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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 NX9.0. 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 NX9.0 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, NX5 and NX7. This write-up further updates to NX9.0.

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 Albin Thomas at atgk3@mst.edu. The models and all the versions of the

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

NX 9.0 for Engineering Design Missouri University of Science and Technology
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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
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.
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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.
e 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 ANSYSS is used for structures.

e Geomagic 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.

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.
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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.

1.4 SCOPE OF THIS TUTORIAL

This tutorial is written for students and engineers who are interested in learning how to use
NX9.0 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 NX9.0. The topics include Getting
Started with NX9.0, 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 NX9.0 essentials from starting a session with Windows to getting
familiar with the NX9.0 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.

5
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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 is capsulated into a brief introduction to Structures Module available in NX9.0 for the
Finite Element Modeling and Analysis.

Chapter 10 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.

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 NX9.0 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 NX9.0 package for modeling, drafting, etc. It contains five sub-sections a) Opening an
NX9.0 session, b) Printing, saving, and closing part files, c) getting acquainted with the NX9.0
user interface d) Using layers and e) Understanding important commands & dialogs.

2.1 STARTING NX9.0 SESSION AND OPENING FILES

2.1.1 Open NX9.0 Session

» From the Windows desktop screen, click on Start — All Programs — Siemens NX 9.0
— NX 9.0

. Microsoft Visual Studio 2005

. Microsoft Visual Studio 2010

. Motion Control

.. Mational Instruments Thomas, Albin
. Notepad++ (S&T-Student)
. PMAC Executive Pro2 Suite

. PMAC-NC Pro2 RunTime
. PuTTY

Documents

Pictures

. Python 2.7
. QuickTime husic

. Rainlendar2
.. SharePoint
- Siemens N3 9.0
& Mechatronics Concept Designer 0.0
& NX 9.0 Power Drafting
Q NX 9.0 Viewer Devices and Printers
&m0
- Manufacturing Default Programs
. NXLicensing Tools
. NXTools Help and Support

. Release Information
. Translators Windows Security

Computer

Contral Panel

Back

l lSem‘ch programs and files

W
E—

ole
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The main NX9.0 Screen will open. This is the Gateway for the NX9.0 software. The NX9.0
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 a Ribbon Bar that
will allow you to create a new file or open an existing file (under home tab). 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 NX9.0.

To create a new file there are two options. You can click on the ‘New’ command on top of the
screen or go through the ‘File’ drop-down tab.

SEMENS - O X

LRC O
- - 3| L |
W % A § [k ?)
New  Opsn Cpen 4 Asventtdy  Cowtamier Winduw Maly
Recent Part = Load Optioms  Defauit
Eranthan|

| T?.“E]-

1 YOU e 4 Naw Nalp yOu GOt SLAMSL Wah NA, Wi recommisnd thl J0u vaw 1ha

nicraion Yor Appicaciont end cehef Inks onthe lef

LK

Use Opan or New in File Mens

2.1.2 Open a New File
» On the Ribbon Bar, under the file tab 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
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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
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

Model | Drawing” Simulation" Manufacturing” Inspection” Mechatronics Concept Designer” Ship Structures
Templates A | Preview A
Filters A
Units [Millimerers a
Name Type Units Relationship Owner
Modeling Millimete._.| Stand-alone
i) Assembly Assemblies Millimete... Stand-alone NT AUTH...
- Shape Studio Shape Studio Millimete. . Stand-alone NT AUTH..
&) Sheet Metal Sheet Metal Millimete_. Stand-alone NT AUTH...
=) Aero Sheet Metal Aerospace Sh.. Millimete... Stand-alone NT AUTH...
&) Routing Logical Routing Logical Millimete.. Stand-alone NT AUTH... - A
@ Routing Mechani.. Routing Mech... Millimete.. Stand-alone NT AUTH... Rgperiies
LY Routing Electrical  Routing Electr.. Millimete... Stand-alone NT AUTH... Name: Model
[ Blank Gateway Millimete.. Stand-alone none Type: Modeling
Units: Millimeters
Last Modified: 09/18/2013 05:52 AM
Description: NX Example with datum
CSYS
New File Name A
Name [modell.pr‘r ]
Folder [ C\Program Files\Siemeans\NX 9.0\UGI ]
Part to reference A
Mame
[—oKk—|| cancel |
2.1.3 Open a Part File
S
Y e

Lod LD
Open Open a
Recent Part~

Click FILE — OPEN
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You can also click the Open icon from the Home tab 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

& Open
Look in: | Manufacturing LI & & B~

»

Narne Date modified Type
_’\L Die_caivty_with-program 7/25/2005 12:05 PM  PRT File
¥ | Die_cavity 7/19/2005 10:28 PM  PRT File

-
oo 5t
Recent Places

Desktop

w=al
Libraries

Ay

L

Computer vV Preview

Network

< [T

File name: I Die_cavity

Cancel

oK |
BEET

Led Lol

Files of type: IPan Files [*.prt)

[™ Load Structure Only
[V Use Partial Loading

[™ Use Lightweight Representations

Options...

2.2 PRINTING, SAVING AND CLOSING PART FILES

2.2.1 Print a NX9.0 Image
> Click FILE — PRINT

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

10
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‘& Print D%

Source

>

urrent Display

> Click CANCEL to exit the window

]

Printer A
pinter
Details v
Settings A
Copies

Scale Factor | 1.0000
Qutput Color wireframe .

@Export Raster Images in Drawing
DExport Shaded Geometry as Wireframe

Image Resolution Draft -
AN

[—GK—H Apply ][ Cancel ]

2.2.2 Save Part Files

It is imperative that you save your work very frequently. If for some reasons, NX9.0 shuts down
and the part is not saved, all the work will be lost. To save the part files

» Click FILE

On the File drop-down tab hover over the save option , there are five different options to save a
file.
e SAVE: This option

will save the parton = mew cren | s T Ctles
screen with the @ geen Cirlv0 asioluaatysirondunca Aoy
same name as given = 9o e e
before while EECI— . o e
creating the part ., g Y savs the work pan under 2 siffarant nan
file. ' Flot cuer | Saye All
e SAVE WORK "] tmwen ’ Ayt
PART ONLY: ) Beon B e batniat & DEC L T i+ it
option will only [ ue: » [{L et S W
save the active part =~ e i el
on the screen. Dt
e SAVE AS: option 7w »

allows you to save [ e
the part on screen

using a different
name.

NX 9.0 for Engineering Design | ' [C] Customize.



e SAVE ALL: This option will save all the opened part files with their existing names.

e SAVE BOOKMARK: This option will save a screenshot of the current model on the
screen as a .JPEG file and bookmarks.

Remember as in previous versions all the parts are saved with a .prt extension in NX9.0.

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 - @ Window- ~ MN¥ 9 - Modeling - [Rectar

Home Curve Analysis Wiew Render Tools

'?'-l:r»b Print...

Plot... Ctrl+P
D Impart
D Export
@’ Utilities

Execute

Propertjes

Help

(]
Exit

Selected Parts...
Closes selected parts and keeps the session running.

All Parts
Closes all parts and keeps the session running.

Save and Close
saves and closes the work part.

Save As and Close...
Saves the work part under a different name and closes it.

Save All and Close
Saves and closes all parts loaded in the current session.

Save All and Exit
Saves all modified parts and ends the session.

Close and Reopen Selected Parts...
Updates selected modified parts with the versions stored on disk.

Close and Reopen All Modified Parts
Updates all modified parts with the versions stored on disk.

[C] Customize...

In case of the first two options, the parts that are selected or the all parts the files will be closed
but the NX9.0 session keeps on running.

NX 9.0 for Engineering Design
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2.2.4 Exit an NX9.0 Session
> Click FILE — EXIT

Exit

| You hawe unsaved changes to this object:
l % Doyouwant to save it before exiting?

Rectangle.prt

- es - Sawe and Exit 1 [ o - Exit: ] [ Cancel ]

» Since we are not ready to exit NX9.0, 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 NX9.0 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.

ave Al and Bt

l . Dowyou really want to save all parts and exit?

> Choose NO or CANCEL

13
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2.3 NX9.0 INTERFACE

The user interface of NX9.0 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
NX9.0. The power of mouse buttons and their primary functions are discussed below.

2.3.1.1 Left Mouse Button (MB1):

The MBL1 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.

2.3.1.2 Middle Mouse Button (MB2):

The MB2 or middle mouse button or the scroll button is used to Rotate the object by pressing,
holding and 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.

2.3.1.3 Right Mouse Button (MB3):

MB3 or Right Mouse Button is used to access the user interface = f/i@:]
pop-up menus. You can access the subsequent options that pop up [x] | ©]
depending on the selection mode and Application. The figures 29|21

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

Clicking MB3 and holding the button will display a set of | (o selection Filer %) [EntireAssemt;ly ™
icons around the feature. These icons feature the possible B o @% % 0 -t A0

commands that can be applied to the feature. o+ e @
Clicking MB3 on graphics screen will pop up the View _3_ :if'“h 7
menu options as shown below. =il o

{7 Rotate F7

L] Pan
Update Display
‘.._J Restore

% True Shading

* Note: The functionality of the mouse buttons Neridans Sivie. ¥
depends on the Application used. For instance, the OrientView b

Replace View >

14 ;) SetRotate Point

NX 9.0 for Engineering Design N ¥ undo




menus that pop-up in Modeling are different from those in Simulation.
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 (an orange circle symbol appears) and you can drag around the object to

view.

b
I'

Rotate Rotate
ME2 + Drag Press Scrol+Crag

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.

