these messages
should be clear enough for the users to understand why a MachiningRul e was not
used.

Another example of an application criteria condition is;

mwf.DIAMETER_1 <= 25
$$ Diameter_1 is too big to drill at once

(2) Tool attributes

Toal attributes criteria define the shape of the tool that will be used for the opera-
tion. Examples are:

e Thediameter of the tool should be corresponding to the diameter of the mwf:
e.g. thedrill diameter should be smaller than the maximum toleranced size of
the mwf diameter but should be larger than the minimum toleranced size.

* Thetool should belong enough: e.g. the length of the drill should be larger than
the depth of the hole.

This corresponds to criterialike:

tool .Diameter >= mwf.DIAMETER_1 + mwF.DIAMETER_1_LOWER

tool .Diameter <= mwf.DIAMETER_1 + mwf.DIAMETER_1_UPPER

tool _FluteLength > mwfF.DEPTH + constant.Thru_Hole_Clearance

(3) Less Worked Feature attributes

When defining Less Worked Feature attribute val ues we define the in-process
geometry. Since we start drilling from blank, which means we do not bother about
the starting geometry, nothing needs to be specified here.
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(4) Operation Attributes

The last category of conditions specifies attributes of the MachiningRule's opera-
tion. Examples are:

* The operation should be deep enough: e.g. the depth of the drill motion should
be equal to the depth of the mwf feature, or in case of athrough hole should be
larger than the depth of the hole.

* Thetool diameter can be larger than the modeled diameter, aslong as it stays
within the tolerance range.

oper .Maximum_Depth_Distance = mwf.DEPTH +
constant.Thru_Hole_Clearance

oper.Through_Clearance = constant.Thru_Hole_Clearance
oper.Allow_Oversize_Tool = "true"

oper.Oversize_Tool_Percent = 100.0 * mwfF.DIAMETER_1_UPPER /
mwf_DIAMETER_1

Output Load Tool. When you activate this option, the system outputs a LOAD or
TURRET command in the CLSF file, even if the tool has not changed. This option
can be defined as an operation parameter.

oper.Output_load_tool_Status ="true"

Activity: Define Conditionsfor Drilling a SteplHole

¢ Click the Conditions Tab of MachiningRule Drill_STEP1HOLE_Direct

* Create or Copy the conditions from the previous sectionsinto the conditions
area. Add the REM in front of the remarks. You can copy froma PDF document
if you choose Tools > Basic > Select in the Adobe Reader.
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* Move the mouse into the conditions area, click MB3 and choose Compile (selec-
tion)
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* Theresult should ook as depicted above. The lines containing an undefined
Constant are bookmar ked.

Constants

The only constant used in the Conditions, Thru_Hole_Clearance, should be
declared and have a default value. It is good practice to declare a constant on the
MachiningRuleLibrary level, so its default value is shared by all MachiningRules
in the MachiningRuleLibrary.

Activity: Defining a Constant
e Sdect ‘“MachiningRulelibrary’ and click the Constants Tab.

* Defineanew constant, either by clicking MB3 > New in the constant area or by
clicking the New icon.

e Defineas Name = Thru_Hole Clearance and as Default Value = 3.
¢ OK inthe Options Dialog window.

* Inthe Machine/Material matrix, define a value = 4 mm for when the product
material is CARBON_STEEL.
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* Inthetree, select node“ Drill_STEP1IHOLE Direct”, right-click and choose
Compile.

* There should be no more compiler errors now.

Materials and Machines

Activity: Select for which Materials and Machines the MachiningRuleis
valid

e Sdect “ Drill_STEPIHOLE Direct” and click the Materials tab.

e Unselect All Materials and select only “ ALUMINIUM” .

¢ Click on the Machines tab.

¢ Unselect All Machines and mark only some of them.

e Undo your previous changes by checking “ All Materials’ aswell as*“ All
Machines’ .

Activity: Learn to use the explanation field

¢ Click the Explanation tab

* Enter aclear textual explanation of this MachiningRule. Be sureit will be
under standable for another person.

e Ask your tutor to review your explanation.

Activity: Adding an I mage file to a MachiningRule
¢ Click the Image tab
¢ Fromthe popup menu select Add Image....

* Onthe Training CD, locate file \training_data\Machining Knowl edge Edi-
tor\Drill_STEP1HOLE Direct.JPG and press OK.

Building the MachiningRuleLibrary

The MachiningRuleLibrary ‘ contains only one MachiningRule up to now and that’s
enough to do afirst test. Before we can test we must build the MachiningRuleLi-
brary.
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Activity: Building the MachiningRuleLibrary
e ChooseFile> Build

¢ Thiscommand will create a file MyRules.dll on the same location as the source
file MyRules.xml

Testing the MachiningRule

In order to test the MachiningRule we must have feature instances. In real Machin-
ingRuleLibrary development projectsit’s crucial to collect ‘families’ of feature
instances in one reference product.

For testing the MachiningRuleLibrary we use the testmodel.prt .

Activity: Testing the MachiningRule

¢ Load thetestmodel.prt in NX.

e Sart the Manufacturing Application.

* Sdect the configuration that you created in the beginning of this chapter.

e Switch to the * Operation Navigator -Geometry’. Define the MCSand the
WORKPIECE.

e Switch to the Feature Navigator. Sart the Find Features command.
* Recognize only the STEP1 feature

Features i Recogmlze A
types
# 8y =07s ~
+ E"L STEPS
| |-‘LE-=-'l:E‘E w
* Usethe tOp face of the prOdUCt to Machining Access Direction F.Y
define the Machining Access ' = ]
Direction. ¢ Specify Veowor(l) I..'f_ T-:' -

¢ Pressthe Find Features command icon. F%

* Execute Create Feature Process... on the recognized features
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* Select the checkbox for Machinin- Erawledge Librariss
gRuleLibrary.
= Edﬁ'“"'" L

TGO R

H"ll]'-'-':l."l"l"ar- &Library

* Leavetheallocation to Geometry
objects at Automatic.

Locatinn

o

LEanalry F LTI

e PressOK

e Therule must have been applied
on 6 features. 3 Feature Geometry Groups each hold 2 features.

¢ Check the selected tools, 2 different drills are used.
* Verify thetool path of Drill_STEP1HOLE Direct.

Detailing the MachiningRule with Add-ons

In these activities we will further

=

e “(1)Definethe Cycle Type and Parameters’ Thisisdone by creating an Add-on

totherule.
* “(2) Define a Start/End UDE.”
e “(3) Define Markers’

Activity: (1)Define the Cycle Type and Parameters

¢ Click the Add-ons Tab
¢ Click New Add-
SRR ol s |elwlx|=]#] o

—|New Add-on
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* You can choose any name for the object, like dd in this example.

Options dialog [zl
Add-on l
Marme | dd
Type | Cycle =l

Class

|>|L

Drill_Baore_Manual
Crill_Bore_Modrag
Crrill_Csink, -

Drill_Deep

Drill_Deep_Breakchip J
Drill_Tap
Drrill_Text
Peck_Drill

<

¢ The Type of the Add-on object is Cycle.
* Choosethe class of Cycle, like Drill_Deep in this example.

In the expression area you can enter expressions by typing the name of the object
followed by a dot. You get alist of attributes that can be used in your expressions.

Ennstants] Materials] Machines] E:-:planatiu:un] Image Add-ons

| type | class | gg.ate 1 = mwf. DEPTH 2

Cycle Dill_Deep
cam

comment
dwell
dwell_value
name
option

stepl
1
step3
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Defining a first Rule

In your expressions you can use more worked feature attributes (mwf.) and tool
attributes (tool.) to calculate the values of the cycle attributes. Also you can use
conditional constructions with IF THEN ELSE. Use of less worked features
attributes (Iwf.) and operation attributes (oper.) is allowed but this seems not very
likely in practice.

dd.=tepl = mwi DEPTH-2
dd . =tepl = nwf DEPTH- 3
dd . =tepl = nwf DEFTH- G
dd . dwell ="Ssconds"

IF mwf DEPTH- mwf DIAMETEE_ 1 : 3 THEN
dd.dwell_walu= = 2 ELSE
dd.dwell _walus = 1

dd . comment = tool  comment

¢ Define expressions for ‘dd’ asin screenshot above.

On a single MachiningRule you can define multiple Cycle Add-on objects as
shown below.
name | tpe | class | mwf DEFTH-mwt DIAMETEE_1 » 3

dd.dwell ="Seconds"
dd.dwell_walus = 2

Dnll_Deep
ul Cycle Break_Chip

hare | type | claz= | mwi DEPTH-mwf DIAMETER 1 <= 3
- bz . dwell ="Seconds"
dd gmh Drill_Deep bz .dwell_walus = 1

reak_Chip

The system will create thefirst Cycle object of which al conditionsare True. Inthis
example the criterion is the depth/diameter ratio of 3.

* Create a second Add-on named ‘bc’ with expressions as in screenshot above.

Activity: (2) Define a Start/End UDE.

If you define multiple UDE’s, the system will create all UDE objects of which al
conditionsare True. Thisisdifferent from Cycle type objects where only one object
will be created.
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Defining afirst Rule

To create a User Defined Event (UDE) you first create an Add-on object of type
UDE_Start_of Pathor UDE_End_of Path. Choose aname and the class, like udel

bel ow.
Options dialog [z|
Add-on l
Mame |udel
Type | UDE_End_of_Path |
Class pperakor message j

In the expression area you type the name of the Add-on Object followed by a dot.
Then you can choose from the list of available attributes.

UDEs can be conditional using |F THEN EL SE constructs in the expression.

harne | type | class |

dd Cycle Dill_Deep

b Cycle Break_Chip
IUDE_End_of Path

'|ati|:un] Image Add-ons l

IF tool Flutelength » 100 THEH
udel  operator message = "Flease checlk tool']

The sequence of the UDEsin the 'Defined list' isthe order in thelist of
| 1+ | I | Add-ons. UDEs can be moved up and down using the arrow buttons.

e Create an Add-on like ‘udel’ with expressions asin screenshots above.
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Defining a second MachiningRule

Activity: (3) Define Markers

I:l:unditil:uns] I:Dnstants] Materials] Machines] Explan:

nanme | ype

| clasz |

(O] %@ x|=] 2] o

ToolChange IDE_Start...  Tool_Chan...
FROM_Marker IIDE_Start...  From_Marker
Coalant_Or IDE_Start...  coolant
Spindle_On IDE_Start...  zpindle
START _Marker JDE_Start...  Start_Marker
APPROACH Mar... UDE_Start...  Approach_...
Avfun IDE_Start...  ausfun

Markerswill generally not
have any conditions.
Markers serveto tell the
system where to output an
event. For instance, the
Tool Change Marker
allows you to specify
where you want the sys-
tem to output the tool
change event. When you
insert this marker into the
list of Add-ons, the system
writes the commands
above the marker to the

CL SF beforethe LOAD or TURRET command, and it writes the commands below
the marker to the CL SF after the LOAD or TURRET command.

¢ Create a few markerslikein this screenshot:

frn IDE_Start_of_Path From_t arker
(s IDE_Start_of_Path Tool_Change_barker
s UDE_Start_of_Path  coolant

Defining a second MachiningRule

What this example intendsto explain

We will defineaMachiningRuletotapa STEP1HOLE_THREAD by cutting
the thread. Thiswill help to explain two important things:

1. Inaddition to the previous example, you learn the basics of in-process geometry

by specifying Less Worked Feature attribute val ues.

2. Tapping afeature will rarely be the only operation. There will usually be a
drillling operation before. And we will seethat Drill_STEPIHOLE_ Direct,
which we defined earlier, can do that job too. We only need to define the Tap-

ping MachiningRule.
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Defining a second MachiningRule

Note The drilling and tapping could be combined into a single toal, yes, but let's
assume our company does not have these tools so they’re not in our customization.

Note Theinstructions for defining the MachiningRule will be less detailed now.

30 minutes.

Explanatory picture

M arme \Tap_STEPTHOLE_THREAD

Conditions
Application Criteria

For now we do not define any Application Criteria. We always want to use this
MachiningRule whenever athread has been defined in the model.
Tool attributes

Since machine taps are usually standard tools from a catalogue, it is enough we
specify just the selection criteriato select the correct tool. Most importantly these
are the diameter, pitch and length.

tool .Diameter = mwf. THREAD_MAJOR_DIAMETER
tool .Pitch = mwf.THREAD_PITCH

tool .FluteLength > CEIL(mwF.THREAD_LENGTH)

The function CEIL gives us the smallest whole number that is larger then its argu-
ment.

Less Worked Feature attributes
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Defining a second MachiningRule

We need to define the diameter of the less worked feature to match the core of the
threaded hole. Thisis done with the following conditions:

REMARK The core diameter is usually calculated according to a ssimple formula:
Iwf.DIAMETER_1 = mwf.THREAD_TAPPED DRILL_SIZE

IwfF.DIAMETER_1_UPPER = 0
IwfF.DIAMETER_1_LOWER = mwf.DIAMETER_1 LOWER

Operation Attributes
REMARK the tapping tool should go as deep as the thread length.
oper.Maximum_Depth Distance = mwf.THREAD LENGTH

Constants

We do not make use of a constant parameter in this MachiningRule.

Materials and M achines

We will make the MachiningRule valid for Aluminum only. We make the Machin-
ingRule valid for all machine tool type names.

Explanation
Tapping by cutting is done whenever athread feature has been defined.

Image
See “ Adding an Image file to a MachiningRule” on page 61.

Activity: Tapping a SeplHole Thread
¢ Create the MachiningRule and change the name to
“Tap_STEP1HOLE_THREAD”.

