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FOREWORD

NX is one of the world’s most advanced and tightly integrated CAD/CAM/CAE product
development solutions. Spanning the entire range of product development, NX delivers immense
value to enterprises of all sizes. It simplifies complex product designs, thus speeding up the

process of introducing products to the market.

The NX software integrates knowledge-based principles, industrial design, geometric modeling,
advanced analysis, graphic simulation, and concurrent engineering. The software has powerful
hybrid modeling capabilities by integrating constraint-based feature modeling and explicit
geometric modeling. In addition to modeling standard geometry parts, it allows the user to design
complex free-form shapes such as airfoils and manifolds. It also merges solid and surface

modeling techniques into one powerful tool set.

This self-guiding tutorial provides a step-by-step approach for users to learn NX7. It is intended
for those with no previous experience with NX. However, users of previous versions of NX may
also find this tutorial useful for them to learn the new user interfaces and functions. The user will
be guided from starting a NX7 session to creating models and designs that have various
applications. Each chapter has components explained with the help of various dialog boxes and
screen images. These components are later used in the assembly modeling, machining and finite
element analysis. These models of components are available online to download and use. We
first released the tutorial for Unigraphics 18 and later updated for NX2 followed by the updates
for NX3 and NXS5. This write-up further updates to NX7.

Our previous efforts to prepare the NX self-guiding tutorial were funded by the National Science
Foundation’s Advanced Technological Education Program and by the Partners of the

Advancement of Collaborative Engineering Education (PACE) program

If you have any questions or comments about this tutorial, please email Ming C. Leu at

mleu@mst.edu or Krishna C. R. Kolan at kkd7b@mail.mst.edu. The models and all the versions

of the tutorial are available at http://web.mst.edu/~mleu/.

vi
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CHAPTER 1 - INTRODUCTION

The modern manufacturing environment can be characterized by the paradigm of delivering
products of increasing variety, smaller batches and higher quality in the context of increasing
global competition. Industries cannot survive worldwide competition unless they introduce new
products with better quality, at lower costs and with shorter lead-time. There is intense
international competition and decreased availability of skilled labor. With dramatic changes in
computing power and wider availability of software tools for design and production, engineers
are now using Computer Aided Design (CAD), Computer Aided Manufacturing (CAM) and
Computer Aided Engineering (CAE) systems to automate their design and production processes.
These technologies are now used every day for sorts of different engineering tasks. Below is a
brief description of how CAD, CAM, and CAE technologies are being used during the product
realization process.

1.1 PRODUCT REALIZATION PROCESS

The product realization process can be roughly divided into two phases; design and
manufacturing. The design process starts with identification of new customer needs and design
variables to be improved, which are identified by the marketing personnel after getting feedback
from the customers. Once the relevant design information is gathered, design specifications are
formulated. A feasibility study is conducted with relevant design information and detailed design
and analyses are performed. The detailed design includes design conceptualization, prospective
product drawings, sketches and geometric modeling. Analysis includes stress analysis,
interference checking, kinematics analysis, mass property calculations and tolerance analysis,
and design optimization. The quality of the results obtained from these activities is directly
related to the quality of the analysis and the tools used for conducting the analysis.

The manufacturing process starts with the shop-floor activities beginning from production
planning, which uses the design process drawings and ends with the actual product. Process
planning includes activities like production planning, material procurement, and machine
selection. There are varied tasks like procurement of new tools, NC programming and quality
checks at various stages during the production process. Process planning includes planning for
all the processes used in manufacturing of the product. Parts that pass the quality control
inspections are assembled functionally tested, packaged, labeled, and shipped to customers.

A diagram representing the Product Realization Process (Mastering CAD/CAM, by Ibrahim Zeid,
McGraw Hill, 2005) is shown below.
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1.2 BRIEF HISTORY OF CAD/CAM DEVELOPMENT

The roots of current CAD/CAM technologies go back to the beginning of civilization when
engineers in ancient Egypt recognized graphics communication. Orthographic projection
practiced today was invented around the 1800’s. The real development of CAD/CAM systems
started in the 1950s. CAD/CAM went through four major phases of development in the last
century. The 1950’s was known as the era of interactive computer graphics. MIT’s Servo
Mechanisms Laboratory demonstrated the concept of numerical control (NC) on a three-axis
milling machine. Development in this era was slowed down by the shortcomings of computers at
the time. During the late 1950’s the development of Automatically Programmed Tools (APT)
began and General Motors explored the potential of interactive graphics.

The 1960s was the most critical research period for interactive computer graphics. Ivan
Sutherland developed a sketchpad system, which demonstrated the possibility of creating
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drawings and altercations of objects interactively on a cathode ray tube (CRT). The term CAD
started to appear with the word ‘design’ extending beyond basic drafting concepts. General
Motors announced their DAC-1 system and Bell Technologies introduced the GRAPHIC 1
remote display system.

During the 1970’s, the research efforts of the previous decade in computer graphics had begun to
be fruitful, and potential of interactive computer graphics in improving productivity was realized
by industry, government and academia. The 1970’s is characterized as the golden era for
computer drafting and the beginning of ad hoc instrumental design applications. National
Computer Graphics Association (NCGA) was formed and Initial Graphics Exchange
Specification (IGES) was initiated.

In the 1980’s, new theories and algorithms evolved and integration of various elements of design
and manufacturing was developed. The major research and development focus was to expand
CAD/CAM systems beyond three-dimensional geometric designs and provide more engineering
applications.

The present day CAD/CAM development focuses on efficient and fast integration and
automation of various elements of design and manufacturing along with the development of new
algorithms. There are many commercial CAD/CAM packages available for direct usages that are
user-friendly and very proficient.

Below are some of the commercial packages in the present market.
¢ AutoCAD and Mechanical Desktop are some low-end CAD software systems, which are
mainly used for 2D modeling and drawing.

e NX, Pro-E, CATIA and I-DEAS are high-end modeling and designing software systems
that are costlier but more powerful. These software systems also have computer aided
manufacturing and engineering analysis capabilities.

e ANSYS, ABAQUS, NASTRAN, Fluent and CFX are packages mainly used for analysis
of structures and fluids. Different software are used for different proposes. For example,
Fluent is used for fluids and ANSYS is used for structures.

e Alibre and CollabCAD are some of the latest CAD systems that focus on collaborative
design, enabling multiple users of the software to collaborate on computer-aided design
over the Internet.
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1.3 DEFINITION OF CAD/CAM/CAE

Following are the definitions of some of the terms used in this tutorial.

1.3.1 Computer Aided Design — CAD

CAD is technology concerned with using computer systems to assist in the creation,
modification, analysis, and optimization of a design. Any computer program that embodies
computer graphics and an application program facilitating engineering functions in design
process can be classified as CAD software.

The most basic role of CAD is to define the geometry of design — a mechanical part, a product
assembly, an architectural structure, an electronic circuit, a building layout, etc. The greatest
benefits of CAD systems are that they can save considerable time and reduce errors caused by
otherwise having to redefine the geometry of the design from scratch every time it is needed.

1.3.2 Computer Aided Manufacturing —- CAM

CAM technology involves computer systems that plan, manage, and control the manufacturing
operations through computer interface with the plant’s production resources.

One of the most important areas of CAM is numerical control (NC). This is the technique of
using programmed instructions to control a machine tool, which cuts, mills, grinds, punches or
turns raw stock into a finished part. Another significant CAM function is in the programming of
robots. Process planning is also a target of computer automation.

1.3.3 Computer Aided Engineering — CAE

CAE technology uses a computer system to analyze the functions of a CAD-created product,
allowing designers to simulate and study how the product will behave so that the design can be
refined and optimized.

CAE tools are available for a number of different types of analyses. For example, kinematic
analysis programs can be used to determine motion paths and linkage velocities in mechanisms.
Dynamic analysis programs can be used to determine loads and displacements in complex
assemblies such as automobiles. One of the most popular methods of analyses is using a Finite
Element Method (FEM). This approach can be used to determine stress, deformation, heat
transfer, magnetic field distribution, fluid flow, and other continuous field problems that are
often too tough to solve with any other approach.
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1.4 SCOPE OF THIS TUTORIAL

This tutorial is written for students and engineers who are interested in learning how to use NX7
for designing mechanical components and assemblies. Learning to use this software will also be
valuable for learning how to use other CAD systems such as PRO-E and CATIA.

This tutorial provides a step-by-step approach for learning NX7. The topics include Getting
Started with NX7, Form Features, Feature Operations, Drafting, Sketching, Free Form Features,
Assembly Modeling, and Manufacturing.

Chapter 1 gives the overview of CAD/CAM/CAE. The product realization cycle is discussed
along with the history of CAD/CAM/CAE and the definitions of each.

Chapter 2 includes the NX7 essentials from starting a session with Windows to getting familiar
with the NX7 layout by practicing basic functions such as Print, Save, and Exit. It also gives a
brief description of the Coordinate System, Layers, various toolboxes and other important
commands, which will be used in later chapters.

The actual designing and modeling of parts begins with chapter 3. It describes different features
such as reference features, swept features and primitive features and how these features are used
to create designs.

Chapter 4 is a continuation of chapter 3 where various kinds of feature operations are performed
on features. The different kinds of operations include Trim, Blend, Boolean operations and many
more.

You will learn how to create a drawing from a part model in chapter 5. In this chapter, we
demonstrate how to create a drawing by adding views, dimensioning the part drawings, and
modifying various attributes in the drawing such as text size, arrow size and tolerance.

Chapter 6 presents the concept of sketching. It describes how to create sketches and to give
geometric and dimensional constraints. This chapter is very important since present-day
components are very complex in geometry and difficult to model with only basic features.

Chapter 7 introduces free-form modeling. The method of modeling curves and smooth surfaces
will be demonstrated.

Chapter 8 teaches the concepts of Assembly Modeling and its terminologies. It describes Top-
Down modeling and Bottom-Up modeling. We will use Bottom-Up modeling to assemble
components into a product.

Chapter 9 will be a real-time experience of implementing a designed model into a manufacturing
environment for machining. This chapter deals with generation, verification and simulation of
Tool Path to create CNC (Computer Numerical Codes) to produce the designed parts from
Vertical Machining Centers.
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Chapter 10 is capsulated into a brief introduction to Structures Module available in NX7 for the
Finite Element Modeling and Analysis.

The examples and exercise problems used in each chapter are so designed that they will be

finally assembled in the chapter. Due to this distinctive feature, you should save all the models
that you have generated in each chapter.
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CHAPTER 2 - GETTING STARTED

We begin with starting of an NX7 session. This chapter will provide the basics required to use
any CAD/CAM package. You will learn the preliminary steps to start, to understand and to use
the NX7 package for modeling, drafting, etc. It contains five sub-sections a) Opening an NX7
session, b) Printing, saving, and closing part files, ¢) getting acquainted with the NX7 user
interface d) Using layers and e) Understanding important commands & dialogs.

2.1 STARTING NX7 SESSION AND OPENING FILES
2.1.1 Open NX7 Session

» From the Windows desktop screen, click on Start — Programs — UGS NX 7.5 — NX 7.5

L, : ;
e e I Manufacturing Tools

Windows Lpdate M) M Licensing Tools

y ¥ Y ¥

) M Tools
s N [T Accessories b I Release Information
i ) MATLAE b I Translators

4, Documents » B adobe Reader 8

D i : M) Jack4.1 L Njﬁics
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The main NX7 Screen will open. This is the Gateway for the NX7 software. The NX7 blank
screen looks like the figure shown below. There will be different tips displayed on the screen
about the special features of the current version. The Gateway also has the Standard Toolbar that
will allow you to create a new file or open an existing file. On the left side of the Gateway
screen, there is a Toolbar called as Resource Bar that has menus related to different modules
and the ability to define and change the ‘Role’ of the software, view ‘History’ of the software use
and so on. This will be explained in detail later in this chapter. Let’s begin by learning how to
open a part file in NX7.
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To create a new file there are two options. You can click on the ‘New’ tab on top of the screen or
go through the ‘File’ drop-down menu.

MW NXT.5- [No Part] SIEMENS -2 X
File View Tools Assemblies Information Prefersnces Window Help

- = =

- ) «¥ 2

New Open Opena ~ Command Help

Recent Part Finder -

Use Open or New in File Menu =

Applications: The tools in NX are grouped into a series of applications that support different
Applications workflows, such as creating geometry, building an assembly, or producing a drawing.

The current application is called Gateway. This is your gateway to using NX and enables you to
create and open parts.

When you create a new part, you select a template and NX starts the appropriate application for
that template. When you open a part, NX starts the application the part was last saved in. Use the
Start menu to change application at any time.

2.1.2 Open a New File

» On the menu bar found at the top-left of the screen, click FILE - NEW

This will open a new session, asking for the name and location of the new file to be created as
shown at the bottom left. You need to select the units (inches or millimeters) of the working
environment by clicking on the drop-down menu on the top right corner. The default is
millimeters. However, most of the material in the tutorials is modeled in inches. So always, be
sure to select inches before creating a new .prt file unless otherwise specified. You can also
select the type of the file you want to create — either a part file or an assembly file or sheet-metal
file — by selecting the file type as shown in Templates dialogue box located at the center of the
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window. The properties of the selected file are displayed below the Preview on the middle right
corner.

> Enter the location of the file and then and click OK

: New X
Model | Drawing” Simulation" Manufacturing" Inspectionl
Templates M| Preview A
| Units {Millimeters E-!
MName Type Units Relationship Owner
PN Model Modeling Millimeters | Stand-alone | BUILTINVA.. |
i1l Assembly Assemblies Millimeters Stand-alone BUILTINYA. ..
Shape Studio Shape Studio Millimeters Stand-alone BUILTINYA. ..
&_’l NX Sheet Metal NX Sheet Metal  Millimeters Stand-alone BUILTINVA...
| Aero Sheet Metal Aerospace She... Millimeters Stand-alone BUILTINVA...
.Ea Routing Logical Routing Logical  Millimeters  Stand-alone BUILTINVA...
@ Routing Mechanical Routing Mecha... Millimeters Stand-alone BUILTINVA...
E.EI Routing Electrical Routing Electri... Millimeters Stand-alone BUILTINYA... -
[ Blank Gateway Millimeters Stand-alone none sLopertics ~
Name: Model
Type: Modeling
Units: Millimeters
Last Modified: 04/13/2010 07:43 PM
Description: NX Example with datum CSYS
New File Name A

Folder [¢:\Program Files\UGS\NX 7.5\UGII ]

Part to reference A

Ok ” Cancel ]

2.1.3 Open a Part File = -
Open Opena M
Recent Part

» Click FILE — OPEN
You can also click the Open icon from the Standard toolbar at the top of the screen.

The Open Part File dialog will appear. You can see the preview of the files on the right side of
the window. You can disable the Preview by un-clicking the box in front of the Preview button.

» Click CANCEL to exit the window
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Lok in: IE} Impeller j = I‘j‘ =-

2lx|

% Impeller_hexa-bolt.prt
iy | Impeller _hexa-nut.prt

Impeller_impeller. prt

iy | Impeller _lower-casing. prt

i | Impeller _shaft.pre

i | Impeller _upper-casing.prt

i | Impeller_washer.prt

E_]Impeller-nssemb\y.prt

JE_]Impeller-Eproded-Assemny.prt
@sub-assembly.prt

My Computer

-

File name: Ilmpeller_impeller.prt

Files of type: IPart Files [*.prt]
™ Load Structure Only
V' Use Partial Loading

™ Use Lightweight Fiepresentations

Optians... |

L L

Cancel |

2.2 PRINTING, SAVING AND CLOSING PART FILES

2.2.1 Print a NX7 Image
» Click FILE — PRINT

;3‘
You can also click the Print icon on the Standard
Toolbar. The following figure shows the Print dialog box.
Here, you can choose the printer to use or specify the
number of copies to be printed, size of the paper and so
on.
You can also select the scale for all the three dimensions.
You can also choose the method of printing, i.e.
wireframe, solid model by clicking on the ‘Output’ drop
down-menu as shown in the Figure on right side

» Click CANCEL to exit the window
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Current Display

Printer A
Printer | HP Laserjer 2300 selw]
| Details v
Settings

Copies
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2.2.2 Save Part Files WNX 7.5 - Modeling - [Impeller_im
ﬁ File | Edit Wiew Insert Form:

It is imperative that you save your work very frequently. If N 0

. MNew... Crrl+M
for some reasons, NX7 shuts down and the part is not saved, -
all the work will be lost. To save the part files ] Qper... Cerl+0
Close »
» Click FILE @ L save corles
seld B save Work Part Only

On the File drop-down menu, there are five different options
to save a file. — B! saveas. Crl+shift+a
e SAVE: This option will save the part on screen with
the same name as given before while creating the part
file.
e SAVE WORK PART ONLY: option will only save the
active part on the screen.
SAVE AS: option allows you to save the part on screen using a different name.
e SAVE ALL: This option will save all the opened part files with their existing names.
SAVE BOOKMARK: This option will save a screenshot of the current model on the
screen as a .JPEG file and bookmarks.

Save All

Save Bookmark. ..

Options L4

Remember as in previous versions all the parts are saved with a .prt extension in NX7.

2.2.3 Close Part Files

You can choose to close the parts that are visible on screen by

» Click FILE — CLOSE

If you close a file, the file will be cleared from the working memory and any changes that are not
saved will be lost. Therefore, remember to select SAVE AND CLOSE or SAVE ALL AND
CLOSE or SAVE ALL AND EXIT.

| — a L N S 1
L]
I save Ctrl+s ) All Parts
EY save Work Part Only Save and Close
E_ Save As...  Ctrl+Shift+a Save As and Close...
Gl save Al Save All and Close
Save Bookmark... Sawe All and Exit
Options » Close and Reopen Selected Parts...
<} print.. Close and Reopen All Modified Parts
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In case of the first two options, the parts that are selected or the all parts the files will be closed
but the NX7 session keeps on running.

2.2.4 Exit an NX7 Session

» Click FILE — EXIT

E You have an open file that is modified.
L

' Lo wou want o save it before exiting?

Impeller_impeller.prk

[ es - Save and Exit | [ Mo - Exit ] [ Cancel ]

» Since we are not ready to exit NX7, click NO

If you have files open and have made changes to them without saving, the message will ask you
if you really want to exit.

» Select NO, save the files and then Exit

2.2.5 Simultaneously Saving All Parts and Exiting

A second way to exit NX7 session at the same time save all the files and exit the program is
» Click FILE — CLOSE — SAVE ALL and EXIT

The Save and Exit warning dialog window is shown below.

Save All and Exit .

"'_n.‘ Do wou realky want to save all parts and exit?

» Choose NO or CANCEL

12
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2.3 NX7 INTERFACE

The user interface of NX7 is made very simple through the use of different icons. Most of the
commands can be executed by navigating the mouse around the screen and clicking on the icons.
The keyboard entries are mostly limited for entering values and naming files.

2.3.1 Mouse Functionality

It is highly recommended to use a three-button mouse or a scroll-mouse while working with
NX7. The power of mouse buttons and their primary functions are discussed below.

2.3.1.1 Left Mouse Button (MB1): % | Edit Parameters x

The MBI or left mouse button is used for Selection of
icons, menus, and other entities on the graphic screen.
Double clicking MB1 on any feature will automatically
open the Edit Dialog box.

Feature Parameters

Edit Tolerances

Edit Direction

Edit Curve

2.3.1.2 Middle Mouse Button (MB2): —
it Defining String

. . . . Replace Defining Stri
is used to Rotate the object by pressing, holding and eplace Defining String

dragging. It can be used for Pan and Zoom options in
combination with other mouse buttons or key buttons.
If it is a scroll button, the object can be zoomed in and
out by scrolling. Just clicking the MB2 will execute the
OK command if any pop-up window or dialog box is
open.

Edit Sketch Dimension

Instance Array Dialog

Clock Instance

|
[
[
[
The MB2 or middle mouse button or the scroll button {
[
[
[
[

Reattach

[ OK H Back ][ Cancel ]

2.3.1.3 Right Mouse Button (MB3):

MB3 or Right Mouse Button is used to access the user interface
pop-up menus. You can access the subsequent options that pop up
depending on the selection mode and Application. The figures -

shown on the right are in Sketch Application. Clicking on MB3 E@
when a feature is selected will give the options related to that | 5}‘
feature (Object/Action Menu). E)]

Clicking MB3 and holding the button will display a set of icons
around the feature. These icons feature the possible commands
that can be applied to the feature.

Clicking MB3 on graphics screen will pop up the View menu options as shown below.

13
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[No Selection Filter E.! [Entire Aszembly L;,! |

B o @7% %581/ A0

O+ |
2] Refresh FS
B Eit
] Zoom F6
{} Rotate F7
[+ pan

Update Display

b

Restore

\} True Shading
Rendering Style »
Orient View »
Replace View 3

+) Set Rotate Point

¥} Undo

* Note: The functionality of the mouse buttons depends on the Application used. For
instance, the menus that pop-up in Modeling are different from those in Sketch.

2.3.1.4 Mouse Functionality

The following is the illustration of the mouse buttons used for rotating, panning and zooming in
or out on the graphic screen. Besides using these different combinations of mouse buttons, the
following commands can also be performed by icons in the Toolbar.

Rotate:

» Press and hold the middle mouse button (or scroll button) and drag around the screen to view
the model in the direction you want. The model can also be rotated about a single axis. To
rotate about the axis horizontal to the screen, place the mouse pointer near the right edge of
the graphic screen and rotate. Similarly, for the vertical axis and the axis perpendicular to the
screen, click at the bottom edge and top edge of the screen respectively and rotate.

» If you keep pressing the MB2 at the same position for a couple of seconds, it will fix the
point of rotation (a green + symbol appears) and you can drag around the object to view.

Rotate Rotate
MB2 + Drag Press Scroll+Drag

14
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Zoom In /Out:

» Press and hold both the left mouse button and middle button (or scroll button) simultaneously
and drag OR

» Press and hold <Ctrl> button on the keyboard and then press and drag the middle mouse
button. OR

» Scroll up and down if the mouse has a scroll wheel.

ZOOM INfOUT
VIB1 + Press Scroll
+ Drag

ZOOM IN/oUT
MB1 + MB2 + Drag

Pan:

» Press and hold both the middle button and right mouse button simultaneously and drag OR
» Press and hold <Shift> button on the keyboard and press and drag the middle mouse button.

PAN
PAN Press Scroll + MB3

MB2 + MB3 + Drag + Drag

-

N, A

2.3.2 NX7 Gateway

The following figure shows the typical layout of the NX7 window when a file is opened. This is
the Gateway of NX7 from where you can select any module to work on such as modeling,
manufacturing, etc. It has to be noted that these toolbars may not be exactly on the same position
of the screen as shown below. The toolbars can be placed at any location or position on the
screen. Look out for the same set of icons.

15
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2.3.2.1 Functions of Gateway Zones

Title Bar:
The Title Bar displays the following information for the current part file.

¢ The name of the currently displayed part

¢ The name of the current work part

e If the work part is read only

e If the work part has been modified since it was last saved
Menu Bar:

The Menu Bar is the horizontal menu of options displayed at the top of the main window
directly below the Title Bar. Menu bar options are called menu titles and each corresponds to a
NX functional category. Clicking on a menu title leads to a drop-down menu of choices.

16
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Toolbar:

A Toolbar is a row of icons that you can use to activate standard NX menu items. NX7 comes
with a large selection of toolbars. The active Toolbars are located below the Menu bar. The
toolbars can be placed anywhere on screen by dragging their handles.

[ b /N

[MP'Nx 7.5 - Modeling - [Impeller_impeller.prt (Modified) T
0% File Edit View Insert Fomat Tools Assemblies Information Analysis Preferences Window Help

Wysuns [ 5 W o LN O] o By, 7 -& - @R @55

i - =R,
QgL

el
o

D DP2 s @ 98I0 l)GNS. @ A-FB -3 -
3 E- e 2% % Ll A e+ & W

[No sef

-[AR4 Sketch (3) "SKETCH_

If the toolbar handle is dragged to the edges of the screen they attach to that edge of the screen.

Selection Bar:

The Selection Bar is located below the active Toolbars and displays the selection options. These
options include the Filters, Components/Assembly, and Snap Points for selecting features.

Resource Bar:

The Resource Bar features icons for a number of pages in one place using very little user
interface space. NX7 places all navigator windows in the Resource Bar, as well as the History
Palette, Assembly navigator, Part navigator, Animation navigator, Simulation navigator, Roles
and the Web Browser. By Default, the Resource Bar is located on the left side of the NX7
window. You can dock and undock the resource bars by clicking on the pin icon on the top left
of the resource window.

H - UNDOCKED & - DOCKED

Cue Line:

The Cue Line is shown at the top of the main NX window below all the Toolbars. The Cue Line
displays prompt messages that indicate the next action that needs to be taken.

Status Line:

The Status Line, located to the right of the Cue area, displays information messages about the
current options or the most recently completed function.

Progress Meter:

The Progress Meter is displayed in the Cue Line when the system performs a time-consuming
operation such as loading a large assembly. The meter shows the percentage of the operation that
has been completed. When the operation is finished, the system displays the next appropriate
cue.
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2.3.2.2 Part Navigator

& Part Navigator

> Click on the Part Navigator icon, the second icon || r_qagm o =
- odel Views
from the top on the Resource bar ﬁz o (B Cameras

E+[2 Model History

The Part Navigator provides a visual representation of - H&
the parent-child relationships of features in the work part EE
in a separate window in a tree type format. It shows all MG
. .. . . i BAnE Sketch (3) "SKETCH_0O.
the primitives, entities used during modeling. It allows LB
one {4)

you to perform various editing actions on those features.
For example, you can use the Part Navigator to suppress
or un-suppress the features or change their parameters or
positioning dimensions. Removing the green tick mark
will ‘Suppress’ the feature. The software will give a

i FEE Instanced Extruded (5)
- B [gg] Circular Array (5)

i B Instance[1] (G)/Extrud...
i GG Instance[2] (6)/Extrud...
L B Instance[3] (6)/Extrud...
i B Instance[4] (6)/Extrud...

Blxlelle

warning if the parent child relationship is broken by . E g Unite (7)
suppressing any particular feature. .- (3 Cylinder(g)
L. B[P Cylinder (9)

The Part Navigator is available for all NX applications

and not just for modeling. However, you can only perform feature-editing operations when you
are in the Modeling module. Editing a feature in the Part Navigator will automatically update the
model. Feature editing will be discussed later.

2.3.2.3 History

» Click on the History icon, the fourth from
the top on the Resource bar

The History Palette provides fast access to
recently opened files or other palette entries. It
can be used to reload parts that have been
recently worked on or to repeatedly add a small
set of palette items to a model.

Impeller _impeller.prt from Impeller _lower-casing. prt;
;4 Unigraphics\Mx-5\Examp. .. ] _ Fr_om ]

The History Palette remembers the last palette
options that were used and the state of the
session when it was closed. NX stores the
palettes that were loaded into a session and
restores them in the next session. The system
does not clean up the History Palette when parts
are moved.

mpeller-Exploded-Assembly prl
. from

To re-use a part, drag and drop it from the
History Palette to the Graphics Window. To reload a part, click on a saved session bookmark.
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2.3.3 Geometry Selection

Geometry Selection properties are very advanced in NX7. You can filter the selection method,
which facilitates easy selection of the geometry in a close cluster. In addition, you can perform
any of the feature operation options that NX7 intelligently provides depending on the selected
entity.

The Mouse cursor in the Graphics screen will normally be in the shape of a cross hair as
-]~ shown in the figure. Selection of items can be based on the degree of the entity like,
~[<  selection of Geometric entities, Features and Components. The selection method can be
opted by choosing one of the icons in the Selection Toolbar.

Feature Selection:

Clicking on any of the icons in the figure below will let you select the features in the part file. It
will not select the basic entities like edges, faces etc. The features selected can also be applied to
a part or an entire assembly depending upon the requirement.

[No Selection Filter [w] [Entire Assembly ke 2 Bl-le & e S 1 d\{:)q’ L

'4" Detailed Filtering...
4 > 7 ColorFilter
Besides that, the filtering of the features can be further narrowed down by selecting one of the
desired options in the drop-down menu as shown in the figure below. For example, selecting

CURVE from the option will highlight only the curves in the screen. The default is NO
SELECTION FILTER.

Mo Selection Filter T] [Entlre Assembly L_T-! £e Ev -

d Cl:urn p-:unent
Curve
[l Curve Feature b
Sketch
Edge
Face
Feature
Solid Body
Sheet Body
Facet Body
Datums ;I

General Object Selection:

Clicking on the icon as shown in the figure below will let you select the general object entities
displayed on the screen.

[Na Selection Filter ke |Entire Assembly lw) E- m {ﬁ\i.n g
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If you want to select any geometric entity, feature, or component, then
navigate the mouse cursor closer to the entity until it is highlighted with
a magenta (pink) color and click the left mouse button.

If you want to select an entity that is hidden behind the displayed
geometry, then place the mouse cursor roughly close to that area on the
screen such that the cursor ball occupies a portion of the hidden
geometry projected on the screen. After a couple of seconds, the ball
cursor turns into a ‘plus’ symbol as shown in the figure.

Click the left mouse button (MB1) to get a ‘Selection Confirmation’
dialog box as shown in the following figure below. This QuickPick
menu consists of the list of entities captured within the ball of the
cursor. The entities are arranged in ascending order of the ‘degree’ of
the entity. For example, edges and vertices are assigned lower numbers
while solid faces are given higher numbers. By moving the cursor on
the numbers displayed, NX7 will highlight the corresponding entity on
the screen in a magenta color. For example, in the figure below, the
face on the top is assigned the number ‘5’. Likewise, the hidden entities will also be allotted with
a number in the list. You can browse through the numbers and click on the number that
corresponds to the desired object or feature.

QuickPick

&! 00 [[_][@] as
E Instance[0]{5)Extruded{s)

2 [ Edge of Instance[0](5)/Extr...
3 [ Edge of Conel4)

4 Iffj Face of Instance[0]{5)/Extr...
5 I‘_‘lj Face of Instance[0](5)/Extr...
i} [ij Solid Body of Transform Arr.

2.3.4 User Preferences
» Choose PREFERENCES on the Menu bar to find the various options available

User Preferences are used to define the display parameters of new objects, names, layouts, and
views. You can set the layer, color, font, and width of created objects. You can also design
layouts and views, control the display of object and view names and borders, change the size of
the selection ball, specify the selection rectangle method, set chaining tolerance and method, and
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design and activate a grid. Changes that you make
using the Preferences menu override any counterpart
customer defaults for the same functions.

User Interface

» Choose PREFERENCES—USER INTERFACE
to find the options in the dialog box.

The User Interface option customizes how NX works
and interacts to specifications you set. You can control
the location, size and visibility status of the main
window, graphics display, and information window.
You can set the number of decimal places (precision)
that the system uses for both input text fields and data
displayed in the information window. You can also
specify a full or small dialog for file selection. You can
also set macro options and enable a confirmation
dialog for Undo operations.