15
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ZCOM INCUT
ME1 + Press Scroll
+ Drag

ZOOM REOUT
ME1 + 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.

L

| PAN
Press Scrol + MBY

2

v"’
PAN \ +D
MBZ + MB2 + Drag rag

2.3.2 NX9.0 Gateway

The following figure shows the typical layout of the NX9.0 window when a file is opened. This
is the Gateway of NX9.0 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.

Shown below is the NX9.0 program in the modeling application.
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2.3.2.1 Functions of Gateway Zones
Ribbon Bar:

The ribbon bar interface gives the user with the ability to access the different commands easily
without reducing the graphics window area. Commands are organized in ribbon bars under
different tabs and groups for easy recognition and accessibility.

For example in the ribbon bar shown in the figure above, we have home, curve, surface tabs. In
the home tab, we have direct sketch, feature, synchronous modeling and surface groups. And in
each group, we have the set of featured commands.

Unlike previous versions of NX, this is a new feature developed in NX 9.0 with a view for
touchscreen systems.

4 vt ‘New Fender Took
‘E}' vy 0 » ™ w) & Tettem Featae  ~ ‘ oy Cramier 5 o Offyet Regon = 2 ; 1T Mrough Curves
e ks 4. & @ ume - 3T Redy S Rephacs Face - 2 yweo!
Shetch " M) . Oatom Extrude +ole Edge More  Move o Fanc Mare Theough .. Mo
UL I e v o et e e O 00 ot G Osew e MO TVOVR g Nuded sutece MO
Bwets Shatth - faalun ot YT utous Malebhy - efface ».
> Home
o Marme WO Selecon Fiter el | Enrre Assembly ™ o - s B R =esmy o) (= | B 1 e ™ r -
3 Me | = =1 T 5D S L9 8 {O]= N Ao ‘v B Do Sech Crow
Faature Cm
2 5 constralar Navigatoe w AL sl )
_J v & Spchoodus Modadng Crow v
I | Name (Crcup Oy Conurants iDL v | & Sufice Crowp
™ % Wodk Pert $ Tk Fraiure Gronp
B » Pasture Replay Croue
. IJ ® Organize Featirs Croup »
1
i+ T usom

Reset Rivton Tad

™1 Cuitomige Crrie

|
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™ e & Pattam Featurgp = ¢ Chamfer = Offsat Region ™ &7 Through Curves

5y WO/ [ ] } o 3 = B 3 A% : > . 4
| ¢ - S i ® Unity 11 Tom Body T 43 Replace Face -~ 5 Swepn
BN YO sl e o N by Ontr  MI® MO g Ddewpace MI® IWOMN &y Naded Sface

Drect Sketch - Foarws

Mot
Fa Curva Mash ~ =
Synchranoes Modaling v Surtace

v | G Direct Sketch Group

Feature Croup

Synchronous Modeling Group
Surface Group

Edit Feature Group

Feature Replay Group
Organize Feature Group

* ¥ v v wv w w

v 90E

Reset Ribbon Tab
[E] Customize... Ctrl+1
For docking back on to the main toolbar, click the down-arrow on the undocked tab, located
towards the top right of the tab and click dock tab.
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. NX9.0 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 NX9.0
window. You can dock and undock the resource bars by clicking on the pin icon on the top left
of the resource window.

Hal [

- UNDOCKED - DOCKED

Cue Line:

The Cue Line is shown at the bottom 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

» Click on the Part Navigator icon, the third icon
from the top on the Resource bar

The Part Navigator provides a visual representation of
the parent-child relationships of features in the work
part in a separate window in a tree type format. It shows
all the primitives, entities used during modeling. It
allows 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 warning if the parent child
relationship is broken by suppressing any particular
feature.

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 seventh 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.

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.
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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.
2.3.3 Geometry Selection

Geometry Selection properties are very advanced in NX9.0. 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 NX9.0 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.

S Moy~ |No Selecon Fiter 9 Enre Assembly i {8 % B350-9 ‘;,:c.-';‘ Z1/0k A?C | W2LHOy :__:j'e“‘ ;
i~ O

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.

|No Selection Filter  [w| |Entire Assembly lw)
Mo Selection Filter

Cuve |
Curve Feature
Sketch

Edge

Face

Feature

Solid Body
Sheet Body
Datums

Point

C5Y5S

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.
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AN

FMem~ |NoSclectios Fiter ) [Eoire Assembly  wl @8 % F- T3 j ok T\ A .’10

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 . I
ball of the cursor. The entities are arranged in ascending [to selscton Fker
. File »
order of the ‘degree’ of the entity. For example, edges Edit
and vertices are assigned lower numbers while solid View
faces are given higher numbers. By moving the cursor 'F":;m

on the numbers displayed, NX9.0 will highlight the Tools j
»

ke |Entire Assembl

corresponding entity on the screen in a magenta color. s

Information

For example, in the figure below, the face on the top is AL

assigned the number ‘5°. Likewise, the hidden entities | 5* object Curl4shifts) ‘
will also be allotted with a number in the list. You can i :
browse through the numbers and click on the number o3 Tods

that corresponds to the desired object or feature. sglection..  CulashiftsT

B> Visualization..  Ctr+Shift+V
42 Color Palette...

I Background

[ Visualization Performance..,

QuickPick 2D Input Devices...
View Sectioning,,
it Grid...
= Measurement
. Spreadsheer.
f
Edge o Instance[O](S)/Extr Assemblis

1 Edge of Cone(4)

Knowledge Fusion..
Data Interoperabllity
) Face of Instance[0](5)/Extr... IL.

Face of Instance[0](5)/Extr...

Solid Body of Transform Arr...

Modaelina..,

2.3.4 User Preferences
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» Choose PREFERENCES on the Menu button [located to top right of the main window] 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
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 disp|ay, and visual | Faceting [ .Colcr,fFont || Names/Borders " Line | *
information window. You can set the number of ml"m‘ viewsscreen | Handes | Emphasi
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 | Session Settings -

Part Settings (applies to all rotatable views) A

small dialog for file selection. You can also set | g percentage ‘0‘”’
macro options and enable a confirmation dialog for o 100
Undo Operations. []Fit on Show or Hide

["]Exclude Datums From Fit

.. []Fit to Work Section
e The General tab allows you to set the precision | . component Bounding soxes for Fit

level as seen in the Information Window () Disable Auto Z Clipping Planes Update for Fit
° The LayOUt tab a”OWS yOU tO Set the |ocati0n Of [:]Disable Auto Z Clipping Planes Update for Components
the Resource Bar [
e The Macro tab allows you to set the pause 200

while displaying animation Rotation Point Delay 0
0 400

["High Precision Rotation

@ Display Center of Rotation

m

Calibrate

Visualization

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

[ ok ][ Apply ][ Cancel ]

This dialog box controls attributes that affect the display | Ceneral | Layout| Macro | Joumal | user Toals|

in the graphics window. Some attributes are associated || pisplayed Decimal Places
with the part or with particular Views of the part. The || piaiog gox

settings for these attributes are saved in the part file. FOr || tacking sar

many of these attributes, when a new part or a View iS || juformation window
created, the setting is initialized to the value specified in || [|system Precision in Information Window

I

22
NX 9.0 for Engineering Design Missouri University of Science and Technology



the Customer Defaults file. Other attributes are (clRERECLCICINT X
associated with the session and apply to all parts in the shaded Views
session. The settings of some of these attributes are OPlain @ Craduated ‘
saved from session to session in the registry. For some
session attributes, the setting can be initialized to the ;Z‘:mm %
value specified by customer default, an environment
variable. Wireframe Views
OPIain @Gr‘adua‘ced
> Click on the different tab buttons to find the Top ]
options available under each command. Bottom [ ]
Plain Color |:|
» Choose PREFERENCES — COLOR
PALLETE to find the options in the dialog box. [ Default Craduated Colors J
[ Ok H Apply ][ Cancel ]

» Click on EDIT BACKGROUND to get another

pop up Dialog box. You can change your background color whatever you want.

The background color refers to the color of the “General | Analysis] B
background of the graphics window. NX supports
graduated backgrounds for all display modes. You can | erk Laver
select background colors for Shaded or Wireframe | Type | Default v ||
displays. The background can be Plain or Graduated. | ., |
Valid options for all background colors are 0 to 255. _

Line Font E

Width [ o1smm v |
» Click OK when you are done Solids and Sheets

[ Partially Shaded
You can also update the background of the graphic [JFace Analysis
window using Preferences. Transhscency

0
» Choose PREFERENCES — BACKGROUND 0

0 100

[ Ok H Apply ][ Cancel ]

> 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.
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2.3.5 Applications

Unlike older versions of NX, APPLICATIONS can be opened using the File option located at
the top left corner of the main window. 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.