* Define the MachiningRule definition components to match the explanatory pic-
ture.

* Create or Copy the above conditions into the conditions area.
* Inthe Materialstab, select ALUMINIUM.
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Defining a ‘competing’ MachiningRule

* Provide an Explanation in your own words.

* Add an Image to the MachiningRule. There’'s an image on the training CD for
this MachiningRule. Create one yourself if you have time.

e Check if the Cutter Diameter and Cutter Length are defined for the TAP tool
classin the customization. (Use command Set as Cutter Diameter/ Length...)

Activity: Build the MachiningRuleLibrary and test the tapping Rule

* Move the mouse over ‘MachiningRuleLibrary’, click MB3 and choose Build.
¢ Test the MachiningRules with Create Feature Process.

¢ Check the selected tools and operations

* Verify thetool paths

At this point it isimportant to understand that Rule Drill_STEPIHOLE Direct is
used for machining afeaturethatisa‘final’ manufacturing feature, aswell asfor an
in-process feature. The MachiningRule is the same in both cases.

Defining a * competing’ MachiningRule

What this example intendsto explain
We will define aMachiningRule for reaminga STEP1HOLE.

In addition to the previous examples, you learn the basics of ‘ competition’ between
two or more MachiningRules having the same More Worked Feature class. The
Reaming Rule you are going to create in this exercise is an alternative for Drilling
and can be seen as a‘ competitor’ for Drilling.

The competition between MachiningRulesiis controlled using the Machinin-
gRule.Priority together with the MachiningRul€e's conditions.

The MachiningRule.Priority isanumerical value which determines the relative
priority of the MachiningRule, compared with other MachiningRules, producing
the same More Worked Feature. The priority defines which MachiningRule will be
tried first, when there are alternative MachiningRules to machine the same feature.
Generally, we recommend to give cheaper MachiningRules a higher priority than
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Defining a ‘competing’ MachiningRule

expensive MachiningRules. This way we can be sure the system will try cheap
MachiningRules first and only when these cannot be applied (because of Applica
tion Criteria) try the next more expensive MachiningRul e etcetera. See “How Oper-
ation Selection works’ on page 39.

30 minutes.

Explanatory picture

mwf STEP1HOLE
S

lwf TEP1HOLE
tool =CHUCKING_REAMER
oper =REAMING

Mame Rearm_STEPTHOLE

Conditions

Application Criteria

We will test on the side roughness of the STEP1HOLE, and on the diameter tol-
erance bandwidth.

REM Application Criteria
roughness_value(mwf.SIDE_ROUGHNESS 1) >= 0.8
$$ Feature has a too smooth surface for reaming.

IT class_I1SO(mwf.DIAMETER 1,mwf.DIAMETER 1 _UPPER,mwf.DIAM
ETER 1 LOWER) >= 6

$$ IT class Diameter_1 cannot be achieved.

Tool attributes

tool.Diameter >= mwf.DIAMETER_1 + mwf.DIAMETER_1 LOWER
tool.Diameter <= mwf.DIAMETER_1 + mwf.DIAMETER_1 UPPER
tool.FluteL ength > CEIL (mwf.DEPTH + constant. Thru_Hole Clearance)
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Defining a ‘competing’ MachiningRule

Less Worked Feature attributes

IwfF_.DIAMETER 1 >= mwf.DIAMETER 1-
constant.ALLOWANCE_REAM_MAX

IwfF_.DIAMETER 1 <= mwf.DIAMETER 1-
constant.ALLOWANCE_REAM_MIN

Iwf_DIAMETER 1 UPPER = 0.2
Iwf_.DIAMETER_ 1 LOWER = -0.2
Iwf.SIDE_ROUGHNESS 1 = “12.5”
Operation Attributes

oper.Maximum_Depth_Distance = mwf.DEPTH + constant. Thru_Hole Clearance

oper.Through_Clearance = constant.Thru_Hole Clearance

Constants

We introduced a new constant. ALLOWANCE_REAM_MAX inthe Less
Worked Feature Attributes conditions above. So we must declare this one, with a
default value = 2.

Similarly, declare constant. ALLOWANCE _REAM_MIN with adefault value =
1

Materials and Machines
MachiningRuleisvalid for all Materials and all Machines.

Explanation

Please enter an explanation text in your own words.

I mage

Also for this MachiningRule you can find a picture in the training CD.
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Defining a ‘competing’ MachiningRule

Activity: Reaming a SteplHole

AF

Copy Rule” Drill_STEP1HOLE_ Direct” by dragging it onto its parent' Machin-
ingRuleLibrary’.

Change the MachiningRul e definition components to match the explanatory pic-
ture.

Since Reaming is more expensive than Drilling we should give Reaming a lower
priority. Give this MachiningRule a priority = 1 and verify thisislower than the
priority of Drill_STEP1HOLE Direct.

Check if the cutter diameter is defined for the CHUCKING REAMER tool class
in the Customization view.

Work on all Tabs, starting with Conditions, and enter the expressions provided
above.

Replace the image and delete the Add-ons (all were copied).

When finished, move the mouse over ‘ MachiningRuleLibrary’, click MB3 and
choose Build.

Test the rules on all features with Create Feature Process.(First delete all pre-
viously generated operations, tools and geometry groups.)

Locate file MSAnalysis.lis on your %TEMPY% directory and try to understand
how the reasoning process found a solution for this feature. Observe that
MachiningRule “ Drill_STEP1HOLE_ Direct” isrejected thefirst time because
it cannot achieve the required surface roughness.

: 11 (STEF1HOLE_2]
4 1 Dril11_STEPLHOLE_Direct
[4] Condition 1 ¢ <annot achiewe roughness on s
E @ Ream_STEF1HOLE
& @ Drill1_STEF1HOLE_Direct

Then Ream STEP1HOLE isthe next in the priority list and it isapplied. Thein-
process geometry isthen made by “ Drill_STEP1IHOLE_Direct” .
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Minimizing the number of different tools

Minimizing the number of different tools

What this example intendsto explain

We will define aMachiningRule Drill_STEP1HOLE_Big for drilling up abig
STEP1HOLE with a Diameter larger than 25. Such STEP1HOLE needsto be
pre-drilled. The size of the pre-drill hasto be within arange with alower- and
upper boundary.

In addition to the previous examples, you learn the basics of working with ranges
for in-process geometry and the NX capability to choose the in-process dimensions
such that the total number of different tools is minimized. We will see that the in-
process dimension is chosen such that we can use a cutting tool that is already used
by another operation.

30 minutes.

Explanatory picture

mwf  =STEP1HOLE
hw =STEPMHOLE
I

‘ tool  =TWIST_DRILL

oper  =DRILLING

Mame Cril_STEPTHOLE_Eig

Conditions

Starting with acopy of “Drill_STEP1IHOLE_Direct”, only afew conditions need to
be changed, these are:

Application Criteria

mwf.DIAMETER_1 > 25
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Minimizing the number of different tools

$$ Rejected because Diameter_1 istoo small
Tool Attributes

No changes.

Less Worked Feature attributes

It is good practice for the in-process diameter to be within 20% and 40% of the fea-
ture diameter. So:

IwF.DIAMETER_1 >= 0.2 * mwF.DIAMETER_1
IwF.DIAMETER_1 <= 0.4 * mwfF.DIAMETER_1

IwfF.DIAMETER_1 UPPER = 0.2
IwfF.DIAMETER_1_LOWER = -0.2

Operation Attributes
No changes.

Constants

No new constant used here. But if you want you can replace the 0.2 and 0.4 by Con-
stants.

Materials and Machines
Valid for al.

Explanation

Please enter atext in your own words.

Thein-process diameter must be within 20% and 40% of the M ore Worked Feature
diameter.

For amwf.DIAMETER_1 = 30 thismeans:

6 <= Iwf.DIAMETER_1<=12
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Thread Milling

Image
Also here we provided a.jpg image on the CD.

Activity: Create MachiningRulefor drilling a big hole

e Drag“Drill_STEP1IHOLE Direct” on its parent' MachiningRuleLibrary’. This
will create a copy.

* Renamethe copy to “ Drill_STEP1HOLE Big”.

¢ Changethe Less Worked Featureto STEP1HOLE.

e Setthepriorityto2

* Work on all Tabs, starting with Conditions, and enter the expressions provided
above. Replace the Image and del ete the Add-ons that were copied.

¢ When finished, move the mouse over ‘MachiningRuleLibrary’, click MB3 and
choose Build.

¢ Test therules with Create Feature Process.

Thread Milling

Thread Millingisnew in NX 7.5

Training material is still under development.

Using functions

What this example intendsto explain

We will definetwo MachiningRules: Drill_chamfered_STEP1HOL E for drilling
a STEP1HOLE with a chamfer starting from a spot drilled pocket, and
Spot_drill for drilling the spot drilled pocket.

In addition to the previous examples, you learn to use some functions available in
the Machining Knowledge Editor.
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Using functions

30 minutes.

&

Explanatory picture

mwt = STEPHOLE
Iwf = POCKET ROUND_TAPERED

tool =TWIST DRILL
oper = DRILLING

Name \Diill_chamfered_STEFTHOLE

We first will define anew MachiningRule Drill_chamfered_STEP1HOLE for
drilling a STEP1HOLE with achamfer starting from a spot drilled pocket. This
MachiningRule can be started as copy from the existing
Drill_STEPIHOLE_Direct. The main changes will bein the less worked feature,
which will be changed to a POCKET_ROUND_TAPERED and we will give the
rule ahigher priority.

Conditions

Starting with a copy of “Drill_STEP1HOLE Direct”, only afew conditions need
to be changed, these are:

Application Criteria

We need to add 2 additional conditions to check for the existance of atop chamfer:
mwf_.DEPTH_TOP_CHAMFER > O

$$ There is no top chamfer defined.

mwF_ANGLE_TOP_CHAMFER > O

$$ Feature has no top chamfer angle.

Tool Attributes
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Using functions

No changes in the copied MachiningRule.

Less Worked Feature attributes

We need to define the shape of the pocket_round_tapered. This shape depends on
the top chamfer parameters and can be described with:

Iwf.DIAMETER 1 = mwf.DIAMETER 1 +
2*mwf.DEPTH_TOP_CHAMFER*TAN(mwf.ANGLE_TOP_CHAMFER)

IwfF.DIAMETER 2 = 0

Iwf.DEPTH=Iwf.DIAMETER 172 * TAN(mwf.ANGLE_TOP_CHAMFER)
Operation Attributes

No changes.

Constants

No changes.

Materials and Machines
Valid for al.

Explanation

Please enter atext in your own words.

Image
None provided.

Activity: Create MachiningRule for drilling a chamfered hole

e Drag"“Drill_STEPIHOLE_ Direct” on‘MachiningRuleLibrary’. Thiswill cre-
ate a copy.

* Renamethe copy to “ Drill_Chamfered STEPIHOLE”.
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Using functions

* Change the Less Worked Featureto POCKET_ROUND_TAPERED.
e Setthepriorityto4

* Work on all Tabs, starting with Conditions, and enter the expressions provided
above.

Explanatory picture

mwf = POC <ET_ROUND TAFPERED

e —+> W =BLANK
BLAMk ‘ A tool = 0T DRILL

oper = SPOT _DRILLING

Harme |Spat_Diill

Next we define a new MachiningRule Spot_drill for drilling the
POCKET_ROUND_TAPERED. Thisrequires anew MachiningRule with as
more worked feature aPOCKET_ROUND_TAPERED feature, alessworked
feature BLANK, atool SPOT_DRILL and an operation class
SPOT_DRILLING.

Conditions

All conditions need to be defined since we are not copying an existing rule.
Application Criteria

We will not need any application criteria as the operation should be used whenever
thereisa POCKET_ROUND_TAPERED.

Tool Attributes

The tool should be large enough for the diameter and have the correct point angle.
Thisis defined with:

tool.Diameter > mwf.DIAMETER_1

tool.PointAngle = 2* ATAN(0.5*mwf.DIAMETER_1/mwf.DEPTH)
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Using functions

Less Worked Feature attributes

The less worked feature isa BLANK feature. We do not need to define any condi-
tions.

Operation Attributes

No extra conditions, so we will use the template settings.

Constants

No constants needed.

Materials and Machines
Valid for al.

Explanation

Please enter atext in your own words.

Image
None provided.

Activity: Create MachiningRule for spot drilling

e Createanew Rule‘Spot_drill” according to the previous description.

* When finished, move the mouse over ‘MachiningRuleLibrary’, click MB3 and
choose Build.

¢ Test therules with Create Feature Process.
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Using TableView to query the MachiningRuleLibrary

Using TableView to query the
MachiningRuleLibrary

What this example intendsto explain

We are able to search MachiningRules by filtering on the Rule Definition compo-
nents.

Estimated 10 minutes.

Activity: Searching MachiningRules with MWF = STEP1IHOLE
e Select TableView configuration Knowledge > Rule

* Activate all Rules of your own Library
¢ Press TableView toolbar button Autofilter

i

Select STEP1HOLE fromthe drop down list.

OutputFeatures
| -

M)

[Cuztom...]
CORMER_MOTCH_STRAIGHT:STEFP1H:
HOLE_ROUMD _STRAIGHT

STEFTHOLE.STEP1POCKET
STEPTHOLE_THREAD
STEFZHOLE

1 CORMER_MOTCH_STRAIGHT

PR il
|
¢ \rify there are 3 MachiningRules with that output feature.
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Using Find and Replace functions

-

Using Find and Replace functions

Estimated 30 minutes.