W [User interface Preferences |§

General | Lavu:uut" I'u'la-::ru:u"]u:uurnal" UserTooIs]

Displayed Decimal Places

Tracking Bar
Information Window

DSvstem Precision in Information Window

Web Browser

Home Page URL

[C:‘\.Prc\gram Files“USSYNZ 7.5%u ]

[ Reset Welcome Page ]

Display Alerts on

EWarnings
@Infnrmatinn

ETrack Cursor Location in Tracking Bar
DCanirm Undo

[ Reset "Don’t display this message again” ]

' | Visualization Preferences X [ Reset Dialog Box Settings ]
[ Line " Special Effects " View/Screen " Handles
Visual | Faceting ” Caolor " Mames,/Borders [ QK 1 [ Apply ] [ Cancel ]
Select Views A Y
- | e The General tab allows you to set the precision
RIGHT =l level as seen in the Information Window
General Display Settings ~|| ® The Layout tab allows you to set the location of the
Part Settings (Selected Views) A ResourCC Bar
(D] Rendering style [shaded ™) e The Macro tab allows you to set the pause while
: displaying animation
[E]Shaded Edge Color | 5 EY] _ playmg
@Hidden Edge Style [Invisihle L_Y»!
=
SimEess 0 : Visualization
one Maximum —_—
@@Two-smed Light
» Choose PREFERENCES — VISUALIZATION
Session Settings A

[jTransIucenc"-r

DLine Antialiasing
EFU” Scene Antialiasing
EEdge Emphasis

Edge Display Settings h'4

to find the options in the dialog box.

This dialog box controls attributes that affect the
display in the graphics window. Some attributes are
associated with the part or with particular Views of the
part. The settings for these attributes are saved in the
part file. For many of these attributes, when a new part

o] [ Aeply ) [Cameet ] OF 2 view is created, the setting is initialized to the
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attributes are associated with the session and apply to EYEGEIEG =X
all parts in the session. The settings of some of these

Favorites v
attributes are saved from session to session in the =
registry. For some session attributes, the setting can be
initialized to the value specified by customer default, | =¥
an environment variable. ) o Sl

Principal
» Click on the different tab buttons to find the L || N

options available under each command. Vibrant
|| U W]
» Choose PREFERENCES — COLOR PALLETE : | == L IEL ] : : |
to find the options in the dialog box. =EHEEE
> Click on EDIT BACKGROUND to get another | "™
pop up Dialog box. You can change your : : : u : : : : : : : :
background color whatever you want. CIC ] EEEEEEE
[ ] L HE
The background color refers to the color of the | park
background of the graphics window. NX supports EEEEEEEE e
graduated backgrounds for all display modes. You can LI CWC A0 I I W I I

select background colors for Shaded or Wireframe L NEW LW LWL

. . LI L AC I4C IAC IfC IfCJf |
displays. The background can be Plain or Graduated. o
Valid options for all background colors are 0 to 255. R
[ C HEE | L NER HE ]
[ S | [ ] [ |
. [] (0
» Click OK when you are done [ [ ]
w [Edit Background |§ Selected Color M
Shaded Views
(Opiain Graduated, |
-
Eup = Options A
ottom
Wireframe Views D ol E éj
OF‘Iain @Graduated | ﬂ | [i]
|
Bottom - [ Ok l [ Cancel ]
Plain Color -

[ Default Craduated Colors

[ OK H Apply ][ Cancel ]

You can also update the background of the graphic window using Preferences.

» Choose PREFERENCES — BACKGROUND
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Edit Object Display

Object Display option is used to modify the settings such as layer, color, font, width, grid count,
translucency, and shading status of existing objects. You can select the Edit Object Display icon
on the Menu Bar as shown below.

FL-|Ppo- =

> You can also click PREFERENCES — OBJECT

This will pop up a dialog window OBJECT PREFERENCES or EDIT OBJECT DISPLAY.
Change and observe the Color and Translucency of the solid object. This is not just limited to
solid objects. You can also apply this setting to individual entities of the solid. For example, you
can click on any particular surface of the solid and apply the Display settings.

% | Object Preferences x
Y
General | Analysis —

Work Layer [ 1 ]

Type [ Default L_Y-!

Color [Cu:ulu:ur LT{ -_l

Solids and Sheets
[jF‘ar‘tiaIIl,-r Shaded
DFace Analysis

Translucency
0

0

0 100

=

oK 1[ Apply ][ Cancel ]
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2.3.5 Applications

Unlike as in the NX5 version, in the NX7 version different APPLICATIONS can be opened
using the START option tab in the Standard Toolbar. You can select the type of application
you want to run from the drop down menu. For example, you can select Modeling, Drafting,
assembly, and so on as shown in the figure.

The default application that starts when you open a file or start a new file is Modeling.

MNE 7.5 - Modeling - [Tmpeller_impeller.prt {Modified) ]

gfile Edit View Insert Format Tools Assemblies Information Analysis Prefer

Start -

Lia

PMI

FJ NXSheet Metal...
+ @3 shape Studio...
l!'h" Drafting...

? Manufacturing...

Crl+Alt+N
Ctri+alt+s
Ctrl+Shift+D

aluf" Adwvanced Simulation...

] s Motion Simulation...

Ctri+Alt+M

_I Cateway...

Assemblies
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- [ &gl Circular Array (5)
- WA Instance[1] (B)/Ext| |
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A
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le-click an object

Modeling...

Shape Studio...
Drafting...

Mapufacturing...

= Machine Tool Builder
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Adwvanced Simulation...
Design Simulation...
Moldflow Part Adviser...
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Sheet Metal
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PCB Exchange...
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2.4 COORDINATE SYSTEMS

There are different coordinate systems in NX. A three-axis symbol is used to identify the
coordinate system.

2.4.1 Absolute Coordinate System

The Absolute Coordinate System is the coordinate system from which all
objects are referenced. This is a fixed coordinate system and hence the
locations and orientations of every object in NX7 modeling space are related
back to this system. The Absolute Coordinate System (or “Absolute CSYS”)
also provides a common frame of reference between part files. An absolute
position at X=1, Y=1, and Z=1 in one part file is the same location in any
other part file as well.

The View Triad is a visual indicator that represents the orientation of the Absolute coordinate
system of the model

2.4.2 Work Coordinate System

The Work Coordinate System (WCS) is what you will use for construction .
when you want to determine orientations and angles of features. The axes of 24
the WCS are denoted XC, YC, and ZC. (The “C” stands for “current”). | "l

It is possible to have multiple coordinate systems in a part file, but only one
of them can be the work coordinate system.

2.4.4 Move the WCS

Here, you will learn how to translate and rotate the WCS.

» Choose FORMAT —WCS

s T

Eeference Sets... I‘: il
‘.f Rotate...
GCroup L4
T-L Orient...

o, .
;5 Parts List Lewvels.. L Setwes to Absolute

Database Attributes... &+ Change XC Direction...
Fattern... L® Change YC Direction...
‘_::" Display W
Lj;" Save
25
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2.4.4.1 Translate the WCS
This procedure will move the WCS origin to any point you  type A

specify, but the orientation (direction of the axes) of the WCS
will remain the same.

# Inferred Point

AP OV A

Point Location

|

» Choose FORMAT —WCS — ORIGIN

* Select Object (0) -€|9—

The Point Constructor dialog is displayed in the figure.

>.>

Coordinates

You either can specify a point from the drop down menu at | @gelativetawes (abselute

the top of the dialog box or by entering the X-Y-Z coordinates | xc
in the XC, YC, and ZC fields. ve

zc 0.ooomo0 @
A majority of the work will be in relation to the Work  o.iings =
Coordinate System rather than the Absolute Coordinate ——I——2

System. The default is the WCS.

Coordinates

@ Relative to WCS OAhsulute

The default action button is Inferred Point. The button is highlighted as shown in the figure. The
name of the active icon appears above the top row of action buttons. This is the point on the
object, which is closest to the cursor. It can be any of the Snap Points such as the center of circle
or end-point of a line and so on.

N Troin
Type A|
A
2 PR IOW A
» Click CANCEL
2.4.4.2 Rotate the WCS 'w, Rotate WCS about...

You can also rotate the WCS around one of its | |(@)+ ZC Axis: XC = ¥C

axes.

» Choose FORMAT —WCS — ROTATE

The Rotate WCS dialog is shown on the right
side. The dialog shows six different ways to
rotate the WCS around an axis. These rotation
procedures follow the right-hand rule of rotation.
You can also specify the angle to which the WCS
be rotated.

» Click CANCEL
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2.4.4.3 Save the Current Location and Orientation of the WCS

You can save the current location and orientation of the WCS to use as a permanent coordinate

system.
» Choose FORMAT —WCS — SAVE

2.5 USING LAYERS

Layers are used to store objects in a file, and work like containers to collect the objects in a
structured and consistent manner. Unlike simple visual tools like Show and Hide, Layers provide
a permanent way to organize and manage the visibility and selectability of objects in your file.

2.5.1 Layer Control

With NX7, you can control whether objects are
visible or selectable by using Layers. A Layer is a
system-defined attribute such as color, font, and
width that all objects in NX7 must have. There are
256 usable layers in NX7, one of which is always the
Work Layer. Any of the 256 layers can be assigned
to one of four classifications of status:

Work
Selectable
Visible Only
Invisible

The Work Layer is the layer that objects are created
ON and is always visible and selectable while it
remains the Work Layer. Layer 1 is the default Work
Layer when starting a new part file. When the Work
Layer is changed to another type of layer, the
previous Work Layer automatically becomes
Selectable and can then be assigned a status of
Visible Only or Invisible.

The number of objects that can be on one layer is not
limited. You have the freedom to choose whichever
layer you want to create the object on and the status
of that layer.

To assign a status to a layer or layers,

» Choose FORMAT — LAYER SETTINGS

Find Layer from Object

= Layer Settings ’_I_r

Select Object(d)

Work Layer A
Work Layer [ 1
Layers M

Select Layer By Range/Category

[:]Categorv Display

Name & Visible Only | Object Ct
':?1 (Wark)
E 61 O 8
| | i
Show [La'_.rers With Ohjects'-;_-!

Add Category

Layer Control

Settings

N

v

Close

However, it should be noted that the use of company standards in regards to layers would
be advantageous to maintain a consistency between files.
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2.5.2 Commands in Layers

We will follow simple steps to practice the commands in Layers. First, we will create two
objects (Solids) by the method as follows. The details of Solid Modeling will be discussed in the
next chapter. The solids that we draw here are only for practice in this chapter.

>

Choose FILE — NEW

Name the file and choose a folder in which to save it.
Make sure you selected the units to be inches in the
drop-down menu. Choose the file type as Model

IngertIFtl:mat Tools Assemblies Information Ar

E'é Sketch... 5 e % i
Datum,/Point » IJ :
e PEHAO.
Curve from Curves » |7 fg T

Curve from Bodies  » ] - S

» Click OK
| Design reare TIPSR
» Choose INSERT — DESIGN FEATURE — Assoclave Copy ¥ @ Revolve.. R
CYLINDER OR select the object from the Combine Bodies  » | # Slock-
Application Toolbar showing the picture of cylinder. Trim y l,\l Cylinder...
» Choose AXIS, DIAMETER, HEIGHT under Type
w Cylinder |_
» Click on icon next to Specify Vector Type &
"d Axis, Diameter, and Height -
The Vector Constructor dialog will appear. This is | axis A

to specify the direction of the axis of the cylinder.
The default direction will be in the Z direction.

» Click OK on the pop-up window
» Click on icon next to Specify Point

The Point Constructor window will appear for you
to determine the location of the cylinder. The

default location will be the origin (0,0,0) on the e 4 !

WCS. Boolean

» Click OK Boolean ’.. None
Preview

If you would like to change the direction of Axis or
the Point of origin, click on the boxes outlined in
red ink as shown in the figure.
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» Next type 2 inches for the diameter and 4 inches for the height under Properties

» Click OK
» Click CANCEL on any other window that pops up.

The screen will now look like the following figure.

W NX 7.5 - Modeling - [model3.prt (Modified) ]

gfde Edit Wiew Insert Format Tools Assemblies Information Analysis Preferences Window Help

s ) (Il of By B0 o o By, (F-& - QOBS -0 G S
QDP9 s IS Isah3JINS’ @ QA-CR-@
[No Selection Fiker [w) [Entire Assembly [w) 8 [~ @ @ % ™ T - (][]0 "f"o@ )

& Part Navigator

F Name &

B History Mode
& Model Views
& [Eh Cameras

-[55 User Expressions
[=-[5 Model History
;- [k Datm Coordinate ¢

) @ cylinder ()

> Right-click on the screen and choose ORIENT VIEW — TRIMETRIC

» If the solid is in wire-frame, right-click on the screen and choose RENDERING STYLE —
SHADED OR click on the Shaded icon in the toolbar

W (O H

Now you will be able to see a solid cylinder.
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Now let us practice some Layer Commands.

» Choose FORMAT — MOVE TO BNEEEEEEL FE
LAYER Objects A
o Select Objects (1) :
You will be asked to select an object.
Select Al
» Move the cursor on to the cylinder and || v er selection
click on it so that it becomes
hlghhghted Other Selection Methods v
Filters v
> Click OK [—EH(—] [ Cancel

You will get the following pop-up window.

» In the Destination Layer or Category space at the top of the window, type 25.

» Choose APPLY, then CANCEL

NX7 for Engineering Design

% | Layer Move X

Destination Layer or Category

(25 )

Curves
Datums
Sheets
Sketches
Solids

Layer

1 Wark
@1 Selectable

[ Re-highlight Objects ]

[ Select New Objects ]

[—B-I(—” Apply ][ Cancel ]
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The Cylinder has now gone to the 25" layer. It can no  NE AL
longer be seen in Layer 1. Find Layer from Object A
> To see the cylinder, click FORMAT — LAYER | 0
SETTINGS Rork laver A
Work Layer [ﬁ
You can see that the Layer 25 has the object whereas ... A
the default Work Layer 1 has no objects. ol ye/Category )

» Click OK

MName w Visible Only | Object Count
The cylinder will again be seen on the screen. Save ~Oe O 8
the file as we will be using it later in the tutorial. E. ffﬁmk_ O !

2.6 IMPORTANT COMMANDS/DIALOGS

In this section, you will learn some important commands and
dialogs which will be useful during modeling and sketching.

2.6.1 Toolbars

Toolbars contain icons, which serve as shortcuts for many NX7
functions. The figure on the right shows the main Toolbar items
normally displayed. However, you can find many more icons for
different feature commands, based on the module selected and how
the module is customized.

» Right-Clicking anywhere on the existing toolbars gives a list of
other Toolbars. You can add any of the toolbars by checking
them.

The list of toolbars you can see in the default option is Standard,
View, Selection, Utility, etc. Normally, the default setting should be
sufficient for most operations but during certain operations, you
might need additional toolbars. If you want to add buttons
pertaining to the commands and toolbars,

» Click on the pull-down arrow on any of the Toolbars and
choose ADD OR REMOVE BUTTONS.

» Choose CUSTOMIZE.
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(M7 NX 7.5 - Modeling - [model3.prt (Modified) ]

L}El\e Edit Wiew Ingert Format Tools Assemblies [nformation Analysis Preferences Window Help

¥ start~ \ ’T’ g o B =)
D-ODPeae

[Mao selection Filter r.! {Entlre Assembly

Select objects and use MB3, or double-click an object

il ki

-@

) e$C0mmar'|r.|Fim:|er % u 'Q‘A in v.@ ‘L vD = ‘ﬂ, ﬁ,
L A iP-a 7
™ & Fl- o CD" | T

W%E]ﬂ@ Q-R@ !

Add or Remove Buttons

Feature 3

Name +&
f,f;l Histary Mode
FLEB Madal Visws

Synchronous Modeling ¥

Surface 3

||:| Customize Ctri+1 |

This will pop up a Customize dialog window with all the Toolbars under ‘Toolbar’ Tab and
commands pertaining to each Toolbar under ‘Commands’ tab. You can check all the toolbars

that you wish to be displayed.

Toolbars | Commands" Options" La',,rout" Rolesl

W Selection Bar
i Menu Bar

W Standard

WA view

WA Utiliny

[ visualization

[ True Shading
[] visualize Shape
[ analyze Shape
[ Mavie

[ Journal

[0 check-Mate

[ quick Check
[ application

[] active Mockup
[] Assembly Navigator
[ Part Mavigator

F

=l

Reset

Load

|

| Keyboard... ||

Close

[
(1)

You can customize the settings of your NX7 interface by clicking on the

Roles tab on the Resource Bar.

NX7 for Engineering Design
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& Roles

| 8w =
Py '
[ Industry Specific ;I . Fole
2 BIw Advanced (Sample)

Y System Defaults

= Industry Specific

p '
Fole i Raole
Advanced = BIW Essentials (Sample)

=
"i | Rale
advanced with full menus

1

Fole
ZAM Advanced

@

s Fiole
dgfh Essentials {Recommended)
l-il\ i Ru:ule
Essentials with Full menus
Rale
?" I-deas
Zonsumer Producks Essentials
(Sample)
Rl
A% Power Drafting Advanced ’
& Fole

Machinery Advanced (Sample)

Ruole
CAM Express

Fole
Zonsumer Products Advanced
(Sample)

Fole

BB P

4-& Rale
ﬁd?’ Power Drafting Essentials

Ruole
F* Machinery Essentials (Sample)

ﬁe&“

Ruole
Powertrain Advanced (Sample)

Rile
Powertrain Essentials {Sample)

A

The Roles tab has different settings of the toolbar menus that are displayed on the NX7 interface.
e [t allows you to customize the toolbars you desire to be displayed in the Interface.
e Selecting Advanced shows all the Application Toolbars necessary for drafting and
modeling.
® You can also select the Application Toolbars to be displayed in the Interface by clicking
on the Industry Specific settings. This provides a list of industry specific toolbar
applications as shown below.
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2.6.2 Transform Functions
Unlike in NXS5, the Transform menu has been modified in NX7. The Transform functions are

split into two categories. The Move object function is separated from the Transform functions.

» Open the file that you created in section 2.5.2 with the cylinder.

» Click on EDIT — TRANSFORM

Here, we have to choose an entity such as a solid body or curves or a sketch. You can select a
single feature or multiple features by clicking on the features.

% [Transform FE

Objects A

¥ Select Objects (0)

Selectall

Inwert Selection

Other Selection Methods

Filters

I“@E¢

Cancel

» Click on the cylinder so that it gets highlighted
» Click OK

This opens a dialogue box that allows you to perform many functions like scaling, and mirroring
part of a model as shown in the following figure.

. [Transformations |§

Scale

Mirror Through a Line

Rectangular Array

Mirror Through a Plane

Circular Array ]
Point Fit ]

[ oK H Back ][ Cancel ]
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You can choose any of these menus. The Scale scales the model. You can create a copy of the
object using the Mirror through a Line or Mirror through a Plane, create multiple copies of a
entity such as curve, surface or solid using the Rectangular and Circular Array.

If you want to Move the an object with respect to fixed entity you can use the Move menu

» Click on EDIT —- MOVE OBJECT

Objects

Transform

4" Select Object (1)

Motian

[I?_-: Dynamic

" Specify Orientation

DMove Handles Only

Result M
@Move Criginal OCopv Original

Layer Option [Griginal m
Settings v
Preview v

<0OK> ]f—hpp}v—” Cancel ]

A dialogue box opens with options as shown in the figure above. Note the Object Handle that
appears on the object in the form of a coordinate system. You can select the type of motion from
the MOTION drop-down menu. The default option is Dynamic. With this you can move the
object in any direction. There are several other ways of moving the object as shown in the figure

below.

NX7 for Engineering Design

* [ Move Object

Objects A
" Select Object(1}
Transform A
Maotion [IE_': Dynamic a
== Dist
" Specify Orientation |~ Istance
&9 Angle

DMove Handles Only

Result
~ Point to Point
Mowe Original
@ g O -{:f Rotate by Three Points
Layer Option %]/ Align Axis to Vector
i
Settings K, CSYS to C5YS
Preview

A Deltaxyz

===1{

4 Distance between Points

}._ Radial Distance

Dynamic

¢ Show Shortcuts
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e POINT TO POINT - This option allows you to move the center of the cylinder to any
destination point on the X-Y-Z axis that you want to move. The coordinates are based on the
WCS.

% [Move Object |9 [—[X

Obj A
e DISTANCE - This option moves the Jects

selected object in the X-Y-Z direction by the * Select Object (0)
distance that you enter.

Transform M
» Click on SPECIFY VECTOR :

Select the direction. Mation | == Distance %

. XC -

> Type 5 in the DISTANCE box. This will || “Pecivvecter(l) E]
translate the cylinder a distance of 5 inches Tl e [;\’]
along X-Axis Distance [5| in @
> Click OK Result M

Note that MOVE ORIGINAL is the || (®Move Original |(7)Copy Original
RESULT clicked. Layer Option [Griginal

Distance/Angle Divisions

The cylinder will move in the X-direction by a
distance of 5 inches. Settings

Preview

» Click CANCEL

Cancel

I<<Ij]

As you can see, we have moved the cylinder in the X-direction. Similarly, we can also copy the
cylinder by a specified distance or to a specified location by selecting the COPY ORIGINAL
option in the RESULT. These are the basic commands that you will need initially.

That completes an introduction of the basics of the NX7 interface and some basic feature
operations that can be done. In the next chapter, we would learn more about the form features
and some primitive object types.
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CHAPTER 3 - FORM FEATURES

This chapter will discuss the basics of Form Features in NX7: Essentially, we will be discussing
what a feature is, what the different types of features are, what primitives are and how to model
features in NX7 using primitives. This will give a head start to the modeling portion of the NX7
and develop an understanding of the use of Form Features for modeling. In NX7 version, the
features are categorized in different menus based on the functions and ease of identification.

3.1 OVERVIEW

In NX7 Features is a class of objects that have a defined parent. Features are associatively
defined by one or more parents and that retain within the model the order of its creation and
modification, thus capturing it through the History. Parents can be geometrical objects or
numerical variables. Features include primitives, surfaces and/or solids and certain wire frame
objects (such as curves and associative trim and bridge curves). For example, some common
features include blocks, cylinders, cones, spheres, extruded bodies, and revolved bodies.

Commonly Features can be classified as following
Body: A class of objects containing solids and sheets.
Solid Body: A collection of faces and edges that enclose a volume.
Sheet Body: A collection of one or more faces that do not enclose a volume.

Face: A region on the outside of a body enclosed by edges.
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3.2 TYPES OF FEATURES

There are six types of Form features: Reference features,
Swept features, Remove features, User-defined features,
Extract features and Primitives. Just like the NX5 version, the
NX7 version stores all the Form Features under the
INSERT menu option. The form features are also available
in the Form Features Toolbar.

» Click INSERT on the Menu bar

As you can see, the marked menus in the figure on the right
side contain the commands of Form Features.

The Form Feature icons are grouped in the Form Features
Toolbar as shown below. You can choose the icons that you
use frequently.

» Click on the drop down arrow in Form Feature Toolbar
» Choose ADD OR REMOVE BUTTONS
» Choose FORM FEATURE

rsis  Preferences Window Help
ol @& @ OPe-00 v o. T
zah gddNele-a- -
Lkl /] @ F

Add or Remowve Buttons -

Feature 3

Synchronous Modeling #

Surface 4

Ctrl+1

I:l Customize...

Reference Features

Ingert]FD[mat Toolz Assemblies

i Sketch...
Hﬁ Sketch in Task Environment...

Sketch Curve

Sketch Constraint

Datum,Point
Curve
Curve from Curves

Curve from Bodies

4

3

| Design Feature Pl

| Associative Copy Pl

Combine
Trim

Offset/Scale

3

3

3

Detail Feature

Surface
Mesh Surface
Sweep

Flange Surface

Facet Body

Synchronous Modeling

[£s Parts List...

Welding

These let you create reference planes or reference axes. These references can assist you in
creating features on cylinders, cones, spheres and revolved solid bodies.

» Click on INSERT — DATUM/POINT to view the different Reference Feature options:

Datum Plane, Datum Axis, Datum CSYS, and Point
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Swept Features

These let you create bodies by extruding or revolving sketch geometry. Swept Features include:
e Extruded Body

Revolved Body

Sweep along Guide

Tube

Styled Sweep

To select a swept feature you can do the following:

> Click on INSERT — DESIGN FEATURE for Extrude and Revolve
or
» Click on INSERT — SWEEP for the rest of the options

Remove Features )
. [I] Extrude.. ¥
Remove Features let you create bodies by Associative Copy } 5 gevolve..
removing solid part from other parts.
: b P Combine » J Block...
i Trim . (B Cylinder...
» Click on INSERT — DESIGN FEATURE = A c
Offset/Scale p | d& Cone..
i Sphere...
1 Detail Feat 3
Remove Features include, etail Feature
* Hole Surface > & Hole...
* Boss Mesh Surface y | Boss..
L4 POCket Sweep » '_" EDCkEt_._
e Pad Flange Surface . il Pad..
1 Emboss...
. P
o1t Facet Body g &\ Offset Emboss...
°
Groove Synchronous Modeling b| = Slot..
. g ) . l:_i Groove...
You can also select the features by clicking on ./ Barts List..
(l;gJ Dart...
2 L La i Welding P
the icons o s s B Thread..
‘ | ¢ User Defined...

User-Defined features

These allow you to create your own form features to automate commonly used design elements.
You can use user-defined features to extend the range and power of the built-in form features.

» Click on INSERT — DESIGN FEATURE — USER DEFINED

Extract Features

These features let you create bodies by extracting curves, faces and regions. These features are
widely spaced under Associative Copy and Offset/Scale menus. Extract Features include:

e Extract

e Sheet from curves

¢ Bounded plane
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e Thicken Sheet
o Sheet to Solid Assistant

» Click on INSERT — ASSOCIATIVE COPY — EXTRACT for Extract options

> Click on INSERT — OFFSET/SCALE for Thicken Sheet and Sheets to Solid Assistant

Offset/Scale & Offset Surface...
Detail Feature L i OffsetFace..
Surface » [[\‘l Scale...

Mesh Surface | ©% Thicken..
Sweep | & shell...

» Click on INSERT — SURFACE for Bounded Plane and Sheet from curves

L1 Eour oint Surface..

Mesh Surface |52 Swoop...
Sweep * | =\ Bounded Plane...
Flange Surface LA

& Rapid Surfacing...

Primitives
They let you create solid bodies in the LIJII — Ny
form of generic building shapes. e o ' Revalve..
Primitives include, B
Comhine » i Block .
e Block Trim y [ (@ Cylinder...
e Cylinder Offset/Scale 3 l".'l Cane...
* Cone Detail Feature y 152 Sphere..
. her
Sp o Surface » @ Hole...
Mesh Surface y |l Boss_.
Sweep y | = Pocket...

Primitives are the primary entities. Hence we will begin with a short description of primitives
and then proceed to modeling various objects.

3.3 PRIMITIVES

Primitive features are base features from which many other features can be created. The basic
primitives are blocks, cylinders, cones and spheres. Primitives are non-associative which means
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they are not associated to the geometry used to create them. The parameters of these primitive
objects can be changed.

Now let us start modeling of some basic objects. o | Block S
Type A
3.3.1 Model a Block ’.[_/ Origin and Edge Lengths ;-l
Origin M
» Create a new file and name it as
Arborpress_plate.prt o Specify Point {1) (Za
Now let us model a plate. Dimensions A
Lenath (XC) in @
» Choose INSERT — DESIGN FEATURE — width fye [ _ v
BLOCK or click on the Block icon in the Form L * -
Feature Toolbar Height (ZC) 4 n__¥
Eoolean M
The Block window appears. There are three main | Boolean ’;'.' None El
things to define a block. They include the Type,
Origin and the Dimensions of the block. To access  Preview v
the Types scroll the drop-down menu under Type. ok [ apply |[ cancel |

There are three ways to create a block primitive.

* Orl.gm’ Edge Le.ngths L, Crigin and Edge Lengths Fv]
® Height, Two Points

® Two Diagonal Points

@ Crigin and Edge Lengths

I 1} Two Points and Height

» Make sure the Origin, Edge Lengths method is |[ | Two Diagonal Paints
selected & Show Shortcuts

Now, we will choose the origin using the Point

Constructor. Origin A
> Click on the POINT CONSTRUCTOR icon | ¥ Seecify Paint (1 7]
under the Origin
or

» Click on the POINT CONSTRUCTOR icon in the Utility Toolbar as shown in the
following figure.

(] A% AOJO[+] 7 @k

The Point Constructor box will open. The XC, YC, ZC points should have a default value of 0.

» Click OK
The Block window will reappear.
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» Type the following dimensions in the

/ Dimensions M
window.
Length (XC) = 65 inches Length (XC) 63 in %]
Width (YC) = 85 inches Width (YC) [B = — m
Height (ZC) = 20 inches
Height (ZC) [2|:|| in @

» Click OK

» If you do not see anything on the screen, right-click and select FIT. You can also press
<Ctrl>+F
» Right-click on the screen and click on ORIENT VIEW — TRIMETRIC

True Shading

(w

Rendering Style »

Orie : &L, Trimetric  Home
Replace View * | £ |sometric End
+) Set Rotate Point EII] Top Ctrl+Al+T
¥ Undo L Front  Ctr+Al+F
£7] Right  Crrl+al+R
| Back
D Bottom

[y Left  Crrl+Al+L

Custom Views...

You should be able to see the complete plate solid model. Save and close the part file.
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3.3.2 Model a Shaft

After modeling a basic block, we will now model a shaft
having two cylinders and one cone joined together.

» Create a new file and save it as Impeller_shaft.prt

» Choose INSERT — DESIGN FEATURE —
CYLINDER

Similar to the Block there are three things that need to be
defined to create a cylinder, Type, Axis & Origin,
Dimensions.
A Cylinder can be defined by two types which can be
obtained by scrolling the drop-down menu under Type

® Axis, Diameter, Height

* Arc, Height
> Select AXIS, DIAMETER, HEIGHT

» Click on the Vector Constructor icon next to Specify
Vector as shown on the second figure on right.

» Click on the ZC Axis icon.

» Leave the other options as default and click OK

» Click on the Point Constructor icon next to Specify
Point to set the origin of the cylinder

» Set all the XC, YC, and ZC coordinates to be 0

You can see that the selected point is the origin of WCS

» In the next dialog box of the window, type in the

following values as shown in figure
Diameter = 4 inches
Height = 18 inches

Dimensions

Height [18 in

M
Diam eter [4 in E«!
¥
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% | Cylinder | =X

Type

l d Axis, Diameter, and Height

Axis

%" Specify Vector (1) @ *‘ =

ﬁl,j],.

Reverse Direction

& Specify Point (1} @ﬁa
M

» Click OK

Dimensions
Diameter E in
Height 4 in
BEoolean A
Preview v
QK ] [ Apply ] [ Cancel ]
Axis A
" Specify Vector (1) E') 'l
Rewverse Direction }{
" specify Point (1) if
Axis
" Specify Vector (1) KE-
Reverse Direction
.

" Specify Point(1)

Dimensions é
Diameter z in }l/
Height 4 in !

Eoolean

XC
Bool g M e
4 one
oolean B Ye
Preview ZC*
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» Click CANCEL on any other windows that appear
» Right-click on the screen, choose ORIENT VIEW — ISOMETRIC

You can change the color of the solid body and the background as mentioned in the Chapter
2.3.4. The cylinder will look as shown below.

Now we will create a cone at one end of the cylinder.  wwaT = %

> Choose INSERT — DESIGN FEATURE — CONE | *° =
[él Diameters and Height .

Similar to Block and Cylinder there are various ways to T =

create a cone which can be seen by scrolling the drop-
down menu in the Type box. " Specify Vector (1) E -
£

Rewverse Direction

e Diameters, Height R

e Diameters, Half Angle S == (Fe

e Base Diameter, Height, Half Angle Dimensions A

e Top Diameter, Height, Half Angle T @ " W

e Two Coaxial Arcs L E " ™

Height 1 in

> Select DIAMETERS, HEIGHT Eoolean A
> Click on the Vector Constructor icon next to Specify = =°°°™" == ]

Vector. Preview v

oK l [ Apply ] [ Cancel ]

» Choose the ZC-Axis icon so the vector is pointing in
the positive Z direction

» Click OK

» Click on the Point Constructor icon next to Specify Point to set the origin of the cylinder.
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The Point Constructor window will appear next.