New CirisN  Preferences > Y I Through Curves
. ~ S
Modaling & o, Swe
% Qpen Ciris0 o More  Through o 1
=i M Preferences L o Cirve Mesh B Nesided Surface

Chose ' & ¢
Close Assembly Load Optons. v Surfaca

Recently Opened Pans (: -
fad 53w P | BY 1 C\bsers\atak3\Deskton\0t icons\Bar prt ) O ‘-Ji N WRE0

e )

it £ 2 S\Copy\Courses\ME 353 TA\UC Models\ExamplesiArbor press\Arborpress_assembly. prt
g B 3 S\Cop/\Courses\ME 363 TAWG Modelis\Examples\ Arbor prass\Arbomprmss_base prn

Aot Crlsf | " 4 5 \Copy\Courses\ME 363 TA\UG Modeis\Examples\Manufacturing\[Dte_cavity prt
¥ ) mpon » | B & C\Program Files\Siemens\NX 9.0\UCK\madell prt
- i Applications

pon .
£ &) Shaet Metal CirleShifteM
"7‘, ptiites p | B Shape Studio. Ciehies
> Deafung CuteShifi=D

Execure * | W) Adwanced Simdation B Modsling M

Properties s Motion Simylation T Shaps Studwo Cul+AlT+S

b Manufsctunng CufeAR+M Dvatung Cit+Shift<D
2] el » | ] Cateway. iy 3
3 e L oo ¥ Manufactusing CIrt+ AlT+M
u it Assemphes Sk Machine Tool Gulicer
EMi £ sinumenk Colksion Avoldance

] . '2+5+cvn ot Al
] Adyanced Simulation
bs Dssign Sinwidation
Motion Simylavon
{ Mechaironics Concapt Dasigner

Sheat Metal '
{ PCS Design '
[T Customize
Routmg '
&4 Shp Design
Mold ‘Wizard

Progressive Die Wizard
Elecurode Design

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
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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 NX9.0 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
the WCS are denoted XC, YC, and ZC. (The “C” stands for “current”).

TN
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 MENU—» FORMAT—>WCS
%Menuv] | No selection Filter  [w] |Entire Assembly kel &2 = F-
F Eile 3
Edit 4
View 3
Ingert 4
Format s Layer Settings... Ctrl+L
Tools ¥ 22 Layer Visible in View..
Assemblies ¥ | =2 |ayer Category.
Information » < M ]
) Move to Layer...
Analvsis V] o copy to Layer.
Preferences »
ndow R & oynam e -
Window
- N R . [_)"y.’n;.imlcs... [;f Inferred Point a
nelp Reference Sets.. = Origin...
‘.éj Rotate.. Point Location A
Part Module 3
e 5 [+ Orient.. %" Select Object (0)
P, - “k B Qutput Coordinates A
b s b L= Change XC-direction...
Patt t* Change YC-direction Reference Wes
e . xc 00000000 Ll
Disglay w e [0:0000000Cmm )
1M save 7c [0.0000000(mm )
Offset A
Offset Option |None @
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2.4.4.1 Translate the WCS
This procedure will move the WCS origin to any point you specify, but the orientation (direction
of the axes) of the WCS will remain the same.

» Choose FORMAT —-WCS — ORIGIN

The Point Constructor dialog is displayed in the figure. You either can specify a point from the
drop down menu at the top of the dialog box or by entering the X-Y-Z coordinates in the XC,
YC, and ZC fields.

A majority of the work will be in relation to the Work Coordinate System rather than the
Absolute Coordinate System. The default is the WCS.

Coordinates A|

@Relative to WCS O.&.bsnlute

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 () -zC-axis: ¥C - XC
action buttons. This is the point on the object, which [~ o i ve - ¢
is closest to the cursor. It can be any of the Snap |~ xc e 7¢ = ve
Points such as the center of circle or end-point of 8 | yc.avis: 2c = xc
line and so on. ()-¥C-axis: XC - ZC

(®)+2C-axis: XC —= YC

» Click CANCEL Angle

2.4.4.2 Rotate the WCS
You can also rotate the WCS around one of its 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

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
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& | Layer Settings w0 [ X

2.5 USING LAYERS

Layers are used to store objects in a file, and work like ‘::::;:;:';()mm Pi;’}\

containers to collect the objects in a structured and

consistent manner. Unlike simple visual tools like Show  “efteves -

and Hide, Layers provide a permanent way to organize and | o™ """ | —| |

manage the visibility and selectability of objects in your /™ : -

fl Ie. Sjlect Layer By Range/Category | [

[Tlcategory Display
251 Layer Control N.:r;o”“:”k) Visible Only :ijuu
2 61 [ 8

With NX9.0, 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

NX9.0 must have. There are 256 usable layers in NX9.0,

one of which is always the Work Layer. Any of the 256

layers can be assigned to one of four classifications of

status. ,

e Work show {Layers with Objectshw)

e Selectable Add Category =]

e Visible Only | Layer Control v

e Invisible Settings .
[Close |

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.

. “ wm: | No Selection Filter Twl | Entire Assembly ™ ¢ [0_'.
The number of objects that can be on one layer = 5
is not limited. You have the freedom to choose Edit ’
whichever layer you want to create the object f_'.iil'@r .
gﬁ!“,a By Sketc
on and the status of that layer. FOmat |4 sketch in Task engwronment
To assign a status to a layer or layers, Tools » sketch Curve ,
Assemblles ¢ sketch Constraint ’
Info % ’
» Choose FORMAT — LAYER s 4| Dstm/rom -
SETTINGS preferences b i
Dertved Curve ’
Window ’ |
. et o TR ) eonce
However, it should be noted that the use of | ..~ o RN
company standards in regards to layers Ml T )| @ Block
would be advantageous to maintain a | iy Tim § F Gvinger
consistency between files. | Offser/Scale 4 Batlions
] ’ Detal| Feature » Sphere..
- — Surface @ Hole
2.5.2 Commands in Layers A e | @ gos
B B B 1 Sweep » | @ Pocket
We will follow simple steps to practice the & Flange Surface »| & Fad
. . . p—t » Emboss
commands in Layers. First, we will create two fﬂ# CAM Dars Peparatson S pmmmey
’_‘ Faget Modeling » @ Slot
27 & Synchronous Modelin o |8 Doow
ynchronous eling @ Rib
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objects (Solids) by the method as follows. The details of

Solid Modeling will be discussed in the next chapter. The  Type A
solids that we draw here are only for practice in this (%3 Axis, Diameter, and Height ~)
chapter.

Axis A
> Choose FILE — NEW « Specify Vector
Name the file and choose a folder in which to save it. |~ oo o™
Make sure you selected the units to be inches in the pimensions A
drop-down menu. Choose the file type as Model Diameter i

Height 4 i
> Click OK - ' " .

Boolean A
> Choose MENU—>INSERT— DESIGN Boolean |“® None v

FEATURE —CYLINDER settings v

Preview v

» Choose AXIS, DIAMETER, HEIGHT under Type
oK ] [ Apply ] [ Cancel ]

» Click on icon next to Specify Vector

The Vector Constructor dialog will appear. This is 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 WCS.

» Click OK

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.

> 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.
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¥ n . ™ R Potrom Fesrm - g harte v 7 OMurt B
i Liv | % - g r A
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ek "N M Daturn Tzmuce Hnds tege

A\ O+ e '\ oot

Owact Shaesty - faasim - Syretranmn M=

» Duah "" 14 Detvtn ¥

[ M0 Selacnen Pite Tl {eniee Abrerris BossAaNU e /1%

Zislxle]

» 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

> K
He » ™ ¢ o Patters Fuature < Egr Ohaminr fo (A Offaet Ragion = a0 Themsgh Curves
E{)_ (¥ o B {,; .-.'-b , ‘ : z o =y

v b & Lty ~ 1) Tnm Body - S 1k Replace Fece 77 Swapt
Serh ™ ~1 Derues Bxsude Hol Edge Mo Mo Mo Mrosgh Mo
OB i o il Sy Drah 0% | s G peeerace MO TWORGE o wovided sutace MO
Ovecr Skench - Foamn - btvenaes Madelng . Saitace .
8 Menie | [No Selection fiter ) | Lrire Avsammidy WMoY s sti-awie LI AGI0 ,i. [T RMmE 0 g men o
z (€ thesnd weth o |

b

# Shadea

5 Wireframe with Om Edges

I Winafraema with Madden 306
N S Wreirame

9 Stedia
4 Face Anwvus
§ Partudly Satted

Now you will be able to see a solid cylinder.

Jdzf x|

29
NX 9.0 for Engineering Design Missouri University of Science and Technology



Now let us practice some Layer Commands.

> Choose FORMAT — MOVE TO MWKEEEEESED [=T%
LAYER Objects | A
You will be asked to select an object. —— .
Select Al
> Move the cursor on to the cylinder and || ,ver selection S
click on it so that it becomes :
h|gh||ghted Other Selection Methods 1 v
Filters [V
» Click OK [~ok—] [ 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
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% | Layer Move X

Destination Layer or Category

|25

Curves
Datums
Sheets
Sketches
Solids

Layer

1 Wark
A1 Selectable

[ Re-highlight Objects

l

[ Select New Objects

l

[—BK—” Apply ][ Cancel ]

£ Layer Settings o X

Find Layer from Oblect A
Select Object (0) [+
Work Layer A
e Bt
Work Layer [ Y
|
Layers A |
Select Layer 8y Range/Category |
[ ICaregory Display
Name & ‘JISI!JT: &:Tv—b&lc'{
= 1(Work) | |
M 25 | 1 I
Msl O &

v n ’ i
Show {Lavers wnh_Ob;ncng
Add Category !,'g
| Layer Control v
Settings A

POt (b o83 Liiead
[TFit il before Displaying

The ylinder has now gone to the 25" layer. It can no longer be seen in Layer 1.