Activity: Using Find in all Rule Conditions

¢ Deactivate all nodes

* Press MB3 while the cursor isin the Conditions Tab of the first MachiningRule
of your Library.

e Execute Findin all Rule Conditions...
e Enter something as search string, like DIAMETER 2 and press OK.
* \erify if the activated Rule(s) have a condition on the search string.

Activity: Using Find/Replace
* Replace REM by REMARK and find out that both compile OK.

Additional stuff

What this exampleintendsto explain

This exercise prepares us for ‘knowledge acquisition’ that is part of each customi-
zation project and further elaborated in “Machining Knowledge Customization
Project” on page 131.

Estimated 90 minutes.

In case there's still time, create a set of Rules for machining a
POCKET_RECTANGULAR_STRAIGHT feature. In general, defining a RuleLi-
brary requires:

e identifying the feature types that should be covered

* defining possible operation sequences for each feature type

» defining the decision criteriato select between the sequences

defining MachiningRules for each step in the sequence

82

Machining Knowledge Editor Training



Additional stuff

Thisanalysis always starts by questioning the experts on common work practices.
During the process, iterations are often necessary as common work practices con-
tain decision criteria or sequences that are not always clearly and consistently
defined (‘| waysdo it that way’) and sometimes implicitly (‘ Of course, you never
use the same tool for roughing and finishing’). This normally leadsto problems
during testing and to the need of additional criteriato get the right sequences. The
task of the knowledge engineer isto identify possible problem areas and to ask for
additional information in these aresas.

An example of the definition of a set of sequences can be the following (based on
the feature type POCKET_RECTANGULAR_STRAIGHT):

* Finishing isonly necessary if one of the surfaces has aroughness < 6.3

¢ Only the surfaces with aroughness < 6.3 should be finished. This finishing
requires a stock of 0.5 mm.

¢ Bottom and side surfaces can only be finished together if the depth <=5 mm

* If roughing requires more than two passes along the side surfaces, then rough-
ing should be split in to two operations. one with the largest possible mill
removing the bulk of the material, followed by a second operation removing the
remaining material in the corners.

Activity: Create a set of MachiningRules for
POCKET_RECTANGULAR_STRAIGHT features (1)

* Based on the description in the previous section, identify how many Machinin-
gRules are necessary.

* Analyzeif the data is complete
¢ What should a test product look like?

In this specification there are aready lots of unspecified items where additional
information is necessary, like:

e What operation types should be used?

¢  Whichtool classes should be used?

e Canthe sametool be used for roughing and finishing? If not: what is the differ-
ence between aroughing tool and a finishing tool?

* Arethe specified limits general or specific for a certain material?
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Additional stuff

* When only a section of the feature is finished, what is the required distance to
the other surfaces that are not going to be finished in the operation?

* When the operation is manufacturing the corners:. can the tool diameter be equal
to the corner radius of the feature or should the tool diameter be smaller?

¢ When does roughing require more than two passes?

Activity: Create a set of MachiningRules for
POCKET_RECTANGULAR_STRAIGHT features (2)
¢ Define the MachiningRules. Use OperationClass="CAVITY_MILL’ for rough-

ing operations and OperationClass="FACE_MILLING_AREA' for finishing
operations. Use as Resources="END_MILL_NON_INDEXABLE'.

¢ Test the MachiningRules on a product covering all situations.
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CHAPTER 4

Machining Features from opposite
directions

When both sides of a hole need chamfering

What this example intendsto explain
Estimated 60 minutes.

It can be necessary to machine afeature from opposite directions, for instance when
chamfering both sides of athrough hole. That requires an operation chamfering the
top of the feature and an operation chamfering the bottom of the feature. These
operations can come from opposite directions.

Currently, with the Machining Knowledge Editor, we cannot define the operation
direction. Thisis done implicitly through the vector attribute orientation_d of the
feature. Consequently, when a feature needs to be machined from two directions,
the feature should be split in two features each with their own (opposite) direction.
Once the feature has been split, the created features will be solved using normal
MachiningRules.
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Machining Features from opposite directions

Creating aruleto split features

i
This section explains the definition of a
MachiningRule which splits a feature into N
two features each with their own (opposite)

L

direction. Thisis described with the example
of chamfering athrough holefrom both sides.
In this case the feature will be split in two:

A
N

* A section which will be used to drill the
hole and to chamfer the top of the hole.

¢ A section which will be used to chamfer
the bottom of the hole.

Splitting the original feature in two sections is accomplished by defining a
MachiningRule in the knowledge editor with the following definition compo-
nents (see screenshot below):

i [T [ ol =r_WIH [ =T EET TR
| o | [ e =TI kot L]
| e [rony ey [

e OperationClass: DummyQOperation. Thistype of operation does not require a
tool and will not show up in the final operation sequence.

¢ OutputFeatures: the complete original feature. In this example the hole with
chamfers on both sidesis recognized asa STEP1HOLE.

¢ |nputFeatures. the different featuresin which the original feature is split. All
features should be separated by commas. In this example the top sectionisa
STEP1HOLE and the bottom sectionaPOCKET_ROUND_TAPERED.
The sequence of classesisimportant for the conditions: the attributes of thefirst
InputFeature can be accessed with Iwf_1., the attributes of the second with
Iwf_2., etc.

* Resources: Should remain empty with a DummyOperation operation.

e Priority: If thisrule should be considered as first operation then the priority
must necessarily be high.
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When both sides of a hole need chamfering

Defining the conditions

The decision when to use this MachiningRule is at first sight smple: there hasto
be a bottom chamfer, otherwise it is not necessary to chamfer from the back side of
the feature. This can be defined with the following Application Criteria conditions:

mwf.DEPTH BOTTOM _CHAMFER 1 > O
$$ This feature does not have a chamfer on the back side

mwf.ANGLE BOTTOM CHAMFER 1 > O
$$ This method does not support rounded chamfers

The main portion of the conditions will be the definition of the InputFeatures. The
definition uses anotation using Iwf_1, lwf_2, etc where the number is the position
of the feature in the InputFeatures field. In the example Iwf_1 will be the
STEP1HOLE, Iwf_2isthe POCKET_ROUND_TAPERED.

In the example, the position and orientation of the STEP1HOLE are the same as
the position and orientation of the original feature. As this operation has multiple
InputFeatures, the software will not automatically copy the attributes from Output-
Feature to InputFeature. Therefore all InputFeatures attributes have to be explicitly
defined. The position and orientation of the STEP1HOLE have to be defined
explicitly with the following conditions:

REM Iwf top feature has the same position as mwf feature
Iwf_1._.X_POSITION mwF._.X_POSITION
Iwf_1.Y_POSITION mwF.Y_POSITION
Iwf_1.Z POSITION mwF.Z_ POSITION

REM Iwf top feature has the same direction as mwf feature

Iwf_1_X ORIENTATION_D = mwf.X_ORIENTATION_D
Iwf_1.Y_ORIENTATION_D = mwf.Y_ORIENTATION_D
Iwf_1.Z ORIENTATION_D mwf.Z ORIENTATION_D

Also the other attributes of the STEP1HOLE have to be defined as nothing is
copied automatically:

REM set the depth of the Iwf top feature

Iwf_1.DEPTH = mwf.DEPTH

Iwf_1_.DEPTH_LOWER = mwf.DEPTH_LOWER
Iwf_1_.DEPTH_UPPER = mwf.DEPTH_UPPER
Iwf_1.DIAMETER_1 = mwF.DIAMETER_1
Iwf_1.DIAMETER_1 LOWER = mwf.DIAMETER_1 LOWER
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Machining Features from opposite directions

Iwf_1.DIAMETER 1 UPPER = mwf.DIAMETER 1 UPPER

The exception is the definition of the lower chamfer. The new feature should not
have a bottom chamfer. If it had, the reasoning engine would get in an infinite loop.
Not having a bottom chamfer is defined by:

REM remove the bottom chamfer from the Iwf top feature
Iwf_1_ANGLE BOTTOM_CHAMFER 1 = O
Iwf_1_DEPTH BOTTOM_CHAMFER_1 = 0O
Iwf_1_RADIUS BOTTOM_CHAMFER 1 = 0O

The position of the POCKET_ROUND_TAPERED is at the opposite side of
the original feature. This position is defined with the following conditions:

REM the position of the lwf bottom feature is on the opposite side of the mwf fea-

ture

Iwf_2_X_POSITION = mwf.X_POSITION + mwF.DEPTH * mwf.X_ORIENTATION_D
Iwf_2_.Y_POSITION = mwf.Y_POSITION + mwfF.DEPTH * mwf.Y_ORIENTATION_D
Iwf_2.7Z POSITION = mwf.Z_POSITION + mwf.DEPTH * mwf.Z_ORIENTATION_D

The orientation of the POCKET _ROUND_TAPERED is opposite from the
original feature. This orientation is defined with the following conditions:

REM Iwf bottom feature has the opposite direction as mwf feature

Iwf_2_X_ORIENTATION_D - mwF.X_ORIENTATION_D
Iwf_2_.Y_ORIENTATION_D - mwF.Y_ORIENTATION_D
Iwf_2.7Z ORIENTATION_D - mwF.Z_ORIENTATION_D

Also the other attributes of the POCKET _ROUND_TAPERED haveto be
defined:

REM define depth of Iwf bottom feature
Iwf_2.DEPTH = mwf.DEPTH_BOTTOM_CHAMFER_1 +
(mwF.DIAMETER_1 7 (2 * TAN(wf.ANGLE_BOTTOM_CHAMFER_1)))

REM define top diameter of Iwf bottom feature
Iwf_2.DIAMETER_1 = mwf.DIAMETER_1 + (2 *
mwf.DEPTH_BOTTOM_CHAMFER 1 *
TAN(mwF.ANGLE BOTTOM_CHAMFER 1) )

REM define bottom diameter of Iwf bottom feature
Iwf_2.DIAMETER 2 = 0




When both sides of a hole need chamfering

Activity: Creating a MachiningRule for splitting a STEP1IHOLE feature
with back chamfer

* Create a MachiningRule with Rule definition components as described above.
Complete the conditions for all InputFeature attributes.

e File> Build... when you're ready.

Testing therule

You may have to design your own model for testing thisrule. A simple block with a
thru hole that is chamfered on both ends will do. Create a manufacturing setup for
this part and perform Find Features...

The product has to have an MCS for every machining
direction. Each MCS should be defined with Tool Axis
= +Z of MCS. In this screenshot, two MCS's have

been defined with opposite directions. o

1 @l moges e

-

In case the dialog on the MCS does not show the Tool
Axis box asin picture below, you must use mb3
Object > Customize... on the MCS object and add
ToolAxisto the dialog.

Tool Axis

Activity: Test the Rule for splitting a STEP1HOLE feature with back
chamfer

* Define the necessary MCS abjects for the test model, as below.

&  Operation Navigabor - (ameiry
Man &
| GEOMETEY
g Umaised It
B WORKPECTE
& pcs _ToP

£ mcs_poTTOM
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¢ Run Create Feature Process...

L4l | Create Feature Process |o | — | X B3

Type A
[Rule Based m
Knowledge Libraries M
- (7] &g Machining Knowledge

i g MillDrill

(4 Turing

O 4g wireEDM
Location A

Ceometry |Aum matic |E

* Inthe Location box, choose Geometry = Automatic.

The Automatic allocation to Geometry moves the operations under an MCSif they
match the MCS direction. The MCS's aretried in atop-down order. Operations that
cannot be moved under MCS 1 are subsequently tried under MCS_2 etc.

e PressOK

Theresult for afeaturethat is —_—
split looks like right picture. @ Operation Navigaos - Geomemry
(With operations generated.) Mam e
Note that the dummy operation | “F7METEY
Split_back_Chamfer S1H isnot I T
areal operation and will there- =4 WORKIRECE
fore not appear in the Operation = B mcs_Top
Navigator. = [l STEFHOLE

¥ - sPOT_DRILL_1

= B MCS_BOTTOM
= {l =TEPIHOLE 1
o k- SPOT_DRILL_2

i ..‘. DEILL_CHAMFERED_STEF1 HOLE




Drilling a deep hole from opposite directions

Drilling a deep hole from opposite directions

Deep holes can be too deep to be drilled from a single direction. A solution can be
to drill from two directions. This section elaborates on that.

Adding aface attribute prior to Find Features...

You can manually add an attribute to amodel face. This attribute and its value will
be picked up by command Find Features... and will appear as afeature attribute.

-

| Face bwd

¢ Choose selection class Face

¢ Click MB3 on a model face and choose Properties.

Title Value
[eacevE_T|[v=3
[ Type | Sering E_
I o Saleck from List..
1\!& X
£ e [ o= appty || Cence

W Cind PHl Associated 12
Make York Part
& Edit Display...

e Enter the Title and Value fields as shown above and press Apply or OK.

¢ Execute command Find Features
and find back the face attributeas =~

a feature attribute. | ATrribuse Vakue

Another convenient way of adding attributes to model faces and featuresis by fea
ture tagging. See the NX help and command finder with keyword tag.
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Testing the value of a Feature Attribute

We introduced afeature attribute MACHINE_TWO_SIDED, type String, with
value Yes or No.

This attribute and its value can be assigned to a model face prior to command Find
Features... or viatagging.

It can also be added automatically using a Knowledge Fusion function. See “ Auto-
mating 2-sided machining using the KF functions added in NX6.0.3” on page 95.

The value of the attribute (YYes or No) can be tested by a dummy rule which splits
the feature when Yes. When No, the rule will be rejected and there will be no split-
ting.

Adding MACHINE_TWO_SIDED to the customization

When we want to test the attribute value in the MKE, of course the attribute must
be available. Thisisaccomplished by adding it to the customization.
(MACHINE_TWO_SIDED is not a standard attribute of the features.)