Base Diameter l4 in @
» Choose the Arc/Ellipse/Sphere Center icon on the S — (6 " W
dialog box and click on the top circular edge of the . _
cylinder Height |10 in W
OR . . . [ oK | [ Back ] [ Cancel ]
» For the Base Point coordinates, type in the
following values: XC=0 YC=0 ZC=18 % Point D = X
A
> Click OK e
[f; Inferred Point L:.l

» In the cone window, type in the following values:

Base diameter = 4 inches "+\ ,-/ -‘:

Top Diameter = 6 inches
Height = 10 inches

Boolean M

> Click OK Boolean foumee 1
Select Body (1

» On the Boolean Operation window, choose s

UNITE

Now the cone will appear on top of the cylinder.

» Click CANCEL on any other windows

» Press <Ctrl> + F OR right-click and select FIT

The shaft is as shown on right.

Now we will create one more cylinder on top of the cone.

» Repeat the same procedure as before to create another Cylinder.
The vector should be pointing in the positive ZC-direction. On the
Point Constructor window, again click on the Center icon and
construct it at the center point of the base of the cone. The

cylinder should have a diameter of 6 inches and a height of 20
inches.

The complete shaft will look as shown below. Remember to save the model.
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3.4 REFERENCE FEATURES

3.4.1 Datum Plane

Datum Planes are reference features that can be used as a base feature in building a model.
Datum planes assist in creating features on cylinders, cones, spheres, and revolved solid bodies
which do not have a planar surface and also aid in creating features at angles other than normal
to the faces of the target solid. We will follow some simple steps to practice Reference
Features. For starters, we will create a Datum Plane that is offset from a face.

plane

Face

» Open the model Arborpress_plate.prt
» Choose INSERT — DATUM/POINT — DATUM PLANE

The Datum Plane dialog can also be opened by clicking the icon as shown in the figure below
from the Form Feature Toolbar.
D " B ) o
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The Datum Plane window, shown on the right side,
allows you to choose the method of selection.
However, NX7 is smart enough to judge the method
depending on the entity you select, if you keep in
inferred option, which is also the Default option.

» Click on the top surface of the block so that it
becomes highlighted

The vector displays the positive offset direction that
the datum plane will be created in. If you had selected
the bottom face, the vector would have pointed
downward, away from the solid.

» Insert the Offset Distance value as 15 inches in

the dialog box and click APPLY on the Datum
Plane Window

The offset Datum Plane will look as below.

Type

|[2] Inferred

Objects to Define Plane

% Select Object {1}

Offset

Distance

Reverse Direction

Number of Planes

Plane Orientation

Settings

<OK = ]! hpply 1[ Cancel

» Click CANCEL once you are done

N[Datum Plane 9] =|X

A

Type

| f_] Inferred E‘r}

d] At Angle

[} At Distance

[0 Bisector

[&] Curves and Points
{] Two Lines

[ Tangent

{F;] Through Object

ab, -
b Coefficients

W [-] Point and Direction

BT on Curve
b YC-ZC Plane

b XC-ZC Plane

22 XC-¥C Plane

[#] view Plans

¢ Show Shortcuts

» If you don’t see the complete model and plane, right-click and select FIT

3.4.2 Datum Axis

In this part, you are going to create a Datum Axis. A Datum Axis is a reference feature that can
be used to create datum planes, revolved features, extruded bodies, etc.
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. Relative
Scocord Point Datum Asxis

NN

Firsl Puoinl

[] de T q

[:] Datum Plane

Datum Axes can be created either relative to another object or as a fixed
axis (i.e., not referencing, and not constrained by other geometric objects).
b Datum CSYS

» Choose INSERT — DATUM/POINT — DATUM AXIS

—|— Point
The Datum Axis dialog can also be opened by clicking the icon as shown in the figure on the
right from the Form Feature toolbar. W [ Datum Axis TI=%
Type A
X . I f# Inferred Ev]

The next window allows you to choose the method of selecting
the axis. However, NX7 can judge which method to use & intersection o
depending on the entity you select. Bh Curve/Face Axis

Y= On Curve Vector

AC XC-Axis I

G, YC-Axis r

. . . 26 ZC-Axis

There are various ways to make a datum axis. They include |- p,int and Direction
Point and Direction, Two Points, Two Planes, etc. _ Twa Points

€ Show Shortcuts

» Select the Two Points icon at the top right of the Datum Axis window

[ « Datum Axis 0 =% &}

Type A|

[/' Two Paints a

» Select the two points on the block as shown in the figure
on right

» Click OK

The Datum Axis will be a diagonal as shown below.
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3.5 SWEPT FEATURES

3.5.1 Extruded Body

The Extruded Body option lets you create a solid or sheet body by sweeping generator geometry
(curves, solid faces, solid edges, sheet body) in a linear direction for a specified distance.

Resulting

Direction  Section string feature

ffaces)

In this part, we will extrude a rectangle into a |n§en:J Format Tools Assemblies Information Analysis  Pref

rectangular block as follows. j# sketch.. O conmand Finder | I}
IIID'I‘EI Sketch in Task Environment... -
> Create a new part file and save it as Sketch Carve a g N9
Arborpress_rack.prt - -
P — P Sketch Constraint "o o e A E
> Right-click, then choose ORIENT Datum/Point r
VIEW — ISOMETRIC / Line..
Curwve from Curves M| TN Arc/Circle...
To learn the extrude command, we will create e ¢ Lines and Arcs g
a 2D rectangle first and then extrude this Design Feature y | @ Basic Curves..
rectangle to form a solid. Assaciative Copy b~ chagfer.

> Choose INSERT — CURVE —
RECTANGLE
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You can also choose the Rectangle icon in the Sketch Toolbar as shown below.

4 N0 ) a8y

The Point Constructor window will
open as shown on the right. Note the
Cue Line instructions. The Cue Line

Define Rectangle corner 1 - Select object to infer point |

& Part Navigator

provides the step that needs to be tome_2 - e
. kg History Mode & i
taken next. You need to define the +[§ e Bt =
corner points for the Rectangle. ®- of [5h Cameras Eolatiocazion A
= Model History .
For Corner Point 1 - @ Datum Coordin{ | HEEEHCHIEEE0!
» Type in the coordinates XC = 0, Coordinates A
YC =0, ZC =0 and click OK Reference
Another Point Constructor window Y 0.000000 in %
will pop up, allowing you to define z 0.000000 in W
the 2" Corner Point e =
» Type in the coordinates XC =
240, YC = 25, ZC = 0 and click [ OK- H Back ][ Cancel ]
OK and then click Apply
» Right-click on the screen and choose FIT
You should see the rectangle as seen below. Point Location A
Select Object (0)
lZ'f‘ Coordinates M
"’l ) Reference IAbsqute - Work Part;-!
X (2a0.0000 In @)
e ¥ 25.00000 in @)
z 0.000000 in
Offset A
Offset Option [Nu:-ne L:-!

oK ” Back ][ Cancel ]

Now we will extrude the rectangle to form a solid.
» Choose INSERT — DESIGN FEATURE — EXTRUDE
OR
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» Click on the Extrude icon on the left of the Form Feature Toolbar as shown in the figure

below

The Extrude dialog box will pop up.

D 1L o 2 %

» Click on all four lines of the rectangle. You can find the preview on the Graphic screen as
you proceed with the selection of the lines.

» Choose the default positive ZC-direction as the Direction

» In the Limits window, type in the following values:

Start =0

End =20

» Click OK

Section A
47 Select Curve (4) .
Direction A
+f Specify Vector (1) @
Rewverse Direction L,_\(J
Limits A
Start Valug l;v}
Distance 0 in

End Value EY!

Distance 20 in

Boolean A

Boolean {None} I@ Inferred Fv]
Select Body {0)

Draft
Offset

Preview

A
v
Settings v
v
)

[F<oks-] [ Apply | [ cancel

The extruded body will appear as shown below. Save your work and close the file.

Similar to the Extrude function, we can also perform functions such as Revolve, Tube, etc.

NX7 for Engineering Design
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3.6 REMOVE FEATURES

Some features allow you to remove a portion of the existing object to create an object with
additional features that are part of the design. These are illustrated below.

Hole:
This option lets you create simple, counter-bored and countersunk holes in solid bodies.

LOuiicisinm Naic

Boss
This option lets you create a simple cylindrical protrusion on a planar face or datum plane.

Pocket
This creates a cavity in an existing body. It can be cylindrical or rectangular.

Pad
Use the Pad option to create a rectangle on an existing solid body.

Slot

This option lets you create a passage through or into a solid body in the shape of a straight slot.
An automatic subtract is performed on the current target solid. It can be rectangular, T-slot, U-
Slot, Ball end or Dovetail.

Groove

This option lets you create a groove in a solid body, as if a form tool moved inward (from an
external placement face) or outward (from an internal placement face) on a rotating part, as with
a turning operation.

Thread
This option allows you to create symbolic thread or a detailed thread on a cylindrical face of a
solid body.

We will now learn to create holes.
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» Open the file Arborpress_plate.prt
» Choose INSERT — DESIGN FEATURES — HOLE or click on the icon in the Form
Feature Toolbar as shown

B - [as]s 8 > 8.

Type A

The Hole window will open. There are various
selections that need to be done prior to making the

holes. First you need to select the Type of the hole. E § General Hole ﬂ

» Select the default General Hole Position i

) ) ) * Specify Point {0) '
Next you need to define the points at which you "
need to make the holes. Direction A

Hole Direction "Ej‘ MNormal to Face Q

» Click on the Sketch icon in the Position dialog
box and choose the top face of the plate as the

Form and Dimensions A
Type of Sketch
Form [U Simple E!
\ Dimensions A
1 Diameter 1 in W
Sketch Plane A 3
e Depth Limit [‘-."alue L_Y-!
+ Select Planar Face or Plane {1} D‘Ep‘th [2 in @
Reverse Direction -
Sketch Orientation v Tlp Angle [1 18 deg m
Sketch Origin v
Settings v EQDIEEH A
Boolean ’_ﬁ) Subtract E.l
» Click OK W Select Body (1) EI_';
This will take you the Sketch Plane. Settings h. A
Preview W

" [Sketch Point IFFR

Point

Cancel

¥ Specify Point (0}

» Click on the POINT CONSTRUCTOR icon
and specify all the points as given in the Table
below.

You can specify either one point or all the points at
| the same time.
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X Y Z
11.25 10.00 0.00
32.50 | 23.50 0.00
53.75 10.00 0.00
11.25 | 75.00 0.00
32.50 | 61.50 0.00
53.75 | 75.00 0.00

Click OK after you enter the coordinates of each
point.

Note the dimensions of the hole appear
automatically. You can hide all the dimensions by
selecting, and right clicking and selecting Hide

Click CLOSE once you have entered all the
points.

Click on FINISH SKETCH in the top left corner
of the window

M NE 7.5 - Sketch - [model3.prt §

B%Tasl_q Edit Wiew Insert Fo

% Finish Sketch |SKETCH_0OO

" [ sketch Point

Point

ﬁ Specify Point {0)

This will take you out of the Sketch mode and bring back to the original Hole window on the
graphics screen.

>

>

In the Form dialog choose the default option of Simple Hole.

Enter the following values in the Dimensions window

Diameter = 8 inches
Depth = 25 inches
Tip Angle = 118 degrees

Choose Subtract in the Boolean dialog box

Click OK

The final plate will be as shown below.
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We have now completed the basic form features. The user-defined form features are advanced
options in which new form features are added into the library.

3.7 EXERCISE - MODEL A WASHER

As an exercise, model a washer as shown in the
figure.

The washer has the following dimensions.
Outer diameter = 0.73 inches

Inner diameter = 0.281 inches

The thickness of the washer can vary within
realistic limits. For practice take the value to be
0.05 inches.
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CHAPTER 4 - FEATURE OPERATIONS

Feature operations are the continuation of Form Features. In this chapter, you will learn some of
the functions that can be applied to the faces and edges of a solid body or feature you have
created. These include taper, edge blend, face blend, chamfer, trim, etc. After explaining the
feature operations, the chapter will walk you through some examples. As mentioned in the
beginning of Chapter 3, Feature Operations are categorized into different options under the
INSERT menu. Therefore, you will not find a single menu group as ‘Feature Operations’ under
the INSERT menu, however all the Feature Operations are grouped in the Form Features
Toolbar.

4.1 OVERVIEW

Feature operations are performed on the basic Form Features to smooth corners, create tapers,
and unite or subtract certain solids from other solids. Some of the feature operations are shown
below.

BLEMD

Let us see the different types of feature operation commands in NX7 and the function of each
command.

4.2 TYPES OF FEATURE OPERATIONS

The Features Operations used in NX7 include Edge blend, Face blend, Soft blend, Chamfer,
Hollow, Instance, Sew, and Patch. Let us see some of the important operations in details. Unlike
the NX5 where Feature Operations were grouped in a Toolbar as a part of the Form Feature
Toolbar, in NX7 the entire toolbar has been combined into one. In addition, changes have been
made to the way a few operations are performed.

The Feature Operations can be categorized into five main components found under the
INSERT menu. They are as Associative Copy, Combine, Trim, Offset/Scale and Detail
Feature. In this chapter we will be looking at some of these operations only.
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Edge Blend . | Edge Blend =%

. . . Edge to Blend M
An Edge Blend is a radius blend that is tangent to the
blended faces. This feature modifies a solid body by * select Edge (0)
rounding selected edges. This command can be found || .. . 25 -

under Insert — Detail Feature — Edge Blend

In this case you need to select the edges to be blended
and define the Radius of the blend. | List
Similar to Edge Blend you can also do a Face Blend.

Variable Radius Points
Corner Setback

Stop Short of Corner
Trimming

Owverflow Resolutions

Settings

Preview

Cancel

I<<<<<<< <4

% | Chamfer o= XK
Chamfer Edge

The Chamfer function operates very similarly to the ¥ Select Edge (0)
blend function by adding or subtracting material

ﬂ}ﬂ}

relative to whether the edge is an outside chamfer or _©ffsets
an inside chamfer. This command can also be found | crass section [symmetric =
under the Insert — Detail Feature — Chamfer | . :
menu.
Settings v
Preview v

Cancel

You can preview the result of chamfering and if you are not happy with the result you can undo
the operation.

Thread

Threads can only be created on cylindrical faces. The Thread function lets you create symbolic
or detailed threads (on solid bodies) that are right or left hand, external or internal, parametric,
and associative threads on cylindrical faces such as holes, bosses, or cylinders. It also lets you
select the method of creating the threads such as cut, rolled, milled or ground. You can create

57
NX7 for Engineering Design Missouri University of Science and Technology




different types of threads such as metric, unified, acme and so on. To use this command, go to
Insert — Design Feature — Thread

Symbolic
Thread /
@ ] % [Trim Body IFFE
’ Target A
¥ Select Body (0) tfj
Tool A
MY Toaol Option [Face ar Plane L_Y-l
A solid body can be trimmed by a sheet body or a ekl ’LLJ‘
datum plane. You can use the Trim Body function to
trim a solid body with a sheet body and at the same serti v
. . . o . . ettings
time retain parameters and associativity. To use this . -
. . Preview v
command, go to Insert — Trim — Trim Body

Cancel

Split Body

N[spiituody |9 X

A solid body can be split into two just like trimming it.

Target A
It can be done by a plane or a sheet body.
Insert — Trim — Split Body % select Body (0} ij
Tool A
Splitting plane

P gp Tool Option [Fa-::e or Plane ;-!

¥ select Face or Plane {0}
Settings v
Preview v

Cancel

Instance

A Design Feature or a Detail Feature can be made into dependent copies in the form of an
array. It can be Rectangular or Circular array or just a Mirror. This particularly helpful feature
saves plenty of time and modeling when you have similar features. For example threads of gear
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or holes on a mounting plate, etc. This command can be found by going to Insert — Associative
Copy — Instance Feature.

334 Rectangular
Intance

Boolean Operations

Boolean operations are:
e Unite
e Subtract
® Intersect

These options can be used when two or more solid bodies share the same model space in the part
file. To use this command, go to Insert — Combine Bodies.
Consider two solids given. The block and the cylinder are next to each other as shown below.

' Unite:

The unite command adds the Tool body with the Target body. For the above example, the output
will be as follows if Unite option is used.
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ﬁ) Subtract:

When using the subtract option, the Tool body is subtracted from the Target body. The following
would be the output if the rectangle is used as the Target and the cylinder as the Tool.

Intersect:

This command leaves the volume that is common to both the Target body and the Tool body.
The output is shown below.

4.3 FEATURE OPERATIONS ON MODELS

In the previous chapter, we dealt with some of the Form Features. In this chapter, we will see
how the primitives and basic form features can be converted into complex models by using
Feature Operations. The following are a set of examples that will guide

you in creation of some simple models.

4.3.1 Model a Hexagonal Screw

» Create a new file and save it as Impeller_hexa-bolt.prt
» Choose INSERT — DESIGN FEATURE — CYLINDER

» The cylinder should be pointing in the positive ZC-direction with the
center set at the Origin and with the following dimensions:
Diameter = 0.25 inches NC ™ X
Height = 1.5 inches
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Type A

Now create a small step cylinder on top of the

existing cylinder.

Arc/Ellipse/Sphere Center

Point Location

» The dimensions of this cylinder are, * Select Object (0)
Diameter = 0.387 inches
Height = 0.0156 inches

Coordinates

‘>E>

=
0
w

Reference

» Click on the top face of the existing | Dk
cylinder as shown in the following figure :
=
> On the Point Constructor window, | A
choose the Arc/Ellipse/Sphere Center icon || 2=t opten
from the drop-down Type menu —

» Click OK to get out of Point Constructor window.

| Cylinder

» Under the Boolean drop-down menu, | 1ype A
Choose UNITE . l‘d Axis, Diam eter, and Height ﬂ
. . . Axis A
The two cylinders should look like the figure - Soecty vemor 1)

shown below. Save the model. '
Rewverse Direction

G z £

Next, we will create a hexagon for the head of || ¥ *Pee et
the bOlt. . Dimensions A
Diameter
Height

Boolean M

4 Select Body (1)

Preview v

[ OK H Apply ][ Cancel ]

> Choose INSERT — CURVE — POLYGON

» On the Polygon window, type 6 for the ;lw‘iﬁ
number of sides Number of Sides

> Click OK [ Ok H Back ][ Cancel ]

There are three ways to draw the polygon.
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Inscribed Radius [ Polygon E3

¢ Side of Polygon [
e (Circumscribed Radius

Inscribed Radius

]
[ Side of Palygon |
]

» Choose SIDE OF POLYGON [ Circumscribed Radius

» On the next window, enter the following [ok [ Back |[ cancel |
S s o46
Side = 0.246 inches
Orientation Angle = 0.00 degree Side 246

Orientation Angle

» Click OK

oK H Back ][ Cancel ]

» On the Point Constructor window, again choose
Arc/Ellipse/Sphere Center icon

» Click on the top face of the last cylinder drawn (small cylinder)

® [Point EFR
Type A
Arc/Ellipse/Sphere Center

Point Location A
¥ Select Object (0)
Coordinates A
X 0.000000 in
¥ 0.000000 in
= 0.000000 in

» Click CANCEL

The polygon will be seen as shown below. If the model is not in wireframe, click on the

Wireframe icon in the View Toolbar @
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Now we will extrude this polygon.
» Choose INSERT — DESIGN FEATURE — EXTRUDE

» Click on all six lines of the hexagon to choose the surface that is required to be extruded

> Enter the End Distance as 0.1876 inches

The model looks like the following after extrusion

» On top of the cylinder that has a diameter of 0.387 inches, insert another cylinder with the
following dimensions.

Diameter = 0.387 inches
Height = 0.1875 inches

Remember to select the Arc/Ellipse/Sphere Center icon in the drop-down menu of Type in the
Point Constructor window and select the top face of the cylinder with diameter of 0.387.

You will only be able to see this cylinder when the model is in wireframe since the cylinder is
inside the hexagon head. The model will look like the following.
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We will now use the feature operation Intersect.

» Choose INSERT — DESIGN FEATURE — SPHERE

» Choose DIAMETER, CENTER

» On the Point Constructor window, choose the Center icon

» Select the bottom of the last cylinder drawn, which is inside the hexagon head and has a
diameter of 0.387 inches and a height of 0.1875 inches as shown below

" [Point

Type A
[@ Arc/Ellipse/Sphere Center L:.!
Point Location M
= " : * Select Object (0)
[ dinates A
|l
W [1 B@ Edge of Extrude(3) 0.000000 in
ﬂ Edge of Cylinden(4) - m
<N (3 53 Edge of Cylinder(2) 0. 000000 By
0.000000 in
t M
k Option None .

> Click OK Lk

Type A
This will give take you the next | % CenterPoint and Diameter v
Dialog box which will ask you to :

. Center Point M
choose the Boolean operation to be :
performed.  Specify Point (1)
> Choose INTERSECT D 2

Diameter [D_SS in m
It FV;H ask you to select the target — =
soli
» Choose the hexagonal head as + Select Body (1} @
shown on right
Preview v
> Click OK [ Ok ] [ Apply ] [ Cancel ]
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» Click CANCEL

This will give you the hexagonal bolt as shown below.

* NOTE: Take care when éreating the different features (three cylinders, extrusion of

hexagon), the Boolean

dialog box has the value “NONE”

Now we will add threading to the hexagonal bolt.

» Choose INSERT — DESIGN Thread Type
FEATURE — THREAD (Dsymbolic (@
0.25 *
Here you will see the threading Minor Diameter [0.2 in
dialog box as shown below. Length [1.5 in
Pitch [0.05 in [®
There are two main options in Angle [e0 deg W)
Threading:
1) Symbolic and 2) Detailed. (@) Right Hand
OLeﬁ:Hand
» Click on the DETAILED radio [ Select Start ]
button
I—GK—H Apply ][ Cancel ]
» Keep the thread hand to be B —
RIGHT HAND

» Click on the bolt shaft, the long cylinder below the hexagon head

Once the shaft is selected, all the values will be displayed in the Thread dialog box. Keep all

these default values.

» Click OK

The hexagon bolt should now look like the following. Save the model.
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4.3.2 Model an L-Bar

Here we will make use of some Feature Operations such as Edge Blend, Chamfer, and
Subtract.

» Create a new file and save it as Arborpress_L-bar

» Choose INSERT — DESIGN FEATURE — BLOCK

» Create a block with the following dimensions.
Length = 65 inches
Width = 65 inches
Height = 285 inches

» Create the block at the origin

» Create a second block also placed at the origin with the following
dimensions.
Length = 182 inches
Width = 65 inches
Height = 85 inches

We have to move the second block to the top of the first block.
» Click EDIT - MOVE OBJECT

» Select the second block (green) that you inserted which is longer
in the XC-direction

» Click OK

» Choose the Motion as DISTANCE
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» Select the positive ZC in the Specify Vector dialog % [Move Object [OT=%X

Objects A
» Enter 200 as the Distance value
o Select Object{l)
Make sure that Move Original radio button is checked. i =
» Click OK Maotion [__-;:: Distance -
o Specify Vector (1) cr =
» Click MOVE and then CANCEL on the next — =
. . . Rewerse Direction
window so that the operation is not repeated
Distance IEDD in m
After transformation, it will look like the following. Result A
@Mave Criginal OCopv Criginal
Layer Option lGriginaI a
Distance/Angle Divisions
Settings v
Preview v

< 0K = I[ Apply ][ Cancel ]

Now we will create a hole. There are many

ways to create a hole. We will do so by first IIKSTIECS [ST=1X
creating a cylinder and then using the  Tvee A
Subtract funCtiOIl. [‘d Axis, Diameter, and Height ';.l
Axis A
» Choose INSERT —  DESIGN
FEATURE — CYLINDER i S~
Reverse Direction E] .'"II
> On the Vector Constructor window, « Specify Point (1) # e /
select the YC Axis icon — : .
> In the Point Constructor dialog box, | > = ",
enter the following values i =l &
Boolean A
Axes XC YC 7C Boolean Subtract =
Dimension | 130 [-5 | 242 « Select Body (1)

Preview v
)

» The cylinder should have the following [
dimensions.
Diameter = 35 inches
Height = 100 inches

OK ” Apply ][ Cancel
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» Under the Boolean drop-down window, choose SUBTRACT

» Select the horizontal block at the top as shown in the figure on
the right side

The hole should look like the one in the figure. Save your model.
iC §

Now we will create another cylinder and subtract it from the upper /

block. i/

» The cylinder should be pointing in the positive Y-direction set at

the following point: XC = 130; YC = 22.5 QSEEE [O=T%
and ZC = 242 Type A
[‘(i Axis, Diameter, and Height L:,!
» The cylinder should have the following :
dimensions. e R
Diameter = 66 inches " Specify Vector (1) (L[Sl
Helght = 20 inCheS Reverse Direction [‘_\'] i
" Specify Point{1) @ ,_ff l ~
> Subtract this cylinder from the same block as — _ [‘ / Ls
before using the Boolean drop-down menu S =1
Diameter 13 in
The wireframe model will be seen as shown ||™9™ 2 B
belOW' Boolean A
i Boolean M[v]
/7’\___1:57&‘:%‘17 + SelectBody (1)
/ 7__.5,\:@\\\ / review
LI 1] Q) : =
Mﬁ:&xas‘fi / ox—] (" oply ] [Cencel |
T
| ey

Now we will create a block.
» Choose INSERT — DESIGN FEATURE — BLOCK

» Create a block with the following dimensions.
Length = 25 inches
Width = 20 inches
Height = 150 inches

68
NX7 for Engineering Design Missouri University of Science and Technology




» Click on the Point Constructor icon in the Block window and enter the following values

Axes XC | YC | ZC
Values 157 | 22.5 | 180

The model will look like the following figure.

Now we will subtract this block from the
block with the hole.

Target
» Choose INSERT — COMBINE | = e
BODIES — SUBTRACT Tool A
4" Select Body (1)
» Click on the block with the two holes :
(green) as the Target uasiiinos I
Preview
» Select the newly created block (brown) as Show Result Ck
Tool

[—B-K—][ Apply ][ Cancel ]

» Click OK

The model will be seen as shown below.
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Now we will use the Blend function in the feature operations. In order to do so, we must first

unite the two blocks.

» Choose INSERT — COMBINE BODIES — UNITE
» Click on the two blocks and click OK

N[onte ————[9[=IX

Target

4 Select Body (1)

Tool

" Select Body (1)

Settings

Preview

M i
Target
'I
Al
v
v

[ ok

I[ Apply ][ Cancel l

The two blocks are now combined into one solid model.

» Choose INSERT — DETAIL FEATURE — EDGE BLEND

» Change the Radius to 60

» Select the edge that the arrow is pointing to in the figure

N [Edgeglend _[0=[X

Edge to Blend

* Select Edge (0}

‘Radius 1 [EEI

List

Variable Radius Points
Corner Setback

Stop Short of Corner
Trimming

Overflow Resolutions
Setting.s

Preview

» Click OK

The blend will look as shown below.
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> Repeat the same procedure to Blend the inner edge of the blocks. This time, the Radius
should be changed to 30

% | Edge Elend

o
I
x

Edge to Elend

* select Edge (0)

‘Radius 1 [3D in

Variable Radius Points

Corner Setback

Stop Short of Corner

<|<|<|< ‘4;5@>

Trimming

Overflow Resolutions

Settings

<|<|<|

Preview

Apply Cancel

The blended figure is shown below. Remember to save the model.
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We will now make four holes in the model. You can create these holes by using the Hole option
as illustrated in Chapter 3; however, to practice using Feature Operations, we will subtract

cylinders from the block.

» Insert four cylinders individually. They
should be pointing in the positive XC-
direction and have the following
dimensions.

Diameter = 8 inches
Height = 20 inches

They should be constructed in the XC-
direction at the following point coordinates.

1 2 3 4

162 162 162 162

11.25 | 11.25 | 53.75 | 53.75

N| =< 4

210 275 210 275

» SUBTRACT these cylinders from the
block in the Boolean dialog box

The block with holes looks like as shown in figure below

Type A
[d Axis, Diam eter, and Height E‘!

.Axis M
" Specify Vector (1)
Reverse Direction
" Specify Point {1}
Dimensions M
Diameter ] in ;

Boolean A

" Select Body (1)

Preview A

Show Result

Ok ![ Apply ][ Cancel ]

The last operation on this model is to create a block and subtract it from the top block.

» Create a Block with the following dimensions.
Length = 60 inches
Width = 20 inches
Height = 66 inches
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» Enter the following values in the Point Constructor dialog by clicking the

icon
Axes XC | YC 7C
Dimension 130 | 22.5 | 209.5

» After creating the block, subtract this
block from the block at the top by first

selecting the original block and then
clicking on the newly created block

The final figure will look like this. Save

and close the file.

4.3.3 Model a Hexagonal Nut

% [ Block o (=X
Type M
[L) Origin and Edge Lengths Lq
Qrigin A

¥ Specify Point {1}

jﬁol

Dimensions

Length (XC) [su in

Width (vC) 20 in

Height (ZC) [55 in

Boolean

,Eﬂg,,ﬂ

Boolean

" Select Body (1)

Preview

oK

» Create a new file and save it as Impeller_hexa-nut.prt

> Choose INSERT — CURVE — POLYGON

NX7 for Engineering Design
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» Create a hexagon with the option SIDE OF POLYGON and each side measuring 0.28685
inches and constructed at the Origin.

» Choose INSERT — DESIGN FEATURE — EXTRUDE
» Click on all six lines of the hexagon to choose the surface that is required to be extruded
» Enter the End Distance as 0.125 inches

The figure of the model is shown below.

» Choose INSERT — DESIGN FEATURE — SPHERE
» Choose CENTER, DIAMETER

> Enter the diameter value 0.57 inches

> Enter the center point location in the Point Constructor window as follows

Axes XC | YC ZC
Dimension 0.0 | 0.0 | 0.125

» In the Boolean operations dialog box select INTERSECT

The model will look like the following.
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We will now use a Mirror command.

> Choose EDIT — TRANSFORM

» Select the model and click OK

» Click MIRROR THROUGH A PLANE

> Click on the flat side of the model as shown. Be careful

not to select any edges

N[Plane 9[- [%
Type

[,E] Inferred

Objects to Define Plane

A

=

M

+" Select Object (1}
A

Offset

B4
v

Reverse Direction

Plane Orientation

Settings

[—BK—] [ Cancel

» Click on OK
» Click on COPY
» Click CANCEL

You will get the following model.

% [Transformations E

Scale

Mirrar Through a Line

Circular Array

Th k= Pl
L

i |
[ ]
[ Rectangular Array ]
[ ]
[ ]

Point Fit

[—BK—” Back H Cancel ]
% [Transformations ‘

Reselect Objects

Distanc
Transformation Type - Mir plane

Destination Layer - Orig

Trace Status - Off

Subdivisions - 1

Mowve

r
Y

Multiple Copies - Unawvail

Undo Last - Unawvail

[—BK—” Back ][ Cancel ]

» Choose INSERT — COMBINE BODIES — UNITE
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» Select the two halves and Unite them

» Insert a Cylinder with the vector pointing in the ZC-Direction and with the following
dimensions.