» To see the cylinder, click FORMAT — LAYER SETTINGS

You can see that the Layer 25 has the object whereas the default Work Layer 1 has no objects.

» Click OK

The cylinder will again be seen on the screen. Save the file as we will be using it later in the

tutorial.
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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 NX9.0 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.

Quick Access Toolbar

h3 ‘_!__’ (=] ; , o B J ;?ﬂ'-ﬂ Feative ‘ l.‘\'h':"('l; 3 A l,::‘?;i-.:::n > = v TUD BUrdEr Bar
it WAL, Ranae e o =oun M Gowerwe M TR [v | Bottom Border Bar
o ™ fin = B Vom L A GoSE Y Left Border Bar

v | Right Border Bar
1 v | Home
; v | Curve
; v | Surface
i Reverse Engineering
v | Analysis
This will pop up a Customize dialog window with all the v | View
Toolbars under ‘Toolbar’ Tab and commands pertaining to each
Toolbar under ‘Commands’ tab. You can check all the toolbars ¥ Render
that you wish to be displayed. v |Tools
v | Application

Visual Reporting
Developer

Weld Assistant

Structure Welding

BIW Locator

Industry

Vehicle Design Automation
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Custornize

[

Shortcuts H QOptions

I

Layout " Roles ]

[

Ribbon Tabs "

QAT/Border Bars ] Commands

Categories:

To add a command to a toolbar: select a category and drag
the command out of this dialog box to a toolbar.

Commands:

*

[+

[+

[+

*

[+

{All Tabs

All Border Bars/QAT
All Groups
All Calleries

Classic Toolbars (As Groups)

Menu
New ltem
My Items
My Menus
My Croups
My Galleries
My Drop-downs
My User Commands

Kevboard... ] [ Close

You can customize the settings of your NX9.0 interface by clicking on the Roles tab on the

Resource Bar.

NX 9.0 for Engineering Design
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i

] 41 Roles

of [P,

A3 gB=,
g 3| | v & B=
il

O | & System Defaults

+_ Role
A2® Advanced
Role
4=, CAM Advanced
g@ |

o arm  a e moa

P

(}\ Role
L _ CAM Express
5 @ ~ Role
b ).?’*‘ Essential
g X

Role

_ Power Drafting Essentials

T e -

. Role
+.. Power Drafting Advancad
»y

T

e EETRIG]

N

s

The Roles tab has different settings of the toolbar menus that are displayed on the NX9.0
interface.
e It allows you to customize the toolbars you desire to be displayed in the Interface.

2.6.2 Transform Functions
Transform functions is powerful feature to scale, mirror and modify an existing part.

» Open the file that you created in section 2.5.2 with the cylinder.
» Clickon MENU—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.
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€| Transform %

Objects

« Select Objects (1)

=#

Select All

Invert Selection

[

Other Selection Methods W

<

Filters

[ Ok H 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.

O | Transformations X

Scale

Mirror Through a Line

Rectangular Array

Mirror Through a Plane

Ié |
| ]
| ]
[ Circular Array ]
| ]
[ Point Fit |

[ OK H Back ][ Cancel]

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

» Clickon EDIT - MOVE OBJECT
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{3| Move Object

Objects

* Select Object (0)

Transform

'y

Motion & Dynamic
" Specify Orientation

[]Move Handles Only

M
]
L

Result A
@Move Original O{Zopv Original

Layver Option [On’ginal El
Settings L4
Preview 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.

3| Move Object | X
Objects A
* Select Object (D)
Transform A
Motion ’15;: Dynarmic ’:]

ET

[[]Move Handles Only |.x, Distance between Points
{... Radial Distance

~ Point to Paint

@®Move Original Oco-e;f Rotate by Three Points
Layer Option %/ Align Axis to Vector

£k CSYS to CSYS

Result

Settings )
- t&" Dynamic
Preview ! Delta xvz
4 Show Shortcuts

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.
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e DISTANCE - This option moves the selected

object in the X-Y-Z direction by the distance that  objects Al
you enter. « Select Object (1)
» Click on SPECIFY VECTOR e——— Al
Select the direction. |
Mation | = Distance v
> Type 5 in the DISTANCE box. This will |« specify vector DA
translate the cylinder a distance of 5 inches along E— E n W
X-AXxis
Result A
» Click OK (® Mave Original () Copy Original
) Layer Option [On‘ginal ;-!
2:?;Ee(tjr.1at MOVE ORIGINAL is the RESULT | [ bivisions
Settings v
The cylinder will move in the X-direction by a  Preview v
distance of 5 inches. <ok [ Apply | [ Cancel |

» Click CANCEL

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 NX9.0 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 NX9.0: 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 NX9.0 using primitives. This will give a head start to the modeling portion
of the NX9.0 and develop an understanding of the use of Form Features for modeling. In NX9.0
version, the features are categorized in different menus based on the functions and ease of
identification.

3.1 OVERVIEW

In NX9.0 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 NX7 version, the NX9.0 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 button

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 Home
Toolbar as shown below. You can choose the icons
that you use frequently.

» Click on the drop down arrow in Home Toolbar

» Choose FEATURE GROUP

T I[f Through Curves

=5 Menu-| |No Selection Filter [w] |Entire Assembly

Eile
Edit
View

Format
Tools
Assemblies
Information
Analysis
Preferences
Window

Help

3
3
3

IR e skerch.

* 'R sketch in Task Environment...
Sketch Curve
Sketch Constraint

Datum/Point
Curve

Derived Curve

* ¥ ¥ ¥ ¥ v v

Design Feature

EFAEARERINE

Associative Copy

Combine

Trim
Offset/Scale
Detail Featura

surface

Mesh surface
Sweep

Flange Surface

CAM Data Preparation
Facet Modeling
Synchronous Modeling
Table

Weld Assistant

* v w w

v v w 2w

<% More Callery

- ttﬁl / &
27 Swept
More Through ) More
. Curve Mesh & N-sided Surface
' Surface - -
& Home

+ 1 ol T [
j(} | B lj b ‘lv_| B Direct Sketch Group »
v | Datum/Point Drop-down | » |¥ FERCUlERE S ’
¢_ Design Feature Drop-down |» |¥ «* Synchronous Modeling Group |»
7 & Hole v | & surface Group »
— /4 Edit Feature Group [
v | < Pattern Feature
i o d » Feature Replay Group 3
L ) Combine Drop-down ' f?g Organize Feature Croup 3
v | €] Shell
v | 9 Edge Blend Undock Tab
1 Reset Ribbon Tab
v | & Chamfer
7 a5 Trim Body [1 Customize.. Ctrl+1
¢_ & Draft
hall

Reset Group

Reference Features

Structure Welding 3
BIW Locator 3

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.

NX 9.0 for Engineering Design

39

Missouri University of Science and Technology



» Click on MENU—INSERT —B®ATUMY/POINT to view the different Reference Feature
options: Datum Plane, Datum Axis, Datum CSYS, and Point

%Menu-] | Component bw] |Entire Assembly ) €8 ® - 2%
S Eile »
Edit 3
View »
IR & sketch.
Format * | B3 Sketch in Task Environment...
Toals b Sketch Curve v
Assemblies » Sketch Constraint v
Information »
R [ Datum lane..
preferencas b Curve *| + Datum Axis...
Window  » Derived Curve »|Hs Datum CSYS_
Help » Design Feature |+ Point...
Associative Copy 3 +++ PoiInt Set...
Combine *| B Datum Plane Grid..
i Trim ¥
Offset/Scale , BB Raster Image...
Detail Feature »
Surface 3
Mesh Surface 3
Sweep 2
Flange Surface r
CAM Data Preparation 3
ZC
Facet Modeling 3
Svnchronous Modeling 3 NG
Table 3 /
Weld Assistant 3 *e

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
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» Click on INSERT — SWEEP for the rest of the options

Remove Features

. . [ Sketch...
Rer_nove Features let you create bodies by removing 82 sketch in Task Environment..
solid part from other parts. Sketch Curve ,
Sketch Constraint 3
» Click on INSERT — DESIGN FEATURE _
Datum/Point 3
. Curve 3
Remove Features include, Derived Curve ,
e Hole - :
* Boss Associative Copy ¥ § Revolve..
¢ EOSKEt Compine »| @ Block
° al ) [3 Cylinder...
Trim 3 =
e Slot Offset/Scale y| & Cone.
e (Groove Detail Feature » . Sphere..
L . Surface » @ Hole..
You can also select the features by clicking on the icons Mesh Surface \| @ Boss.
[ f @ Pocket..
(¢ - [ i SWeep 3
, LJ J '“ Flange Surface 3 G Pad..
= Emboss...
User-Defined features CAM Data freparation "l @ offset Emboss..
Facet Modeling »| G Slot..
These allow you to create your own form features to _ & croove
automate commonly used design elements. You can use | Senchronous Modeling "o rib
user-defined features to extend the range and power of Table ' @ par
the built-in form features. Weld Assistant v & hread
Structure Welding 3 f? User Defined
- ser Lelned...
» Click on INSERT — DESIGN FEATURE — BIW Locator v = =

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
Sheet from curves
Bounded plane
Thicken Sheet
Sheet to Solid Assistant

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

oo conr ]2 paractceomer |

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

Offset/Scale

Detail Feature ¥ | @ Thicken..
Surface , | % Scale Body...
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» Click on INSERT — SURFACE for Bounded Plane and Sheet from curves

Mesh Surface Y| €: Swoop..
Sweep »

&= Through Points...
Flange Surface 3

£ From Poles...
CAM Data Preparation P | & Fit Surface...
Facet Modeling ] & Rapid Surfacing..
Synchronous Modeling | £ Transition...
Table y | E2\ Bounded Plane..