Activity: Adding an Attribute to the Customization

*  With MyRules.xml loaded in the MKE, choose View > Customization
* Drill downto STEP1IHOLE

M ame

= 'my Featuresz
m BLAME
m, CugtomerFeature
=l 'my DiillkdillF eature
4 my |dentifiedFeature
= 'my ParametricFeature
+-'m CORMER_MNOTCHES
+- 0, GROOWES
+-'m HOLES
+-'m, POCKETS
+-'m SIDE_MNOTCHES
+-m 5LOTS
- 'my S5TEP

CRC A STEFTHOLE

92



Drilling a deep hole from opposite directions

¢ Inthe attributes window, click MB3 and choose Add...
* Enter the Name and press OK.

Options dialog

K

Add Aibute |

Froperty " alue

E Identification
Mame MACHINE_TwWO_SIDED
Dizplay M ame

E Definition
Type Sting
Nirnensinmn Sinnle

¢ You see the custom attribute underlined and in a different color.

MACHINE T'w0O SIDED  MACHINE Tw0O SIDED

¢ Note that the attribute will be
inherited by all children of the
STEPIHOLE

- STEFTHOLE

= "a) STEPZHOLE

* Save MyRulesxml s, STEPZHOLE_THREAD

=" STEP3HOLE

"s) STEPTHOLE_THREAD

String

"s) STEP3HOLE_THREAD

=-"a) STEP4HOLE

‘s STEP4HOLE_THREAD

+- '] STEPSHOLE

With the attribute available, we can test it in aMachiningRule.
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Creating aruleto split afeature

This MachiningRule can be a copy of the Split_back_Chamfer_S1H we created
earlier.

—
.
miwT it _1

I T

Hame [Sp#_STH_nio_25TH  DuipuFeshuss [med] |[STEPLEOLE
D pestionClas: jope | |['l.'.|'.|'.'\_.':|:e:|.'.5l; icn  |rputf eabures [kd | |‘HTI-ZI-"I ROLE . STEF1HOLE
Pricrity {100 Resowce: [lool) [TWIST_ORILL

However, we need to change a few things. The Iwf features are both
STEP1HOLE. And in the conditions we need to have the following:

REM Application Criteria

is_defined(mwf.MACHINE_TWO_SIDED)

$$ Attribute MACHINE_TWO_SIDED has no value or does not exist on the fea-
ture

mwf.MACHINE_TWO_SIDED ="YES'

$$ Attribute MACHINE_TWO_SIDED exists with value other than YES.

REM LessWorked Feature Attributes

These conditions are a bit different too.

Both STEP1HOLE features need to keep the same diameter as the original.
The position of Iwf_2 will be at the bottom and its orientation reversed.
The depths will be half the original mwf depth.

The top chamfer attributes of Iwf_2 are the bottom_chamfer attributes of the
mwf.

Both Iwf_1 and Iwf_2 must get MACHINE_TWO_SIDED ="NO " to prevent
another round of splitting.
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Activity: Creating aruleto split a STEP1IHOLE

e Copy Split_back Chamfer_SI1H and rename the copy to Split SIH_into_2SIH

* |nthe Conditions Tab, remove existing application criteria and enter the appli-
cation criteria given above.

e \Work out the LWF assignments as outlined above.

¢ When in doubt you can import the MachiningRule “ Split_SIH_into 2S1H”
from the machining_knowledge.xml into your source file. (Use the Export/
Import eBOP functions)

Activity: Testing aruleto split a STEPIHOLE

* You can use the same steps as described in “ Test the Rule for splitting a
STEP1HOLE feature with back chamfer” on page 89

The result for afeature that is

split looks like right picture. @ Operation Wavigator - Geamenry
(With operations generated.) [ ame
Note that the dummy operation | “F7METE
Split_back_Chamfer S1H isnot & Unused ems
areal operation and will there- = E WORKRECE
fore not appear in the Operation L Mcs_ToP
Navigator. = [N STEPIH

W - SPOT_DRILL_1

= B MCE_BOTTOM
= (M sTEFTHOLE_1
._.-'.u. LPOT D8
o Jk DRILL_CHAMFERED_STEF1HOLE

Decision making through multiple MCSs and
Knowledge Fusion

Automating 2-sided machining using the KF functionsadded in
NX6.0.3

The following KF functions were added to this purpose in NX 6.0.3:
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ug_cam_askOrderedMcsNamesAndToolAxes() [ug_cam_func.dfa]

e Thisfunction retrieves an ordered list of pairs of MCS names and tool axes.
Thetool axis of an MCS is based on the tool axis parameter, if the tool axis
parameter is‘All axes' or when the tool axis parameter is not available, likein
MCS's of turning or wire EDM, the vector (0,0,0) is returned.

e Sampleinput:

& 'Operation Navigator' - Geometry

‘Mame

CEOMETRY
[ 8 'Unused Items

=Y MCS_ALL_AXES
-5 MCS_SETUP11
.1 MCs_SETUP12

-5 MCs_seTupz2

+- M} MC5_WEDM

+-Y MC5_SPINDLE_TURN

Tool Axis A|

Tool Axis {.ﬁ.ll Axes L‘r_-!

+Z of MCS
Layout and Layer Fixed Axis

* Sample output;

{ {*MCS_ALL_AXES’ Vector(0,0,0) },
{“MCS_SETUP11", Vector(0,0,-1) },
{“MCS_SETUP12", Vector(0,0,1)},
{*MCS_SETUP2", Vector(0,1,0) },
{*MCS_WEDM" Vector(0,0,0) },
{“MCS_SPINDLE_TURN”,Vector(0,0,0) }

ug_Tfbm_postCreateFeaturesCustomFunction_MachineFeatures
FromTwoSides() [ug_cam_samples.dfa]

¢ This postCreateFeatures sample function demonstrates how you could decide if
afeature has to be machined from two sides. The function setsa
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MACHINE_TWO_SIDES attribute, which can be used in the Machining Knowl-
edge to create a process accordingly.

e Thissample function uses the new KF function
ug_cam_askOrderedMcsNamesAndToolAxes ( seel). Thissample
only usesthetool axesinformation and the ordered MCS names are only printed
(seed).

Note Make sure that this function is renamed to
ug_fbm_postCreateFeaturesCustomFunction(), soit will be called
upon the OK button of the Find Features... dialog.

The sample code:
#Ht+

Description:
This sample function shows how to decide if a just recognized feature
has to be machined from two sides and sets the MACHINE_TWO_SIDED attribute.

Make sure you rename the function to
ug_Tfbm_postCreateFeaturesCustomFunction(),
so it will be called on the OK button of the Find Features dialog.

H-
Defun: ug_fbm_postCreateFeaturesCustomFunction_MachineFeaturesFromTwoSides(
Instance $instance )
#Defun: ug_fbm_postCreateFeaturesCustomFunction( Instance $instance )
e{
# Get the features to process
$list_features << ug_fbm_askPostCreateFeatures();

# Get the ordered MCS pairs
$ordered_mcs_pairs << ug_cam_askOrderedMcsNamesAndToolAxes();

# Collect the tool axes from the MCS pairs
$ordered_mcs_axes << Loop

{

for $mcs_pair in $ordered_mcs_pairs;

do printvalue('MCS> " + First($mcs_pair) + " -
$mcs_pair ) ) );

+ ug_vectorToString(Second(

collect Second( $mcs_pair );

}s

$result << if ( length( $list_features ) > 0 ) & ( length( $ordered_mcs_axes )
> 0 ) then
Loop
{

# Process all features
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for $feature in $list_features;

# Check if the feature needs to be machined from two sides
for $split_feat is ug_cam_askMachineFromTwoSides( $feature,
$ordered_mcs_axes );

# Set the split feature attribute
do if ( $split_feat ) then ug_fbm_AddfeatureAttribute($fea-
ture,"MACHINE_TWO_SIDED™, "YES")
else ug_fbm_AddfeatureAttribute( $feature, “MACHINE_TWO_SIDED",
“NO™ )

return is true;

else false;

$result;
} Boolean;

Thelogic of ug_cam_askMachineFromTwoSides isalso defined in
ug_cam_samples.dfa. It statesthat the attribute MACHINE_TWO_SIDED issetto
“YES’ when the feature has an alternative machining direction and an MCS with
that alternative machining direction appears in the ordered list of MCS's before the
main orientation. Thisisjust aconvention, so you must create the list of MCS's
with this behaviour in mind.

Defun: ug_cam_askMachineFromTwoSides( Any $feature, List $tool_axes )
e{

# Context information

$feat_name << ug_fbm_askFeatureName( $feature );

# Get the list of accessible feature vectors

$feat_normals << ug_cam_askAccessibleVectorsOfNcFeature( $feature );

# This example only supports two alternative feature directions, default is
no split

$do_split << if length( $feat_normals ) = 2 then
e{
$major_dir << First( $feat_normals );
$alt_dir << Last( $feat_normals );

printvValue( $feat_name + "> Major direction -
$major_dir ) );

+ ug_vectorToString(
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printvalue( $feat_name + "> Alternative direction - " + ug_vectorToString(
salt_dir ) );

# First check if the alternative feature direction is available, if not do
not split

it member( $alt_dir, $tool_axes ) & member( $major_dir, $tool_axes ) then
e{

$major_index << Position( $major_dir, $tool_axes );

$alt_index << Position( $alt_dir, $tool_axes );

# Check if the alternative feature direction is before the major feature direc-
tion,

# 1T so split the feature otherwise do not split the feature
it ( $alt_index < $major_index ) then
true
else false;
¥
else false;
3
else false;
# Function result
printvalue( $feat_name + "> Split feature = " + StringValue( $do_split ) );
$do_split;

} Boolean;
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* Post_feature recognition functions from the current online help:

W] Fawias pume mucarey
-U-r-'rr-
-I:uhﬂm i R R
E_'Illh_ markeas aang Kros pdge Paeon
B B e S
B reu Sere optors:
B Hoarranrg wes Hes Ui

e P p e e R
I o s g P e P
] i T (K| B a0 Furaora
Rl rciora fox briver semewxe

B Rl b mrgies eckoes.
Bl s cpwr_wsaf ewursdirinin’duhon| |

Post feature recognition functions

Drearviens How To Dptions Related Topcs

The BF funcians g Ehs pastCreacefeatusesCosrosFfunseisn || andwng fes poscCeaataFearuees ||
o Frad By The gt setogrilion reaull Based an the blawrng

Cool o ug_fbm sakFestareColorai)
Dimensipes uq'_fl.-n_ll'l'l'rl:::'ql.::r:'l:ut-l-"-"l'.':l il
Type uy_fom askFeatureType (), @ fbm secFeacurelype

Hame uy_fba askFestaredsme ug Chm serFeaTarefsme

Afrbulas  ug FEs asEfeatusalPEribites ], g fEa AdAfeatusalEEributai)

=g _f=_poscCrestsfesacures || definas 1he datzh behawal Huq’iﬂ:l: FortCresaceTencooesgetoxlunsT:

Checking for tool availability

Another, perhaps more tricky, use of the DummyOperation typeiswhen it can
help us to decide if we can machine a very deep thru hole from both sides. When
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Checking for tool availability

the hole is very deep we can split it up in 2 holes. This only makes sense when we
know thereisatool long enough to machine at least half the depth. If no such tool
exists we do not need to split up, since we will not find a good solution anyway.

For this purpose we can create a DummyOperation with atool. When thereisadrill
with adiameter equal to the feature diameter and alength greater than half the fea-
ture depth, the rule will set Iwf.machine_two_sided to Yes. So, the actual splitting
of themwf into 2 Iwf’sis not done by thisrule, it merely sets the Iwf attribute
which means “I can be split up in two”.

- — —
| -="'—"'="’-

il Iyl o pohird_Tvwo jadsd = Veg wil_1 Iwel_3
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Machining Knowledge Editor Exercises Part 2: Turning

Feature Based Turning
This chapter shows the new capabilities of NX 7.5 in Feature Based Turning.

You can now create Feature Based Machining processes for Turning. The workflow
isidentical to feature based milling and drilling. The standard Feature Based
Machining installation includes an initial set of predefined Turning featuresthat are
recoghized, and the Manufacturing Rules for these features.

The set of predefined Turning features includes:

« TURNING_GROOVE_ID
« TURNING_GROOVE_OD
« TURNING_GROOVE_FACE

Future versions of NX will offer tools for easy definition of additional types.

Feature Recognition

¢ Loadthecam sample fom 2 mm.prt
e Sart Manufacturing if necessary.

e UseCtrl_Shift+K or the command icon -7 in the Tool Bar to make the
wor kpiece solid model visible.

¢ Click on the Machining Feature Navigator icon. = . The MFN comes up.
('hint: when you double click the icon, you can dock the MFN)
* Inthe MFN, right click in the background and choose

, @@ 'Find Features...

* Indialog box Type, select Parametric Recognition.

* Indialog box Geometry to Search, select Workpiece or All Geometry. Note that
the number of entities changes from 1 to 39. Both will work.
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* Indialog box Features to Recognize,
first deselect all by deselecting the top node, then select only Turning in the Fdl-
RecognitionRuleLibrary.

Features to Recognize A
#- %y TURNING A
# []%y weDM =

e Click the Find Featuresicon in the lower right corner of the dialogue.

Find Features

* The Recognized Features shows 6 features ( 2 of each type that is currently rec-
ognized automatically) .....