Diameter = 0.25 inches
Height = 1 inch

» Put the cylinder on the Origin and Subtract this cylinder from the hexagonal nut

Now, we will chamfer the inside edges of the nut.

» Choose INSERT — DETAIL FEATURE — CHAMFER

| Chamfer _[J[=[X

Edge A
" Select Edge (2}
Offsets A
Cross Section [S',rmmetric m
Distance
!
Settings v
Preview v
[—-*EG-K—}-—] [ Apply ] [ Cancel ]
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» Select the two inner edges as shown and click OK

> Enter the Chamfer Offset Diameter as (0.0436 inches and click OK

You will see the chamfer on the nut. Save the model.

4.3.4 Model a Rack with Instances

In this part, we will practice to create instances of a given object.

» Open the file Arborpress_rack.prt

» Choose INSERT — DESIGN FEATURE — POCKET

» Choose RECTANGULAR in the pop up window

» Click on the top surface of the rack as shown in the figure for the placement surface.

Keep an eye on the Cue Line. It gives the next instruction.

W [Horizontal Reference R

Mame

End Point

Solid Face

Datum Axis

Datum Plane

—— e —

Vertical Reference

[

Back ][ Cancel ]
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» Click on the edge as shown in the figure for the Horizontal Reference

" [Horizontal Reference E

MNam e

End Point

Solid Face

Datum Axis

Datum Plane

Vertical Reference

Back ][ Cancel ]

This will pop up the parameters window.

> Enter the values of parameters as shown in the figure and choose OK

® [Re ctangular Pocket |§

Length [35 in @
width E in kW
Depth [5.022  in ¥
Corner Radius [EI in m
Floor Radius [El in @
Taper Angle [14.5| deg ﬂ

I—B-K—H Back ][ Cancel ]

» Choose Wireframe option in the Display mode for more clarity
» When the Positioning window pops up, choose the PERPENDICULAR option

%, | Positioning x

“4efr

+
+ e .
R i Perpendicular

I—E-I(—H Back ][ Cancel ]
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» Click on the edge on the solid and then click on the blue dotted line as shown below

% Perpendicular E

l |

[ |dentify Solid Face l

[ Back ][ Cancel ]

P8 [37.4] in

[—E)K—” Back ][ Cancel ]

» Once again pick the PERPENDICULAR option and then choose the other set of the edges
along the Y-Axis, as shown in the figure below.

.

Identify Solid Face

> Enter the expression value as 10 and choose OK twice. Choose CANCEL.
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The model will now look as follows.

Let us create the instances of the slot as the teeth of the Rack to be meshed with pinion.

>

>

Choose INSERT — ASSOCIATIVE COPY— INSTANCE FEATURE
Choose RECTANGULAR ARRAY from the selection tabs
Choose RECTANGULAR POCKET

from the Instance Dialog box as shown
in the figure below

% [Instance R

Extrude(1)

Rectangular Pocket(2)

Choose OK

[—GK—” Back ][ Cancel ]

Enter the values in the parameter
window as shown in the figure. This
creates 19 copies including the original at the offset

. . ® [Enter parameters |§
distance of 9.4 inches

Method
» Choose OK @Gleneral

OS|mpIe

Oldentical
» Click YES

Number Along XC [19 @
» Click CANCEL RE i 3.4  in W

Number Along YC [1 m
The model of the Rack will look as the one shown in the "¢ 1 9
figure. [—E}K—] [ Back ] [ Cancel ]
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We will create a hole with diameter 10 inches and depth 20 inches at the center of the

rectangular cross section.

To determine the center of the cross-section of the rectangular rack, we make use of the Snap

Points

» Choose INSERT — DESIGN FEATURE — CYLINDER

» Choose —XC-Direction to in the Specify Vector dialog box

» Click on the POINT CONSTRUCTOR

» In the Points dialog box select
Between Two Points option and
select the points as shown in the
figure on the right.

» Click OK

» Enter the following values in the
Dimension dialog box
Diameter — 10 inches
Height — 20 inches

» Choose Subtract in the Boolean
dialog box.

» The final model is shown below.

Paints A
4 Specify Point 1 (1}

« Specify Point 2 (1)
Location Between Points

¥Location [SEI

Coordinates

Reference [WCS

) (> |240.0000 in
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4.4 EXERCISE - MODEL A CIRCULAR BASE

As an exercise, model a circle base as shown below using the following dimensions:

Outer diameter = 120 inches

Distance of 3 small slots = 17 inches

Distance of the large slot = 30 inches

Diameter of the central rod = 4 inches and length = 30 inches
Length of slots may vary.

Top and Front view dimensions are shown in the figure below.

30 000
Top View .

— [
- -, I1.90%5
7 Y 1
/

[~

Y
| lv—-3I:I.EEIE

17.000

e s I
;J Front View
4 o
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CHAPTER 5 - DRAFTING

The NX7 Drafting application lets you create drawings, views, geometry, dimensions, and
drafting annotations necessary for the completion as well as understanding of a industrial
drawing. The goal of this chapter is to give the designer/draftsman enough knowledge of drafting
tools to create a basic drawing of their design. The drafting application supports the drafting of
engineering models in accordance with ANSI standards. After explaining the basics of the
drafting application, we will go through a step-by-step approach for drafting some of the models
created earlier.

5.1 OVERVIEW

The Drafting Application is designed to allow you to produce and maintain industry standard
engineering drawings directly from the 3D model or assembly part. Drawings created in the
Drafting application are fully associative to the model and any changes made to the model are
automatically reflected in the drawing. The Drafting application also offers a set of 2D drawing
tools for 2D centric design and layout requirements. You can produce standalone 2D drawings.
The DRAFTING Application is based on creating views from a solid model as illustrated below.
Drafting makes it easy to create drawings with orthographic views, section views, imported
view, auxiliary views, dimensions and other annotations.

TOP WIEW

O O
O

ISOMETRIC WIEw

O

FROMT “IEw SIDE WIEWY
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Some of the useful features of the Drafting Application are:
1) After you choose the first view, the other orthographic views can be added and aligned
with the click of some buttons.
2) Each view is associated directly with the solid. Thus, when the solid is changed, the
drawing will be updated directly along with the views and dimensions.
3) Drafting annotations (dimensions, labels, and symbols with leaders) are placed directly
on the drawing and updated automatically when the solid is changed.
We will see how views are created and annotations are used and modified in the step-by-step
examples.

5.2 DRAFTING OF MODELS

We will draft some models that have already been drawn. We will go through the drafting
options step-by-step to make them easier to understand.

5.2.1 Drafting

» Open the file Arborpress_rack.prt

» From the NX7 Interface Choose START ——» ALL APPLICATIONS — DRAFTING as
shown

MY NX 7.5 - Modeling - [Arborpress_rack.prt]

ﬁfile Edit View Insert Format Tools Assemblies |nformation Analysis Prefere

g.stan:v \ ,-? “ :,Lii»' " K Cx WCDmmandFinder %v

B NXSheetMetal . Cri+aAlt+N 5 s T, ten | (% 5 T [
-- L NS s
= 23 Shape Studio... Crrl+Alt+S -

. , CORE i
Drafting... Ctrl+Shift+D "m@ Bl e @7 54 B

AV~
o

&) Advanced Simulation...

"% Motion Simulation...

PF Manufacturing... Ctrl+alt+M

i GCateway... Comment

Assemblies

EMI

S % Modeling... Ctrl+M

L= D MIOUCTTITSTUTY

" Datum Coordinate e s -
- A Extrude (1) £5 Drafting... Ctrl+Shift+D
= Manufacturing... Ctrl+alt+0

- [] il Instanced Rectang =
E ;‘;’ Rectangu|ar Arraw .,.-."".-' Machine Tool EL.I”CIE-‘I’
- 7 gl Instance[1,0] (3)/R 4% Inspection

* Note: All other applications such as Modeling, Manufacturing, Assembly, etc. can be opened
in a similar fashion.
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When you first open the Drafting Application, a window
pops up asking for inputs like the Template, Standard
Size or Custom Size, the units, and the angle of
projection.

Size

Size allows you to choose the size of the Sheet. There
are standard Templates that you can create for frequent
use depending upon the Company Standards. There are
several Standard sized Sheets available for you. You can
also define a Custom sized sheet in case your drawings
don’t fit into a standard sized sheet.

Preview
This shows the design of the Template
Units

Units follow the default units of the parent 3-D model.
In case you are starting from the Drafting Application
you need to choose the units here.

Projection

You can choose the projection method either first angle
or third angle method.

To start using the Drafting Application we will begin by
creating a Standard Sized sheet

» Click on the Standard Size radio button.

» In the drop-down menu on the Size window, select
sheet B, which has dimensions 11 x 17. Then change
the scale to 1:25 by using the drop-down menu and
choosing the Custom Scale under the Scale.

» Click OK

This will open the drafting option and the following
screen will be seen as below. Let us first look at the
Drafting Application Interface.
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S E

Size

@ use

OStandard Size
OCustnm Size

A - Drawing -
B - Drawing
C - Drawing
D - Drawing j

Preview M

Settings A
® [ Sheet o= X
Size A

OUse Template
@Standard Size
OCustom Size
Size B-11x17 V.
Scale Custom Scale .
[| 1.0000):] zs.000]
Name M
Sheets in Drawing
]

Drawing Sheet Mame
[Sheet 1
Settings M

Units
() Millimeters
(®) Inches

Projection
@Autom atically Start View Creation

{®) Base View Command

ODrawing View Command

[ Ok ] [ Apply ] [ Cancel ]
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= iESy ]

= Modei History Ny
i it Datum Coordinate Sy."\_
1= MAUD Extrude (1) 9
— = NI Brafting Node — Part Naviastor
|>L\ A wiaiu Iv INUUT = I Adit |1o|vlvo|lu|
I -

i i Instance[3,0] (3)/Rec

|l [ Instance[4,0] (3)/Rec
1

n

/18 Instance[18,0] (3)/Re.
A [ cylinder (5)

After this you will see another dialog box pops-up
which will define the Base View and its location. If
you do not see the figure on right then

» Choose INSERT — VIEW — BASE

You can find a Dialog box with the options of the View
and the Scale of the view, as shown in the figure on
your screen along with a floating drawing of the object.

» Choose the View to be FRONT

You can find the Front View projection on the screen.
You can move the Mouse cursor on the screen and
click on the place where you want the view.

Once you set the Front view another dialog box will
pop-up asking you to set the other views at any location
on the screen within the Sheet Boundary.
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% | Base View o= (X
Part W
View Origin M
¥ Specify Location

Placement A

Method {% Infer Q

T_rac!ciq_g v
Model View M
Model View to Use Em
Orient View Tool l(;ﬂ
Scale M
Scale [Ratiu:u ;-!
| 1.0000|:| 25.0000]
Settings w

Close
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- Projected View IFFR

Parent View A

W Select View (1)

Hinge Line A

DReverse Projected Direction
DAssociative

View Origin

ﬁ Specify Location

Placement

M
A
v
v

Tracking

Move View

Settings v

—Close—

|

—
e EERYAYAY AT AVAVAV AT AU AN AV AV AW AWAVAVAVAWAY)

L X

You can find the views by changing the cursor around the first view (FRONT VIEW). The
following are some snap shots of the views seen at different location of the mouse cursor. If you
want to add any orthographic views after closing this file or changing to other command modes

» Choose INSERT — VIEW — PROJECTED VIEW

Now let us create all the other orthographic projected views as shown below and click on the
screen at the desired position.

Parent View A

o SelectView (1)

l i Hinge Line

D Reverse Projected Direction
DAssuc\ative

>

I\’iew Origin A
ﬁ Specify Location
Placement A
Tracking v
Move View N
. Settings v
SAVAVAVAWAVAVAUAWAY A Close
| |
"
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» Keep on Clicking in the Sheet to create the side view.

» In case you have closed the Projected View dialog box you can reopen it by clicking on the

Projected View icon in the Drafting Layout Toolbar.

,!P MNX 7.5 - Drafting - [Arborpress_rack.prt (Modified

.lp‘l'.f}file Edit View Ingert Format Tools Assenr

q)’ Start -

= |-

a

3 W4
LYY

X
Irg

» Move the cursor to the right side and click there to get the right-side view

Sheet"Sheet 1" Work

» Click Close on the Projected View dialog box or Press <Esc> key on the Keyboard to get out

of the View creation.

Before creating the dimensions, let us remove the borders in each view as it adds to the

confusion with the entity lines.

» Choose PREFERENCES — DRAFTING

The Drafting Preferences window will pop up.

> Click on the VIEW tab button

NX7 for Engineering Design
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» Uncheck the Tick mark on the Display Borders as shown in the figure below and click OK

w Drafting Preferences E

[ General” F‘review] View |Anr1c:tatior1]

Update
EDeIa\r Wiew Update
[jDv.elzwr Update on Creation

Borders

[iDisplay Borders

Border Color [N
active view Color [ NEGEGEEEEE

Extracted Edge Face Display

@Displa\r and Emphasize
OCuNes Only

Load Component

DDI"I Faceted View Selection
D On Faceted View Update

Visual
DTransIucencv
DLine Antialiasing
Dshow Facet Edges

[ Define Render Sets ]

[ [s]4 ![ Apply ][ Cancel ]

Now you can find the drawing views without borders as shown below.
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5.2.2 Dimensioning |':'_'é . ,‘ a6 \d |'_:| 1] - -
Now we have to create the dimensions for these views. The Inferred Dim ension D
dimensions can be inserted by either of the two ways as 2™ Horizontal Dimension
described below: < | WVertical Dimension
| {“" Parallel Dimension
) gléoose INSERT — DIMENSION #* Perpendicular Dimension

. . . . " Chamfer Dimension
2) Click on the Dimension Toolbar as shown in the

following figure #% Angular Dimension

wi* Cylindrical Dimension
» Choose INSERT — DIMENSION — INFERRED .

¢4 Hole Dimension

Ciameter Dimension
The following two option boxes will pop up. The icons on this

toolbar are helpful for changing the properties of the
dimensions.

® [Inferred Dimension E

Settings Driving Perimeter Dimension

Aq O

Radius Dimension
Radius to Center Dimension
Folded Radius Dimension

Thickness Dimension

)R R A e

Arc Length Dimension

The first icon lists different styles of displaying the Nominal dimension and
Tolerances as shown in the figure on the right.

1.00+.05
The second icon allows you to change the number of significant digits given 100703
in the dimension as shown in figure on right. For example, selecting ‘2° will 10005
display the dimension till two decimal places as “240.00” while selecting ‘3’ I
will display the dimension till three decimal places as “240.000”. This is  |1002g5
extremely useful when you are defining the tolerances of the part. 1_33
106
The next icon is the annotation editor, which you can use to edit the
dimension value. 1.05-.98
08-1.05

The last icon in the option bar resets these properties to default settings. Now
we will create the first dimension. The Settings tab allows you to configure
the settings of the dimension arrows, alignment, lettering in the annotation
etc. as shown in the figures below.

L.ub nf

(1.00)

(@ 1.00)

1.00
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>{% ﬁ @ clg{: ﬁ ¢¢ ‘ [ Radial " Ordinate " Stacking l

[ Cimensions " Line/Arrow l Lettering Units
[blockfont a[D.ZSQ

2 Alignment Position W ¥4 Text Justification
[3][2)[g][o]<]P< | J

Line Space Factor 1.0000

E]@E] Dimension/Dimension Line Space Factor 0.5000
Er—] [

] +
[:] | il [ Apply to All Lettering Types

Appended Text GDT Frame Height Factor
£ 12 Inherit |/ 7, Lettering Types
a2 1.2gs s [—] =
[ Dimension ][_Appended ][ Tolerance ] ehe
Character Size 0.1250
Space Factor 1.0000
[ User Defined Symbaols " Style " Relationships Aspect Ratio 1.0000
Drafting Symbols | GDT Symbols

AaBbCo
Ok H Cancel
l Inherit ][ Reset ][ Load Defaults ]
l Inherit &ll ” Reset All H Load &ll Defaults ]

[ OK [ Cancel

» On the First view (FRONT View) that you created, click on the top left corner of the rack
and then on the top right corner

The dimension that represents the distance between these points will appear. You can put the
location of the dimension by moving the mouse on the screen. Whenever you place your views
in the Sheet please take into consideration that you will be placing the dimensions around it.
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» To set the dimension onto the drawing sheet, place the dimension well above the view as
shown and click the left mouse button

240,000

| |

Even after creating the dimension, you can edit the properties of the dimensions.

» Right-click on the dimension you just created and Choose STYLE

> Increase the Character Size to (0.2 and click OK

Dimensiuns" Linefﬁrruw] Lettering | Units " Stacking]

Alignment Position Text Justification

GDT Frame Height Factor Z.000o

Lettering Types

Dimension ][ Appended ][ Tolerance ]

Character Size D.EbEIEI

Space Factor 1.0000

Aspect Ratio 1.0000

Line Space Factor 1.0000

gl 3

Dimension/Dimension Line Space Factor 0.5000
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» Give dimensions to all other views as shown in the following figure

5.2.3 Sectional View
Let us create a Sectional View for the same part to show the depth and profile of the hole.

» Choose INSERT — VIEW — SECTION VIEW

» Click on the bottom of the Base View as Shown in the figure. This will show a Phantom
Line with two Arrow marks for the direction of the Section plane (orange dashed line with
arrows pointing upwards).

» Click on the middle of the View as shown.

This will fix the position of the sectional line (Section Plane).

Now move the cursor around the view to get the direction of the Plane of section. Keep the arrow
pointing vertically upwards and drag the sectional view to the bottom of the Base View.
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Adjust the positions of dimensions if they are interfering. The Final Drawing sheet should look
like the one shown in the following figure.

BRG]

=

Save and close your model.
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5.2.4 Drafting and Dimensioning of an Impeller hexagonal bolt

» Open the model Impeller_hexa-bolt.prt

» Choose START — DRAFTING

» On the New Drawing Sheet window, select sheet E-
34 X 44 and change the Numerator Scale value to

8.0 OCustom Size
» Choose INSERT — VIEW — BASE VIEW - {E — E{
cale ustom Scale -
» Add the FRONT view by repeating the same |_e.0000:| 1.00000]
procedure as in the last example Name A

» Add the Orthographic Views, including the right

side view and top view

» Choose PREFERENCES — DRAFTING

» Uncheck the box next to Display Borders under

View Tab

The screen will have the following three views:

Nlshest (9= X

Size M

OUse Template
@Standard Size

Sheets in Drawing

Drawing Sheet Name

[Sheet 1 ]

Settings v

[ oK H Apply ][ Cancel ]

There are always the hidden lines, which are not seen. To see the hidden lines

NX7 for Engineering Design
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» Choose PREFERENCES — VIEW OR

» Select the views, right-click and choose STYLE as shown below

. }
Edic Edits the style of the selected view.

&7 Add Projected View...

B add natail view

A window will pop up with various options pertaining to the views.

» Click on the Hidden lines tab

» Change INVISIBLE to DASHED LINES as shown below and click OK

w [View Style E

Tracelines" Section " Shading " Threads l Orientation” Perspective " Inherit PMI
General “ Hidden Lines || Visible Lines ] Smooth Edges " Wirtual Intersections

EHidden Line
_[ Invisible ’;-”
DReferenced Edd Invisible
DEdges Hidden b————— |i
Interfering Soli| = ===——-- p—
@None __-___-__ Dashed
OYes:Without Ir|
() Yes, with Inter| — .. __

[ self Hidden

Iv)

You can see the hidden lines as shown below.
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Now we will proceed to dimensioning.
» Choose INSERT — DIMENSIONS — VERTICAL

> Give vertical dimensions to all the distances shown below.

Now we have to give the dimensions of the bolt head.
» Choose INSERT — DIMENSIONS — PARALLEL e “ .

> Give the two dimensions to the bolt head as shown in the
figure.

For the threading, we will use a leader line. ‘

» Click on the Text Symbol icon shown in the Toolbar

A|d &% 2V 12 XN - © -0

» In the Annotation Editor window that opens, enter the following text exactly as shown. You
can find @ and the degree symbol on the Drafting Symbols tab
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Right Hand @ 0.20 X 1.5
Pitch 0.05, Angle 60°

> Click on the threaded shaft in the side view, hold
the mouse and drag the Leader line next to the
view. Let go of the mouse and click again to
place the text.

[t
R=i=

[N

. 703

» Close the Annotation Editor

Since the height of the Lettering is small, we will
enlarge the character size as well as the arrow size.
» Right-click on the Leader and select STYLE

» Click on the Lettering tab

» Increase the Character Size to make the leader
legible.

Now we will add additional dimensions and views.

» Choose INSERT — DIMENSIONS —
DIAMETER

» Click the circle of the bolt in the top view to give
the diameter dimension
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Origin

¥4 sSpecify Location

| Alignment

M
REE
hd

| Annotation View

Leader

Select Terminating Object

2l

DCreate with Jogs
Type —, Plain .
| Style v
| List v
Text Input A
| Edit Text v
| Formatting v
Right Hand @ 0.2Z0 X 1.5
Piteh 0.05, Angle 600
Symbols A
- &
(@] 2] 1]
—] 0N [.«-‘_"]
L7 ¢[0|=]l~ 2]

o5

BLEEE

Standard

Validate Frame Syntax

Import/Export

Missouri University of Science and Technology




» Click INSERT — VIEW — BASE VIEW
» Select the TFR-ISO view and place the view somewhere on the screen

The final drawing is shown below. Remember to save.

5.3 EXERCISE - DRAFTING AND DIMENSIONING OF A CIRCULAR BASE

As an exercise, perform drafting and give dimensions to the circle base that you modeled in
Exercise 4.4. The model of the part is displayed below.
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CHAPTER 6 - SKETCHING

In this chapter, you will learn how to create and edit sketches in NX7. Sketching in NX7 version
is much more user-friendly compared to its older versions. Unlike in NX5 where you could
create sketch in Sketch environment, in NX7 you can directly create a sketch in Modeling
Application. Up to this point, the only way you have learned to create a new model is by creating
and operating form features. In this second method of modeling, you will first create a sketch and
then extrude, revolve or sweep the sketch to create solids. Many complex shapes that are
otherwise very difficult to model using primitives or other form features can easily be drawn by
sketching. In this chapter, we will see some concepts of sketching and then proceed to sketch and
model some parts.

6.1 OVERVIEW

An NX7 sketch is a named set of curves joined in a string that when swept, form a solid. The
sketch represents the outer boundary of that part. The curves are created on a plane in the
sketcher. In the beginning, these curves are drawn without any exact dimensions. The solids
created can be united into single parts using constraints. There are two kinds of constraints:

1) Geometric constraints

2) Dimensional constraints

These will be discussed in detail later.

These are the different ways that you can use sketches:

e A sketch can be revolved:

e A sketch can be extruded:

Sketch

Line

e A sketch can be swept along a guide (line): Sketch

\

Features created from a sketch are associated with it; if the
sketch changes so do the features.
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The advantages of sketching over using primitives are:

a) The curves used to create the profile outline are very flexible and can be used to model
unusual shapes.

b) The curves are parametric, hence associative and they can easily be changed or removed.

c) If the plane in which the sketch is drawn is changed, the sketch will be changed
accordingly.

d) Sketches are useful when you want to control an outline of a feature, especially if it may
need to be changed in the future. Sketches can be edited very quickly and easily.

6.2 SKETCHING FOR CREATING MODELS

In earlier chapters, we dealt with the Form Features and the Feature Operations. In this
chapter, we will model complex shapes by using sketching.

' [Create Sketch GFE

6.2.1 Model an Arbor Press Base

Type A

il

» Create a new file and save it as Arborpress_base.prt

Sketch Plane

In NX7 you can create sketch using two ways. The first
method creates the Sketch in the current environment and
application. For this you will have to use

Flane Method llnferred

Select Planar Face or Flane (0}

EE*,

Rewerse Direction

» Choose INSERT — SKETCH Sketch Orientation v

Sketch Origin v

In the other method you can create Sketch using Settings v

> Choose INSERT — SKETCH in TASK — (encni]
ENVIRONMENT

In either of the case, it pop-ups a dialog box asking you to define the Sketch Plane. We will use
second method of creating sketch. The screen will display the Sketch options. You can choose
the sketch plane, direction of sketching and type of plane for sketching. The default sketch plane
is the X-Y plane. When you create a sketch using the Create Sketch dialog box, you can choose
the plane on which the sketch can be created by clicking on the coordinate frame as shown. This
will highlight the plane you have selected. The default plane selected is XC-YC.

Choose the XC-YC plane and click OK

The sketch plane will appear and the X-Y directions will be marked.
This is 2D sketching.

The main screen will change to the Sketch Environment. The XY plane
is highlighted as the default plane for sketching. However, you can
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choose to sketch on another plane. If there are any solid features created in the model
beforehand, any of the flat surfaces can also be used as a sketching plane.

This is the basic sketch window. It can be divided into various parts, which have been labeled.

= > = FRESN R
T L LU TR gh X LB A | 77 Rl
N P B

=1

B

S|

Name & \

s

trical Constrainis

ol
ol

ey Aot mio
sichai Lonsiiainis

=3 Model History

N NE

At Datum Coordinate Sv.

Sy

) (o |
/
/
/

&

I

5

You can change the name of the sketch in the box next to the Finish Flag.

ﬁ Finish Sketch | SKETCH_00Q0 ET]

6.2.1.1 Sketch Curve Toolbar

This Toolbar contains icons for creating the common types of curves and Spline curves, editing,
extending, trimming, filleting etc. Each type of curve will have different methods of selection
methods of creation. Let us discuss the most frequently used options.

Profile:

This option creates both straight lines as well as arcs depending on the icon you select in the pop-
up toolbar. You can pick the points by using the coordinate system or by entering the length and
angle of the line as shown in the following figures.
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X [Profile E ® [Profile |§
Object Type | Input Mode Object Type | Input Mode
ve[s45 ) ject Type || Inp angle 0 ]

A ~ e e )~ | xv [

/ Line:

This option will selectively create only straight lines.

T\w

This option creates arcs by either of two methods. The first option creates arc with three
sequential points as shown below.

XC | 2 E Arc Method | t Mod i
Arc Method Input Mode velza rc vetho et :' = Radius J
CH-—. D ||y

The second option creates the arc with a center point, radius and sweep angle or by center point
with a start point and end point. The illustration is shown below:

Arc Method Input Mode Radius

e, X\I,r Sweepﬁ.ngle[:]

O Circle:

Creating a circle is similar to creating an arc, except that circle is closed unlike an arc.

A\E Quick Trim:

This trims the extending curves from the points of intersection of the curves. This option reads
every entity by splitting them if they are intersected by another entity and erases the portion
selected.

Studio Spline:
You can create basic spline curves (B-spline and Bezier) with poles or through points with the

desired degree of the curve. The spline will be discussed in detail in the next chapter (Freeform
Features).
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% [studio Sspline |§

Spline Settings M

Method

'Ai’ Dl'u'latched Knot Position
DCIDsed
Degree

Inferred Constraint Settings v
Drawing Plane v
Micro Positioning v

Cancel

6.2.1.2 Constraints Toolbar

All the curves are created by picking points. For example, a straight line is created with two
points. In a 2-D environment, any point will have two degrees of freedom, one along X and
another along Y axis. The number of points depends on the type of curve being created.
Therefore, a curve entity will have twice the number of degrees of freedom than the number of
points it comprises. These degrees of freedom can be removed by creating a constraint with a
fixed entity. In fact, it is recommended that you remove all these degrees of freedom by relating
the entities directly or indirectly to the fixed entities. It can be done by giving dimensional or
geometric properties like Parallelity, Perpendicularity, etc. In NX7 smart constraints are applied
automatically, i.e. automatic dimensions or geometrical constraints are interpreted by NX7.

(Note: Any degrees of freedom that are not constrained are displayed in orange arrows . All
these arrows should be removed by applying the constraints to follow a disciplined modeling.)

P .. : :

- Dimensional Constraints:
The degrees of freedom can be eliminated by giving dimensions with fixed entities like axes,
planes, the coordinate system or any existing solid geometries created in the model. These
dimensions can be linear, radial, angular etc. You can edit the dimensional values at anytime
during sketching by double-clicking on the dimension.

=< . .
Geometric Constraints:

Besides the dimensional constraints, some geometric constraints can be given to eliminate the
degrees of freedom. They include parallel, perpendicular, collinear, concentric, horizontal,
vertical, equal length, etc. The software has the capability to find the set of possible constraints
for the selected entities.

&~

- Show all Constraints:
Clicking this icon will show all the options pertaining to the entities in that particular sketch in
white.
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'.«:‘5"'
- Show/Remove Constraints:

This window lists all the constraints and types of constraints pertaining to any entity selected.
You can delete any of the listed constraints or change the sequence of the constraints.

6.2.1.3 Sketcher Toolbar

Besides being able to change the name of the Sketch, the sketcher toolbar also has some other
highly useful features mentioned below.

TE Orient View to Sketch:

If the model file is rotated during the process of sketching, click on this icon to view the sketch
on a plane parallel to the screen.

Eii Reattach Sketch:

This function allows you to reattach the sketch to the desired plane without recreating all the
curves, dimensions, and constraints.

G
L Update Model:

When you make changes in a sketch, click on this icon to see the effects of those changes
without exiting the Sketch mode.

Now we will draw curves using the options discussed above.

» Choose INSERT — PROFILE if the Profile window is not already showing.

» Draw a figure similar to the one shown below. While
making continuous sketch, click on the Line icon on
the Profile dialog box to create straight lines and the
Arc icon to make the semicircle. (Look at the size of
the XY plane in the figure. Use that perspective for the
approximate zooming.)

Once the sketch is complete, we will constrain the sketch. It
is better to apply the geometric constraints before giving
the dimensional constraints.

» Choose INSERT — CONSTRAINTS or click on the

o . . 1
Constraints icon in the side toolbar

You will be able to see all the degrees of freedom on the screen represented by orange arrows.
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Note the automatic dimension constraints being applied to each entity. Now we will start by
constraining between an entity in the sketch and the datum or fixed reference. Note that when the
figure is not completely constrained it will appear light green.

We will first place the center of the arc at the origin. This creates a reference for the entire figure.
We can use the two default X and Y axes as a datum reference.

» Select the Y-axis and then the center of the arc, which is marked by the ‘+’ sign. The center
of the arc will be marked by a red asterisk once it has been selected.

» Click the Point on Curve icon

» Repeat the same procedure to place the center of |

the arc on the X-axis ®[Const... [X 4 b

Constraints { [

Do not worry in case the figure gets crooked. The '
figure will come back to proper shape once all the
constraints are applied. Note that when you initially
draw the unconstrained figure, that into consideration . .
the final shape of the object.
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» Select the two slanted lines and make them equal in length

‘__lli

f ’ Constraints
TN~ AEHe <

Equal Length
R

» Similarly select the two long vertical lines and make them equal in length

‘W [Constraints - E

Constraints

TN~ L =

» Select the bottom two horizontal lines and make them collinear and then click on the same
lines and make them equal in length

Constraints

T ey

Collinear |
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If you DO NOT find the two Blue circles (Tangent Constraints) near the semicircle as shown in
the figure, follow the below steps. Otherwise, you can ignore this and skip down to the
dimensional constraints.

<4 N

» Select the circular arc and one of the two vertical lines connected to its endpoints

» Select the Tangent icon O

If the arc and line is already tangent to each other, the icon will be grayed out. If that is the case
click on EDIT — SELECTION —, DESELECT ALL. Repeat the same procedure for the arc
and the other vertical line.