Primitives

They let you create solid bodies in the
form of generic building shapes.
Primitives include,

Design Feature Extrude. ..

Bevolve...
Block...

Associative Copy

Combine
e Block Trim 1 Cylinder...
e Cylinder E_Iﬁsetfﬁcale 1 /4 Cone..
: g[j())l‘?:re Detai] Feature ) Sphere..
% | Block =X
Type

[D Origin and Edge Lengths

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

s &l

o Specify Point {1}

E
5

33 PRIMITIVES Dimensions

A
Primitive features are base features from which many | “="" %< n__
other features can be created. The basic primitives are | Width (¥C) 4 n W
blocks, cylinders, cones and spheres. Primitives are | Height{zc) E in
non-associative which means they are not associated
to the geometry used to create them. The parameters _Boelean A
of these primitive objects can be changed. Eoolean [:'i None a
Now let us start modeling of some basic objects. Preview v

[—BK—H Apply ][ Cancel ]

3.3.1 Model a Block

> Create a new file and name it as Arborpress_plate.prt
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Now let us model a plate.

» Choose INSERT — DESIGN FEATURE — BLOCK or click on the Block icon in the
Form Feature Toolbar

The Block window appears. There are three main things to define a block. They include the
Type, Origin and the Dimensions of the block. To

access the Types scroll the drop-down menu under ESINEERS | X
Type. There are three ways to create a block  type A
primitive.
|[_J Origin and Edge Lengths v’
e Origin, Edge Lengths @ Origin and Edge Lengths
e Height, Two Points (] Two Points and Height
e Two Diagonal Points (] Two Diagonal Points

& Show Shortcuts

» Make sure the Origin, Edge Lengths method is
selected

Now, we will choose the origin using the Point
Constructor. Origin A |

0 —
> Click on the POINT CONSTRUCTOR icon " Specify Point la
under the Origin

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.

> Type the following dimensions in the window. Dimensions A
Length (XC) = 65 inches Length (XC) (65 W)
Width (YC) = 85 inches width (e [55 : El
Height (ZC) = 20 inches idth (¥C) in

Height (ZC) in m

» 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
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QOrient View (X
Replace View 3

) Set Rotation Reference  Ctrl+F2

Bepeat Command
= Undo

You should be able to see the complete plate solid model.

[J Top

Ctri+Alt+T
y | Le Eront  Cul+Alt+F
¢] Right Ctrl+Alt+R
_I| Back
[ Bottom
[y Left Ctri+alt+L
Custom Views...

Save and close the part file.

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
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Type

['Ei Axis, Diameter, and Height

Axis
" Specify Vector

" Specify Point

Dimensions

<<E>EE>HE§>E>

Diameter [E in
Height [ 4 in
Boolean

Boolean [='§ None
Settings

Preview

[—OH[ Apply ][ Cancel




e Axis, Diameter, Height
e Arc, Height

» Select AXIS, DIAMETER, HEIGHT

» Click on the Vector Constructor icon next to Specify

Vector as shown on the second figure on right. cAxis

" Specify Vector

> Click on the ZC Axis icon.

_Ix|
[*i g

«" Specify Point
> Leave the other options as default and click OK

: . : : [ A
» Click on the Point Constructor icon next to Specify i
Point to set the origin of the cylinder ¢ Specify Vector L) [ESp~
_ v Specify Point + Y7
» Setall the XC, YC, and ZC coordinates to be 0 S & i a
Dimensions / i
You can see that the selected point is the origin of WCS Diamotar 2 n ‘EL, ‘
. . . Height 4 in }& Y
> In the next dialog box of the window, type in the
following values as shown in figure Eoolean A2
Boolean |=‘g None x\c‘rg
Diameter = 4 inches Satino o |
Height = 18 inches ——— =
| Dimensions A = [Z_Cﬂ
B o . o) [Capoly ) e 1)
qllDiameter [4 in m ' P —
| Height [ 13] in ] =
=== =-=--------- - Ao - - - - - - - - - - - - - - - = _Z(£
-]
Q[
> Click OK

» 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.
=

N
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Now we will create a cone at one end of the cylinder.

Type A|
> Choose INSERT — DESIGN FEATURE — | &1 Diameters and Height %
CONE P A‘
Similar to Block and Cylinder there are various ways to e o EE}
create a cone which can be seen by scrolling the drop- ¥ Specify Point 2
down menu in the Type box. g
_ Dimensions A|
e Diameters, HEight Base Diameter [2 in @
e Diameters, Half Angle Top Diameter (o in ¥
e Base Diameter, Height, Half Angle Height [ in
e Top Dlamgter, Height, Half Angle S Al
e Two Coaxial Arcs
Boolean [;'\. None l.q
» Select DIAMETERS, HEIGHT settings

v
Preview v
» Click on the Vector Constructor icon next to Specify ]

Vector [ ook H 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.

The Point Constructor window will appear next.

» Choose the Arc/Ellipse/Sphere Center icon on the dialog box and click on the top circular
edge of the cylinder

OR
> For the Base Point coordinates, type in the following values: XC =0 YC=0 ZC=18

» Click OK . .
Dimensions
> In the cone window, type in the following values: Base Diameter
Base diameter = 4 inches Top Diameter
Top Diameter = 6 inches Height
Height = 10 inches
> Click OK Soolean
Boolean

» On the Boolean Operation window, choose UNITE
" SelectBody (1)

Now the cone will appear on top of the cylinder.
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» 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. Unite the cylinder with the old
structure.

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

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

47
NX 9.0 for Engineering Design Missouri University of Science and Technology



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.

Face

» Open the model Arborpress_plate.prt

Diaturmn
plane

» 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 Feature Toolbar.

D [ ”] Lj <% Pattemn Feature
2 @ Unite ~

Datum Extrude Hole
Plane ~ =

&5 Shell

Feature

The Datum Plane window, shown on the right side,
allows you to choose the method of selection.
However, NX9.0 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.
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g S Chamfer

Fz Trim Body
Edge
Blend

&y, Draft

Type

More

-

N[Datum Plane 9] =|X

A

;1?_] Inferred E'r]

d] At Angle

[J& At Distance

(9] Bisector

[¥] Curves and Points
D Two Lines

[] Tangent

,:E_;] Through Object

ah, -
o Coefficients

W -] Point and Direction

ET On Curve

big. YC-ZC Plane

b XC-ZC Plane

22 XC-¥C Plane

[F] view Plane
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6} Datum Plane

Type A

[Q‘f Inferred a

Objects to Define Plane A

« Select Object (1)

Offset A

Distance [15] in ¥

Reverse Direction

Number of Planes [_1]

Plane Orientation A

Reverse Direction @ o= e :
Settings v _—4 Distance| 15 in @I

[ <ok> | [-Apply-|| cancel |

» Click CANCEL once you are done
» 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.

, Relative
Secjmd Paoint Daturm Al

Firat Point

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).

» Choose INSERT — DATUM/POINT — DATUM AXIS
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The Datum Axis dialog can also be opened by clicking the icon as shown in the figure on the
right from the Feature toolbar.

The next window allows you to choose the method of ~ Type A
selecting the axis. However, NX9.0 can judge which [ [ Y5 Inferred g,
method to use depending on the entity you select.
. . £ Intersection —
There are various ways to make a datum axis. They | | curve/Face Axis
include Point and Direction, Two Points, TWO ||\ on Curve Vector
Planes, etc. %€ XC-axis r
S, YC-axis 1
» Select the Two Points icon at the top right of the | *% ZC-axis B
Datum AXiS Window *— Point and Direction
3| Datum Axis Tf’- Two Foints r
4 Show Shortcuts
Type M |

[ | Two Points |

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

» Click OK

The Datum Axis will be a diagonal as shown below.

U0 o

Datum | Extrude Hole
Plane ~ b

| [ Datum Plane

|~ osum avs |

|8 Datum CsYS ‘

-+ Point

%4, Point Set

50 FD Raster Image
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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.

Direction  Section string fF;Zf”'t'”Q
(aces) ure

In this part, we will extrude a rectangle into a
rectangular block as follows.

lelul-@ Curve Surface Analysis View Re

[REKS ‘:’ I ‘..|‘_—' 1~
» Create a new part file and save it as @ U} tl / - L,,UJT LQ,

Arborpress_rack.prt SREEER N () k[ Patiy Extrude | Hole

4

> Right-click, then choose ORIENT VIEW — DirectSxstch ¥

ISOMETRIC

To learn the extrude command, we will create a 2D rectangle first
and then extrude this rectangle to form a solid. Home -

» Choose INSERT — CURVE — RECTANGLE & o/

4|

Sketch
You can also choose the Rectangle icon in the Sketch Toolbar as .\ O T
shown below. Direct Sketch v

The Point Constructor window will open as shown on the right. Note the Cue Line instructions.
The Cue Line provides the step that needs to be taken next. You need to define the corner points
for the Rectangle.