Features Feature Type

'Features

=@ turning_part_demao
" TURNINC_CROOVE_FACE_1 TURNINC_GROOVE_FACE
%" TURMNINC_CROOVE_FACE_2 TURNINC_GROOVE_FACE
" TURNINC_CROOVE_ID_3 TURNING_CROOVE_ID
" TURNINC_CROOVE_ID_4 TURNING_GROOVE_ID
" TURNING_CROOVE_CD_S TURNING_GROOVE_CD
" TURMING_CROOVE_CD_B TURNING_CROOCVE_OD

¢ Click OK to accept the result.

* |naddition to the turning features, you will find a STEP1HOLE that was
already recognized before.

* Browse through the new TURNING features one by one. When you select a Fea-
turein the MFN, its faces are highlighted in the selection color. Note: the
TURNING_GROOVE_ID faces are inside the model.
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Operation Selection

Hide the model geometry by pressing Ctrl + B and select the body, or use the

Show/Hide command icon - T in the Tool Bar.

Press Ctrl + Alt + T for an orthogonal view on the Workplane.
In the Machining Feature Navigator, select all Features, right click and execute

Create Feature Process. ..

In the Create Feature Process dialog, verify the Typefield is set to Rule Based.
In the Knowledge Libaries dialog box, select Turning and click OK.
Knowledge Libraries M

=] §# Machining Knowledge
C1d@ minoein
R Turning
CJd@ wireEDM

In the location dialog box, choose turning_workpiece.

Location A

Ceometny |TURNINC_WDRICP

Press OK in the Create Feature Process dialog. NX will now automatically
select operations for the selected turning features.

Select the TURNING_GROOVE_FACE feature on the left side of the product.

This feature cannot be machined in the current setup.

Execute command Find Related Operations on this feature.
——— ]

L' TURNING_CROOVE_FACE_2 ] - )
1, Find Related Operations

il T IRRIRLT SRSASLIT I T3

In the Operation Navigatir, switch to Program Order View and move the opera-
tion to the Unused Items folder.

Select the Program folder and execute command Generate Tool Path.
Verify the Tool Path with 2D Material Removal switched on.
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Machining Knowledge Editor

Part 2 of this demo lifts the curtain on how these automatic results came into exist-
ence, and where you could edit them if desired.

e Sart> UGSNX 7.5 > Manufacturing Tools > Machining Knowledge Editor
* File> Open.
*  Sdlect machining_knowledge.xml and press Open.

. - 5] Machining Knowled El Recog
* Click on the Machining Knowledge Tab seiial vtz -

e Expand Turning library and select rule Rough_Groove OD.

M ame
- E tachining Knowledoe
+-CFE] MillDill
-] Turning
Rough_Groowe_0D
Rough_Groove_ |D
Rough_Groove_Face
CenterLineSpatDnll
CenterLineCrillBrkChip
Bore_S1H
+ -7 wireEDM

A NN NN

¢ Click on the tab Add-ons.
* Sdlect the add-on of type GeometryParent and class CONTAINMENT.

hanme | tupe | clasz |
COMNTAINMENT

[aeometFar...

* Ontheright hand side you see the definition of the axial and radial contain-
ment, which can be expressed using the parameters of the
TURNING_GROOQOVE_OD feature.

mwl DEETH _TOF_LCHEHFES = TaM|(mwl. GNGLE U
awl O _DIAMETER: 2

| mul  LEMGTH + mwi DEFTH_TOF_THAMEER = TAH
1 mul O _DIAMETER 2

_"_
Bl =
L

Fd =
——

wil . T_OIAHETER-1

=l
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* This specifiesthe axial and radial containment limits for the turning operation:

¢ Click on the Conditions tab to inspect the conditions that were defined for Rule
Rough_Groove OD.

Conditions |Eunstants| Materialsl Machinesl E:-:planatiu:unl Imagel Deu:u:uratiu:unsl

oper . Eetract_Flunge Auto_Mode ="Clear Walls"

oper . Start_Statu=s="Specifv"

oper . Start_of Engage Method ="Clear Axial ——: Direct”
oper . Turn_Avoidance Start_Mode ="Delta’

oper . Turn_Avoidance Start_Distance Type="Delta Howve"
oper . Turn_Avoidance Start_Delta X = 0
oper . Turn_Avoildance Start_Delta ¥ = —({mwf O _DIAMETER — mwf. L

Note that the Non Cutting Moves (NCM) for the turning operation are attributes
of the GROOVE_OD operation type.

¢ Choose View > Customization in the menu bar.

* Expand the customization tree until TurningRough like this:
= B Operations

- W DiilBase

----- B Dummydperation

- W MilBase

= TurningB aze

b M Turningdsiliary

TurningCenterDril

TurningContral

TurningFinizh

TurningR ough
i @ FACING
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* Theright-hand side of the customization view displays all attributes for the
TurningRough operations which include GROOVE_OD.
Click once on the Display Name column header to sort alphabetically on Dis-
play Name.

Atribube Dizpiery Pz

furdi Geimcdlarce Deborn Ak Tag Path Satbaregs - o b Cullieyg Mersin s D luee -5 Mot 00 Bt un Poend || Ol s
Sinml_ Pt Poasd Path Selbareys - o b Cullite] Mereid < Daifuir luri = VR 00 Pt e Poend || Ol
Turn_dwodarce_Rebon_Dubarce Teps Path Setbwregs - o beon Culiieg Moress = Dapariure = Moo 1o Fustunn Poant || Clearsn
Tiarn_gvoedarce_Retum_Hods Path Setterds - > Kon Culing Moress o Daiartue e -0 Mo (o Fstunn Poent | Chearsr
Fabun_Hethcd Path Settarags - > Kon Culting Mosses -2 Daartuee - Motion (o Rstunn Posnt | Chearar
Foatisn_Stabss Path Settinegs - o Mo Culfing Moises -2 Dapartrs - Motion (o Pt Pont | Clearsr
Turn_iwobdsrce_Rebam_Deln_Y Path Settinegs - o Mo Cutting Mowes - Departure - & Motion (o Fetun Pant | Csaren
Tupn_ireobdsrce_Rebam_Delts_% Pasth Sattinegs - = Bon Cutting Moves - Daparture - = Motion (o st Point | Clearen
Turn_ienidarce_Sebom_Cihsros Fsth Sattings - = Mon Cuiting Moses -2 Deparbues - = Moltion fo Rstunn Poenk | Clearsn
Tipn_frevbclgras_Sabrm il Vs Pusth Satbirags - = Won Quthing Morses - Dagartues - = Motion to Rstunn Poent | Clearar
Tt FOERE Sk Faih Satirns - = ln CodtHon Reesss -0 Memerhes -5 Biofioe Bn oo Poinf -5 Seesr

Thisfield is used to display the path in the OOTB NX user interface dialog for
each operation Attribute. It helps the knowledge engineer in finding the NX
operation Attribute when the place in NX user interface is known and vice
versa.

* Close the customization view by clicking the x|,
¢ Exit the Machining Knowledge Editor.

End of short demo of Feature Based Turning.
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Color and Attribute Features
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Color and Attribute Features

Face color and attribute recognition
What is it?

You can specify any combination of face colors and face attributes to specify
regions of a solid body or sheet body for feature recognition. Face attributes may
also include avalue that could determine or influence the recognition result.

Why should | useit?

You can use color and attribute recognition to help specify regions for machining
that may be difficult to recognize by topology or shape.

Wheredo | find it?
Machining Knowledge Editor > Customization view.

Below you find an example of

* how afeatureis declared,
* how to define arecognition rule and
* how to usethesein NX 7.5 Feature Based Machining.

Declaring a new " Color & Attribute" Feature Type

e Sart> UGSNX 7.5 > Manufacturing Tools > Machining Knowledge Editor
¢ File> Open

¢ Select machining_knowledge.xml and press Open.

* Choose View > Customization

e Expand Wedm Feature, right click and choose Add Class...
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Face color and attribute recognition

Mame

= 'm) Featurez

“m) BLAME

s CustomerFeature
“u) DrillMillFeature
“m) TurmningFeature
[ ]

- LA

+

+

Fa PDW_| Add Class ... |

Note you can Add Class anywhere in the tree, WedmFeature is just an example.
* Inthe Add Class dialog, enter Name = MAGENTA and press OK.

Options dialog b__q
Add Class ]

Property W alue

El Identification
tame MAGEMNTZ,

E Defimtion
Abaztract Falze
Free Shaped Falze
Surface Falze

k. | Cancel

* Afeature of type MAGENTA is declared. You recognize that it's a customer
defined feature by the underlined type name and the dark blue color.
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Color and Attribute Features

* Right clickin the attributes area (right part of the screen) and choose Add... to
add an extra attribute to the feature class. Give it any name you like, and choose
the rest of the fields as shown in this example:

Options dialog [‘S__<|
Add Attribute ]

Property W alue

E Identification =)
Mame MY _LOGICAL_ATTRIB
Dizplay Hame

B Definition
Type String
Dirnenzion Single
Enumerate Type Boolean - J

e Pressthe Saveicon [

* Dismiss the Customization view window by clicking the * in the upper right
corner of the screen.

This concludes the declaration of anew Color& Attributes feature type.

Defining a Recognition Rulefor the new Feature Type

* Click on the Recognition Tab Recogrition
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Face color and attribute recognition

* Create a new Library node by right clicking the upper node and choose New...

Multiple Class Selection E@

M arne | Arnount |
O &, ColorandattributeR ecognitionR ule 1]
[ &, RecogritionFule 0
[ FecogritionRuleLibrary

* Renamethe new Library to "C& A Recognition Rule Library"
O Cia Hecu:ug;itinn Rule Librany

¢ Create a new ColorAndAttributeRecognitionRule under the new library.

* Rename the Color AndAttributeRecognitionRule* to MyMagentaFeature. (You
are free to choose any name.)

ET
--1¥8) Recogrition
+ DE FdIR ecognitionBuleLibran
= DE CEA RecognitionFuleLibrany
mf B bdykd agentaFeature

* Inthe Definition Block, select the previously declared Feature class MAGENTA
from the drop down list.

E Definition
Y E= kd yhd agentaF eature
Feature class MAGENTA |
Pricrity Y

—_ o -

* Inthe Face grouping block, leave Face grouping at Connected faces. This
means that the faces of a recognized feature of type MAGENTA must be con-
nected.

E Face grouping Connected faces
Face grouping Connected faces |
Surface types Single face

Connected faces
Al faces

E Edge types
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Color and Attribute Features

* Inthe Surface types block, check Plane, Cone and Cylinder. This means that the
faces of a recognized feature of type MAGENTA must be of one of these Surface

types.
B Surface types Flare, Cone, Cylinder
[v Plane
[« Cone
[« Culinder
[T Tous
[~ Sphere
[ Other

* Inthe Edge types block, mark all connection types. This means that all connec-
tion types are allowed. (Thisis only meaningful when option 'Connected faces
was chosen previously, which we did.)

E Edge types

EH General Smooth
[+ Smooth

E Convex Blunt, Perpendicular, Sharp, Smoath
[« Blurt
[« Perpendicular
[« Sharp
[v Smooth

EH Concave Blunt, Perpendicular, Sharp, Smoath
[+ Blunt
[« Perpendicular
[« Sharp
[v  Smooth

* Create a condition that requires the feature's faces to be of color magenta..

B Conditions
B Condition COLOR =181
Aftribute COLORA -
Operator =
W alue 181

This condition means that each face belonging to the feature must have display
color = 181.
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Face color and attribute recognition

Note The value (=181 in this case) corresponds to an RGB value set and a color
name as defined in the Color Definition File used by the Part.

* Right click in the header area or hit the Insert key to add a second condition.

B Conditions
E Condition
Altribute

-

| L1 Add Condition Ins

e Satethat MY_LOGICAL_ATTRIBUTE must be'true’ by selecting fromthe drop
down lists.

B Condition MY _LOGICAL_ATTRIBE ...
Attribte My _LOGICAL_ATTRIB
Operator =
W alue frue

This condition means that each face belonging to the feature must have a Face
Attribute named MY _LOGICAL_ATTRIB having value = "true".

Note If aface has no such attribute or it has but its value is not "true" then it will
not be in the recognized feature's face list.

¢ Savethe xml source file by pressing =

This concludes the definition of the recognition recipe named MyMagentafor a
feature of type MAGENTA.

Recognizing MAGENTA

CA_Slide.prt can be downloaded from the FBM mycommunity site. When you
have no access, send an e-mail to machining.support.plm@siemens.com requesting
CA_dlide.prt and you will receive the part viae-mail. In fact every model with
color attributes can serve to recognize a feature of type MAGENTA.

e SJart NX

e Load CA Side.prt

e Sart Manufacturing if necessary.

¢ Open the feature navigator

* Right-click and choose Find Features...
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Color and Attribute Features

* Inthe Type box, choose Parametric Recognition

* Inthe Geometry to Search box, choose All Geometry

¢ Inthe Features to Recognize window, check MAGENTA

* PressFind Features

* Press OK and select the recognized feature.

* Notethat MY_LOGICAL_ATTRIB is one of the feature's attributes.

* Also note that one of the cavity's facesis not part of the feature: when you select
the feature, this faceis not highlighted in the selection color.

* Sdect thisface, right click for the Properties and you see why:
¢ Changethevalue of MY_LOGICAL_ATTRIB to true.

¢ Delete feature MAGENTA 1.

* Right-click and choose Find Features...

* \erify that the recognized feature has al faces of the cavity.