_T_ Constrai... X

Constraints

T WO

» Select the two vertical lines and make them equal

Y

® [Constraints E '

Constraints

ER U /A

108
NX7 for Engineering Design Missouri University of Science and Technology




» Similarly select the two small horizontal lines and make them collinear and equal

Constraints

T Ty [ E’ o= ‘

» Similarly select the two vertical lines and make them equal

% [Constraints |§

Constraints

T T R -

So far, we have created all the Geometric constraints. Now we have to create the Dimensional
constraints. You will find that as we add on dimensions, the degrees of freedom represented by
the yellow arrows will disappear. NX7 will not allow duplication of dimensions. This is why it is
better to apply the geometric constraints first. If there is any conflict between the dimensional
and geometric constraints, those entities will be highlighted in yellow.

Al

» Choose the Inferred Dimensions icon in the Constraints toolbar
» Add on all the dimensions as shown in the following figure

For example, to create a dimension for the top two corners, you may have to click on the arrow
next to the Inferred Dimensions icon and click on the Horizontal icon. Then click somewhere
near the top of the two diagonal lines to select them. While dimensioning, if you find the
dimensions illegible, but do not worry about editing the dimensions now. Make sure the small
arrows are disappearing as constraints are placed.
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D4

Now we will edit all the dimension values one by one. It is highly recommended to start editing
from the biggest dimension first and move to the smaller dimensions.

» [Edit the values as shown in the figure below. Double click on each dimension to change the
values to the values as shown in figure below:

=85, 000
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» Click on the Finish flag ﬁ on the top left corner of the screen when you are finished
» Click on the sketch and right-click

» Click INSERT — DESIGN FEATURE — EXTRUDE

S

» Extrude this sketch in the Z-direction by 60 inches

» Create a hole with a diameter of 4 inches and a height of 30 inches at the point (0, 35, 0)
from the WCS
The final figure is shown below. Save and close the file.
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6.2.2 Model an Impeller Lower Casing
» Create a new file and save it as Impeller_lower-casing.prt
» Click on INSERT — SKETCH in TASK ENVIRONMENT

» Set the sketching plane as the XC-YC plane

» Make sure the Profile window is showing and draw the following curve l‘f\

Line 1

Curve 1 l

Curve 2

» Click INSERT — DATUM/POINT
» Create a point at the origin (0, 0, 0) and click OK
» Click Close to exit the POINT CONSTRUCTOR window

Next, we will constrain the curve.
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; Const... |§

Constraints

&

> Click on the Geometric Constraints icon

» Select the point at the origin and click on the Fixed constraint
icon

» Make all of the curve-lines and curve-curve joints tangent

» Then apply the dimensional constraints as shown in the figure below:

) ] ] ) ®, [ Move Object x
» Select all the dimensions. Right click and Hide the - N
dimensions
" Select Object{4)
» Choose EDIT — MOVE OBJECT e — -
YE . Motion ’_r,:"v Distance .
» Select all the curves. You should see ‘4’ objects :
being selected in Select Object + Specify vector (1) (LI~

Rewverse Direction

» Specify the Motion to be Distance S
» Choose —YC-Direction in the Specify Vector Result
OMDVE Original
» Enter the Distance to be 0.5 inch Distance/Angle Divisions L
Mumber of Unassociative Copies
» In the Result dialog box make sure you the click on — v
the Copy Original radio button oreview —
> Clle OK < OK = ] [ Apply ] [ Cancel ]
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» Click Cancel to get out of the MOVE OBJECT dialog box

Do not hit OK again otherwise the distance increases every time you hit OK.

» Then join the end-points at the two ends using the basic curves to complete the sketch

ga—

The sketch is ready.
» Choose EDIT — MOVE OBJECT

» Select the outer curve as shown in the figure below. Be sure to select all the four parts of the
curve.

» Move the lower curve in the Y-direction by -1.5 inches. This is the same as translating it in
the negative YC-direction by 1.5 inches

W[ Move Object  [O|=|X
Objects M
| 4 Select Object{4) @
Transform A
Motion = Distance [v]

| + Specify Vector(1) [\ﬂi_r_g—']
Reverse Direction ["

Distance

Result A
ZJ
OMUVE Original @Cupy Original ===1
Distance/Angle Divisions [ 1J
Mumber of Unassociative Copies 1
Settings v

Preview v

<OK> [ 5pp|y J[ Cancel J

This will form a curve outside the casing.
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» Using straight lines join this curve with the inside curve of the casing

It will form a closed chain curve as shown.

Now we will create the curve required for outside of the
casing on the smaller side which will form the flange

portion.

» Choose EDIT — MOVE OBJECT

Select the outer curve as shown in the figure on the

right.

» Move the lower curve in the XC-direction by -0.5
inches. This is the same as translating it in the

negative XC-direction by 0.5 inches

» Using straight lines join the two lines as shown in

the figure on right side

» Click on the Finish Flag ﬁ

» Click on INSERT — DESIGN FEATURE — REVOLVE

Make sure that the Selection Filter is set to Single Curve as shown below on

the Selection Filter Toolbar

® [Move Object EFR
Objects A
4" Select Object (1)
Transform A
Motion == Distance !
" Specify Vector (1) _,)ch -
Rewverse Direction ,\'.
Distance [ in
Result A
OMove Original |®Copy Original |
Distance/Angle Divisions [ 1_]
Number of Unassociative Copies 1
Settings v
7 Preview v
< OK = 1 [ Apply ] [ Cancel ]

: No Selection Filter kw] |Within Work Part Only kel €8 (|- 0 % ™, T} - [[Single Curve w1t P

ICmlmrs mlamae Famm $m clhmtmlh e rmlmcd cmmdlme e e
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Click on each of the 10
curves as shown

In the Axis dialog box ,
in the Specify Vector
option  choose  the
positive XC-direction

In the Specify Point
option, enter the
coordinates (0, 0, 0) so
the curve revolves
around XC-axis with
respect to the origin

Keep the Start Angle as
0 and enter 180 as the
value for the End Angle

Click OK

The solid is seen as below.

Now, we will create edges.

NX7 for Engineering Design

® | Revolve

Section

" Select Curve {10}

Rewverse Direction
Specify Origin Curve

Axis

| " Specify Vector {1}

Reverse Direction

| + Specify Point (1)

Limits

Start

Angle

End

Angle

BEoolean

l Boolean

Offset

Settings

Preview

I—QBK-)—][ Apply ][ Cancel

» Click on INSERT — DESIGN FEATURE — EXTRUDE
» Select the outer curve of the casing as shown in the figure below.

Again make sure that the Selection Filter is set to Single Curve.
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» In case you are not able to select the proper lines then CQuickbick "X

left-click and hold the mouse button and you will see a — —
dialog box pop-up, which will provide you the options e e

of which curve to select as shown

» Select the curve you just created in the second Sketch

» Extrude this piece in the negative Z-direction by 0.5

inches

X [Extrude IFFE
Section A
%" Select Curve (10)
Direction A
+ Specify Vector (1)
Reverse Direction ,\,
Limits A
Boolean A
-
+" Select Body (1)
Draft v
Offset v
Settings v
Preview Y

v‘:ﬁ. Parallel Dimension =
<., Parallel Dimension

of SKETCH_0OO
g Edge of Revolve(10)
/ Line? of SKETCH_000
7
i |

Line5 of SKETCH_000

7l Edge of Revaolve(10) -
| E

[— Endl 0.5 in

7 . 3007
f o LA |

s '%K-—

P = R Y
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We will now use the Mirror option to create an edge on the other side.
» Choose EDIT — TRANSFORM

» Select the solid edge as shown. For this you will have to change the Filter in the dialog box
to Solid Body

> Choose MIRROR THROUGH A PLANE N [ Plane [9=1x
Type A
» Under Principal Planes, click on the XC-ZC icon as l [z] Inferred E]
shown and click OK ] Inferred
d] atangle M
» Select COPY [UQ At Distance
[J]] Bisector
[5] curves and Points I
> Clle Cancel _D Two Lines r
ﬂ::] Tangent r

&] Through Object
a4 Coefficients
W _[-] Point and Direction [

ET On Curve
b YC-ZC Plane

The edge will be mirrored to the other side as shown below.

XC-YC Plane
[F view Plane
<3 Show Shortcuts

We will create an edge at the smaller opening of the casing as shown.
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» Click on INSERT — DESIGN FEATURE — REVOLVE

Again make sure that the Selection Filter is set to Single Curve. The default Inferred Curve
option will select the entire sketch instead of individual curves.

» Revolve this rectangle in the positive XC-direction relative to the Origin just like for the
casing. The End Angle should be 180

This will form the edge as shown below.

The lower casing is complete. Save the model.
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6.2.3 Model an Impeller

Create a new file and save it as Impeller_impeller.prt

>

Y VWV VYV V¥V

>

Click on INSERT — SKETCH

Set the sketching plane as the XC-YC plane

Click on INSERT — POINT

Create two Points, one at the origin (0, 0, 0) and one at (11.75, 6, 0)

Click on the Are icon on the side toolbar and click on the Arc by Center and Endpoints
icon »\ in the pop-up toolbar

Click on the point at the origin and create an arc with a Radius of 1.5 similar to the one
shown in the figure below

Click on the point at (11.75, 6, 0) and create an arc with a radius of 0.5

D,

Click on the Arc by 3 Points icon ~ in the pop-up toolbar

Select the top endpoints of the two arcs you just created and click somewhere in between to
create another arc that connects them. Do the same for the bottom endpoints

Click on the Constraints icon in the side toolbar and make sure that all the arcs are tangent
to one another at their endpoints

i
Click on the point at the origin and click on the Fixed =~ icon

The sketch should look like the following.
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» Then click on the Inferred Dimensions icon

> Give the Radius dimensions for each arc. Edit dimensions so that the two arcs on the end are

1.5 and 0.5 inches and the two middle arcs are 18 and 15 inches as shown in the figure
below:

» Select the Parallel dimensioning option from the Dimensions drop-down menu

» Create a dimension giving the distance between the origin point and the other point and edit
the distance to be 13.19 inches
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>

Click on the Finish Flag ﬁ

Now the sketch is ready as shown below.

Cone o= (X
Now let us model a cone. e -
’él Diameters and Height L:-!
» Choose INSERT — DESIGN FEATURE — CONE axgis =
. XC
> Select DIAMETERS, HEIGHT L
Reverse Direction [EJ
» Select the —XC-Direction in the Specify Vector dialog |« specify point (1) 7z j
box Dimensions A
> In the Point Constructor, enter the coordinates (14, 0, | Base Diameter 15 n
0) in the Specify Point dialog box Top Diameter 8 in
Height e.25 in
» Enter the following dimensions: Boolean A
Base Diameter = 15 inches coolean [ Nore )
Top Diameter = 8 inches
Height = 16.25 inches freview ik

The cone will be seen as shown below.

OK H Apply ][ Cancel ]
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» Extrude the aerofoil curve in the Z-direction by 13 inches. Unite the two solids in the
Boolean operation dialog box

The model will be as follows.

Now let us create five instances of this blade to make the impeller blades.

» Click on INSERT — ASSOCIATIVE COPY — INSTANCE FEATURE

> Select CIRCULAR ARRAY

Method
@General
» Select EXTRUDE (simple
()identical
» For Number, type in 5 and for Angle, enter 72. Number 5 ¥
Angle T2 de
> Click OK i 2 -
oK ] [ Back ] [ Cancel l
» Select POINT, DIRECTION T

» Select the XC-Direction for the Specify Vector and the Origin for the Specify Point

» Click YES
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The model will be seen as follows.

Now let us create two holes in the cone for the shaft and the locking pin. Note that these holes
can also be created by HOLE menu option.

» Subtract a cylinder with a diameter of 4 inches and a height of 16 inches from the side of
the cone with the larger diameter as shown

» Subtract another cylinder with a diameter of 0.275 inches and a height of 0.25 inches from
the side of the cone with the smaller diameter

The final model will look like the following. Save your work.
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6.3 EXERCISES

Exercise 1 - Model an Impeller Upper Casing:

As an exercise, model the upper casing of the Impeller as shown below.

The dimensions of the upper casing are the same as for the lower casing, which is described in
the previous exercise in detail. The dimensions for the manhole should be such that impeller
blades can be seen and a hand can fit inside to clean the impeller.

Exercise 2 - Modeling a Die-Cavity:

Model the following part to be used for the Chapter 9 Manufacturing Module. Create a new file
‘Die_cavity.prt’ with units in mm not in inches. Create a rectangular Block of 150, 100, 40
along X, Y and Z respectively with the point construction value of (-75,-50,-80) about XC, YC
and ZC.

Create and Unite another block over the first one with 100, 80 and 40 along X, Y and Z. and
centrally located to the previous block.

Create a sketch as shown below including the spline curve and add an Axis line. Dotted lines are
reference lines. While sketching, create them as normal curves. Then right click on the curves
and change display property into Phantom lines (Dashed Dot) lines. Give all the constraints and
dimensions as shown in the figure below.
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pl&:=25.000

EC . 000

Revolve the curves about the dashed axis as shown above, and subtract the cut with start angle
and end angle as -45 and 45.

Subtract a block of 70, 50, and 30 to create a huge cavity at the centre. Create and Unite 4
cylinders at the inner corners of the cavity with 20 inches diameter and 15 inches height.

Add edge blends at the corners as shown in the final Model below. Keep the value of blend as 10
radii for outer edges and Smm radii for the inner edges.
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CHAPTER 7 - FREEFORM FEATURE

In this chapter, you will learn how to create freeform models in NX7. Up to this point, you have
learned different ways to create models by using Form Features or by Sketch. Freeform
modeling involves creating solids in the form of surfaces particularly the B-surface. Because of
their construction techniques and design applications, these surfaces are usually stylistic. A few
freeform features are shown below.

Bridge

To create Freeform Features, you must first need a set of points, curves, edges of sheets or
solids, faces of sheets or solids, or other objects. The following topics will cover some of the
methods that you can use to create solids using some of the freeform features.

7.1 OVERVIEW

The Freeform Features in NX7 are grouped under various menus and located in the INSERT
menu. There are a lot of ways in which you can create Freeform Features from the existing
geometry you have like points, edges, curves, etc. A few of the menus are discussed below.

7.1.1 Creating Freeform Features from Points
In the case where the geometry you are constructing or pre-existing data includes only points,
you may be able to use one of these three options to build the feature from the given points.
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» Click on INSERT — SURFACE

. &2

“ From Point Cloud - if you
have scattered points in the form of
cloud.

E Through Points — if the points
form a rectangular array.

° | EE} From Poles - if defined points
form a rectangular array tangential to
the lines passing through them.

Mesh Surface
Sweep

Flange Surface

Facet Body

|| Parts List...

Welding

Synchronous Modeling

7.1.2 Creating Freeform Features from Section Strings

@

Four Point Surface..

_H Swoop...

Through Points...
From Poles...
From Paint Cloud. ..

Rapid Surfacing...

Extension...

Transition...

\ Bounded Plane...

Sheet from Curves...

! Ribbon Builder...

Midsurface

Patch Openings...

Crrl+4

If construction geometry contains strings of connected objects (curves and edges), you may be
able to use one of these two options to build the feature.

» Click on INSERT — MESH SURFACE

o W Ruled — Used if the two strings

are roughly parallel.

Ruled

NX7 for Engineering Design

Surface

Sweep

Facet Body

Synchronous Modeling

] Parts List...
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Flange Surface

|
D LT R

3

2

4

xgv Section...

Sections

.

&> Studio Surface...

&7 Through Curves...

&7 Through Curve Mesh...

M

& N-sided Surface...
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g I.l—_'—l_lr
° iy Through Curves — Used if the three or more strings are roughly parallel.

=

Through Curves

If construction geometry contains two or more strings (curves, faces, edges) that are roughly
parallel to each other, and one or more section strings that are roughly perpendicular to the first
set of curves (guides), you may be able to use one of these following options to build the feature.

T

& Through Curve Mesh — Used if at least four section strings exist with at least two
strings in each direction (parallel and perpendicular).

5 Strings

N

Through Curve Mesh

2 Strings

If the two sections are perpendicular then choose INSERT — SWEEP

e

o« M Swept — Used if at least two section strings are roughly perpendicular.

String
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7.1.3 Creating Freeform Features from Faces

If the construction geometry contains a sheet or face, you may be able to use one of the
following three options to build the feature.

» Click on INSERT — OFFSET/SCALE

»

=
-

° + Offset Surface — Use this option if you have a face to offset.

Offset Surface

» Click on the INSERT — SURFACE — EXTENSION

o :::? Extension — Use this option if you have a face and edges, edge curves, or curves on
the face.

Extensions

7.2 FREEFORM FEATURE MODELING

Let us do some freeform modeling on structured points, a point cloud, curves and faces.
Structured points are a set of point’s defined rows and columns. A point cloud has a set of
scattered points that form a cloud.

7.2.1 Modeling with points
» Open the file freeform_thrupoints.prt

» Right-click on the Toolbars and make sure the SURFACE Toolbar is checked
e @ _{.__rl A, ‘/ - <
Q2 7,
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You will see seven rows with many points.

» Choose INSERT — SURFACE — THROUGH POINTS

OR

% [Through Points |§

» Click on the Icon "} in the Toolbar
Patch Type Multiple L

The dialogue box will pop up as shown in the right.  Closed Along Neither (¥

o 9
ewver 19
» For Patch Type, select Multiple o e g

Column Degree

» For Closed Along, select Neither [ Points from File

» For Row Degree and Column Degree, enter 3. [ok || Back |

—

Cancel J

» Click OK

The next dialogue box will be as shown.

"%, | Through Points X

Chain from All

Chain within Rectangle

e Ll L Ny

[ Chain within Palygon

Point Constructor

[ Back J[ Cancel J
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» Click CHAIN FROM ALL
» Select the top starting point and the bottom ending point of the left most row as shown in the

following figure

+
+
+
+
+
+
+
+
+
+
i

%
+

W***,.,* T

™
¥
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Repeat the same procedure to select the first four strings of points. After that, a window should
pop up asking if all points are specified or if you want to specify another row.

| Through Points g

All Points Specified

Specify Another Row

J[ Back J[ Cancel J

Ok

)"ﬂmﬂt***** . .

L
o

» Select SPECIFY ANOTHER ROW until all rows are specified
» When all the rows are specified, choose ALL POINTS SPECIFIED

» Click CANCEL on the Through Points

window
> Click on the Shaded icon = M

s

P o
y T M
o T 2
A
A k .

4N Tf»w—mm’"’“’

¥ #
ik
= vawrv‘-,,r,

Al

e

*
o
K
F

b o

You will see the surface as shown below.

Do NOT save these files.

R

+
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7.2.2 Modeling with a point cloud
» OPEN the file named freeform_cloud.prt

The point cloud will be seen as follows.

» Choose INSERT — SURFACE — FROM POINT CLOUD or click on this icon ﬂ on
the Surface Toolbar

The following dialogue box will appear.

% | From Point Cloud

Select Points

X

[ —

U Degree

V Degree

U Patches

W Patches

Coordinate System

[View of Selection

Boundary

[ Minimum Box

1 Reset
L

E Confirm Upon Apphy

(o0 [ seny | [omesr)

K Kl
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At the bottom of the window, you can see the option Confirm Upon Apply. This option lets you
view and analyze the feature before you create it.

» Uncheck the Confirm Upon Apply box
» Select all the points on the screen by dragging a rectangle around them
After you have selected the points, the screen will look like the following.

%, | From Point Cloud

Select Points

U Degree

WV Degree

U Patches

W Patches

Coordinate System

[‘u’iew of Selection

e View of Selection

MCurrent View
Specified C5YS

| Specify New C5YS...

E Confirm Upon Apply

(o ) (“awely ) [ Goncel )

» In the Coordinate System drop-down menu, choose WCS for the Coordinate System. This
matches the point cloud coordinate system with original system

Under Boundary, choose Minimum Box. This is the boundary for the point cloud
Keep the default values for U and V Degree as 3

Click OK

YV Vv VYV V

Change the VIEW to Shaded to see the model as a solid

The final sheet will look like the following. Again, do NOT save these files.
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7.2.3 Modeling with curves

» OPEN the file named freeform_thrucurves_parameter.prt

The curves will be seen as in the figure on the right.

> Choose INSERT — MESH SURFACE — THROUGH CURVES or click on this Icon
@ on the Toolbar

» Select the first section string as shown below. Be sure to select somewhere on the left side of
the arc.

A direction vector displays at the end of the string.

Select /\

here
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You should see the screen as shown below.

% [Through Curves [O=%
Sections ‘ A
]
Rewverse Direction
Specify Origin Curve [ﬂ
Add New Set Q
[ List o
Continuity ‘ A
D.Applvtn All

First Section GO {Position} :
Last Section G0 {Position} :
Flow Direction Not Specified S 2
Alignment

Output Surface Options

Settings

ll<]<]<l<

Preview

I_ 0K J[ Apply J Cancel

> Click the middle mouse button MB2

» Click on the next curve similar to first one and click the middle mouse button MB2. You can
see a surface generated between the two curves as shown in the figure

Repeat the same procedure to select the remaining strings. Remember to click MB2 after
selecting each curve.

Select Select

Select here here

Select here
here
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In the Alignment and Qutput Surface dialog box,

choose the following:

Sections . A

» For Patch Type, choose Single @
. Rewverse Direction }\f|

» For Alignment, choose Parameter 2
Specify Origin Curve _:Ilh‘ |

» For Construction, choose Simple —— ﬁl
| List v

When the Simple option is activated, the system tries |
to build the simplest surface possible and minimize the | continuity A
number of patches.

DApva to All
> Click OK First Section [ Go (Position) bl
Last Section [GU{F‘nsition} E
If you are not able to see the surface then click on the B s [Notspecified ||
Shade icon on the toolbar g I | Al
ﬁ a @ @] @ & {Alignment [F‘aram ater E
' i Qutput Surface Options : A
The following curved surface will be generated. Pk tyne [Muliple ]
Again, do not save the file. [Jclosedin v

B Mormal to End Sections

Construction Simple
Select Section Template (0}
L - R
Settings [ w
Preview v

!—ﬁ-ﬂa—” Apply ” Cancel 1
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7.2.4 Modeling with curves and faces

Open the file named freeform_thrucurves_faces.prt

The curve and faces will be seen as follows.

» Choose INSERT — MESH SURFACE —
THROUGH CURVES

» Select the left edge of the top plane as shown below
and click MB2

» Now select the middle edge and click MB2

Select here

Select here

Select here

» In the Settings Dialog box, uncheck the Preserve Shape check box

You would get the following shape displayed on screen.
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Make sure that all the arrows are pointing in the same direction. If not, click CANCEL and
reselect the strings.

» In the Alignment dialog box choose Parameter

» In the Continuity dialog box select G2 (Curvature) option and select the two faces of the
top plane as shown

Come e Continuity A
NG IJl
7 T 1 First String
< - ;"{x: Dﬁpplytn All
. — P
H‘“‘“& “‘“«H{/ ¥ ““‘me First Section [GE {Curvature) ':J
. ""H.h_hx e “"‘*u.___x
[ ™ e - ~ * Select Face (0) L.]. ]
!I “"“x__m e I 8
k‘“xh‘ f H‘“x% . Last Section [GEI {Position) ';J
| T
Hx.& |J E“x&_ﬁ Flow Direction [Nu:ut Specified ';J
T
L 7
T i
T |
\_”]

» Click APPLY

» Now select the middle edge and click MB2

» Select the edge of the lower plane and click
MB2

» Click MB2 to finish the curve selection

» Change the option to G2 (Curvature) in the
Continuity dialog box

> Select the three faces of the lower surface as
shown and click MB2
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-~ -'“-\.\_\_\__\_
1:/ -H""-\-\.\__\_
""-\.._\_H__\_ “\"'\-\.\__\_
= e T
S e T ey
- il T
-\-"\"'\-\_\__\_ H\-""\-\__\_ “\"'\-\.\__\_
[ e S T
| L — e
| T e e
1 T [ -
S T T
v — _
e N - Face for first
i o | e
~ T T 1 section
Faces or g {
[Py T . - e
Laat otiiing .
Continuity A
[:]Apply to All
First Section G2 {Curvature) [‘r]
" Select Face (1) [_l_]
Last Section (G2 (Curvature) 50)
o Select Face (3) [l]
Flow Direction Not Specified [Y]
Alignment A
Alignment Parameter [‘r]
Output Surface Options A
Patch Type Multiple [Y]
FArincad in

» Select the face you just created for the continuity constraint for first section as shown above
» Click APPLY and then click CANCEL

The final curve will be seen as shown below. Do not save the files.
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7.3 EXERCISE - MODEL A MOUSE

Model a computer mouse similar to the one shown below or use your imagination to model a
different mouse. As a hint, create some boundary curves on different planes and use them to
form freeform surfaces. Use these quilt surfaces to create the solid. Add and subtract blocks and

pads to attach the accessories like buttons.

NX7 for Engineering Design
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CHAPTER 8 - ASSEMBLY MODELING

This chapter introduces assembly modeling. Every day, we see many examples of components
that are assembled together into one model such as bicycles, cars, and computers. All of these
products were created by designing and manufacturing individual parts and then fitting them
together. The designers who create them have to carefully plan each part so that they all fit
together perfectly in order to perform the desired function.

In this chapter, you will be learning two kinds of approaches used in Assembly modeling. We
will practice assembly modeling using the impeller assembly as an example. Some parts of this
assembly have already been modeled in earlier chapters.

8.1 OVERVIEW

NX7 Assembly is a part file that contains the individual parts. They are added to the part file in
such a way that the parts are virtual in the assembly and linked to the original part. This
eliminates the need for creating separate memory space for the individual parts in the computer.
All the parts are selectable and can be used in the design process for information and mating to
insure a perfect fit as intended by the designers. The following figure is a schematic, which
shows how components are added to make an assembly.

assembly!

SRORONN

I |
r I 1T 1 r 1 1
|component | | component| | component |

8.2 TERMINOLOGIES

Assembly

An assembly is a collection of pointers to piece parts and/or subassemblies. An assembly is a
part file, which contains component objects.

assembly
Component Object [ ¢ «|component objects |

subassembly

A component object is a non-geometric
pointer to the part file that contains the | comp. objs GO0
component geometry. Component Object
stores information such as the Layer, Color, |
Reference set, position data for component |component | [corrpenent| [component |
relative to assembly and path of the

component part on file system.

|
| component| [corrponent |
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Component Part
A component part is a part file pointed to by a component object within an assembly. The actual
geometry is stored in the component part and is referenced, not copied by the assembly.

Component Occurrences

An occurrence of a component is a pointer to geometry in the component file. Use component
occurrences to create one or more references to a component without creating additional
geometry.

Reference Set
A reference set is a named collection of objects in a component part or subassembly that you
can use to simplify the representation of the component part in higher level assemblies.

8.3 ASSEMBLY MODELS

There are two basic ways of creating any assembly model.

¢ Top-Down Approach
¢ Bottom-Up Approach

8.3.1 Top-Down Approach

The assembly part file is created first and components are created in that file. Then individual
parts are modeled. This type of modeling is useful in a new design.

v Create componzn: objects firet,

assembhy

0T
1]

| |
[ comp. obj 1 || corrp. obj. 2 | comp. obj 3 |

» Make a component the Yyork Part,

assembly
oo

I |
Work Part || comp. 02j 2| comp. 02j 3 |

» Create geomstry i1 the component part.

asssmbly
T

I
| comp. obj 2|| comg. ohj 3 |
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8.3.2 Bottom-Up Approach

The component parts are created first in the traditional way and then added to the assembly part
file. This technique is particularly useful, when part files already exist from the previous designs,
and can be reused.

assm

. 5

[ |
cormponent || component | ([component

raLbassm B

) [
assm B |

oleke

2/ |

component | (componen: | (component

SR SEm A

1

A55M A

. Lo

|
| |component | | componznt | [compenent |

8.3.3 Mixing and Matching

You can combine these two approaches, when necessary, to add flexibility to your assembly
design needs.

8.4 ASSEMBLY NAVIGATOR

The Assembly Navigator is located on top of the Part Navigator in the Resource Bar on the left
of the screen. The navigator shows you various things that form the assembly, including part
hierarchy, the part name, information regarding the part such as whether the part is read only, the
position, which lets you know whether the part is constrained using assembly constraints or
mating condition, and the reference set. Following is a list of interpretation of the Position of the
components.
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:Ijﬂ

Assembly Navigator

Descriptive Part Name Info | Read... | Modified | Position Count Reference Set
----- B Sec-t_lu:u_;s .
= EI_[‘; Impeller-Exploded-Assembly u @T 28
- - Mty sub-assembly B D 4 Entire Part
-~ L@ Impeller_hexa-bolt e ) Model "MODEL")

Maodel {MODEL")

- @ Impeller_hexa-nut Model "MODEL")

=I-WIt¥y sub-assembly e B 4 Entire Part

- L@ Impeller_hexa-baolt o ) Model "MODEL")
""" [ Model "MODEL")

Maodel "MODEL")

- L Impeller_washer

- L Impeller_washer

- @ Impeller_hexa-nut

® _ Indicates a fully constrained component
@ _ Indicates a fully mated component

- (Fixed) Indicates that all the degrees of freedom are constrained
€ - Indicates partially constrained component

J - Indicates partially mated component

(2 - Indicates that the component is not constrained or mated

8.5 MATING CONDITIONS

After the component objects are added to the assembly part file, each component object is mated
with the existing objects. By assigning the mating conditions on components of an assembly, you
establish positional relationships, or constraints, among those components. These relationships
are termed mating constraints. A mating condition is made up of one or more mating
constraints. There are different mating constraints as shown below:

"

. Touch/Align — Planar objects selected to align will be coplanar but the normals to
the planes will point in the same direction. Centerlines of cylindrical objects will be in
line with each other. This is same as the Mate in NXS5.

o & Angle — This fixes a constant angle between the two object entities chosen on the
components to be assembled.

e ™ Bond - Creates a weld and welds components together to move as single object.

. % Parallel — Objects selected will be parallel to each other.
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b

Perpendicular — Objects selected will be perpendicular to each other.

Ml Center — Objects will be centered between other objects, i.e. locating a cylinder

along a slot and centering the cylinder in the slot.

. © Concentric - Constrains circular or elliptical edges of two components so the centers
are coincident and the planes of the edges are coplanar.

o b Distance — This establishes a +/- distance (offset) value between two objects

The Mating Conditions dialog box is shown on right.

% | Assembly Constraints o =X

Type A
B2 -
Geometry to Constrain A
Origntation ’ i Prefer Tauch L:.l

* Select Two Objects (0)

Settings v

Preview M

@ Preview Window

D Preview Camponent in Main Window

[ < K = H Apply H Cancel ]

8.6 IMPELLER ASSEMBLY

We will assemble the impeller component objects. All the part files will be provided to you.

» Create a new file and save it as Impeller_assembly.prt

» Choose APPLICATION — MODELING

» Click on APPLICATION again and make sure there is a check mark next to

ASSEMBLIES. If not, click on it | Assenbles

NX7 for Engineering Design

Chrl+as b+
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A new toolbar will appear on the screen as shown below.

% BE- TRy B 796G

» Click on ASSEMBLIES from the menu bar

gssembliesllnfnrmatinn Analysis  Preferences Window Help

Context Control 'k @\

E'Qa'r:ﬁ_

Component Position ¥ | " Create New Component..

I
A Arrangements...

f; Create New Parent...