We have three options for creating a rectangle
-Two point

-Three points

-By center

Select two points, and select input mode as XY

For Corner Point 1,
» Type in the coordinates XC =0, YC =0, ZC = 0 and click OK
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Another Point Constructor window will pop up, allowing you to define the 2" Corner Point
» Type in the coordinates XC = 240, YC =25, ZC =0 and click OK and then click Apply
» Right-click on the screen and choose FIT

You should see the rectangle as seen below.

Now we will extrude the
rectangle to form a solid.

» Choose INSERT —
DESIGN FEATURE —
EXTRUDE

OR

» 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.

> Click on the

rectangle.  You
can find the Section "J
preview on the | . sefect curve ) @m‘
Graphic screen as i —
you proceed with p2ecten A
the selection of | ¥ Specify vector mmm
the lines. s !
» Choose the | > [@vae [
default  positive | " g n_
ZC-direction as |™ [@vaee [
the Direction Piance 20 n W

["]open Profile Smart Volume

» In the Limits Boolean
window, type in | Boolean (None)

{9 Inferred

]

the fOIIOWing Select Body (0) LL]
values: D
Start=0 [~<oKk>-|[ Apply |[ cancel |
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End =20

> Click OK

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.
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.

Simple

through hole
Counterbaore hole

Countersink hole

Boss
This option lets you create a simple cylindrical protrusion on a planar face or datum plane.
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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. & Hole 9%
. Type Al
We will now learn to create holes.
’U General Hole ;-l
» Open the file Arborpress_plate.prt Position Al
» Choose INSERT — DESIGN FEATURES — . - (T
HOLE or click on the icon in the Feature ) r
Toolbar as shown Direction A‘
Hole Direction [‘m Normal to Face ;.l
7 Iyl Curve Surface Analysis View Re Form and Dimensions A|

Ej: L 1 o , D LM E}j Form [l simple v

Sketch '\ O + = Datum Extrude Hole Dimensions “
: 7 Plane~ & Diameter [ 1 in m
BB : Depth Limit [Value ;-l
. . . Depth 2 in
The Hole window will open. There are various o Anale { — - gl
selections that need to be done prior to making the oA -
holes. First you need to select the Type of the hole. Boolean A
> Select the default General Hole Boolean @ subtract 2
" Select Body (1)
Next you need to define the points at which you .
need to make the holes. RELLOE i
Preview v
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» Click on the Sketch icon in the Position dialog box and choose the top face of the plate as the
Type of Sketch

X [Create Sketch SFR \

Type Al

Y On Plane b

Sketch Plane

Plane Method Inferred 7[ J

4" Select Planar Face or Plane (1)

4

Uiy

Reverse Direction

Sketch Orientation

Sketch Origin

<|<|< @‘@‘

Settings

! oK Cancel

» Click OK

This will take you the Sketch Plane.

E Sketch Point lj|_

Point M |
B8 Specify Point Ea
Close
» Click on the POINT CONSTRUCTOR icon Q| sketch Foint [51%
and specify all the points as given in the Table felns
below. ¥ Specify Point

You can specify either one point or all the points at
the same time.

X Y z ] t
11.25 | 10.00 | 0.00 a 8
3250 | 2350 | 0.00 PREEN I JRLEEN Y
53.75 | 10.00 0.00 . ! ;
11.25 | 75.00 | 0.00 9 G 135 | 1
3250 | 6150 | 0.00 N - T H
53.75 | 75.00 | 0.00 r :
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» 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. w
> Click on FINISH SKETCH in the top left corner of | Home B
the window $ |SKETCH_000 lw)
it 1 Orient to Sketch

fii3 Reattach

This will take you out of the Sketch mode and bring back SEEIEG v

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.

56
NX 9.0 for Engineering Design Missouri University of Science and Technology



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 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 NX9.0 and the function of each
command.

4.2 TYPES OF FEATURE OPERATIONS

The Features Operations used in NX9.0 include Edge blend, Face blend, Soft blend, Chamfer,
Hollow, Instance, Sew, and Patch. Let us see some of the important operations in details.

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 lookinssg at some of these operations only.
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Edge Blend {3| Edge Blend X
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 | shape | ™ Circular Lv]
under Insert — Detail Feature — Edge Blend P oz T
In this case you need to select the edges to be blended
and define the Radius of the blend. :
Similar to Edge Blend you can also do a Face Blend. | List !
Variable Radius Points v
Corner Setback v
Stop Short of Corner v
Trimming A"4
Overflow Resolutions v
Settings v
Preview v
Chamfer -
O] Chamfer IEE
The Chamfe_r function Operates very sin_1i|ar|y to t_he e A
blend function by adding or subtracting material -
relative to whether the edge is an outside chamfer or * Select Edge (0)
an inside chamfer. This command can also be found
under the Imsert — Detail Feature — Chamfer  °f=et® -
menu. Cross Section l"\:‘i- Symmetric L:-!
Distance (36 in
Settings A
Offset Method ’Oﬁ‘ser Edges along L_'r-l
Tolerance
Preview M
] ] . [ Preview Show Result
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
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select the method of creating the threads such as cut, rolled, milled or ground. You can create
different types of threads such as metric, unified, acme and so on. To use this command, go to
Insert — Design Feature — Thread

Symbolic
Thread

\@’ pece

Target A|
Trim BOdY * Select Body (0) ij
A solid body can be trimmed by a sheet body or a Teol o
datum plane. You can use the Trim Body function t0 | Tool option Face or Plane lv)
trim a solid body with a sheet body and at the same time . 0 o o) m
retain parameters and associativity. To use this

command, go to Insert — Trim — Trim Body

Settings v
Preview v
Split Body
A solid body can be split into two just like trimming it. It can be done by a plane or a sheet body.
Insert — Trim — Split Body
Target A ‘
Splitting plane * Selact Body (0)
Tool
Tool Option [Face or Plane

¥ Select Face or Plane (0}

<|< (= > &

o | Settings
Q; Preview

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.

3¥4 Rectangular
Intance

Boolean Operations

Boolean operations are:

e Unite
e Subtract
e 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.

Iﬁ) 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

Height = 1.5 inches
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Now create a small step cylinder on top of the existing cylinder.

» The dimensions of this cylinder are,
Diameter = 0.387 inches
Height = 0.0156 inches

» Click on the top face of the existing cylinder as G

shown in the following figure Type A
. . [“d Axis, Diameter, and Height @
» On the Point Constructor window, choose the - -
Arc/Ellipse/Sphere Center icon from the drop- E
down Type menu ¥ el Necar
« Specify Point @
» Click OK to get out of Point Constructor —
Window Dimensions A
Diameter |0387 in Wl
i = i Y.
> Under the Boolean drop-down menu, choose | "™ loose e
UNITE Boolean A
Boolean m
The two cylinders should look like the figure shown || o select gody (1)
below. Save the model. :
Settings v
; Preview v
Next, we will create a hexagon for the head of the | —
b Olt [—-0&—][ Apply 1[ Cancel ]

? Polygon |§
> Choose INSERT — CURVE — POLYGON Number of Sides
> On the Polygon window, type 6 for the number of [—ok—]| Back |[ cancel |

sides

> Click OK
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% Polygon |§
There are three ways to draw the polygon.

e Inscribed Radius [ ]
e Side of Polygon [ side of Polygon ]
|

Inscribed Radius

e Circumscribed Radius [ Circumscribed Radius
» Choose SIDE OF POLYGON [ok—]| Back |[ cancel |

» On the next window, enter the following

dimensions. " | Polygon "3

Side = 0.246 inches

) : > Side 246
Orientation Angle = 0.00 degree N
» Click OK I—EH(—! [ 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)

Type A
| sec/elipse/sobers center 4
Point Location A

* 5elect Object (0f -+
Coordinates A
Reference {Ab'.c«.a:e Wark F:n@
x 0.000000 in m
¥ (0.co0000 n W
z (0.0o0000 10 W

» 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 (;peration 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

Type

l@ Arc/Ellipse/Sphere Center v
Point Location A
\ )\ |_* Select Object (0) |-$-
o dinates A
. ~ERECE
— ence WCS ) N
W\l [1 B Edge of Extrude(3) 0.000000 in E]
N ﬂ Edge of Cylinder{4) | ”

N |3 ) Edge of Cylinder(2) 0000000 oy s
0.000000 in [”J
t A

£ Option None Ev;

u
» Click OK

» Give 0.55 as the diameter

This will give take you the next Dialog box which will ask you to choose the Boolean operation
to be performed.
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T —— Y

Type
» Choose INTERSECT [+ Center Point and Diameter
} . Center Point
It will ask you to select the target /
solid , & Specify Point (1)

Dimensions

» Choose the hexagonal head as

shown on right Diameter [0.55 in

>@>E>@>

Boolean

Boolean [ Intersect 1
> Click OK  select Body (1)

» Click CANCEL

Preview A4
J

This will give you the hexagonal bolt [——ok—]| Apply |[ cancel
as shown below.