Machining Direction of C& A Features

InNX 7.5, thedirection of C&A features is chosen arbitrarily. In many cases this
will result in awrong direction. We can manually adjust the direction by supplying
the correct values for the depth orientation vector, as done in screenshot below:

Details

Attribute Walue Owerridden | Original Value
X_ORIENTATION_D 0.0000 & 1.0000

Y _ORIENTATION_D 0.0000 0.0000
Z_ORIENTATION_D 1.0000 «F 0.0000

Machining Rules for a Color & Attribute feature

There is no difference between a parametrically recognized feature, and identified
feature and a C& A feature when it comesto defining aMachining Rule. The source
of thefeatureisirrelevant for the Operation Selection module. Therefore, creating a
Machininig Rule for feature type MAGENTA follows the same path as for any
aother feature.
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Machining Rules for a Color & Attribute feature

Exercise: Create a Machining Rulefor a Color and Attribute Feature

¢ Launch Machining Knowledge Editor if necessary and open the
machining_knowl edge.xml source
¢ Create a new Rule under the RuleLibrary

* Further specify the Rule as per this suggestion:

Mame |Mi||_h'1 agenta OutputFeatures [mwf.] |1‘:[f1'3lGE:1“”"f'3L
OperationClazs [oper.] |':A?ITT_HII-I- InputFeatures [lwk.] |ELAHK
Fricrity 1 Resources [tool ] |END_MILL_HON_IHD

¢ Choose a tool with a Diameter that is small enough to machine the corners:
FEM Tool Attributes

tool Diamster < 8

Note we used a constant named mm here
with value = 1. This makes the condition Fule Constant |
valid for inch parts too.

e File> Build... M arne; i
¢ In NX, Create Feature Process... on fea- Default value: |71
ture magenta.
e \erify the result,as below: Tupe: |double
. ich ta mm factar: | 25.4
= ¥ WORKPIECE

= I?:: MCS Explanation 1 milirneter

= ({[) MAGENTA

8 MILL_MACENTA
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CHAPTER 7 Wre EDM

content for wedm is still under devel opment
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Wire EDM
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CHAPTER 8

Feature Mapping

Feature Mapping is a powerful capability enabling usto transform features immedi-
ately after the NX command Find Features before they appear in the Machining
Feature Navigator. Feature Mapping is treated in this tutorial since mapping rules
are created with the MKE, very similar to machining rules.

MX Part

Identification / Legacy Recognition |

| Parametric Recognition

Legacy Features Intermediate Parametric Features
UGF, SIMFLE_HOLE, Machining STEFTHOLE,
RECTANGULAR_POCKET CORNER_NOTCH_STRAIGHT]
I - Features - T -

Configurable Feature Mapping

il

& Machising Fraters Ravigatod

Final Machining
Features as
presented to the
user

Femierr Hamw ey Growp atun

THELADED SMPLE_FOLE &
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Feature Mapping

Using Feature Mapping -case 1

The route sketched on the right-hand side in the above scheme. Allows customers
who use their private best machining practice to benefit from the improved para-
metric machining feature recognition since NX 6.

* By mapping recognized features to customer specific UDF features.

* So existing automatic process selection can be applied to components that were
not designed using customer specific UDF features.

Using Feature Mapping -case 2

The route sketched on the left-hand side in the above scheme. Allows customers
using UDF based design to work with NX 6 best machining practices even though
these practices do not reference the UDF types.

* By mapping customer UDF features to standard NX parametric features.

Example
The below picture illuminates how a SCREW_CLR_COUNTER_BORE _HOLE
SCREW CLR_COUNTER_BORE HOLE STEP2HOLE

(identified feature) can be mapped to a STEP2HOLE (parametric feature) and vice
versa. Not only the type of the feature is changed by the Mapping Rule, also most
of the parameter values can be deduced. Sometimes parameter values are identical
so they can ssimply be copied.
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Example

Mapping Rules are defined with the Machining Knowledge Editor (MKE) very
similar to machining rules.

M arne -
-I-0¥8 Mapping
—-1f MappingPuleLibrany
® map_SIMPLE_HOLE ta S1H
map_SIMPLE_HOLE to_S1F
map_SCREW _CLRE_COLUNTER_BORE_HOLE ta 52
map_SCREW CLR_COUNTER BORE HOLE to S2P

]
]
]

The Conditions of the mapping rule define how the parameters of the features map

M armie \map_SCREW_CLR_CC  QutputFeatures [mwf.] | SCREW_C
OperationClazs [oper.] |Dumm5r0perat ion |nputFeatures [hwk.] STEFPZHO
Friority | 1.1 Fezources [tool.]

Conditionz l Eanstants] katerialz | Machines E:-:planatin:nn] Image ] .-’-\-.dd-n:nns]

lwf DIAMETER 1 = mwf. C_BORE DIAMETER
lwf DIAMETER_1_UFPER
lwf DIAMETER 1_LOWER

lwf DEPTH_ 1 = mwf . C_BORE_DEPTH
lwf DEFTH_1_LOWER
lwf DEFTH_1_UFFER

on each other.

Note that a mapping rule always has operation class DummyOperation and has no
Resource.
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Feature Mapping

Mapping to Hole or Pocket feature types?

The feature type SIMPLE_HOLE can usually be through or blind. Thereis not
always an easy decision criterium when we want to map this feature to either a
STEP1HOLE or a STEP1POCKET. The same applies to most other identified fea-
tures types.

In the ootb mapping rules we only map an identified feature to athrough hole when
we are sure the identified feature is through. The decision is made on the attribute
DEPTH_LIMIT. Thefollowing conditions must be true:

FEM Application Criteria

iz_defined{mwf DEFTH_LIMIT)

mwf DEPTH_LIMIT = "THRCOUGH BODY" COR

mwf DEFTH_LIMIT "IUHTIL HEXT" CR

mwi DEFTH LIMIT "OHTIL SELECTED"

%% Mapping denied. This feature mav map to a STEPZPOCEL

When DEPTH_LIMIT does not existsor it hasno value or its value is not one of the
three mentioned above, thereis arule to map to a POCKET feature. The mapping
rule to a pocket feature has a dightly lower priority.

Activity: Feature I dentification not followed by feature mapping
* Load the testmodel.prt and delete all operations and features.
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Identification or Recognition

¢ Execute Find Features... on the testmodel

R | FInd Fratures | = 3 [ —

Ty Fa
[=rl!er Awneificatian [
Geomeory to Search S
Sparch Method Worspie e L‘Id_
W Select Ceomerry |11 @
_Feabares to Idendity |

[ Tuse Feanse Name & Type

.D| HAKFEE
A COUNTER_SUMK_HOLE

[l ExTRUDE

B SIPLE_HOLE

¥ THREADED_HOLE

* Inthe Type box, select Feature Identification.
* InFeaturesto I dentify, select the 3 check boxes as in screenshot above. ]
* Pressthe Find Features command icon.

Activity: Feature I dentification followed by feature mapping

¢ Loadthetest model.prt and delete all operations and features.
* tobecompletein 7.5.028 or later

| dentification or Recognition

Feature | dentification

* Re-usesthedesign feature’'s Type and Attributes
e Themodel faces are retrieved from the design feature.
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Feature Mapping

Strength:

¢ Directly re-use information from the Design model
* Nolossof information
¢ No need for “recognition”

Weakness:

* Requires that Designers model with machining features only

* A machining feature must REMOVE materia (arib can not be machined)

e Worksonly for models designed in NX

* Does not work together with Synchronous Modeling

¢ Design features often don’t really define correctly what needs to be machined.

Continue to use Feature |dentification when:

* You work predominantly with in-house designed parts
¢ and the parts have been modeled using UDF's

e and your company is not yet using PMI

* You work with MW and/or PDW

Feature Recognition

* Performs geometrical search against alibrary of “known” feature typesto find
features and their faces

* Performs attribute extraction per feature type.

* Recognitionisnot trivial and can not guarantee 100% perfect results, sometimes
due to feature intersections.

The way to go when Feature Identification is not applicable.

What this example intendsto explain

OperationClass class DummyOperation allows the definition of MachiningRu-
leswithout aTool. These can be used to transform amore worked featureinto aless
worked feature without a real machining operation.
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Identification or Recognition

Estimated 30 minutes.

Conditions

REM Application Criteria: there are none.
REM Tool Attributes: there are none.
REM Less Worked Feature attributes: just copy

Iwf.DIAMETER_1 = mwf.DIAMETER

Iwf.DIAMETER 1 LOWER = constant._.\WF DIAM_LO
Iwf.DIAMETER_1_UPPER = constant.LWF_DIAM_UP

Iwf.DEPTH_LOWER = constant.L\WF_DEPTH_LO

Iwf.DEPTH_UPPER = constant.L\WF_DEPTH_UP

Iwf.SIDE_ ROUGHNESS 1 = constant.achievable Roughness DRILL_Upper_str

REM Operation Attributes: there are none.

Activity: Transformation of classes using a DummyOperation

¢ Create a MachiningRule with MWF SIMPLE_HOLE, LWF STEP1HOLE,
OperationClass DummyOperation

¢ Enter the Conditions as presented under “ Conditions’ on page 129.

* \Wbrk on all Tabs and when finished, move the mouse over ‘ MachiningRuleL.i-
brary’, click MB3 and choose Build.

* Execute Create Feature Process on feature SMPLE_HOLE.

e \erify that the SMPLE_HOLE is machined in 2 operations and the last is the
“ Dummy: Transform” operation.

One of the places where DummyRules are heavily used isin Feature Mapping.
There you can do alot of powerful things like:

¢ Transform legacy feature types like SIMPLE_HOLE into STEP1HOLE.
e Transform STEP1HOLE into feature typeslike SIMPLE_HOLE.

e Interpret user-attributes for tolerance information and translate them into
explicit numerical tolerance values

*  See“Feature Mapping” on page 123.
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CHAPTER 9

Machining Knowledge
Customization Project

This chapter describes the OOTB content, the tasks commonly found in a customi-
zation project and the milestones to be reached.

In the context of thistutorial, the term Customization is used to describe auniverse
of

¢ machining features
e operation types

* tools

* workpiece materials
* machinetools

Since NX 7.5 thisis extended with
* NX Objects such as CutLevels, Cycles, UDE's and more.
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Customization Files

Customization Files

CAM Configuration dependent customization

Theroot fileisthe CAM configuration filein the UGII_CAM_CONFIG_DIR. An
exampleisfeature_machining.dat. The .dat fileis changed compared to NX6, since
the key FEATURE_MACHINING is obsoleted in NX 7.5.

* MACHINING_KNOWLEDGE: now also pointsto the feature recognition rule
library that is used by the Find Features... command.

¢ MACHINING_KNOWLEDGE: now (since NX 7.5) also points to the mapping
knowledge library that is optionally used by the Find Features... command.

¢ MACHINING_KNOWLEDGE: points to the machining knowledge library
used by the Create Feature Process.... command
Template w Template

- TEMPLATE OFERATION—TT Templats list
Toal librany "—\\

LIBRARY_TOOL

M achine librany h\.

LIBRARY_MACHINE

Feature Recxgnition LIBRARY PART MATERALT ™ | Material librany

L ACHINING _KNOWLEDGE
Feature Mapping o - b

“"‘| hil achining_kn ool ed ge |

I\

dll =ml

Tools, Machines and Part Materials

More entries in the .dat file relevant for the customization are:
e LIBRARY_TOOL (thetool library)

* LIBRARY_MACHINE (the machinelibrary)
* LIBRARY_PART_MATERIAL (materialslibrary)
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Customization Files

Operation Types

The TEMPLATE_OPERATION entry defines which template parts will be avail-
able and hence which operation types. If an operation typeis used in more than one
of the template parts, then the definition in the last template part will be used, in
order of appearance in the .opt file.

Features

When you generate or update the customization with the Machining Knowledge
Editor, the feature customization is built up from the following parts:

¢ The parametric feature types which can be recognized by command Find Fea-
tures.

* Any additional customer defined feature for which arecognition rule existsin
the Recognition Rule Library.

e The UDF library (User Defined Features).
* Feature_definitions.def for legacy feature recognition.
* Feature identification.def.

Default Customization

In directory MACH\machining_knowledge editor\data there is one single system
file containing the base customization of the knowledge library.

e customization base.xml

Thisfile should not be modified asit will be replaced by software updates.

Additional Customization
Your company's specific additions can be added interactively.

Typical additions to the customization are;

* New customer specific feature types and their attributes.

MKE Training - Customization Project 133



Customization Files

On each node in the Features branch in the Custom-
= g ization View you can can click MB3 and use com-

%, ELANE mands to Add, Remove and Edit afeature class.
w, Cudomed sakas

w, DI estne

5

| Haree

o | e Olass .
% Farares Tl
- .:T=J Edt Claess
+ @ Machns Fired
+ @ Malaas
+ ey Hode Expand ¥

* New attributes to feature types.
For each node in the Feature branch you can can click
MB3 in the attributes list and use commands to Add,
2 Remove and Edit attributes of the selected feature class.

NX Version upgrades

With each NX version, improvements and extensions to customization_base.xml
can be expected. The knowledge library customization can be updated by checking
active the ‘Update Upon Load’ in the View > Options. Then reload the
machining_knowledge xml source.

Exercise: Understanding the customization files

¢ Trace back the files mentioned in feature_machining.dat in the
UGII_CAM_CONFIG_DIR. Open themin NotePad and read their contents.

* Inthe customization view of Machining Knowledge Editor, try to understand the
customization of thetools, materials and machinesin relation to the data listed
in thefiles.
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OOTB content

OOTB content

The ootb rule content is shipped with each major release of NX. It is continuously
improved based on feedback from the field. Please visit the FBM site and pull the
latest Content Kit from there:

https://myc2005.ugs.com/marketi ng/partmfg/nxfbm/default.aspx

The ootb rule content is captured in the following sourcefile:

¢ MACHA\resource\machining_knowledge\machining_knowledge.xml

You can easily view the ootb rule content outside the M achining Knowledge Editor
application with:

* machining_knowledge.chm

The ootb rule content is based on this template part (only the unit system is differ-
ent):

*  MACHA\resource\template_part\metric\machining_knowledge.prt

*  MACHA\resource\template_part\english\machining_knowledge.prt

An explanation of the OOTB Rules

What do all these achievable... constants mean?