Exploded Views * | & Replace Component...

dP Sequence... "' Create Component Array...

I‘:ﬂ Replace Reference Set...

24 Edit Component Array...

D Mirrar Assembly...

Cloning 3
4"y Suppress Component
WAVE g 4, Unsuppress Component
SLiErTE g s Edit Suppression State...
Part Family Update
Deform Component...

We will be mostly using the COMPONENTS option, which includes:

e ADD COMPONENT - This option adds new component objects whose part files are

already present.

e CREATE COMPONENT - This option lets you create new component geometries

inside the assembly file in case you are using Top-Down approach of assembly.
Assemblies J Information  Analysis Preferences Window Help

Context Cantral L %

H-& 90

Components r e
i_-“ Mowve Component...
J# Arrangements... M  Assembly Constraints...

Exploded Views * | %2 Show and Hide Constraints...
& Sequence...

=]

W= Remember Assembly Constraints...

Degrees of Freedom

Convert Mating Conditions...

Il Replace Reference Set... % Show
*
Cloning 3
WAVE »
Advanced r
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NX7 for Engineering Design

Missouri University of Science and Technology




The component position menus allow you to create
assembly constraints and allow you to reposition the
components wherever you want them in the assembly.

e MOVE COMPONENT - Allows you to move
and reposition component objects.

e ASSEMBLY CONSTRAINTS - They are used
to mate or align the component objects.

» Choose ASSEMBLIES — COMPONENTS —
ADD COMPONENT

The dialogue box on the right side will pop up. You can
select the part files from those existing or else you can
load the part files using the OPEN file options in the
dialog box. This will load the selected part file into the
LOADED PARTS dialog box.

» Click on the file Impeller_upper-casing.prt
» Click OK in the part name dialog box
You will see that a small copy of the component object

appears in a separate window on the screen as shown in
the figure below.

% [Add Component IFFE

Part M

¥ Select Part (0)

Loaded Parts

Recent Parts

=
=
!

Open
‘ Duplicates v
Flacement A

Positioning Absc-lute Origin ﬁ
DScatter

Replication v
Settings v
Preview v

Cancel

You will need to place this figure initially at certain location. This can be done by changing the
Positioning option in the PLACEMENT dialog box to Absolute Origin as shown.
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» Click OK

You will see the object on the screen as follows:

Now we will add the second component, the lower casing.

» Click on ASSEMBLIES — COMPONENTS — ADD COMPONENT

» Select the file Impeller_lower-casing.prt gl e v [— X

Type M

» In the POISTIONING dialog box change the
option to By Constraints

» Choose APPLY @ Concentric -

This will show you the added component in a
COMPONENT PREVIEW window as before.

Now let us mate the upper and the lower casing.
Unlike NX5 where Mate command used to make
the two objects touch each other to make them

coplanar, in NX7 we have the Touch/Align r

command. You can access all the constraints in the
drop-down menu in the Type dialog box in the
ASSEMBLY CONSTRAINTS menu.

The following dialog box will appear.

"*":] Touch Align Ev]

"u‘ Distance

L Fix

2% Parallel

", Perpendicular
= Fit

r1|}1 Centar

& Angle
&3 Show Shortcuts

Ll

[ < K = H Apply H Cancel ]

Here you can see the different Mating Types, which were explained above in section 8.4.

Now let us give the Mate constraint.

151
NX7 for Engineering Design

Missouri University of Science and Technology




i
» Make sure the Touch Align icon d is selected in the TYPE dialog box

» First, select the face that the arrow is pointing to in the Component Preview window as
shown below in the figure on the left figure below.

» Click on the face of the Upper Casing in the main screen as shown in the figure on the right.
You may have to rotate the figure in order to select the faces.

Component Preview

£C

'\
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The lower casing is constrained with respect to the upper casing. Now let us add the impeller.

» Choose ASSEMBLIES — COMPONENTS — ADD COMPONENT
» Open the file Impeller_impeller.prt

» Click OK on the dialog box

We will apply the Distance constraint.

» Click on the Distance icon in the TYPE dialog box

» Select the two faces, first on the impeller and then on the casing, as shown in the figure
below

» Click OK

» In the Distance dialog box in the Assembly Constraints window, enter a value of 3

LS Assembly Constraints EFR

Type A
E—
Geometry to Constrain M

4 Select Two Objects (1)

Settings v

Preview A
@ Preview Window

D Preview Cornponent in Main Window

[ < OK = H Apply ][ Cancel ]

Component Preview

» On the Assembly Constraints window, unclick the Preview Window option
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The preview will show the impeller oriented in the direction opposite to the one we want.

» On the Assembly Constraints window, click on _
the Cycle Last Constraint option in the Geometry

to Constrain as shown in the figure on right Type

X

["u" Nstance

Now the impeller will be oriented in the right direction.
Geometry to Constrain

#* Salect Two Objects (0)

@
2, @,

Cyele Last Constraint 53}
Distance A
Distance [3 in m
Settings v
Preview M

‘ D Preview Window

[—-\'—GK—»—I[ Apply ][ Cancel

Now we will apply the Center constraint to the model. Save the assembly file. We will now add
the shaft.

» Click on ASSEMBLIES — COMPONENTS — ADD COMPONENT
» Open the file Impeller_shaft.prt

» Click OK on the dialog box
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> Choose the Center icon "l [ Assembly Constraints [9[=X

Type M
» Choose the Infer .Cer.zter/szs ooption in the (3 Touch align )
Geometry to Constrain dialog box in the Assembly
Constraints window as shown in the figure on right | Geemetry to Constrain A
Crigntation & Infer Cen Ier,foEl
> Select the two surfaces, first on the shaft in the | & Select Two Objects (1)
preview window and then on the impeller on the _
main screen as shown in the figures below
Settings v
Preview A
@ Preview Window
D.Prew'ew Component in Main Window:

[ < O = H Apply ][ Cancel

>

nfer Center/Ax Eva
g .
v
[ —r

» First, select the face on the shaft and then select the bottom face of the hole in the impeller as
shown.

Ha
» Choose the Touch Align d constraint

» Choose APPLY and then click OK
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Component Preview
s

>

The assembly will now look like the figure below.

» Click on ASSEMBLIES — COMPONENTS — ADD COMPONENT
» Open the file Impeller_hexa-bolt.prt

» Choose the Touch Align constraint. Use the Infer Center/Axis option in the Geometry to
Constrain dialog box

» First, select the outer cylindrical threading on the bolt and then select the inner surface of the
hole on the upper casing as show in the figures below.
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"'T| 'Assembly Constraints

Touch Align . .Cnmpunent Preview
Geometry to Constrain | A
Orientation [12— infer Center/,d.xa
 Select Two Objects (1) @
Reverse Last Constraint :}_\f
Settings v
Preview A

g Preview Window
D Preview Component in Main Window

!-—4-0!6-&—-][ Apply ][ Cancel

» Again in the Touch Align constraint change the Geometry to Constrain option to Prefer
Touch

» Select the flat face on the bolt and the face on the rib of the upper casing as shown

> Click APPLY and then OK

% | Assembly Constraints

Type A

[’";] Touch Align a Component Preview
Geometry to Constrain A

Orientation % Prefer Touch v

& Select Two Objects (1)
Reverse Last Constraint

Settings

Preview

g Preview Window
D Preview Component in Main Window

[-—-t-@l(-o---][ Apply ” Cancel

The assembly is shown below.
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» Repeat the same procedure as before to add the part file Impeller_washer.prt

» Choose the Touch Align constraint. Use the Infer Center/Axis option in the Geometry to
Constrain dialog box

» Select the inner face of the washer and the cylindrical threading on the bolt as shown

- | Assembly Constraints

Type | A

Component Preview

Geometry to Constrain | .
Origntation &= Infer Center/Ax m
ey @

Reverse Last Constraint ;\’]

ol
Settings | v

Preview | A

E Preview Window
E Preview Component in Main Window

}-—ﬁﬂﬁm—l[ Apply ” Cancel

i
L]
-

» Again in the Touch Align constraint change the Geometry to Constrain option to Prefer
Touch

» Select the flat face of the washer and then the face on the rib of the lower casing as shown
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> Click APPLY and then OK

Type

["‘:] Touch Align

Geometry to Constrain

A .

a Component Preview
A

v

Jrientation

¢ Sefect Two Objects (1)

Reverse Last Constraint
v
A

Settings

Preview

g Preview Window
g Preview Component in Main Window

Fﬁ-@l‘-ﬁ—l[ Apply ” Cancel

The Assembly is shown below.

» Add the part file Impeller_hexa-nut.prt in the same way as we attached the bolt and the
washer.
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» Repeat the same procedure to add bolts, washers, and nuts to all the holes in the casing. This
completes the assembly of the impeller

There is a simpler way to assemble the bolt, washer, and nut set. Instead of adding the three parts
individually, you can assemble these components separately in another file. This will be a sub-
assembly. You can insert this subassembly and mate it with the main assembly.

The Final Assembly will look as the shown below. Save the Model.
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8.7 EXPLODED VIEW OF IMPELLER ASSEMBLY

In this section, we are going to create an Exploded view of the Assembly to show a separated
part-by-part picture of the components that make the assembly. In today’s industrial practice,
these kind of views are very helpful on the assembly shop floor to get a good idea of which item
fixes where. The user should understand that exploding an assembly does not mean relocation of
the components, but only viewing the models in the form of disassembly. You can ‘Unexplode’
the view at any time you want to regain the original assembly view. Let us explode the Impeller
Assembly.

> Choose ASSEMBLIES — EXPLODED

VIEWS — NEW EXPLOSION
)

Narme

This will pop a Dialog box asking for the name of
the Explosion view to be created. You can leave [ox—) [ cancer |
name as the default name and choose OK

Now the UG environment is in Exploded view environment though you do not find any
difference. When we start exploding some assembly, we should decide upon a component to
keep that component as the reference. This component should not be moved from its original
position. In the case of the impeller assembly, the impeller will be the right option as it is central
to the entire assembly. Now let’s start exploding the components.

» Right Click on the Upper casing and choose EDIT EXPLOSION

The Edit Explosion window will pop up along with a Coordinate system on the component.

% [Edit Explosion |§
! O Select Objects

| @ Mo 1jects:

O Move Handles Only

|
E

71 et

[ OK H Apply ][ Cancel ]

» Click on the Z axis; hold the mouse and drag upwards until the reading in the Distance
shows 20 as shown in the following figure.
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» Choose OK

“TI Edit Explosion

O Select Objects
@ Move Ohjects
OM‘D‘VE Handlzs Only

Distance
g Snag Increment
| Original Position
) [ Ok ][ Apply ][ Cancel ]

» Right click on the Lower casing and choose EDIT EXPLOSION

Again, this will pop up a Dialog window for Edit Explosion and a Coordinate system on the

component.

» Click on the Z-axis; hold the mouse and drag downwards until the reading in the Distance
shows -20 as shown in the following figure. Choose OK

NX7 for Engineering Design

"Tl Edit Explosion

O Select Objects
@ Move Objects
O Mave Handles Only
Distance -20
; ! g Snap Increment
o 21
¥y 71 ks
Original Position
[ OK l [ Apply ] [ Cancel l
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» Right click on the shaft and choose EDIT EXPLOSION.

» This time click on the X-axis; hold the button and drag to the right side until the reading in
the distance shows -25 as shown in the following figure

» Choose OK

‘T| Edit Explosion

O Select Objects
@ Move Objects

O Move Handles Only
o :'
[W Snap increment

H =0
L:vc

RO

Uherp@ Inferred Vector ] Original Position

[ OK H Apply H Cancel 1

» Select all the six hexagonal bolts in the assembly by clicking on them

o Select Objects

@ Move Objects

o Move Handles Only
Distance

[V snap increment

Unexplode

[ OK H Apply H Cancel 1
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> Right click on one of them and choose EDIT EXPLOSION
» This time click on the Z-axis; hold the button and drag upwards until the reading in the
Distance shows 25 as shown in the following figure. This will move all the six bolts together

to the same distance.

» Choose OK

Likewise, select all the six hexagonal nuts together and move them downwards to a value of -30
and the six washers to the distance of -27. This is the Exploded view of the assembly. The
following are the pictures of the Final Exploded view. You can rotate and see how it looks like.
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It you want to retain the original assembly view you can unexplode any particular component,

» Right click on the component and choose UNEXPLODE.

If you want to unexplode all the components,

» Choose ASSEMBLIES — EXPLODED VIEWS — UNEXPLODE COMPONENT

Select all the components and choose OK.

8.7 EXERCISE - ARBOR PRESS ASSEMBLY

In this tutorial, we have modeled various parts, some of which are components of the arbor press,
which is shown below. Assemble the arbor press using the components that you have modeled in
addition to ones that are provided to you that you have not modeled before. The complete list of
parts that the arbor press assembly consists of includes:

Allen Bolt
Allen Nut
Base
Circle base
End clip
Handle
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Hexagonal Bolt
L-bar

Pin

Pinion

Pinion handle
Plate

Rack

Sleeve

All these parts are provided in a folder that can be accessed along with this tutorial in the same
internet address.
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CHAPTER 9 - FINITE ELEMENT ANALYSIS

FEA, or Finite Element Analysis, is a technique for predicting the response of structures and
materials to environmental factors such as forces, heat and vibration. The process starts with the
creation of a geometric model. The model is then subdivided (meshed) into small pieces
(elements) of simple geometric shapes connected at specific node points. In this manner, the
stress-strain relationships are more easily approximated. Finally, the material behavior and the
boundary conditions are applied to each element. Software such as NX7 computerizes the
process and makes it possible to solve complex calculations a matter of minutes. It can provide
the engineer with deep insights regarding the behavior of objects.

Some of the applications of FEA are Structural Analysis, Thermal Analysis, Fluid Flow
Dynamics, and Electromagnetic Compatibility. Of these, FEA is most commonly used in
structural and solid mechanics applications for calculating stresses and displacements. These are
often critical to the performance of the hardware and can be used to predict failures. NX7 has an
NASTRAN solver to perform the FEA. NX7 offers two modules for FEA i.e, Advanced
Simulation and Design Simulation. Advanced Simulation can be used to perform Thermal
analysis, Flow simulation and can also be used to analyze Electronic and Space systems. It has
more options for geometry idealization and also provides 1D and 2D mesh generation options
along with 3D mesh, which is the only option in Design Simulation module. Design Simulation
is generally used for structural analysis. In this chapter, we are going to deal with the structural
stress and strain analysis of solid geometries.

9.1 INTRODUCTION
9.1.1 Element shapes and nodes

The elements can be classified into different types based on the number of dimensions and the
number of nodes in the element. The following are some of the types of elements used for
discretization.

One-dimensional elements:

2-node 2-node 4-node
(Lineat) (Cuadratic) (Cubic)
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Two-dimensional elements:

Triangular: ‘
A
VAR
- - A
/J K
. N
H—__\*RH Y
3-node f-node 10-node
Lineat) (Cuadratic) {(Cubic)
Quadrilateral:
e
e
’X/f)i o } )
V, | Vi
.{\l -[ 1 T rd
L |
e \
d-node B-node 12-node
(Linear) (Cuadratic) (Cubic)
Three-dimensional elements:
Tetrahedral (a solid with 4 triangular faces):
7NN
5 i
/’:"' \ I\ ? \k‘
SN ‘AR L AN
y I Y o \ / .
/o \ Fox o ] . ko
{ _______ _\ ,-/_-_if‘"" _":\ ,-"’_,_-'--F-\—S\—__x,_-'_:?
N f _f"# fol '__“b . f~—:?'-"’ - Nl A
N ~ J// e N
4-naode 10-node 20-node
(Linear) (Duadratic) (Cubic)

Hexahedral (a solid with 6 quadrilateral faces):

a-node 20-node 29 node
(Linear) (Cuadratic) (Cubic)
168

NX7 for Engineering Design

Missouri University of Science and Technology




Types of nodes:

Corner nodes
Exterior nodes

{ Side nodes
Interior nodes

The results of FEA should converge to the exact solution as the size of finite element becomes
smaller and smaller.

9.1.2 Structure Module

» Copy and paste the file Impeller_impeller.prt into a new folder to avoid changes being
made to the assembly

» Open this newly copied file
» Click on START — ALL APPLICATIONS — DESIGN SIMULATION

The following figure is the toolbar for Finite Element Modeling and Analysis of Structures.
; oy j Pe o [ ; ~ e =B = J : =]
) &Y% QP S E AP Hrav B8

.:} Solution: Clicking on this icon will open up the CREATE SOLUTION window where
you can select the solver algorithm from one of these: NX NASTRAN, MSC NASTRAN,
ANSYS or ABAQUS. In addition, you can choose the type of analysis to be performed. In this
tutorial, only Structural Analysis will be covered with NX NASTRAN.

" [ Solution W= (X
Solution A
Name ]
Solver [NX NASTRAN DESIGN v
Analysis Type lStructuraI ';-!
Solution Type [Linear Statics - Single Constraint L_Y-!
Linear Statics - Single Constraint v

[ OK 1 [ Apply ] [ Cancel ]
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1y
€ | Material Properties: This allows you to change the physical properties of the material that
will be used for the model. For example, if we use steel to manufacture the impeller, we can
enter the constants such as density, Poisson’s ratio, etc. These material properties can also be
saved in the library for future use or can be retrieved from Library of Materials available in NX7.

%} Loads: This option allows you to exert different types of forces and pressures to act on the
solid along with the directions and magnitudes.

;ﬁ Boundary Conditions: Boundary conditions are surfaces that are fixed to arrest the degrees
of freedom. Some surfaces can be rotationally fixed and some can be constrained from
translational movement.

'Ir-.:\“? 3D Tetrahedral Meshes: This icon is one of the mesh options that can be used to discretize

the model as discussed in beginning of the chapter. Normally, we select tetrahedral shapes of
elements for approximation. You can still select the 2-D and 1-D elements depending on the
situation and requirements by choosing these options from the drop-down menu.

~ Solve: This is the command to solve all the governing equations by the algorithm that you
choose and all the above options. This solves and gives the result of the analysis of the scenario.

<
9.1.3 Simulation Navigator & & simulation Navigator
Fe | Mame Status
The Simulation Navigator provides the capability to PN & Impellar_impellar_sim1 .
activate existing solutions, create new ones, and use k2| |7 ¥& '”pe”ar—‘_”“”ar-"
the created solution to build mechanisms by creating i :Eép:;:irg;: p;;l:.r._l_.
and modifying motion objects. To display the [L___ -G Regions '
Simulation Navigator, click the Simulation llf_lé .. 4 Simulation Objec...
Navigator tab in the Resource bar as shown in the - (2 Load Container
figure. @, DH Constraint Conta...
=I- %% Solution 1 Active
i P4 Simulation O...
@ DH Constraints
It shows the list of the scenarios created for the master 3. & Subcase - Static ...
model file. In each scenario, it displays the list of [[5y| B Loads
loads, boundary conditions, types of meshes, results,

reports generated and so on.
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9.2 SOLUTION CREATION

The DESIGN SIMULATION module is in a way different from when the first scenario is
created. NX7 creates a folder of the same name as that of the file and at the same location where
the file is located. For every scenario or Solution, it creates five different files with the name of
the scenario. They are xxx.SIM, xxx.DAT, xxx.txt, xxx.out and xxx.VDM. All the results
generated for the scenarios are saved as .vdm files. You can think of a scenario model as a
variation of a master design model. Scenarios contain all the geometric features of the master
model. They also support body promotions and interpart expressions.

Body promotions are used to provide an independently modifiable copy of the master model
geometry and serve as a place to hold scenario-specific features such as mid-surfaces.

The scenario model's geometry is linked to the master pyrmmE—rEEE——— 9= %

model geometry, but a scenario may have additional
unique information. For example, the master model may
contain all the information about the model's geometry,
but the scenario model will contain additional motion
data, such as information about links and joints.

Now we will create a scenario. Note: When you first
open any file in Design Simulation module, it will
automatically pop up with Solution creation window to
create a solution.

» Click on the Simulation Navigator icon on the

navigator toolbar 2=

» Right-click on Impeller_impeller and choose New
FEM And Simulation

This will pop up the New FEM and Simulation dialog
box to create a new scenario.

» Click OK
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File Names A

Impellar_impellar_fem1 fem

Impellar_impellar_sim1.sim

CAD Part A

Impellar_impellar

Idealized Part A

ECreate Idealized Part
Name A

Impellar_impellar_fem1_i_prt

Bodies A

Bodies to Use Al visible Ev]

Geometry A

[ Geometry Options... ]
Solver Environment A
Solver | NX NASTRAN DESIG by
Analysis Type [Structural El
Description A

oK ][ Cancel ]
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This pops up another window that creates different scenarios as shown below

" [ Solution o (=X
Solution A
Name ]
Solver [NX NASTRAN DESIGN v
Analysis Type lStructuraI L;.!
Solution Type [Linear Statics - Single Constraint L;.!
Linear Statics - Single Constraint v

[ OK ! [ Apply ] [ Cancel ]

In the Create Solution window, you can select the Solver and the Solution Type.

» Enter the Name of the first scenario as Analysis_1

The default Solver type is NX NSATRAN DESIGN and Analysis type as STRUCTURAL.

» Choose OK to create a new Solution called Analysis_1, which is displayed in the
Simulation Navigator

The Simulation Navigator will now look like the following figure.

I

& Simulation Navigator

&

FE | Name Status
J?Im pellar_impellar_sim1....

ﬁ_ - W g8 Impellar_impellar...

= +|j] Impellar_impellar...

|E":—J +EB Polygon Geo...

— [ Regions

?_@_) - -4 Simulation Objec..
|:|_i'£ Load Container
- [F$2 Constraint Conta...

S ‘Tj Analysis_1 Active

IS NE]
o
0w
1
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9.2.1 Material Properties

The next step is to give the material properties to the solid model for this scenario. Because we
don’t have any data in the library to retrieve for standard material, we will create one. Let us
assume that we will use steel to manufacture the impeller.

Click on the Material Properties icon on the Toolbar

o

The Materials window will pop up. You have the option of choosing the pre-defined materials
from the library or create another material.

" | Assign Material Q=%

Select body A
¥ select Body (0)

Material List A
Location v
Filters Y
Materials A

U w MName Label | Category Type Loca... | Library
L'_b ABS Plastic Isotropic physicalmaterial &
Lé ABS-GF Plastic Isotropic physicalmaterial
Lj Acetylene_C2H2_Gas Other Fluid physicalmaterial
L'_é Acetylene _C2H2_Liquid Other Fluid physicalmaterial
LJ‘J Acrylic Plastic Izotropic physicalmaterial
LQ Air COther Fluid physicalmaterial
L'_b Air_Temp-dependent_Gas Other Fluid physicalmaterial—
Lé AISI_310_88 Metal Isotropic physicalmaterial
LJ‘J AlSI_410_55 Metal lsotropic physicalmaterial
L'_é AlSI_SS_304-Annealed Metal Isotropic physicalmaterial
Lj AlISI_Steel_1005 Metal lsotropic physicalmaterial
Lj AlSI_Steel_1008-HR Metal Isotropic physicalmaterial
L'_b AlSI_Steel_4340 Metal Isotropic physicalmaterial
& aISI_Steel_Maraging Metal Isotropic physicalmaterial
Lj Aluminum_2014 Metal Isotropic physicalmaterial
L'_é Aluminum_5086 Metal Isotropic physicalmaterial
L_.‘,l Aluminum_808&1 Metal Isotropic physicalmaterial
Lé Aluminum_A356 Metal Isotropic physicalmaterial
L'_b Ammonia_Gas Other Fluid physicalmaterial
Lg Ammonia_NH3_Liquid Other Fluid physicalmaterial
LJ‘J Aniso_Sample Other Anisotropic physicalmaterial
L'_é Argon_Ar_Gas Other Fluid physicalmaterial
& Bismuth_Liquid Other Fluid physicalmaterial
4 | 3
" B | | T x
New Material A
Type |sotropic Eva
Create

NX7 for Engineering Design

Missouri University of Science and Technology




Enter the name and values as shown in the following figure. Pay attention to the units.
(Note that 30e6 represents 30X106)

» Choose OK to exit the Isotropic Material window

» Click on the Impeller model

» Click Apply and then OK

% | Isotropic Material (=X

Name - Description A

. ilsotropic l

Description A

Steel

Properties A
Categaory [Metal l
Mass Density (RHO) [Expression E-!
[0.284 lbm/ ~ )
Mechanical | Strength" Durabilitvaormabilitv" Thermal!EIec’cricall
Elastic Constants M
Youngs Modulus (E) [Expression L?.!
|20e08 Ibf/ir- )
Poissons Ratio (NU) [Expression L'?.]
[0.27 )
Shear Modulus (G} [Expression L;-l
| Ibf/it~ )
Structural Damping Coefficient (GE) [Expression L;-l
Stress-Strain Related Properties v

Card Name MAT]

! oK H Cancel ]

This will assign the material properties to the impeller. The next step is to mesh the model.
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9.2.2 Mesh

The ‘Mesh’ option discritizes the model into small elements. The model has to be meshed before
applying the boundary conditions and loads in the process of FEA.

» Click on the 3D Tetrahedral Mesh icon ‘ﬁ?

A window will pop up asking for the type and size of the elements.

» Click on the solid object model on the graphic screen

< |\ | 3D Tetrahedral Mesh | o | = | Ly~

Objects 1o Mesh

* Select Bodies (0)

Fillet

Element Properties

Type | 2 cTETRA@)

Mesh Parameters

Element Size 0.0393700 0

[W) Attempt Free Mapped Meshing

Mesh Quality Options

Midnode Method | Mixed

Max Jacobian |10

Mesh Settings

Surface Curvature Based Size Variation
n
|

Element Growth Rate Through Volume
n
|

[W Transition Element Size

Model Cleanup Options

Small Feature Tolerance (% of Element Size)

N
]

Preview

Boundary Nodes

0K Apply

There are two types of tetrahedral elements available in Design Simulation module of NX7. One
is 4-nodes and another is 10-node.

» Choose the Type to be TETRA10
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> Enter the Overall Element Size as 1.0
» Choose OK

You can find the Solid model with small tetrahedral elements. It will look like the figure shown

below.

Note: While meshing the solid there is a trade-off you need to consider. If you choose a smaller
element with higher nodes you will get better accuracy in your analysis than larger element.
However, the time required to solve the model with smaller elements will much greater than with
larger element. Hence, based on the accuracy requirement of the study and how critical the
component is in terms of the end product choose the appropriate size of the elements and nodes.
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9.2.3 Boundary Conditions

Let us give the boundary conditions for this scenario. The
impeller rotates about the axis of the cone with the shaft as you
can see in the assembly in the previous chapters. It is not fixed.
But our concern is the deformation of the blades with respect to
the core of the impeller. The conical core is relatively fixed and
the deformations of the blades are to be analyzed accordingly.

» Click on the Constraint Type ;3 icon

]
> Select the Fixed = Constraint

O EESE L
=

G Ly

#| Fixed Constraint |

:;..s Fixed Translation Constraint

ﬂi;ﬂ Enforced Displacement Constraint
%% Simply Supported Constraint

#J Pinned Constraint

ﬁ. Cylindrical Constraint

F& slider Constraint

@'é Roller Constraint

L Symmetric Constraint

e Anti-Symmetric Constraint

f.i" User Defined Constraint

This type of constraint will restrict the selected entity in six DOF from translating and rotating.
You can see the different constraints available by clicking the Constraint drop-down menu on the

toolbar.

» Click on the meshed conical surface of the impeller as shown in the following figure

< |\|Fixed Constraint |.J|—|x >

Name
Model Objects

# Select Object (0)

| Excluded

» Choose OK
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9.2.4 Loads

The loads applied on the meshed model should be input to the system. For the impeller, the
major force acts on the concave surfaces of the turbine blades. This loading can be approximated
by normal pressure on all the five surfaces. Since we are not too concerned about the magnitude
of the load, let us take the value to be 100 1bf/sq inch to exaggerate the deformation of the

blades.
4 Sl G- A
» Click on the Loads icon
Lﬁ Force
» Click on the five concave surfaces of the blades as shown in the ;i TB:?”::
following figures Pre:we |

ﬂ’ Hydrostatic Pressure
! B4 centrifugal Pressure
Fﬂ Cravity

Il centrifugal
,-_b Temperature Load

|\‘Pressure |.J|—|x >

Name
Model Objects

« Select Object (5) @
| Excluded v
Magnitude A
|Pressure | 100| Ibf/ir- @

ok [“Aeely ) [Cancel )

> Enter the value for Pressure as 100 and keep the units as b-f/in* (psi)

» Choose OK
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9.3 RESULT AND SIMULATION

9.3.1 Solving the Scenario

The Finite Element Model is now ready for solving and analysis. It is a good practice to first
check for model completion before we get into solving the model. To check the model

» Click on the Check icon on the F -
Toolbar

This will pop-up a menu as shown on the right.

» Choose OK

This will display the result of the Check. You will be able
to see any errors and warnings in a separate window. The
errors or warnings in the FEA model creation are; no

® | Model Check x
[I'\-'Iodel Setup L;-!

Assembly Check Option

Assembly Load Of [Fullt,nr Loaded Components L:-l

[:] Detailed Message

[ Reset Display ]

[ QK H Apply ][ Back ][ Cancel ]

material, no loads and so on. In case you get these errors or warnings go back to the previous

steps and complete the required things.

ﬂlnfurmatiun

File Edit
|

Solution Model Setup Check Error Sumenary

Solver iz NX NASTRAN DESIGH

Environment: NX NASTRAMN DESIGN - Structural

SGolution is Linear Statics - Single Constraint

Meszh-Eased Errors Swamary

Total: 0 errors and 0 warnings

Material-Based Errors Summary

Total: 0 errors and 0 warnings
4]

If you do not get errors or warnings you are ready to

solve the FEA problem.
Submit
EMDEIE| Setup Check

» Click on the Solve __ icon [ Edit Solution Attributes ]
[ Edit Solwer Parameters ]

This will open the Solve window.

[ oK ][ Back ][ Cancel ]
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» Click OK without making any changes

Note: In case of any error messages while solving, the solver can be manually specified by
clicking on the “Edit Solver Parameters” link in the solve window. This generally happens when
there are multiple solvers installed or if the previous version of NX is not uninstalled properly.
The following procedure needs to be followed in this case:

Edit Solver Parameters = Uncheck ‘“use environmental variable UGII_NX NASTRAN” in
solver executable - user defined > select the solver manually at the following location
C:\Program Files\UGS\NX 7.5\NXNASTRAN\bin\nast7.exe > Click OK

It may take a while to generate the results. Wait until the Analysis Job Monitor window
appears, showing the job to be Completed. While the solver is doing computations, the Analysis
Job Monitor will show as Running

| Analysis Job Monitor |

impellar_impellar_sim 1-analysis_1 - Running

[ Reset List ]

[ Check Analysis Quality ]

| Cancel ]

» Click on CANCEL when the Analysis Job Monitor window says Completed
9.3.2 FEA Results
» Open the Simulation Navigator

> Double-click on RESULTS to see the analysis results

This will take you into the Post-Processing Navigator. The Post-Processing Navigator shows all
the Solution you created. If you click the ‘+’ sign in front of the Solution you will see the
different analyses that have been performed on the model.
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» Double-click on the Displacement-Nodal menu

The screen will now appear as shown below.