* NOTE: Take care when creating 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. Thread Type
() symbolic Det;
> Choose INSERT — DESIGN [0,25 I
FEATURE — THREAD Minor Diameter [0.2 in @
Length [1.5 in m
Here you will see the threading dialog box Pitch [bos  n M
as shown below. B Angle (60 des W)
There are two main options in Threading: g;::: :and
1) Symbolic and 2) Detailed. (O LeftHand
. i [ Select Start ]
» Click on the DETAILED radio button :
f=—ok] [ apply ] [ cancel ]
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> Keep the thread hand to be 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.

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
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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
» Select the positive ZC in the Specify Vector

dialog

» Enter 200 as the Distance value

Make sure that Move Original radio button is

checked.

> Click OK

> Click MOVE and then CANCEL on the next

window so that the operation is not repeated

After transformation, it will look like the following.

NX 9.0 for Engineering Design
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Objects A
« select Object (1) (4]
Transform A

Maotion

" Specify Vector

Distance

Result

@Mwe Original OComr Original

Layer Option [Dn‘ginal E

Distance/Angle Divisions

Settings v

Preview v
< 0K = l [—Apﬁv—] [ Cancel
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Now we will create a hole. There are many ways to create a hole. We will do so by first creating
a cylinder and then using the Subtract

function. O Cylinder 9%
Type A ‘
» Choose  INSERT  —  DESIGN |7 Gumere and veigh =l
FEATURE — CYLINDER - |
» On the Vector Constructor window, e mm@q
select the YC Axis icon NN HRH
Dimensions A
» In the Point Constructor dialog box, ' mamesr B =n ™
enter the following values Height 100 in
Boolean A
Axes XC |YC |ZC | Boolean ®Svoract  fw
Dimension | 130 | -5 242 v Select Body (1) 1)
Settings v
» The cylinder should have the following | Freview vi|
dimensions. e [ cancet |
Diameter = 35 inches S —

Height = 100 inches
» 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.

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

» The cylinder should be pointing in the positive Y-direction set at
the following point: XC =130; YC =22.5and ZC =242

» The cylinder should have the following dimensions.
Diameter = 66 inches
Height = 20 inches

» Subtract this cylinder from the same block as before using the
Boolean drop-down menu
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The wireframe model will be seen as shown below.

[ #
3\» ,"
‘

~/
o
L

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

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

The model will look like the following figure.

NX 9.0 for Engineering Design

AXes

XC

YC

ZC

Values

157

22.5

180
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Now we will subtract this block from the FETLce
block with the hole. Target

o SelectBody (1)

> Choose INSERT — COMBINE
BODIES — SUBTRACT Tool

> Click on the block with the two holes | ¥ SelectBady ()
(green) as the Target

Settings
> Select the newly created block (brown) as  freview
Tool Show Result q

> Click OK

[—GK-—” Apply ][ Cancel ]

The model will be seen as shown below.

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

Target A
Target'

" SelectBody (1) ;
Tool A
« Select Body {1) @l
Settings l
Preview -X

k] [ Apply ] | l
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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
o B 4

£} Edge Blend

Edge to Blend

A

" Select Edge (1)

Shape | " Circular

Radius 1 [GD

Add New Set

List

< |« <

Variable Radius Points

Corner Setback

Stop Short of Corner

Trimming

Overflow Resolutions

Settings

Preview

/<< |<|<[<|<

= 0K = l[ Apply ][ Cancel

» 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

The blended figure is shown below. Remember to save the model.

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

X
Y | 1125 | 11.25 | 53.75 | 53.75
Z 210 275 210 275

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

NX 9.0 for Engineering Design

Type A
['d Axis, Diameter, and Height @

‘ Axis A
" Specify Vector(1) 5.1 Q
Reverse Direction @
& Specify Point (1) @ [7}.@
Dimensions A
Height 20 in L 2
Boolean A
Boolean |'@ Subtract Ev]
+ Select Body (1)
Preview A

Show Result q

gl

—J

[- OK- ‘[ Apply ][ Cancel
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The block with holes looks like as shown in figure below

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

» Enter the following values in the
Point Constructor dialog by
clicking the icon

AXes XC | YC ZC

Dimension 130 | 225 | 209.5

NX 9.0 for Engineering Design

Type | A
[D Origin and Edge Lengths g
Origin A
' Specify Point
Dimensions | A
Length (XC) 60 in
Width (YC) 20 in
Height (ZC) 66 in
Boolean A
Boolean [ Subtract v,
: o =)
]
Settings ¥
Preview v
[-—ok—] | Apoly |[ cancel |
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» 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

>

>

>

>

>

>

>

Create a new file and save it as Impeller_hexa-nut.prt
Choose INSERT — CURVE — POLYGON
Input number of sides to be 6

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.
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» 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.

We will now use a Mirror command.

Scale

» Choose EDIT — TRANSFORM

Select the model and click OK

Rectangular Array

f |
[ Mirror Through a Line ]
[ )
[ ]

Circular Array

!—Minc-'&hnugh-iﬂaﬁn—!
Click on the flat side of the model as shown. Be careful | Point i ]
not to select any edges

>
» Click MIRROR THROUGH A PLANE
>

[—GK—” Back H Cancel ]
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L

Plane Orientation Multiple Copies - Unawvail

Settings v Undo Last - Unavail

% '?| Transformations g
Type A [ Reselect Objects 1
&£
[/E] ttermed E [ Transformation Type - Mir plane 1
Objects to Define Plane ' [ Destination Layer- Orig 1
f?’fmuﬂ) [ Trace Status - Off 1
bOffset [ Subdivisions - 1 1
Distance ﬂ f Maowe 1
Reverse Direction l[ Copy }

[—vGKv—-” Cancel ]

[ok—]| Back || cancel |

» Click on OK
» Click on COPY
» Click CANCEL

You will get the following model.

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

r(filamfer

Edge

 SelectEdge (2 [

Offsets A

Cross Section [Symmetric E;

Distance 36

Settings v

Preview "4
[»—«'rOK«a»—-] [ Apply ] [ Cancel ]

» 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.
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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.

6’ Horizontal Reference &

Name

[ End Point

Solid Face

Datum Plane

]
]
[ ]
[ Datum Axis ]
[ ]
[ )

Vertical Reference

[ Back ][ cancel |
=
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» Click on the edge as shown in the figure for the Horizontal Reference

End Point

Datum Plane

[
[
[ Solid Face
[
[
[

]
]
]
Datum Auxis |
]
]

Wertical Reference

Back ][ Cancel ]

This will pop up the parameters window.

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

r
Length [35 in m
Width [6 in m
Depth [5.022  in ¥
Corner Radius [D in m
Floor Radius [D in @
Taper Angle [14.5| deg @

[—BK—][ Back ][ Cancel ]

» Choose Wireframe option in the Display mode for more clarity

» When the Positioning window pops up, choose the PERPENDICULAR option

% [ Positioning X
+,

EEE= z.’z\
FPerpendicular I

Fa

][ Cancel ]
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> Click on the edge on the solid and then click on the blue dotted line as shown below

"T| Perpendicular

[ |dentify Solid Face l

ot || Baek || cancel |

» Enter the expression value as 37.8 and Choose OK

"i_.| Create Expression

pa [37.4] in )

[—EM—][ Back l[ 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.
NOTE: Select the blue line along Y axis ( the one perpendicular to the last blue line selected)

N Perpendiculas ~
| Name » AL
| .
] |
| | = -
| [ denuily Solid Face | ‘ o
| [Toack | [ Cancel ‘ —
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» Enter the expression value as 10 and choose OK twice. Choose CANCEL.
The model will now look as follows.

Let us create the instances of the slot as the teeth of the EliEGEILEE T "
Rack to be meshed with pinion. Feature to Pattern A

" Select Feature (1)

» Choose INSERT — ASSOCIATIVE COPY—
PATTERN FEATURE Reference Point

Pattern Definition

f

Layout 15 Linear
> Click select feature. Now click on the rectangular || eoundary Definition v
pocket created. Direction 1 A
: ’;
» Select layout as linear o EEJ
Spacing [Coun'r and Pitch
> Specify vector as positive XC direction count L1 iy
Pitch Distance [ 9.4| in m
» Choose COUNT AND PITCH in spacing option Dsymmetac
and enter value for count as 19 and that for pitch SOEEITIL =
distance as 9.4 ["Juse Direction 2

| Pattern Increment

» Choose OK | Instance Points

[T]use Spreadsheet

» Click YES

| Orientation

</ <|dll) </ <

| Pattern Settings

» Click CANCEL

Pattern Method M
The model of the Rack will look as the one shown in the | Method [ variational v
figure. | Reusable References A4
Preview v
[—9!(—] [ Cancel
83
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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 @ Point EIES
Two Points option and select the points  Type A
as shown in the figure on the right. |@
» Click OK Points A
ify Poi + -
» Enter the following values in the ¢ Speclly ot
Dimension dialog box « Specify Point 2 EE
Diameter — 10 inches
Height — 20 inches Location Between Points A
%Location [ 50 ¥
» Choose Subtract in the Boolean dialog .
Qutput Coordinates M
box.
Reference [WCS a
Xc [240.00000Cin ']
YC [125000000in ¥
c [10.000000Cin ¥
Offset A
Offset Option
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» The final model is shown below.