The majority of the constants we use are threshold values for the quality that can be
obtained with a Drill, Mill, Reamer or Boring bar.

Thetwo qualities checked in the rule’'s conditions are derived from the PM| and are
the surface roughness and the dimensional tolerance.

For Drill, Mill, Reamer or Boring bar there are _upper and _lower threshold values
of achievable surface roughness and achievable dimensiona quality.
That gives 4 x (2 plus 2) = 16 constants. You see them in the screenshot below that
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An explanation of the OOTB Rules

was taken from the Machining Knowledge Editor. The names of these constants are
aways something like ‘ Achievable...’.

Conditions  Constants ] Materials] Machines] Explanation | Image

narme | default ~
Achievable |T_Clazs BORE_Lower

Achievable |T_Class BORE_Upper 10

Achievable IT_Clazs DRILL Lower 11
Achievable_|T_Clazs DRILL_Upper 16

Achievable |T_Clazs MILL_Lower 9

Achievable |T_Clazs MILL_Upper 16

Achievable IT_Clazs REAM_Lower b
Achievable_|T_Clazs REAM_Upper 10

Achievable Roughness BORE_Lower 0.a
Achievable_Roughness_ BORE_Upper 1245
Achievable Roughness DRILL Lower na
Achievable_Roughnesz_DRILL_Upper 125
Achievable_Roughness_DRILL_Upper_str Fa =125 micro...

Achievable Roughness_MILL_Lower 04
Achievable Roughness MILL Lower_str Ra 0.4 microme. ..
Achievable_Roughness_MILL_rough B3
Achievable_Roughness_kILL_rough_str Fa =63 micmo...
Achievable Roughness_MILL_Upper 25

Achievable Roughness MILL _Upper_stt Ra 25 micrometer
Achievable_Roughness_ REAM_Lower 0.4
Achievable_Roughness_REAM_Upper 32 ha

< 2

s Al RS

Roughing operations like Drill can be applied when these 2 conditions are both
true:

IT_class_I1SO(mwF.DIAMETER_1,mwf.DIAMETER_1_UPPER, mwf.DIAMETER_1_LOWER) >=
constant.Achievable_IT _Class_DRILL_Lower

roughness_value(mwf.SIDE_ROUGHNESS_ 1) >=
constant.Achievable_Roughness_DRILL_Lower

Finishing operations like Ream and Bore can be applied when either the roughness
or the diameter tolerance isin the achievable interval for reaming and boring.
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An explanation of the OOTB Rules

The expressions have aform like this and are found in the conditions of all finish-
ing rulesin thelibrary:

IT_class_I1SO(mwf.DIAMETER_1,mwf.DIAMETER_1_UPPER, mwf_DIAMETER_1_LOWER) >=
constant.Achievable_IT_Class_REAM_Lower
AND

(¢
roughness_value(mwf.SIDE_ROUGHNESS_ 1) >=

constant.Achievable_Roughness_REAM_Lower
AND

roughness_value(mwf.SIDE_ROUGHNESS_ 1) <=
constant.Achievable_Roughness_REAM_Upper

)
OR

roughness_value(mwf.SIDE_ROUGHNESS_ 1) >=
constant.Achievable_Roughness_REAM_Lower
AND

(C

IT_class_I1SO(mwf.DIAMETER_1,mwf.DIAMETER_1_UPPER, mwf_.DIAMETER_1_LOWER) >=
constant.Achievable_IT_Class_REAM_Lower

AND

IT_class_I1SO(mwf.DIAMETER_1,mwf.DIAMETER_1_UPPER, mwf.DIAMETER_1_LOWER) <=
constant.Achievable_IT_Class_REAM_Upper

)

Note Since NX 6.0.3 the roughness condition and I T class condition are logically
OR. That impliesthat only one of them needs to be TRUE and the rule will be
applied. It was adesign choice not to restrict possible application of Rulestoo
much. You may want to be more strict by changing the Roughness condition and
the IT_class condition to be logically AND.

Exercise: Find conditions on the PMI in therules.

* Slectarule, for instance Drill_Up_SIH
* Pressthe Conditions Tab
¢ Find the section as depicted here

roaghssss_walus(wvl SIDE_ROUGHHESS_1]

* Find the expressions on the achievable IT_classin thisrule.

For Milling there is an extra threshold value for the achievable roughness. This
defines the roughness value that requires finishing the surface.

Clearly, afeature’s I T-class (usually defined on its Diameter) and its lowest surface
roughness value determine the tools that are required.
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An explanation of the OOTB Rules

All thisinformation can be captured into a single table from which we can derive
the required tool, given a combination of 1T-class and Surface Roughness.

We made the assumption that Drilling is cheaper than Boring which is cheaper than
Reaming. When in this table we read D,B,R the preferred solution isusing a Drill,
when that is not available, try aBoring bar and when that is not available look for a
suitable Reamer.

TABLE 1. Operation (Tool) selection in order of priority for combinations of
IT grade and Surface Roughness

ITITTTHTITTITT{ITIT
RoughnessRa |5 |6 |7 |8 |9 (10|11 (12|13 |14 |16
04pm(16pin) R |R |R|R|R |R|R|R |R [R|R
0.8(32) or R|B |B (B |B |B|D|D|D|D|D
1.6 (63) or R|R|R|R|R|B |B |B |B|B
3.2 (125) R|R |R R |R
6.3 (250) or R|B |B (B |B |B|D|D|D|D|D
12.5 (500) R|R|R|R|R|B |B |B |B|B
25 (1000) R|B|B (B |B|B |D|D|D|D|D
R|R|R |R [R
50(2000) R |B B (B |B|B |D|D|D|D|D
R|R |R R [R

Exercise: Understanding the tolerance threshold values

* Lookup the Achievable... constants in the Machining Knowledge Editor.

¢ \What isthe only tool that can machine a feature with a diameter tolerance =
IT5?

¢ For which combinations of IT-class and surface roughness, all tools (Drill,
Bore, Ream) could be used?

Discussion of some other constants...

For aminimal explanation please see the Explanation field in the constant’s
Options dialog. (Select the RuleLibrary node, press the Constants tab and double
click the constant.)
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Modify the OOTB or Start from Scratch?

Modify the OOTB or Sart from Scratch?

When is modification of the out of the box content the better option:

* Youdo not have User Defined Features or your UDF's can easily be mapped on

the standard parametric feature types.

* You use the standard tool library that comes with NX or Teamcenter.

* Your processes are relatively simple and you are quite satisfied with the results

that are generated ootb.

When isit better to start from scratch.

* Your company has defined its own best practices or is planning to do so.

* You think your processes are very different from what is supplied ootb.

* You do not want to invest in understanding the ootb content.

Workflow in a customization project

Each customization project consists of the following phases.

TABLE 2. Activitiesand Milestonesin a FBM customization project.

Activity Milestone

“Analyze your products for manufacturing features’ | “Milestone: A list with all
feature types’
“Milestone: One or more
reference models.”

“Analyze your operation sequences’

“Milestone: List of Opera-
tion Sequences for al
selected features.”

“Analyze your tool libraries’

“Milestone: A list with all
tool types’

“Implement Knowledge’

“Milestone: Implemented
Rule Library”

“Maintain knowledge’

MKE Training - Customization Project
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Analyze your products for manufacturing features

Analyze your products for manufacturing features

Although it istheoretically possible to automate the compl ete operation generation
of feature based products, it is often too costly to do so. We advise to start with the
features most common within the typical product families.

Thefirst step isto analyze which are typical productsin your organization. This
normally resultsin product families where you can describe how often products
will be programmed, how many of the operations are standard within the products,
etc. In general one of those product families should be chosen for afirst project
phase.

The next step will be to identify the common features within this product family.
This should result in alist of common features with the percentage of occurrence
within aproduct. Thiswill normally result in alist of features where it also should
be visible which feature types are the most common. In general the first project
phase should include those feature types that cover 20% of the feature occurrences
within the product family. In atypical second phase, this should be extended with
those feature types which would extend this to 50% and in a third phase to 80%.

The last step in selecting the feature typesis to check on some of the typical prod-
ucts, how the software will recognize or identify these features. It isno usetrying to
focus on feature types that are not recognized properly.

What comes OOTB

When you generate the customization automatically, the software takes into
account:

* The parametric feature types which can be recognized by command Find Fea-
tures.

e TheUDF library

* Feature definition.def

* Feature identification.def

The NX CAM help library includes alisting of the recognized parametric features.
Browse to CAM > Feature-based machining > Manufacturing features > Paramet-
ric Feature Recognition.

For your convenience we reproduce (and updated) that list in the appendix. See“D:
Definition of the standard non-STEPPED features’ on page 154.
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Analyze your products for manufacturing features

How to add featuresthat are not standard.
Use an xml editor like xml spy (www.xmlspy.com) or any other which you find
convenient.

In the following exercise we will demonstrate how to add MY _UDF to the custom-
ization, a new feature type which has 3 attributes of different types.

Exercise: Adding a User Defined Feature (UDF) to the customization

¢ Open an existing xml source file with File > Open... or start a new filewith File
> New...

* Choose View > Customization

* Expand the Feature branch in the Tree View.

¢ MB3 on Customer Feature, choose Add Class...

¢ Enter Name value MY_UDF, leave the other fields at their defaults and press
Add Clarz

Py Wik
£ It stiom
WY _LIOF

E Delinition

4 bl Faalia

From 5 huspeandd Fualoan

£ inince Falra

OK.

e With MY_UDF selected, choose Add... in the attribute window pane.
¢ Enter Name value FIRST_ATTRIBUTE, choose Type Double and Unit Type

fadi Sinkwde

Py LY

B ldendilicatinn
Miara FIRST_ATTREBUTE
Ci e P inen

£l Dhefnigmn
s haaskils
i arwsrsian S
Ul Ty Length

Length as shown.
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Analyze your products for manufacturing features

* Definea 2nd and 3rd attribute of type Integer resp Sring.
Note The Display Name, when not specified, is equal to the Name.
¢ Close the customization view.

Exercise: Creating a Recognition Rule for the new UDF

* Pressthe Recognition tab to have access to the various Recognition rules.

Note This manual is not (yet) aguide on how to define parametric feature recogni-
tion.

* to be completed when -Prolog style- feature recognition becomes available.

Exercise: Creating a Manufacturing Rule for the new UDF
¢ Create a new rule with Output Feature= MY_UDF.

Conditiont | Coralanis | Haleisk | Machnes | Explanation | Image

mvf First_Attribats 1.213
avi  Second_déttribate 2
avl Third_attribuats
e
¥ Hule rejected D "thre="
"

Note Adding customer enumerated types like one,two,three as above is not any-
more possible since NX 7.5

* Playwise, enter conditions using the three UDF attributes as above.

Milestone: A list with all featuretypes. It isthe completelist of featuresyou can
expect in your production models. This should include a percentage of occurrences
within the typical products.

Milestone: One or more reference models. The models have instances of the fea-
tures types you can expect in your production models, including PMI. These mod-
els should be amix of typical products and of specific test models designed to
analyze problem areas.
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Analyze your operation sequences

Anal yze your oper ation sequences
What comes OOTB

You need to invest time exploring the ootb rules. There are afew options:

e try them on your selected features.
* explore them in the Machining Knowledge Editor.

* explorethem in the generated documentation which is obtained with MK E com-
mand Wkite Documentation.

If you use oper ation sequencesthat are not standard ootb.

In fact that ismore than likely. Analyze your operation sequences. For every feature
type al possible operation sequences should be described. Although thereisno sin-
gle best way of doing this, it helpsto use forms like “ Sequence Form: Step2Hole”
on page 132. This allows for a common sequence description.

Important is to identify why this sequence is chosen and not one of the other possi-
ble sequences, and if this sequence will change based on material or available
resources. It is necessary to check if the decision criteria are based on feature
attributes or on other factors. In the last case, it can be worth to add additional
attributes to the features, which alow the user to define the choice, and to add tag-
ging for these feature attributes to the system.

A next step in the analysis of your operation sequencesisto create atable asin the
example below. It lists all sequencesidentified in the previous step and enablesyou
to identify common steps within the sequences.
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Analyze your operation sequences

produced feature = StepiHelefhread) | StepiPockel thread)

< DINET 55200 4]

| azwanbag
7 aamanbag
{ eavanbag
asuanbag
| axmanhas
7 aauanbasg
§ asuanbag
 asusanbag
¢ asuanbag
4 aauanbag
Jasuanbag
goswanbag

poeckel_round tapered l
SpotDell 11
SpotDedl = 3 1F
steplhole

Dl _S1H
Drill_ln_r,arﬂqr_Sﬂ'l
Dwill_up_=1H
Chgrrdar_SHT_Daill
Chamdar_SH1_Mill
Baore_S1H
Rasm_S1H
Gun_[will S1H 3
steplhale_thiead

Tap Z1H theead 4
ateppocket
Duill_S1F
Dall_in_centar_S1F 2 2 2 2 2 2 22
Conll_up_S1P 3

Zped Face E1P
Will_Rough_S1P_Cordour 3
h-1i|I_F||'||r,|'|_S1F'
Chamder_S1P_Mill
Charedar_S10_Daill 4
Eh.am‘l'ar_Fllleﬂ_Ean::us
Bare_S1F

Ream S1H 4 |
Gun_[Dwill_S1P |
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=
—_
—-
.
=i
—_
g
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.