Impellar_impel lar_siml @ Analysis_| Result
Load Cose |, Static Step |

Displacement - Nodal, Magnitude

Min & 0.CO0OE+000, Maox : 1.BBBE-003, in
Deformation @ Displacement - Nodal Magnitude

| .686E-003
I | .545E-003

— |.405E-003

264E-003
| . 124E-003

B 9.835E-004

I 8.430E-004

N

e oo
< 15E-004 v,
FRwS
2.810E-004
| .405E-004
GIGOOE+OC}O

~N

& Post Processing Navigator

Mame Desc|
@ Impellar_impellar_sim1
=% %8 Analysis_] M N

'i;"--Et Displacement - Nodal
li}'--&f Rotation - Nodal

IE:I--Eg Stress - Elemental

'E:'--Ek Stress - Element-Nodal
'E:'--Ei Strain - Elemental

'E:'--Ei Strain - Element-Nodal
'ij""&f Strain Energy - Elemental

IE:I--Eg Strain Energy Density -

'E:'--Ek Applied Force - Nodal
'E:'--Ei Applied Moment - Nodal
'E:'--Ei Reaction Force - Nodal
& @ Reaction Mament - Nodal

‘_'ﬁ:lmported Results

E\newpmﬁ:s

%Templates

You can easily interpret the results from the color-coding. The orange-red color shows the
maximum deformation zones and the blue area shows the minimum deformation zones. You can

observe that because the conical core is fixed, it experiences zero deformation. The analysis also

shows that the maximum deformation experienced at the tip of the
blades is 1.68 x 10~ inches.

On the Post-Processing Navigator, you can keep changing the
results by double clicking each option as shown below. You can
click on the other inactive marks to see various results.
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EI%E Results

- & Displacement - Madal
- B Rotation - Modal

- B Shess - Element Nodal
- BF Strain - Element Nodal
- B4 Strain Energy - Element
- B Strain Energy Density...
- & Applied Load - Modal
#- & Applied Moment - No...
- B Reaction Force - Nodal
- B Reaction Moment - M...
= Paost Wiew 1

- & 3d_Meshes
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Some of the other results are shown below.

Impel lar_impellar_siml ! Analysis_l Result
Load Case |, Static Step |

Stress - Elementol, Von-Mises

Min ¢ 3.8l, Max : 2782.96, Ibf/inAZ(psil
Deformation & Displacement - Nodal Magnitude

o}
AVAR

i
=
©

‘

¢

@

9.3.3 Simulation and Animation

'
SER
N

Impel lar_impel lar_siml : Analysis_l| Result
Load Cose |, Stotic Step |

Strain - Elemental, Von-Mises

Min & |.076E-007, Max 3 7.8%4E-005, inZin
Deformation ¢ Displacement - Nodal Magnitude

7. 854E-005
I 7.201E-005

The Post Processing Toolbar should appear when you select the Design Simulation Module.
However, in case it does not become visible follow these steps.

» Right click anywhere in the empty space in front of the Design Simulation toolbar and you
will get a list of toolbar options available. Click on the Post-Processing Toolbar option. You

will get the following toolbar

H 2 B @« » Kl > ouow

» Click on the Animation icon on the Post Processing Toolbar g

» In the Animation Setup window, change the number of frames to 10 and click on the Play

button 4 to see the animation of the deformation

You can also find the play button on the Post Processing Toolbar itself.

NX7 for Engineering Design
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'\ [Animation |§

Animate Result EY]
style Linear E‘r]
Mumber of Frames 10
[:]Full-cvcle
ESvnchanize frame change for all post views
Synchronized frame delay (mS) 200
1
’ | |

[ Ok 1[ Apply ][ Cancel ]

You can now see an animation of how the impeller is deformed as the loads are applied to the

blades.

» To make any setting changes in the results display, click on the Post View icon as shown in

figure below

i

-

57 HA €« » Ll ¥ > u om

» In the popped up Post View Dialog box click on Deformed Results under DISPLAY tab

button

» In the Deformed Results dialog box check the Show Un-deformed Model as shown in the
second figure below and choose OK

NX7 for Engineering Design
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"'T| Post View

Display | Color Ba.r" Edges & Faces" Annuta.ticm]

gCulurDispla\r | Smooth @ | Result..
@ Deformation | Result...

Eshuw undeformed model:

ES‘FH chronize Color Display and Deformation

Display on Options...

[—G-K—][ Apply H Cancel

Now press on the Play button to see the animation. This will show the animation of deformation
with the original shape in Grey color, as shown in the figure below.

i
b

W

b Wy A
W e

&

o

» Click on the Stop button
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» Right-click on the Analysis_1 in the Post-Processing bar and click on Unload. This should

take your screen back to the meshed model
There are two ways to improve the accuracy of FEA results.

e Reduce the size of element

¢ Increase the order of interpolation polynomial (i.e. use
quadratic or even cubic instead of linear polynomials)

The second approach is preferred because it is more efficient
in terms of computation time and takes less memory space.
However, let us try to create a scenario using the first option.

» Right-click on Analysis_1 in the Simulation Navigator
» Choose CLONE to copy the first scenario
» Choose OK on the Message box

» Once Copy of Analysis_1 is created, rename it to
Analysis_2

» Right click on the 3D Mesh (1) and click Edit

» In the dialog box shown, change the Type to TETRA4

< I— |

» Choose OK

» Click on the Solve icon = to solve the scenario
» Click OK

The Analysis Job Monitor should show the status of
Analysis_2 to be Completed.

» Click CANCEL

» In the Simulation Navigator, double-click on Results
for Analysis_2
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& Simulation Navigator

MName Status

13 Impellar_impellar_sim1....
E - WA & Impellar_impellar...
Impellar_impellar...
- M Polygon Geo_.
- 2% 3D Meshes

E, Regions

I:H-. Simulation Objec...
+E.i'£ Load Container
+EH Constraint Conta...

' ,-m < Edit...
=

"2+ Edit Solver Parameters...

+E Ee| lone
= dP E1 rRename
H-: x Delete

& Mew Subcase...

L’?J Make Inactive

} Model Setup Check
.i'L Mechanical Load Surnmary
__:; Salve. ..

Setup Report

fﬁ Add Companion Result Data...
4 KF Adopt Object

& Simulation Navigator

Nam e Status

P impellar_impellar_sim1....
=M @@ Impellar_impellar...
N -7 Impellar_impellar...
-M [ Polygon Geo...
W £ 30 Meshes
& —
’D Show Tiny Edges
L'i]J Lock

E Regions

i -4 Simulation Objs

+ Eai Constraint Con —# Edit Display. ..

Analysis_1 @ Rename

40 simulation « X Delete

-O%z constraints 5 check S
¢ Subcase - Stat il Solid Propertiss
EI‘\{-L Loads | [§] Infarmation

% Results

Analysis_2 Active
D-¢u Simulation O...

EE Constraints

M @ Fixed(1)

3 -3 Subcase - Static ...

Sk E.i'i Loads
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The figure below shows the analysis. You can observe the change in the maximum deviation.
Save all the scenarios and close the files.

Impellar_impellor_siml i Anolysis_2 Result
Load Cose |, Static Step |

Displocement - MNodal, Magnitude

Min : 0.000E+000, Mox : 1.1B7E-003, in
Deformation ¢ Displacement - Nodaol Magnitude

1.167E-003
II 1.070E-003

9, 728E - 004
8.755E -004

— 7.783E-004

| 6.810E-004

B 5.837E-004
4 ,864E - 004

& 3.891E-004

B z.918E-004
| . 946E -004
9.728E-005
OiOOOFIGOD
~

9.4 EXERCISE - ARBORPRESS L-BAR

Open the file ‘Arborpress_L-bar.prt’ and do a similar structure analysis, considering the
material as steel. For the mesh, the element size should be 10.00 and the type TetralO.

For the loads, apply a normal pressure with a magnitude of 500 on the top surface as shown in
the figure below.

186
NX7 for Engineering Design Missouri University of Science and Technology




Destination: Subcase - Static Loads 1

Name Idistributed(l]

Type INormaIPressure 'I

Apply Ta IFace 'I
INormaITo 'I

- Eoo

Urit [Ibisin~2ips) =]

[Sreate Hiard Fomt |

(] I Appl_l,ll Backl Eancell

For the boundary conditions, fix the three flat faces (the front highlighted face, the face parallel
to it at the backside and the bottom face) as marked in the following figure.
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CHAPTER 10 - MANUFACTURING

As we discussed in Chapter 1 about the product realization process, the models and drawings
created by the designer have to undergo other processes to get to the finished product. This being
the essence of CAD/CAM integration, the most widely and commonly used technique is to
generate program codes for CNC machines to mill the part. This technological development
reduces the amount of human intervention in creating CNC codes. This also facilitates the
designers to create complex systems. In this chapter, we will cover the Manufacturing Module of
NX7 to generate CNC codes for 3-Axis Vertical Machining Centers. The manufacturing module
allows you to program and do some post-processing on drilling, milling, turning and wire-cut
EDM tool paths.

10.1 GETTING STARTED WITH MANUFACTURING MODULE

A few preparatory steps need to be performed on every CAD model before moving it into the
CAM environment. Throughout this chapter, we are going to work with one of the models that
were given in the exercise problems. For a change, all the units are followed in millimeters in
this model and manufacturing of the component.

Before getting started, it would be helpful if you

can get into a CAM Express Role. To do this, go Roles | & ]
to the Roles menu on the Resource Bar and click [ ™ @ i=- 9
on the INDUSTRY SPECIFIC tab. A drop- : S
down menu will pop up in which the CAM | LI Last Release = i
Express role can be seen as shown in the figure. ‘2l Industry Specific =
y £
P Role
:._fh BIW Advanced {Sample)
f Role
(& BIW Essentials (Sample)
Ral=
gﬁ CAM Advanced
L Role
gﬁ CaM Express
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10.1.1 Creation of a Blank

After completing the modeling, you should decide upon the raw material shape and size that
needs to be loaded on the machine for the actual machining. This data has to be input in NX7.
This can be achieved in two ways. The first method is by creating or importing the model of the
raw material as a separate solid in the same file and assigning that solid as the Blank. The
second method is by letting the software decide the extreme dimensions of the designed part and
some offset values if wanted. The later method allows a quick way of assigning the raw size
details but it can only be used for prismatic shapes.

» Open the file ‘Die_cavity.prt’ of the exercise problem in Chapter 6
» Click on START — MODELING

» INSERT ablock with the following dimensions and positioning.
Length = 150 mm
Width = 100 mm
Height = 80 mm

» In the Point Constructor icon located on the toolbar as shown position the block at the point
(-75, -50, -80).

Type A Type A
[_.::,_ Cursor Location = [[_, Crigin and Edge Lengths L_'r-!
Point Location A Origin A
. i i

* Specify Cursor Location 4" Specify Point (1} }/. vl
Coordinates A Dimensions A
Reference [WCS L_T-! Lenath {XC) [150 mm lﬂ
xc -5 mm @) Width (YC) 100 mn W)
YC [—SEI mm m Height (ZC) [EEI mm lﬂ
= m Lot Boolean A
Offset A Boolean ["ﬁ None L_v.l
Offzet Option [None L;.! Preview v
[ ok ] [ Cancel ] [ oK ] [ Apply ] [ Cancel ]

This block encloses the entire design part so we will change the display properties of the block.
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> Click on the EDIT OBJECT DIPLAY icon on the aEZISSHEHSNEE X

toolbar as shown. ' General [ Analysis|
Basic M
I HBpo 2 % . = o
' ' [
Line Font E
Two features, labeled as BLOCK, show up in the S [—
QUICKPICK menu, one for the design part and one for the —— N
block. rane]
ransiucency
30
» Move your mouse on the labels to see which one 0
represents the block you created just now. 0 100
[:]F’artiall‘,-r Shaded
[:] Face Analysis
» Select the block you created
Wireframe Display v
> Clle OK Facet Body v
Settings v
> When the window pops up, change the display color and | Aokt |
change the Translucency to 50 ( Re-highlight Objects |
[ Select Mew Ohjects ]

» Then click OK

[ QK H Apply ][ Cancel ]

Hide the block you just created by right clicking on the block in the Part Navigator. This will
make the raw block disappear from the environment. Whenever you want to view or work on
this solid, reverse the blanks. This is done by pressing <Ctrl> + <Shift> + B.

10.1.2 Setting Machining Environment
&3’ Start v‘ = u

Now we are set to get into the Manufacturing module. $j NXSheetMetal . Crrl+Alt+N
7Y Shape Studio... Crrl+Al+s

» Select START — MANUFACTURING &% Drafting... Ctrl+Shift+D
e | Adwvanced Simulation_..

A window will pop up asking for the Machining Environment ©° Matien Simulation...

Setup. There are many different customized CAM sessions T

. . L. X P Cateway..

available for different machining operations. Here, we are only

. . iqqe . v | Assemblies A

interested in the Milling operation. o

» For CAM Session Configuration, select cam_general and for All Applications v

CAM Setup, select mill_contour. This window pops up when you start the Manufacturing
Application

» Click OK
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LS Machining Environment

CAM Session Configuration A
cam_general ;I
cam_library
cam_part_planner_library
cam_teamcenter_library
feature_machining
hole_making
hole_making_mw
lathe :I

Browse for a Configuration File ~

CAM Setup to Create

.’>.

mill_planar
mill_contour
mill_multi-axis
mill_multi_blade
drill
hole_making
turning
wire_edm

Wi |

Browse for a Setup Part

[ oK ] [ Cancel

L

10.1.3 Operation Navigator

As soon as you get into the Manufacturing environment, you will notice many changes in the
main screen such as new icons that are displayed.

» Click on the OPERATION NAVIGATOR tab on the right on the RESOURCE BAR

The Operation Navigator gives information about the programs created and corresponding
information about the cutters, methods, and strategies.

& Operation Havigator - Program Order -

M arne | Path | Tool | Method | e |

NC_PROGRAM FO-

i""NDNE =

- 7 (1 PROGRAM T
PROG1 + BUEM12¢1 METHOD v
PROGZ +  BUEM10x1 METHOD v

PROG2 .~ BUEMIOx1 METHOD b

PROG4 .~ BUEMIOx1 METHOD v

PROGS +  BEME METHOD v =

PROG? +  BEM10 MILL_FINISH 3 | [=%

B PROGE '  BUEMIM1 METHOD % r

ik

The list of programs can be viewed in different categorical lists. There are four ways of viewing
the list of programs in the Operation Navigator. The four views are Program Order view,
Machine Tool view, Geometry view and Machining Method view. If you want to view the list of
programs under different cutter tools, you can do so by clicking the particular icon in the
Manufacturing Toolbar at top of the graphic screen.
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Pl Wi hhhWkhYy. Fi.$ch it

10.1.4 Machine Coordinate System (MCS)

» Click on the Geometry View icon in the toolbar to
initiate setup for programming

@Y

You will see a Create Geometry pop-up.

=
&

-

You should be able to see the Mill_MCS as the program
name in the Operation Navigator. If you do not see it, click
on the Geometry View button in the Toolbar again.

» Click OK

Another pop-up window will allow you to set the MCS
wherever, you want. By default NX7 takes the original WCS
as the MCS.

» Click on the button shown. This will highlight the default

WCS of the part and assign it as the MCS
Click OK to select it as the MCS

Click OK when you are done orienting and positioning
the MCS

% | Create Geometry X
Type A
[mill_contour E.!
Geometry Subtype A

e e xAg

Location A
Geomerr (ceoverey — [¥)
Name M
(= ]
[ [s]'8 ] [ Apply ] [ Cancel ]
® | MCS =%
Machine Coordinate System M

" Specify MCS

| Details

Reference Coordinate System

Clearance

v
M

Automatic Plane .

Clearance Option

Safe Clearance Distance 10.0000
Lower Limit Plane
Avoidance
Layout and Layer
Ok l [ Cancel
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= Dynamic
X| 0.000000 I
¥| 0.000000 .Reference CSYS A
!
Manipulator A
Z
Specify Orientati gk ¥
+ Specify Orientation I<:x

[— ok —][ Cancel ]
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10.1.5 Geometry Definition

® | Mill Geom =X
> Double-click on WORKPIECE in the Operation Gemey n
Navigator. If you don’t see it, click on the plus sign next
to MCS_MILL Specify Part
Specify Blank
The pop up window MILL GEOM appears. This is where you S
can assign the part geometry, blank geometry, and check
ffsets
geometry if any. °
Part Offset
> Click on the Part icon Description A
Material: CARBON STEEL
» Select the design part and click OK
Layout and Layer v

Now we have to select the Blank Geometry. ok [ cancel |

» Click the Blank icon

This will open the Blank Geometry Window. As mentioned earlier there are many ways to
assign the blank. You can use a solid geometry as the Blank or can allow the software to assign a
prismatic block with desired offsets in the X, Y, and Z directions. As we have already created a

Rectangular Solid we can use that as the Blank geometry.
Remember that our block is hidden. Geometry A
> Retrieve the block by pressing <Ctrl> + <Shift> + B SRS
Specify Blank
» In the Blank Geometry window, make sure the | . . .
Geometry radio button is selected
Offsets A
> Select the block and click OK Part Offset
Description A
» Bring the part geometry back by pressing <Ctrl> + atorial. CARBON STEEL
<Shift> + B once again
Layout and Layer v
» Click OK on the MILL_GEOM dialog box ok ) [ cancel |

Now we are finished assigning the Part and Blank geometries. Sometimes it may be required to
assign Check geometry. This option is more useful for shapes that are more complex or 5-Axes
Milling operations where the Tool cutters have a higher chance of dashing with the fixtures. In
our case, it is not very important to assign a Check Geometry.
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%, Blank Geometry

Action Mode

Selection Options

l@Geometrv OFeatures OFacets
Auto Block O Offset from Part

Offset 0.0000
0.0000
0.0000
0.0000

Selectall

Reselect All l

»
[—BK—” Back ][ Cancel ]

10.2 CREATING OPERATION AND PARAMETER SETTING

10.2.1 Creating a new Operation

The Manufacturing setup is now ready for us to work further with Programming Strategies.
There are many different manufacturing strategies involved in programming and it takes practice
to know which one is the most efficient. Here, the basic guidelines are given for the most widely
and frequently used strategies. The chapter will also cover important parameters that are to be set
for the programs to function properly.

» Click on the Create Operation icon in the toolbar as shown

The Create Operation window will pop up.

Iy e

» Make sure the Type of Operation is mill_contour
There are many different subtypes under Mill-Contour, namely Cavity Mill, Z-Level Follow

Cavity, Follow Core, Fixed Contour, and so on. These different subtypes are used for different
situations and profiles of the design part. As mentioned before, how you select a strategy for any
situation depends on your experience.

» Click on the CAVITY_MILL icon at the top left as shown in the figure
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> Change the Program from NC_PROGRAM to WEEICIEETE X
PROGRAM Type M

[mill_cu:untu:uur E-!

» Change the Use Geometry to WORKPIECE

Operation Subtype A

» The program takes the default name CAVITY_MILL | g £ % -E_D 'i.ﬂﬁ
i

D db a® 4 yZ N

RN VN Uy

The program parameters window with CAVITY_MILL in f mm

the title bar will pop up. On this window, you can set all

» Click OK

s . i A
the parameters for the program. A brief introduction on O
. . . . Program [PROGR‘J—‘-\M | >

every important parameter and terminology will be given

Toal [noNE v
as we go through the sequence.

[Geometry [workpece | I+l

Method [ METHOD bv)
10.2.3 Tool Creation and Selection Name

—— >

|caviTy MILL

One of the most important decisions to make is to select

the right shape and size of the tool to use. Before starting [ok—|| apply || cancel |
with the Tool parameter settings, we must first know
about the types of Tool cutters. The Milling tool cutters are categorized into three forms of
cutters. Hence, when selecting a cutter, it is important to take into consideration the size, shape,
and profiles of the design parts. For example, if the corner radius of a pocket is 5 mm, the pocket
should be finished by a cutter with diameter less than or equal to 10 mm. Otherwise it will leave
material at the corners. There are other special forms of cutters available in markets that are
manufactured to suit this need.

Flat End Mill Cutters:

These cutters have a sharp tip at the end of the cutter as shown in the figure. These cutters are
used for finishing parts that have flat vertical walls with sharp edges at the intersection of the
floors and walls.

Ball End Mill:

These cutters have the corner radii exactly equal to half the diameter of the shank. This forms the
ball shaped profile at the end. These cutters are used for roughing and finishing operations of
parts or surfaces with freeform features.
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Bull Nose Cutters:

These cutters have small corner radii and are widely used for roughing and/or semi-finishing the
parts as well as for finishing of inclined and tapered walls.

The cutter that we are going to use to rough out this

huge volume is BUEM12X1 (Bullnose End Mill with

12 diameter and 1 corner radius).

e

» In the CAVITY_MILL pop-up menu click on the
Create New button in the TOOL, dialog box

» Click NEW

» On the New Tool window, select the Mill icon

» Type in BUEM12X1 as the Name and click OK

This will open another window to enter the cutter
dimensions and parameters. You can also customize the
list of tools that you would normally use and call the

cutters from the library.

» Enter the values as shown in the figure below.

% [New Tool |§
Type A
[mill_contour L;-l
Library A
Retrieve Tool from Library 'a
Tool Subtype A

7 & L
Location A
Tool lGENERIC_MACHINE E'}
Name A
[BuEMIZX1] |
[ oK l [ Cancel ]
» Click OK

NX7 for Engineering Design

Geometry A 1
Geometry  [WORKPIECE  |w) lﬂ )
Specify Part ol
Specify Blank
Specify Check E] h
Specify Cut Area h
Specify Trim Boundaries -
Tool M

| Output Create new
| Tool Change Settings — v

| Analysis v
Tool Axis v

w Milling Tool-5 Parameters FR

Tool | Holder|| Mare

Legend

Dimensions

D—+ *t D—j=="R1

{D} Diam eter
{B} Taper Angle
{A) Tip Angle

{L} Length

Flutes
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{R1) Lower Radius

{FL} Flute Length

12.0000
1.0000

0.000o0
75.0000
50.0000
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» In the CAVITY_MILL menu click on the Path Settings option
10.2.4 Tool Path Settings

There are different options in which the tool can move. The following is a description of each.

Geometry v
Tool v
Tool Axis v
Path Settings A

Methad METHOD Ev] iy

vy

Cut Pattern Ik Follow Part b,

Stepaver Follow Part

i@t i
Percent of Flat Diamete ok Follow Periphery

gﬁm? Profile
Common Depth per Cut () Trochoidal
Distance 3 Zig
Cut Levels S Zig Zag
= Zig with Contour
Cutting Parameters 4 Show Shortcuts
- 8
Mon Cutting Mowves 077
Feeds and Speeds ‘:ﬂ:'
L¥

= Zig-Zag: This tool takes a zigzag path at every level of depth. It saves time by reducing
amount of air cutting time (idle running). The climb and conventional cuts alternate.

=
= Zig: This takes a linear path in only one direction of flow.

el
! Zig with Contour: This takes the path in one direction either climb or conventional. The
unique thing is that it moves along the contour shape nonlinearly.

f@ﬂg Follow Periphery: This takes the path depending upon the periphery profile. For example,

the outer periphery of our part is rectangular. So the tool path will be generated such that it
gradually cuts the material from outside to inside with the Stepover value. This option is mostly
used for projections and cores rather than cavities.

depending on the part geometry. If there are cores and cavities in the part, the computer
intelligently considers them to remove the materials in an optimal way. This is widely used for
roughing operations.
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i"w Trochoidal: This cutter is huge and is used for removing a large amount of material. The
bulk of material is removed by gradual trochoidal movements. The depth of cut used will be very
high for this strategy.

finishing or finishing operations.

» For this exercise, select the Follow Part icon from the Cut Pattern drop-down menu since
we have both projections and cavities in our part.

10.2.4 Step Over and Scallop Height: —

< -H"'\
i
!
Step Over: o
This is the distance between the consecutive passes of e 47

milling. It can be given as a fixed value or the value in
terms of cutter diameter. The step-over should not be
greater than the effective diameter of the cutter
otherwise; it will leave extra material at every level of cut
and result in an incomplete milling operation. The
numeric value or values required to define the step-over
will vary depending on the step-over option selected.
These options include Constant, Scallop, Tool Diameter,
etc. For example, Constant requires you to enter a
distance value in the subsequent line.

Scallop Height:

Scallop Height controls the distance between parallel passes according to the maximum height of
material (scallop) you specify to be left between passes. This is affected by the cutter definition
and the curvature of the surface. Scallop allows the system to determine the Stepover distance
based on the scallop height you enter.

—_— e — = —

- | SCALLOP HEIGHT « SCAILOP HFEIGHT

» For the Step-over, select TOOL FLAT and change the Percent to 70.
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Path Settings

Method

A
| METHOD kv )l

Cut Pattern

v)

Stepowver

Percent of Flat Diam eter

10.2.5 Depth per cut

B

Path Settings

This is the value to be given between levels to slice
the geometry into layers and the tool path cuts as per
the geometry at every layer. The cut depth value can
vary for each level. Levels are horizontal planes
parallel to the XY plane. If we do not give cut levels,
the software will unnecessarily try to calculate slices
for the entire part and machine areas that are not in
our interest.

» Change the Common Depth per Cut value to be 0.5

Now we will add the level ranges. This will split the part
into different levels along the Z-direction to be
machined.

» Click on CUT LEVELS as shown below

This will pop up a Dialog box for Cut Levels. You need
to set the level of the cut. You can either point to the
object till which the cut level is or provide it as Range
Depth value (0-100). We are not going to mill up to the
bottommost face of the Part, but up to the floor at 40mm
from top. Therefore, we must delete the last level.

» Use the up and down scroll buttons until you reach
the level that has a Range Depth of 80

» Select OK after making these adjustments
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Method METHOD =

| Y
Cut Pattern [a_‘lﬁl? Follow Part L_v.!
Stepover [%TDDI Flat L_Y-!

70.000a0

0.5000 | mm Ev]

Percent of Flat Diameter

Distance

% | Cut Levels o — (X

Ranges M
Range Type "" User Defined E
Cut Levels [Cnnstant

Common Depth per Cul [Cunstant

| 0.5000||mm

Distance

Top of Range 1

Select Object (0)

#, | e

ZC 0.00ao

Range Definition

Select Object (0)

sl ¢

|Range Depth B0. 0000

I

Measured From [Top Level

Depth per Cut 0.5000

4

Add New Set

| List

Cut Below Last Range

Information

<|<|< <-I

Preview

[

Ok ] [ Cancel

S
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10.2.6 Cutting Parameters

Path Settings A
» On the parameters window, click CUTTING | Methed ||
PARAMETERS Cut Pattern It Follow Part b
This pops up another dialog box. Percent of Flat Diameter
Common Depth per Cui
» Under the ‘Strategy’ tab button, change the Cut Order | pistance [ 0.s000][mn [+
from Level First to DEPTH FIRST . =
Cutting Parameters

|
X

W | Cutting Parameters

Strategy | Stock" Corners" Connec‘tions" Containment" More]

Cutting M
Cut Direction {Climb Cut E-!
l Extend Path M
Extend at Edges [ D.DDDDHmm E!
. Finish Passes M

DAdd Finish Passes

Elank M
Blank Distance 0.0000

[ oK I[ Cancel ]

Changing the cut order to Depth First orders the software to generate the tool path such that it
will mill one island completely up to the bottom-most depth before jumping to another level. The
Depth First strategy reduces the non-cutting time of the program due to unnecessary retracts and

engages at every depth of cut.

» Click on the Stock tab
» Change the value of the Part Side Stock to 0.5

This value is the allowance given to every side of the part. If you want to give different values to
the floors (or the flat horizontal faces) uncheck the box next to ‘Use Floor Same As Side’ and
enter a different value for Part Floor Stock.

» Choose OK
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W | Cutting Parameters =

I Strateg-,,rl Stock | Corners" Connections" Containment" Maore ]

Stock A

[W]Use Floor Same As Side l ‘l |—
Part Side Stock -

Blank Stock 0.o0a0a

3

Check Stock
Trim Stock
Tolerance M
5
[ oK ] [ Cancel ]
10.2.7 Avoidance

» Click the NON CUTTING MOVES
» Click the AVOIDANCE tab

This window consists of many avoidance points like, Start Point, Go Home Point, etc. Of these,
we are concerned with three points. They are as follows.

From Point: ® [ Non Cutting Moves -

[ Engage" Retract" Start/Drill Points" Transfer,f'Rapid] Avoidance | More ]

This is the point at which the — =
tool change command will be — : P L
carried out. The value is |[LEomOmon ooyl
normally 50 or 100 mm above e L : 5
the Z=0 level to enhance the || Teelaxs [None =) 5 T
safety of the job when the | start point A s
cutter is changed by the || ainoption e B f,i?
Automatic ~ Tool ~ Changer |° = ‘
(ATC).

Point Option
» Click FROM POINT Go Home Point A

Point Option [None ¥
» Choose SPECIFY Tool Axis [None ¥

» In the Point Constructor, enter the coordinates of XC, YC and ZC as (0, 0, 50)
» Choose OK
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» Choose OK again to go back to the Avoidance window

Start Point:

This is the point at which the
program starts and ends. This
value is also 50 or 100 mm
above the Z=0 level to enhance
safety. It is also the point at
which the machine operator
checks the height of the tool
mounted on the spindle with
respect to the Z=0 level from the
job. This cross checks the tool
offset entered in the machine.

» Click on START POINT

» Choose SPECIFY

® [Non Cutting Moves F 4

[ Engage" Retract" Start,/Drill F‘oints" Transfer,-"Rapid] Avoidance | More]

From Point A
Paint Option
+ Specify Paint (1)
Tool Axis [None—_@
Start Point A
Point Option m
4" Specify Point (1) @ ﬁ -

Return Point A
Point Option [None—_@
Go Home Point A
Point Option m
Tool Axis None 7Ev]

» Enter the coordinates (0, 0, 50) in the Point Constructor

> Click OK to exit the Point Constructor

Clearance Plane:

This is the plane, on which the tool cutter will retract before moving to the next region or island.
This is also known as Retract Plane. Sometimes the Clearance Plane can be the previous
cutting plane. However, when the tool has to move from one region to another, it is necessary to

move to the clearance plane
before doing so. The value of the
clearance plane should be at least
2 mm above the top most point of
the workpiece or fixture or
whichever is fixed to the machine
bed.

> Click on the
TRANSFER/RAPID tab

» Choose PLANE in the
CLEARANCE OPTION

™ | Non Cutting Moves

[ Engage" Retractl[ Start/Drill Points] Transfer/Rapid I Awvoidance " More]

Clearance M
Clearance Option m
Specify Plane
Between Regions M
Transfer Type _C_Ie_a_rmc_eLoolﬁEEv]
Within Regions A
Transfer Using W ‘
Transfer Type [@
Initial and Final v

» Choose the XY Plane from the drop-down menu in Type tab

NX7 for Engineering Design
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» Under the Offset and Reference tab enter the value as 3

in the Plane Constructor window

» Click OK twice to go back to the CAVITY_MILL

parameters window

10.2.8 Speeds and Feeds

Choose FEEDS AND SPEEDS to enter the feed and speed

parameters

Speed:

Speed normally specifies the rpm of the spindle (spindle
speed). However, technically the speed refers to the
cutting speed of the tool (surface speed). It is the linear
velocity of the cutting tip of the cutter. The relative
parameters affecting this linear speed are rpm of the
spindle and the diameter of the cutter (effective diameter).

» Enter the Spindle Speed value as 4500 rpm

For the Surface Speed and the Feed per Tooth, you should
enter the recommended values given by the
manufacturers of the cutter. By entering these values,
the software will automatically calculate the cutting

Type A
2 XcYC Plane l.:!
Offset and Reference A

@WCS OAbsqute
Distance 3| mm
Reverse Direction ‘\{
Plane Orientation A
Reverse Direction >
Settings v
[ oK ] [ Cancel ]

% | Feeds and Speeds -

Automatic Settings

x

Set Machining Data

Surface Speed (smm)

Feed per Tooth

0.0000
0.oooa0

| More

Spindle Speed

[:] Spindle Speed {rpm)

4500.000

| More

Spindle Speed

feed rate and spindle speed. You can also enter your
own values for feed rates and spindle speeds.

D Spindle Speed {rpm)

| More

: I II
o
[}
=
[}
><!> : >< m)

Feeds:

There are many feeds involved in a single program.
The most important is the Cutting feed. This is the
feed at which, the tool will be in engagement with the
raw work-piece and actually cutting the material off
the work-piece. It is the relative linear velocity, at
which the cutter moves with respect to the job.

The other feeds are optional. Some machine control
systems use their default retracts and traverse feed. In
those cases, even if you do not enter the values of other
feeds, there would not be any problems. Some control
systems may look for these feed rates from the
program. It can be slightly less than the machine’s
maximum feed rate.
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Feed Rates

cut 1200000 |[mmpm o] (5]
More A
Rapid | 0.0000 |{mmem v (5]
approach | 0.0000 |{mmpm ) [5]
Engage | 0.0000 |{mmpm v (4]
First Cut | 0.0000 |[mmpm w5
stepOver | 0.0000][mmpm bw) (5]
Traversal [ 0.0000 |{mmpm ()]
Retract [m]m
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» For this exercise, enter the values as shown in the figure. Make sure to enter the Cut value as
1200 mmpm.

» Click OK

10.3 PROGRAM GENERATION AND VERIFICATION

10.3.1 Generating Program

Now we are done entering all the parameters required for the roughing program. It is time to
generate the program.

» Click on the Generate icon at the bottom of the window

Machine Control
Program

Options

>R [£ <

Actions

‘ =Tl

el L JIE

|Generate|

[ Cancel ]

You can now observe the software slicing the model into depths of cuts and creating tool-path at
every level. You can find on the model cyan, blue, red and yellow lines as shown in the figure.

% | Tool Path Generation x

[ fPause after each path:
BRefresh before each path

BACCE pt path
During the generation, you will be prompted with a  [McContinue
Display Parameters window. [ Replay Il List |
» Uncheck the box next to Pause After Each Path [ok—]| cancel |

» Then click OK to see the display of cut-levels and tool paths
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» After the generation is done, click OK in the parameters window
10.3.2 Tool Path Display

Whenever you want to view the entire tool-path of the program, right-click on the program in
Operation Navigator and click Replay. It will give the display as shown in the Figure.

GEOMETRY
----- /@8] Unused Items
—-x}-. MCS_MILL

NO)

@?g Edit...
b

%& Copy
X& Delete
% Renarne

& Generate
P Replay

Vi

o 2 w Fost F

A m\\\\\\\\ Q&T\%\‘&* i Bl
g "

“ oy Insert L4
CObject L4
Tool Path »
wiorlpiece »

El& Infarmation
Properties

You can now observe that next to the program in the Operation Navigator is a yellow
exclamation point instead of a red mark. This means that program has been generated
successfully but has not been post-processed. If any change is made in the model, the program
will again have a red mark next to it. This implies that the program has to be generated again.
However, there is no need to change any parameters in the program.

10.3.3 Tool Path Simulation

It is very important to check the programs you have created. This prevents any improper and
dangerous motions from being made in the cutting path. It is possible that wrong parameters and
settings will be given that cause costly damages to the work piece. To avoid such mistakes, NX7
and other CAM software provide Tool-path verification and a Gouge check.

Verify:

The Tool-Path verification can be used to view the cutter motion in the entire program. You can
observe how the tool is engaged and how it retracts after cutting. It also shows the actual material
being removed through graphical simulation. You can also view the specific zone of interest by
moving the line of the program.
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» Right-click on the program in the Operation Navigator and choose TOOL PATH —
VERIFY or click on the Verify Tool Path button in the toolbar

a|vg |2 | BB o=
= En E; i k'[:J-i; =3 o
This will allow you to set the parameters for visualization
of the Tool-Path.

> On the Tool Path Visualization window, click on the

Play icon ﬂ to view the Tool Path motion

W 'Tool Path Visualization -

| AEQACLSIEE w & . ]
Fi.h S dEBF L%
BBRF L™ P THh%E.

M coT0/0.000,61.566,10.000
¥ [GOTO/0.000,61.566,2 500
| |GOTO/0.000,61.566,-0.500
GOT0/0.000,-50.166,-0.500
GOTO/-74.673,-50.166,-0.500
fOTN/74 882 50 vlsn nsnn

<

W B

Feed Rate (MMPM) 0.000000

Replay [ 3D Dynamic|| 2D Dynamic

Display Options

Too

Motion Display

Display

Check Options

Animation Speed

oo ooo

You can also view the visualization in different modes by
changing the options in the drop-down menu next to
Display.

» Click on the 3D DYNAMIC tab on the same window

» Click on the DISPLAY OPTIONS button on the
same window

» Change the Number of Motions to 50

» Change the Animation Accuracy to FINE
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& Operation Navigator - Geometry

Nam & Path
GEOMETRY
++[5 Unused Items

217 Mes_mILL
=)@ WORKPIECE

™ Edit...
oo
&, copy
l')g Delete

IE Rename

= Generate
HC', Parallel Generate
Er\ Replay

'f} Post Process

Insert L3
Object 4
BT
Lock
‘Workpiece LA
=5 Divide...
s‘I'L Information % Divide bw Holder...
"J- Properties 7%, Delete
2 List

| optimize Feed Rate
o 5

.'{_,_- Simnulate. ..
‘$ Gouge Chedk, ..
‘E'i Report Shortest Tool

Load...

Unload
Replay| 3D Dynamic | 2D Dynamic
Tool Display Solid
Display MNone

IPW Resolution Medium 1w

i

I Display Cptions

3D Dynamic Options

Number of Motions
DF‘ause at Each Lewel

Animation Accuracy Fine

IPW Color

IPW Translucency

0 100

Back H Cancel
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» Change the IPW Color to Green

» Click OK
» Click on the Play button ﬂ again

The simulation will look as shown in the figure
below.

With this option, you will be able to view the
actual cutting simulation and material removal
through computer graphics. This is 3D Dynamic,
where you can rotate, pan and zoom the
simulation when it is playing. The cutting
simulation is 3D.

Let us try the 2D Dynamic simulation. When this simulation is playing, you cannot do any other
actions in NX7. Unlike 3D, you cannot rotate or zoom while playing. If you want to see the other
side of the part, you have to stop the simulation, rotate and play again. This is faster than 3D

Dynamic.

Operation Navigator - Geometry

MName Path
GEOMETRY
10.3.4 Gouge Check {88 Unused ltems
—aJL MCS_MILL
Gouge Check is used to verify whether the tool is removing _%\:?Mm
any excess material from the workpiece with respect to Part i Edit....
Geometry. Considering a Design Tolerance, any by cut
manufacturing process may produce defective parts by two E:SZE’;B
ways. One is removing excess material, which is also called 82 oname
Less Material Condition. The other one is leaving materials FE———
. . . Generate
that are supposed to be removed which is More Material 2., Replay
Condition. In most cases, the former is more dangerous since |
e . . . . ‘:5 Posk Process
it is impossible to rework the design part. The latter is safer I
since the leftover material can be removed by reworking the nsert
part. The gouge check option checks for the former case Chject
where the excess removal of material will be identified. #2 Edt... | Todpath |
& Divide. ., .
> Right Click the program in the Operation Navigator #, Delete ]
§ List E& Infarmation
erify... i) p i
» Choose TOOL PATH — GOUGE CHECK ggm;‘;w,
3 X ﬁ Gouge Check. ., I
After the gouge check is completed, a message box will pop 2 List Gouges...
up saying “No gouged motions were found.” If in case there Lond
are any gouges found, it is necessary to correct the program. e
» Click OK on the message box

» Close the pop-up window, which says that there are no gauge motions found.
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10.4 OPERATION METHODS
10.4.1 Roughing

In case of milling operation, the first operation should be rough milling before finishing the job.
The main purpose of roughing is to remove bulk material at a faster rate, without affecting the
accuracy and finish of the job. Stock allowances are given to provide enough material for the
finishing operation to get an accurate and good finish job. What we did in the earlier part of this
chapter is generate a roughing program. Now we have to moderately remove all the uneven
material left over from the previous program.

10.4.2 Semi-Finishing

Semi-Finishing programs are intended to remove the unevenness due to the roughing operation
and keep even part stock allowance for the Finishing operations. Once we are done with the first
roughing program, semi-finishing is always easier and simpler to perform.

Now we will copy and paste the first program in the Operation Navigator. In the new program,
you only have to change a few parameters and cutting tool dimensions and just regenerate the
program.

Operation Navigator - Geometry

» Right-click CAVITY_MILL program in the
Operation Navigator and click COPY

Mame Fath
CGEOMETRY
----- Unused ltems

> Right-click CAVITY_MILL again and choose | .t mcs_miLL

PASTE = [gy WORKPIECE
o R CAVITY_MILL v
» Right-click the second CAVITY_MILL_COPY @ CAVITY_MILL_T b

you just made and click RENAME. Rename the
second program CAVITY_MILL_1

You can see that next to the newly created CAVITY_MILL_1 is a red mark, which indicates
that the program is not generated.

Cutter Selection:

Let us now set the parameters that need to be changed for the second program. Before we even
start, we should analyze the part Geometry to figure out the minimum corner radius for the cutter
diameter. In our model, it is 5 mm and at the floor edges, it is 1 mm. Therefore, the cutter
diameter can be anything less than 10 mm. For optimal output and rigidity, we will choose a Bull
Nose Cutter with a diameter of 10 and a lower radius of 1.

» Double-click CAVITY_MILL_1 on Operation Navigator to open the parameters window
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Just as we did in the previous program, we have to create a

new cutter. In the TOOL tab, you will see the cutter you first
chose. It will show BUEM12X1 as the current tool.

> Create a new cutter and name it BUEM10X1. It should
have a diameter of 10 and a lower radius of 1

» Click the Common Depth per Cut as 0.25 in the Path
Settings tab.

Then click on CUTTING PARAMETERS tab

» Click on the STOCK tab button

» Uncheck the box next to Use Floor Same As Side

> Enter 0.25 for Part Side Stock

> Enter 0.1 for Part Floor Stock

% | Cutting Parameters e

[ Strategvl Stock | Corners" Connections” Containment" More]

Stock A
se Floor Same As Side

Part Side Stock l

Part Floor Stock j_

Blank Stock

Check Stock f

Trim Stock

Tolerance A

Intol &

Outtol

» Click on the CONTAINMENT tab button

Geometry

>

Ceometry

Specify Part

Specify Blank

Specify Check

Specify Cut Area

Specify Trim Boundaries

Tool

WORKPIECE |

EI 1

Tool BUEM1 2X1 !

S| ¢) ¢ ¢]#] #]

il

| Qutput

[

Create new

- Milling Tool-5 Parameters FE

Tool | Holder m]
Legend A

» In the drop-down menu next to In Process Workpiece, choose USE 3D
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%, | Cutting Parameters

[ Strateg-,.r” Stuck" Corners" Cunnections] Containment | More]

Blank A

Trim by [Nnne L;.!
Minimum Material Remowved 0.0000

Tool Holder A

DUse Tool Holder
DSuppress Path if Less Than Minimum

Small Area Avoidance

Small Closed Areas {Cut

s> &y

Reference Tool
Reference Tool | NONE S ¥
24| "%

Steep A

Rele ! [ Cancel

In-Process Workpiece is a very useful option in NX7. The software considers the previous
program and generates the current program such that there is no unnecessary cutting motion in
the No-material zone. This strategy reduces the cutting time and air cutting motion drastically.
The algorithm will force the cutter to only remove that material, which was left from the

previous program and maintain the current part stock o i =%

allowance.

» Choose OK to return to the parameters window
» Click FEEDS AND SPEEDS

» Enter the Speed and Feed values as shown in the
following figures

» Then click OK

The parameters and settings are finished for the semi-
finishing program.

» Regenerate the program by clicking on the

Generate icon

» After the software finishes generating click OK

Automatic Settings A

Set Machining Data
Surface Speed (smm) 1690000
Feed per Tooth 0.1333

‘ More v

Spindle Speed A

D Spindle Speed {rpm}

‘ More

Feed Rates A

More v

‘ Units v

DDptimize Feed Rate When Generating

[ oK ] [ Cancel
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Then replay the Tool Path visualization. The overall Tool Path generated in the second program
will look like the following figure.

10.4.3 Finishing Profile

So far, we are done with the roughing and semi-finishing programs for the part. There is a
sufficient amount of material left in the Workpiece to be removed in the finishing programs to
obtain the accurate part geometry as intended in the design. The finishing programs should be
generated such that every surface in the part should be properly machined. Therefore, it is better
to create more than one program to uniquely machine sets of surfaces with relevant cutting
parameters and strategies rather than make one program for all the surfaces. The following
illustrates how to group the profiles and surfaces and create the finishing programs.

Quter Profile:

This program is intended to finish the outer inclined walls onto the bottom of the floor. Because
the program should not touch the contour surface on the top, we have to give Check and Trim

boundaries in the program. Path Settings A
» Repeat the same procedure as before to copy and Method [MeTHoD ] = ] -
paste CAVITY_MILL_1 on Operation Navigator . . _ (173 Profie )
I Fl
> Rename the program CAVITY_MILL_2 Stepover (xrootri B9
Percent of Flat Diameter | 40. 0000

» Double click CAVITY_MILL_2 to make parameter changes
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» In the pop-up parameters window, change the Cut Pattern to Profile and the Stepover

w | Cavity Mill =X

percentage to 40 as shown in the figure

» Click on the Specify Trim Boundaries tab

The Trim Boundary window will pop up. Make sure to
carry out the following procedure in the right sequence. Keep
the default setting of TRIM SIDE to INSIDE. This tells the
software that the cutter should not cut material anywhere
inside the boundary. Trim allows you to specify boundaries
that will further constrain the cut regions at each cut level.

» Uncheck the Ignore Holes and check the box in front of
Ignore Islands

» Change Filter Type to CURVES
» Change the Plane tab from Automatic to Manual

A new window will pop up as shown below. The window
will ask for the mode of selection of the plane on which the
curves should be projected. This should normally be over the
topmost point of the part geometry. Precisely, it should be
over the MCS.

» Choose the XC-YC Plane from the drop-down menu
under Type

> Enter a value of 3 next to it

» Click OK

Now we will start selecting edges from the part. These
selected edges will be projected on the Z = 3 plane as curves

and used as the boundary.

» Select all the top outer edges on the wall along the contour
surface as shown in the figure. Make sure to select all 8

edges and in a continuous order

» Choose OK
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Geometry

Geometry

Specify Part

Specify Blank

Specify Check

Specify Cut Area

WORKPIECE v;

Specify Trim Boundaries

W [Trim Eoundaries

X

Filter Type

Fii m+++

[ Chaining ]

Plane

Ol'u'lanual

Trim Side

@Inside

@Autom atic

OOutside

[ ok

l[ Back ][ Cancel ]

% | Plane

Type

22 XCYC Plane

Offset and Reference

@ wcs

Distance

Rewverse Direction

Plane Orientation

OAbsqute

Rewverse Direction

Settings
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Select these

edges

Select these Edges

Select these
edges

Enter the Common Depth per Cut as 0.2

Click CUTTING PARAMETERS

In the pop up Dialog box,
click on STOCK tab

Enter the Part Side Stock
and Part Floor Stock
values to be 0.00

Intol:

Intol allows you to specify the
maximum distance that a cutter
can deviate from the intended
path into the workpiece.

Quttol:
Outtol allows you to specify the

maximum distance that a cutter can deviate from the

® | Cutting Parameters

[ Strategv] Stock | Corners " Connec‘tions" Containment" More]

Stock

>

DUse Floor Same As Side
Part Side Stock

Part Floor Stock

Blank Stock

Check Stock

Trim Stock

Tolerance

5

0.oooo

o
o
o
=]
o
—
&)

0.oooo
0.0oooo
0.oooo

ikl

Intol

Outtol

-5

o
o
=]
=
o
&)

[ ok ! Cancel

intended path away from the workpiece.

>

Enter the Intol and Outtol values to be 0.001 as

shown in the figure

Click on CONTAINMENT tab and change the

In-process Workpiece to NONE

Click OK

Click on the Generate icon

=

% | Cutting Parameters

I Strategv” Stock” Connections] Containment | More

Elank

A

Trim by

| In-process Workpiece MNone

E—

S

to generate the program in the Main Parameters window

Click OK on the parameters window when the program generation is completed

NX7 for Engineering Design
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The finishing program for the outer profile is now ready. You can observe while replaying the
tool path that the cutter never crosses the boundary that has been given for trim and check. The

cutter retracts to the Z=3 plane for relocation.

Inner profile:

Repeat the same procedure as before to copy and paste
CAVITY_MILL_2 on Operation Navigator and rename it as
CAVITY_MILL_3.

» Double-click CAVITY_MILL_3 to edit the parameters or
right click on it and choose Edit

» Select the Specify Trim Boundaries tab and choose Trim
Side to be OUTSIDE in the pop up dialog box.

This will prevent the cutter from passing outside the boundary.

» Select the Filter Method to be CURVES

» Change the plane manually to be the XC-YC plane and
enter the offset distance as 3

» Click OK

» Select all the top inner edges along the contour surface as
shown in the figure. Again, make sure all 8 edges are
selected in a continuous order.

> Then click OK
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W | Trim Boundaries x

Filter Type

Chaining ]

Plane

@Manual OAutomatic
Trim Side

Olnside @Outside

[—GK—][ Back ][ Cancel ]

% | Plane J = (X
Type A
[lg XC-YC Plane E]
Offset and Reference M

@WCS OAbsolute
Reverse Direction
Plane Orientation M
Rewverse Direction
Settings v
o)
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Selected these

Select these
edges

Select these edges

» Choose OK to return to the parameters window

» Generate the program.

» Click OK when the generation is finished.

» Click on OK if you get any warning message about the tool fitting

The finishing program for the outer profile is now ready. By replaying the tool path, you can
observe that the cutter never crosses the boundary that has been given for trim and check.
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10.4.4 Finishing Contour Surface

Now we have to use a different type of strategy to finish the |[mil_contour v
top freeform surface. Operation Subtype A
= O \e&
» Click on the Create Operation icon ¥ in the Toolbar c %ﬁ Ly
DD aF A uS "
» Then click on the FIXED_CONTOUR icon as shown in gt dl gl g
the figure FIXED_CONTOUR
> Choose PROGRAM for Program e -
| Program PROGRAM JEY J
Tool NONE Eva
» Choose WORKPIECE for Geometry [oonsey Tworkece =]
etnod
» Keep the default name of program Name N
[FIXED_CONTOUR |
» Click OK
[ QK H Apply ][ Cancel ]
» On the parameters window, under Drive Method, select
BOUNDARY even if it is already shown

Geometry A Drive Geometry A| Mode Boundary Ev!
Geomet WORKPIECE  lwe]| = iy
A7 Specify Drive Geometry m v e Boundary

[ List Bounda Face
Specify Part . Points...

Material Side
Specify Check @ v Part

[ Custom Boundary Data ]

Drive Method

.

W, [ Create Boundary

» Click on the Spanner icon as shown in the figure above 1. .

to open the Boundary Drive Method menu Plane (UserDefined [¥)

Material Side

» On the Create Boundary window, change the Mode to |, pocition
CURVES/EDGES

[ Custom Member Data ]

> Select the Material Side to be OUTSIDE [ Chaining ]

» Select the Tool Position to be ON

l oK ![ Back ][ Cancel ]

The tool position determines how the tool will position
itself when it approaches the boundary member. Boundary members may be assigned one of
three tool positions: On, Tanto, or Contact.
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¢ In ON position, the center point of the tool aligns with the boundary along the tool axis or

projection vector.

¢ In Tanto position, the side of the tool aligns with the boundary.

In Contact position, the tool contacts the boundary.
» For the Plane, choose USER-DEFINED
» Again, set the plane to be XC-YC =3

» Click OK

» Select the outer loop of the top contour surface as shown in the figure. Remember to select

the edges in a continuous order.

» Click OK

We have trimmed the geometry outside the loop. Now we
have to trim the geometry inside the inner loop so that the
only geometry left will be the area between the two loops.

» Choose the Mode to be CURVES/EDGES

» Choose the Material Side to be INSIDE and Tool
Position to be ON

» Choose the plane to be user-defined at XC-YC =3

» Select the inner edges of the contour surface as shown

™ | Create Boundary X

Material Side
Tool Position '

[ Custom Member Data

[ Chaining

I—EHH[ Back ][ Cancel

» Click OK to return to the Boundary Drive Method window
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..

» Change the Stepover method to SCALLOP and enter the  prive Geomerry

A
height to be 0.001 and click OK ST B GerEny

Tolerance

» Click on Cutting Parameters e —

Containment

» Change the Tolerance values so that the Part Intol and  Drive settings

Part Outtol is 0.001 Cut Pattern
[ Strategv" Multiple Passes] Stock | Corners] Clear Stepover [Scallop

Scallop Height ]
Stock

A
: Cut Angle Automatic
Part Stock 0.0000
M
Check Stock 0.0000 ore v

Preview v

><[<[<

Tolerance

A
Cancel
ourl

» Click on the MORE tab button and enter the value of Max Step as 1.0

W | Cutting Parameters F

[ Strategv" Multiple F‘asses" Stock" Corners" Clearanceslé Moreé“
T

Cut Step A

Max Step %Tool E'J %? Jj |

Ramping A

Ramp Up Anagle Q0. 0000
Ramp Down Angle Q0. o000

DOptimize Path
DF_xtend to Boundary

Cleanup v

[—-EH(—] Cancel
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% | Feeds and Speeds = %X
M

> Cth OK Automatic Settings
» Click on the FEEDS AND SPEEDS icon on the | SctMachiningData
parameters window |Surface Speed (smm)
Feed per Tooth 0.1095
» Enter the parameters as shown in the figure on right - _
Spindle Speed A
» Click OK [ ) spindie specd (rom) [5475.000]|
More A
In the main Parameters window, Output Mode
Direction
» Create a new tool and name it BEM10 [JRange Status
DText Status
» Change the diameter to be 10 mm and the lower radius t0 .4 pares A
be S mm. Cut [1200.000 |[mmpm v @
| More v
> Clle OK | Units v
DDptimize Feed Rate When Generating

» Generate the program

[ Ok H Cancel ]

The contour surface is now finished and you can view the simulation by Tool Path verification.

10.4.5 Flooring
Flooring is the finishing operation performed on the horizontal flat surfaces (Floors) of the part.
In most of the milling processes, flooring will be the final operation of the process. All the
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horizontal surfaces have to be finished. This planar operation runs the cutter in a single pass on
every face.

® [Create Operation |§

» Click on the Create Operation icon ¥ on the

Type A
Toolbar |[mi|l_p|anar | Q
> Change the Type to be mill_planar at the top of the  2Peration subtrpe &
window o R & [t ul P
. . . = FACE_MILLING_AREA le
» Change all the options as shown in the figure 15 J i
14
» Click OK
Location A
» In the parameters window, change the Cut Pattern to  Freoranm [PROCRAM >
be Follow Part Teol [ NONE >~
Geometry | WORKPIECE bw]
» Change the percent of the tool diameter for Stepover | Methed | METHOD )
to be 40 Name A
Path Settings " |FACE_MILLING_AREA |
Method | P [ok—[ apply |[ cancel |
|
Cut Pattern lg_ﬁ? Follow Part Lq
Stepover ’TDD| Diameter Lq
Percent 40.0000

In flooring operations, it is always better to keep the Stepover value to be less than half of the
diameter of the cutter in order to achieve more flatness on the planar surfaces.

Unlike previous programs, we have to select a cut area. __
% 'Face Milling Area

x
» Click on the Specify Cut Area tab Geometry A

Ceometry

» Select the highlighted surfaces shown in the figure

3/-%)
bCIOW. Specify Part .
N

b

%

Specify Cut Area @
In case you ftre not able t(.) select the surfaces as shown go specify wall Geometry
to Part Navigator and Hide the Blank, select the surfaces
and Unhide the Blank again. LA e @

DAutom atic Walls
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Select these
Faces

» Click OK
» Click on CUTTING PARAMETERS in the main parameter window

» Choose the STOCK tab button and enter the Intol and Outtol values as shown in the figure

W | Cutting Parameters

stock | Connections || Containment|[ More |
I; Stock A
Part Stock
wall Stock
Final Floor Stock
Blank Stock
Check Stack
Tolerance A
Intol I
Outal
[—oek—] [ cancel

» Click OK
» Click on FEEDS AND SPEEDS

Because this is a Flooring operation, it is better to make the spindle speed high and the feed rates
low compared to the previous operations.
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> Enter the values exactly as shown in the figure % Feeds =%
Automatic Settings A
> ChOOSC OK Set Machining Data
In the main Parameters window, surface speed )
Feed per Tooth
» Create a new tool and name it BEF105 | More A
Spindle Speed A
» Change the diameter to be 10 mm and the lower radius | spindie speed rpm)
to be 5 mm. | Settings v
> Cl k OK Feed Rates A
» Generate the program. Then replay and verify the cutter I :D:E :
path
[—GK—][ Cancel ]
The following figure shows the ToolPath display for the
flooring.
10.5 POST PROCESSING

The primary use of the Manufacturing application is to generate tool paths for manufacturing
parts. Generally, we cannot just send an unmodified tool path file to a machine and start cutting
because there are many different types of machines. Each type of machine has unique hardware
capabilities, requirements and control systems. For instance, the machine may have a vertical or
a horizontal spindle; it can cut while moving several axes simultaneously, etc. The controller
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accepts a tool path file and directs tool motion and other machine activity (such as turning the
coolant or air on and off).

Naturally, as each type of machine has unique hardware characteristics; controllers also differ in
software characteristics. For instance, most controllers require that the instruction for turning the
coolant on be given in a particular code. Some controllers also restrict the number of M codes
that are allowed in one line of output. This information is not in the initial NX7 NX tool path.
Therefore, the tool path must be modified to suit the unique parameters of each different
machine/controller combination. The modification is called post processing. The result is a post-
processed tool path.

There are two steps involved in generating the final post-processed tool path.

1. Create the tool path data file, otherwise called CLSF (Cutter Location Source File).

2. Post process the CLSF into Machine CNC code (Post processed file). This program reads

the tool path data and reformats it for use with a particular machine and its accompanying
controller.

10.5.1 Creating CLSF

% [ CLSF output %
After an operation is generated and saved, the  c of Format A

resulting tool path is stored as part of the operation e ——
within the part file. CLSF (Cutter Location Source

CLSF_COMPRESSED
File) provides methods to copy these internal paths CLSF_ADVANCED
from the operations in the part file to tool paths within EtﬁE:FS%

the CLSF, which is a text file. The GOTO values are a CLSF_IDEAS_MILL
"snapshot" of the current tool path. The values CLOF-IDEASMILLTURN
exported are referenced from the MCS stored in the
operation. The CLS file is the required input for some  Qutput File A

subsequent programs, such as postprocessors. File Name

[C hWUnigraphics NE-54Examplesiba ]

» Click on one of the programs that you want to post

-

process in the Operation Navigator Browse for an Output File 7
> Click TOOLS — OPERATION NAVIGATOR % &

— OUTPUT — CLSF Units
A window will pop up to select the CLSF Format. [ List Output

[ oK 1 [ Apply ] [ Cancel ]

» Choose CLSF_STANDARD and enter a location

for the file
» Choose OK
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The CLSF file will be created. It will be similar to the figure below. The contents of the file
contain the basic algorithm of the cutter motion without any information about machine codes
and control systems. This file can be used for post-processing any machine control. The
extension of the file is .cls (XXX.cls).

=

File  Edit

'TOOL PATHJ’CAVITY_I‘IILL,TOOL,BUEH12X1 ﬂ
TLDATA/MILL, 12 .0000,1.0000,75.0000,0.0000,0.0000
M3¥3/0.0000,0.0000,0,0000,1.0000000,0,0000000,0.0000000,0,.0000000,1.0000000,0.0
$% centerline data

PAINT/PATH

PAINT/SPEED, 10

PAINT/COLOR, 1586

FROM/0O.0000,0.0000,50,.0000,0.0000000,0.0000000, 1.0000000

RAFRID

GOTo/0.0000,0.0000,50,0000

PAINT/COLOR, 211

RAFPID

GOTO/0.0000,-61.8660, 3 .0000

RADPID

GOTO/0.0000,-61.8660,2.5000

PAINT/COLOR, 42

FEDRAT/MMFHM, 1200.0000

GOTO/0.0000, -61.8660, -0. 5000

GOTO/0.0000, -50. 4660, -0. 5000

PAINT/COLOR,31

GOTO/-74,9913,-50.4660,-0.5000
CIRCLES-74.9913,-459.99:23,-0.5000,0.0000000,0.0000000, 1.0000000,0.4737,0.0600,0.
GOTO/-75,3812,-50.2614,-0.5000
CIRCLE/-74.9867,-49.9891,-0.5000,0.0000000,0.0000000,1.0000000,0.4793,0.0600,0.
GOTO/-75.4660,-49.9391,-0.5000 -

1| | Ll

Any program that has been output to CLSF or post-processed will have a green checkmark next
to it in the Operation Navigator.

Operation Navigator - Geometry

Mam e Path
CECOMETRY
(B8] Unused ltems

-85 MCS_MILL
=gy WORKPIECE

o RE CAVITY_MILL v

o R CAVITY_MILL_) v
o R CAVITY_MILL_2 v
o RE CAVITY_MILL_3 v

o (A FIXED_CONTOUR o

= FACE_MILLING _A...
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10.5.2 Post-Processing

Click on a program in the Operation Navigator that you want to post process.

» Click TOOLS — OPERATION NAVIGATOR — OUTPUT — NX
POSTPROCESSING

> Select the MILL_3 AXIS machine and enter a location for the file

» Select OK

This will create the post-processed file for the desired machine. You can find the block numbers
with G and M codes concerning the Machine controller type. The extension of the file is .ptp
(XXX.ptp).

Information o ]
File Edit

% 2
MOO10 G40 G17 G50 G70

MOooz0 G991 G288 Z0.0

10030 TOO MOe

MNOO40 GO G20 XO.0 ¥YO.0 34500 MO3

MOOS50 G43 EZ50. HOO

MOOE0 ¥-55.5463

MoovY0 23.

MOO50 22.5

MooS0 E-.5

MO100 ¥-49.5463

MO110 X-74.7524

MO120 X-74.5367 ¥-49.8377

MO130 XE-74.5498 T-49.7211

0140 T49.7Z211

MO150 X-74.85353 T49.5499

MNO160 E-74.7253 ¥49.8623

MO170 X74.7253

MO150 X74.5411 ¥49.5493

MO190 X74.3533 Y49.7356 x
«| | v 2

The final output (XXX.ptp) file can be transferred to the machine through DNC or punched tapes
and the actual milling operation be done. This entire sequence starting from the transfer of the
model into the Manufacturing module to the transfer of the files to the machine and cutting the
raw piece into the final part is called Computer Aided Manufacturing.
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