=
=

b b (1 Lk
=

e

i sl
)

Horizontally you have the produced features. These are the ones obtained from the
first milestone. And directly below you have a column for each anticipated
sequence of operations that will finally produce that feature.
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Thefirst column holds the individual operations, sorted by the feature it produces,
which can be an in-process feature.

The matrix is then filled by numbers which define the exact order in which the
operations are performed.

Note, for instance, that sequence nr 3 which produces a STEPIHOLE is defined as:

Spot_Drill
Drill_in_center S1P
Gun_Drill_S1H

[Chamfer_S1H_Drill, Chamfer_S1H_Muill] (one of the two)

The following step is to describe the separate operations in more detail. An exam-
ple could be asin “ Step2hol e operation” on page 133.

With al thisinformation available, you must decide which operation sequences
need to be implemented. It could be that some operation sequences are exotic and it
is not worth to implement them.

Milestone: List of Operation Sequencesfor all selected features.

This should detail which operation sequences must be implemented.

Analyze your tool libraries

What comes OOTB.

Thetool customization is based on the standard tool library that comes with NX, or
with TeamCenter when you work in a managed environment.

How to add toolsthat are not standard.

* When you need tool classes that are not standard you must add the tool class
and then update the customization (only once). This is done automatically with
MKE option “ Update upon Load” .

MKE Training - Customization Project 145



Implement Knowledge

* When adding a new tool class, tell NX which attribute isto be interpreted as the
Cutter Diameter and Cutter Length. Thisis done with MB3 commandsin the
customization view.

* When you need tools of existing classes with dimensions that are not in the stan-
dard database you only need to add that tool to the library population.

* Pleaserefer to existing NX training manuals and documentation about defining
tool classes and populating them.

Milestone: A list with all tool types. It hasall the tool types you anticipate to use
for your manufacturing features. These should match with the list of operations as
chosen in the previous milestone.

Implement Knowledge
This section isjust a collection of afew notes. But it’s the bulk of the project.

In general, it isworth to consider, that the users aways will need to define some
operations manually. To speed up the process and assist the users, customized tem-
plates will be used for operations that are created frequently. It is wise to use these
templates also in the knowledge definition. Thisresultsin uniformity between man-
ually and automatically generated operations.

It isimportant to understand that other changes to the default software configura-
tion can help in the success of the implementation. Examples are:

* Adding tagging data for features, which help the user to force the generation of
certain sequences.

* Adding default program order groups, which help in generating an initial pro-
gram sequence that will work without the user having to move operations.

e Adding KF post_create functionality to assist the user in putting the operations
in the correct program order groups.

How to go about implementing the rulesis treated in chapter “Machining Knowl-
edge Editor Concepts’ and chapter “ Machining Knowledge Editor Exercises Part 1:
Hole Making” .

Milestone: Implemented RuleLibrary.
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Maintain Knowledge

Maintain Knowledge

Of course the manufacturing knowledge should be kept up-to-date. As best prac-
tices change also the knowledge should change accordingly. Regularly the knowl-
edge should be checked against:

¢ How many manual changes need to be made before the operations generate cor-
rectly?
* How many operations are generated manually?

There should be a feedback |oop from end-user(s) to the knowledge engineer.
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Maintain Knowledge
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A: Glossary of Terms

A: Glossary of Terms

Machining Rule: Captures 'best practices, describes the relation between manu-
facturing features, operations and tools. Often abbreviated to ‘Rule'.

Machining Knowledge Source: Set of rules including the corresponding cus-
tomization.

Machining Knowledge Editor: Application to create and modify a Machining
Knowledge Source.

Machining Knowledge Library: Linked and compiled Machining Knowledge
Source (the 'dll").

Knowledge Engineer: Superuser who is able to modify the machining knowl-
edge in the Machining Knowledge Source.

B: Naming conventionsfor Manufacturing Features

A few naming conventions apply to all standard features:

HOLE features have no bottom, and can generally be reached from 2 sides.
POCKET features have a bottom and can be machined from one side only.
STEP1,2,3,4,5,6 features describe a single feature with a number of diameters.

STEP3POCKET for instance is ablind hole with 3 diameters where the 1st
diameter islarger than the 2nd and the 2nd diameter is larger than the 3rd.

T

STEP3HOLEL is ahole with 3 diameters where the 3rd is larger than the 2nd.

’J_L‘

STEFIFOCKET

STEFIHOLET
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C: Definition of the standard STEPPED features

e STEP4HOLEL is ahole with 4 diameters where the 4th is larger than the 3rd.

T

e STEP5HOLE2? isaholewith 5 diameters where the 4th is larger than the 3rd
and the 5th is larger than the 4th.

I

C: Definition of the standard STEPPED features

e Chamfer surfaces can be either torodial or conical

STEF4AHOLET

STEPSHOLEZ

¢ Bottom surfaces are either planar or conical
e Chamfersare optiona
e Bottom_isoptional if bottom_chamfer_1 or top_chamfer_2 istorodial

Top_chamfer 1 3

Top_chamfer_1 3 |
I

Cylinder_1

Buottom_chamfer_1 5 |

Bottom _1 STP : 3]
Top_chamfer_2 7 l
Cylinder_2 g STEPZHOLE
Biottom_chamfer_2 |

Bottom_chamfer

W o~ @ th d L) pa =

Picture above shows the most general constitution of a STEP2HOLE. For features
with more STEPPED levels, section STP with elements 4,5,6,7 is repeated. Each
added cylinder will get a higher index number.
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C: Definition of the standard STEPPED features

Picture below show the parameter s of the most general constitution of a

STEP2HOLE.
Dapanding on type: Depending on type
= Radus_top_chamer_1 = Radus_top_chamiar
- Anghe_top_chambar_1 = Angla_top_chanfer
.".
ki . = 1 Dapth_top_chamifer
o | Depth_top_chamfer_1
| J—— Side_roughness_1
Dapch_1 ) Depanding on type
ol Diamsrter_1 " . = Radius_battom _chamdfer_1
" = Angle_bottom_chamier_1
Angle_baftom_1 T Dapth_bottoen_ehamfer_1
Dapih Bottom_roughness_1

I Depth_top_charfer_2

Depending on Lype: —
- Radius_top_chamfer_2
- Angle_tap_dchamder_2

Diameler_2

— Sde_rocughness_ 2

I Dapth_bottam_chamfer_2

STEPZHOLE Cepeing o

- Radius_bottam_chamfer_2
- Angle_totton _chamier_2
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C: Definition of the standard STEPPED features

Picture bel ow shows constituent faces and parameters of the most general form of a
STEP2POCKET.

— —1— I | top_chamier

—a— 2 tep_chamier_1
3 cylinder_1

! 4 bottom_chamfer_1
! &  battom_1
b—3— & top_chamier_2
| T cyinder_2
! & battom_chamfer_2
: =] battom

{1 -
t—5—
i

STF !
[
|
T

, ' STEPZPOCKET
]
T

1 Deperding on Lype: Deperding on bype:
- Riadiss_top_chamfer_1 - Radius_lop_chamfer
- Angle_top_chamfer_1 - Angle_top_chamfer

=,
",

Depth_top_chamder_1

—— Side_moughness 1
N Depending an type:

N R = _ = Radius_bofiom_chamfer_1
'l i 7 - Angle_Boltom_chamfer_1

|
e : ___.a."" Duapth_top_chamfer
I
i
i

| =
Anghe [ ——— ’ I Diepth_botlom _chamfer_1

I |

1 Bolbam_roughriess 1

Depending on e g Depih_top_chamler_2
- Radius_top_chamfer 2
- Angle_top_chamier_2

=

Dizmeter_2

t

— Side_roughness_2

Despth_bottam _chamfer_2

i k Depanding an bypa:
N . = Radus_botiom_chamfer_2
| *, = fingle_bottom_chamfer_2

* Bottom _roughness
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D: Definition of the standard non-STEPPED features

D: Definition of the standard non-STEPPED features

Thisisalist of standard recognized parametric manufacturing features.

TABLE 1. Feature Types occurrence

Feature Type name Notes
CORNER _

| NOTCH_
RECTANGULAR

CORNER _
NOTCH_

. 7| | ROUND_
@ CONCAVE

CORNER _
NOTCH_
STRAIGHT

CORNER _
NOTCH_
U_
SHAPED

GROOVE_
—— | AX_

L CIRCULAR_
RECT

£
]
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D: Definition of the standard non-STEPPED features

TABLE 1. Feature Types occurrence

Feature

Type name

Notes

GROOVE._
INS_
RAD_
RECT

[

,_.___
by

HOLE_
FREE_SHAPED _
STRAIGHT

HOLE_
OBROUND_
STRAIGHT

HOLE_
RECTANGULAR_
STRAIGHT

HOLE_
ROUND_
TAPERED

glarea dr

POCKET_
FREE_SHAPED _
STRAIGHT
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D: Definition of the standard non-STEPPED features

TABLE 1. Feature Types occurrence

Feature

Type name

Notes

POCKET _
OBROUND_
STRAIGHT

POCKET _
RECTANGULAR_
STRAIGHT

POCKET_
ROUND_
TAPERED

SIDE_
NOTCH_
RECTANGULAR _1

SIDE_
NOTCH_
RECTANGULAR 2

SIDE_
NOTCH_
ROUND_
CONCAVE._1
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D: Definition of the standard non-STEPPED features

TABLE 1. Feature Types occurrence

Feature

Type name

Notes

SIDE_
NOTCH_
ROUND_
CONCAVE 2

SIDE_
NOTCH_
ROUND_
CONVEX_2

SIDE_
NOTCH_
U_SHAPED_1

SIDE_
NOTCH_
U_SHAPED_2

SLOT_
90 _DEGREE

SLOT_
DOVE_TAIL
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D: Definition of the standard non-STEPPED features

TABLE 1. Feature Types occurrence

Feature Type name Notes
) SLOT_
I I OBROUND 1

SLOT_
OBROUND 2
’
SLOT
PARTIAL
ﬁ',l OBROUND
N
SLOT
PARTIAL
t’{ ’ RECTANGULAR
SLOT
PARTIAL
7/ ROUND
/]
SLOT_
PARTIAL
ﬂ? ’ U_SHAPED
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D: Definition of the standard non-STEPPED features

TABLE 1. Feature Types occurrence

Feature

Type name

Notes

£y

SLOT_
RECTANGULAR 1

=
o

N\
Ei\}

SLOT_
RECTANGULAR 2

£

2
£

SLOT_
RECTANGULAR 3

Nk

o

B oo
oy
=

—

wz ¥ 0

SLOT_
ROUND_1
sLoT_

i ROUND_2

) sLoT_
| T_SHAPED

Machining Knowledge Editor Training

159



D: Definition of the standard non-STEPPED features

TABLE 1. Feature Types occurrence

Feature Type name Notes

SLOT_
UPSIDE_DOWN _

Ij,, DOVE_TAIL

SLOT_

%L/ﬁ U_SHAPED 1
|
o

SLOT_
+—— | U_SHAPED 2
d:)D
| 0 r
/
) SLOT_
V_SHAPED
%
g /l
o
SURFACE _
5| PLANAR

./ | RECTANGULAR
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: Definition of the standard non-STEPPED features

TABLE 1. Feature Types occurrence

Feature Type name Notes

SURFACE_ Any flat sur-

] PLANAR face, not nec-

) / essarily
L o rectangular.
SURFACE_
PLANAR_
; ROUND
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E: Tips and Tricks

E: Tipsand Tricks

Choosing priority for the MACHINING_RULE

The MachiningRule.priority is an attribute which determines the sequence in
which MachiningRules are tried, where a higher value meansthat the rule is
tried earlier. The value has a meaning within a set of rules that have the same type
of More Worked Feature. When, for instance, rule 1 machines asteplhole and
rule 2 machines a steplpocket, the relative priorities are not important, since
these rules are not competing. If rule 1 and rule 2 both machine a steplhole, the
rule with higher priority will be tried first and only if it is rejected rule 2 will be
tried.

Generaly it isgood practice to give the cheaper rule a higher priority. Conditions
on the cheaper rule must then be designed such that it is applied only when that is

alowed. Thisistypically customer specific knowledge, although a general frame-
work comes with the ootb knowledge.

How to usethe MACHINING_RULE conditions

The rules contain conditions like:

mwf.MACHINING_RULE ="TWIST_DRILL"

or

IWwf.MACHINING_RULE ="TWIST _DRILL"

These conditions are used to create a certain sequence of operations. An exampleis
the sequence where tapping is aways preceded by a drilling operation. In this case
the tapping rule (for example ‘' Tap_S1H_thread’) can contain the condition:
IWwf.MACHINING_RULE ="TWIST _DRILL"

and the drilling rule (for example *Drill_S1H’) contains:

mwf.MACHINING_RULE ="TWIST_DRILL"

This prevents other rules are used. For example the boring rules contain the condi-
tion:
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E: Tips and Tricks

mwf.MACHINING_RULE = "BORE"

For thisfeature, the boring ruleswill be rejected when the Tapping rule was applied
before. (Of course the operation sequence in timeisthe reverse.)

This condition is not causing conflicts when the drilling operation should be the
first operation. Thisis because the attribute MACHINING_RULE is normally not
defined for recognized features so it will not exists on the feature and the condition
on MACHINING_RULE is not applicable.

An exception would be if aface attribute MACHINING_RULE were defined on
the model. In that case the feature recognition will define the attribute on the recog-
nized feature and as a consequence the conditions containing the
mwf.MACHINING_RULE will not be skipped. You can use face attributes to
influence the sequence of operations when not enough data is available to choose
between certain sequences or if a specific sequenceis required.
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