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.
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Top View

30 000

31.508

30.605

A0 [{JCIG
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CHAPTER 5 - DRAFTING

The NX9.0 Drafting application lets you create drawings, views, geometry, dimensions, and
drafting annotations necessary for the completion as well as understanding of an 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
@

ISOMETRIC WIEW

O

FRONT WIBA SIDE WIBM
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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 a few 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 NX9.0 Interface Choose FIL-E—» APPLICATIONS — DRAFTING as
shown

New Cirt+N Freferences
; = Modeling
Qpen Ctris0
S | All Preferencas y,
Close » | A Assembly Load Options. |
- Recently Opened Parts
bl save ¥ | B 1 S\Copy\Courtes\ME 363 TA\NX Manual\Fresform\Arborpress_rack prt
d 2 &) 2 5\Copy\Courses\ME 353 TA\NX ManualFreeform\impeller hexa nut ot
~p b & 1 S\Copy\Courses\ME 363 TA\NX Manual\Freefoem\Arborpress_Lbar pet
Flot Cul+P | &% 4 S:\Copy\Courses\ME 363 TA\NX Manual\Freeform\impeller_hexa-bolt.pn
L | '-I import » B 5 S\Copy\Courses\ME 383 TA\NX Manual\Freeform\Arborprass_plate with holes prt
-~ &) 6§ S\Copy\Courses\ME 363 TA\NX Manuaf\Freeform\ Arborpeess_plate per
_} Expon . & 7 S\Copy\Courses\ME 363 TA\NX Manual\Freeform\impelier_Shaft prt
1 utiives N & B ChUsers\atgk3'\Deskiop\0licons\Bar pet
/ Applications
Execute P | &) Sheet Mera).
Propertias 2 Shape Studio
— Prafting
Ii", Heip » b} Adyanced Simulation
== L. Motion Simutation
% = ¥ Manufactupng..
M Gateway.
Assembbes
]
All Applications »

[} Customize
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* Note: AIll other applications such as Modeling,
Manufacturing, Assembly, etc. can be opened in a
similar fashion.

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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Size

@ Use
{)standa

Size

OCustom Size

B - Size =
C - Size

D - Size i
Preview A

Settings v

l OK H Apply H Cancel ]

—SSSSSSSSS.
3| Sheet o |
Size Al

OUse Template
@ standard Size
OCustom Size

Size [B-11x17 22

Scale [Custom Scale B |
| 1.o000):| zs5.o0000]

Name A

Sheets in Drawing

LLmawing SheetMame L

Shee‘t Number [ 1 ] [ ]

Settings A

[Draﬁlng Arborpress_| Rack] ]i‘

Units
IMillimeters

(®) Inches

Projection

g0 oH

[ Always Start Wiew Creation
(®) view Creation Wizard
()Base View Command

[ ok ][ Apply ][ cancel ]
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|_l~n!n Asparmbly

. Bt
Y 4] o . ~ a/n = Gy &8 0m m A
il Lal % g q.v(“;!, g + 200 \.;@\/5 N : A
New View Creaton  Bave @ " - Update Raped o Note @ Tabular Parts  Auto  Hole Band  More Edit
Sheat* Wizad  View Vv £ D5 &% Mot Ust Ratoon Table Table Sattngy
. el Y 3 Apnotases. = Takle k! S
No Sele “EBF3ND N R =

< 2§'AICH
/1 T} O +]./1&

| Toolbar - Dimension | | Toolbar

- Sketch |

| Toolbar — Drafting Annotations |

| Toolbar — Drafting Edit

| Toolbar - View |

View- Boundary

||

[ Sheet Name

Drawing Sheet Boundary |

™S

| ] ||

o | ShietUvafting- Artirpeets_Rach™ Work

Bl.2 0 @ m*] [J[®][%]

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 or click on
BASE VIEW on TOOLBAR-VIEW

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.
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Part

View Origin

& Specify Location

Placement

Method [I% Inferred

| Tracking

| Move View

Model View

Model View to Use

Orient View Tool

Scale A

Scale

Settings v
N [-close




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.

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
V' Select View (1) E
Hinge Line A
Vecior Opoon | Inferved a
[ IReverse rogected Direcson

Massacisave

View Origin A
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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.

“a ~ {8 Window~

=lslu-M Drafting Tools 2D Layout Analy

5 B eile

New View Creation Base m Update
Sheet~ Wizard View ‘ Views

\View >

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

Sheet "Sheet 17 Wk

» 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.
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» Choose MENU—> PREFERENCES™> DRAFTING
The Drafting Preferences window will pop up.

» Click on the VIEW tab button
> Uncheck the Tlck mark on the Display Borders as shown in the figure below and click OK

% Find | |
- General/Setup Border I
& Common
#- Drawing Format
Color - Active Sketch View
&z‘l-- Common Preview A
#- Base/Drawing
+ Style Shaded E
- Projected y [ ’ a
®- Section [ |Cursor Tracking
I%IH o Alignment A
|§:|.. Flat Pattern
- Section Line W] Assaciative
- Break Extracted Edge Al
Ii:l-- Dimension
'Ei'" Annotation Face Display [Dmpla':.r and Emphasize a
'J'E'" Symbol Lightweight Drawing Views A
#- Table
,;i:-,__ Drawing Automation Handling Bodies without Smart Lightweight Data
- Ship Drafting (®) Omit Bodies from View
OStDp Update and Provide Motification
OStDp Update
OGenerate Lightweight Data -
Inherit V|

[—GI(—H Apply ][ Cancel ]
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Now you can find the drawing views without borders as shown below.

5.2.2 Dimensioning

Now we have to create the dimensions for these views. The dimensions

can be inserted by either of the two ways as described below: s 2” B Y
SEx
1) Choose MENU—— INSERT—— DIMENSION Rapid i
OR AR
2) Click on the Dimension Toolbar as shown in the following ~ Pimension — ~
ﬁgure 3| Rapid Dimension

> Choose INSERT — DIMENSION — RAPID

The following two option boxes will pop up. The icons on
this toolbar are helpful for changing the properties of the
dimensions.

Now click on the settings button as shown in the figure. Here
you will be able to modify the settings for dimensioning. A
dialog appears as shown below.
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References

* Select First Object

¥ Select Second Object

Origin

[]Place Automatically

| Alignment

Measurement

Method [r-'21 Inferred

Driving

Method [Inferred

Settings

Settings

v
A
Q
A
v)
A
M
Select Dimension to Inherit @




{}| Settings x

g Find ] |
Alignment A

# - Line/Arrow

Text Justification = Left

Stacking . [— Q
Prefix/Suffix Tolerance Frame A
Tolerance
Dual Height Factor z.0000
Narrow
Dimension Line

[+ Text
Reference

Inherit v |

[ Close |

The first list is for Lettering. This allows the user to justify and select the frame size.

In the Line/Arrow section, you can vary the thickness of the arrow line, arrow head, angle
format etc.

The most important section is the Tolerance list. Here you can vary the tolerance to the designed

value.
3| Settings X
o Find | |
Lettering Type and Value A
= Line/Arrow E
Amrowhead Type
Arrow Line Decimal Places
Extension Line
) Tolerance 0.0050
Stacking
Prefix/Suffix Display and Units A
Dual Text Position 3.050 £.005 E
Narrow [wf show Leading Zeros
Dimension Line DConvert Tolerance when Changing Units
- Text
Reference
Inherit

i
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The type of display, precision required for the digits — such options can be modified here.

The next icon is the Text option, which you can use to edit the units, text style, font and other
text related aspects.

3| Settings %

o Find ||

]

Rl

Extension Line

Stacking

Prefix/Suffix

Tolerance

Dual

Narrow

Dimension Line

Text
nis |
Orientation and Lo
Format
Appended Text
Dimension Text
Tolerance Text

Reference

{11} I

Units

1

Inherit

Units
Numerical Display
Decimal Places

Decimal Delimiter

[w] Show Leading Zeros
[ ]show Trailing Zeros

M
[Inches l;.l

Angular Dimensions

Nominal Display

[ |Display as a Fraction

» 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.

» To set the dimension onto the drawing sheet, place the dimension well above the view as
shown and click the left mouse button

NX 9.0 for Engineering Design

96

Missouri University of Science and Technology



Even after creating the dimension, you can edit the properties of the dimensions.
> Right-click on the dimension you just created and Choose SETTINGS/EDIT DISPLAY

> You can modify font, color, style and other finer details here.

4 Select from List...
&, Hide ctri+B
A4 Settings...
—
[4# Origin...
B Edit...
Edit Appended Text...
[z New Group
= Cut Ctri+X
By Copy Ctrl+C
¥ Delete Ctrl+D
Yo Edit Display..  Ctrl+)
Properties

View 4
A G
M2 P X

» Give dimensions to all other views as shown in the following figure
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240,000

20,000
Y
(]
o
[
&
IS

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— SIMPLE/STEPPED
» 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).

—
-
e
-
5,034

» 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.

240,000

L N 34,800
i
&.00C
" a 25,000
S E L
:
il
¥
—\_/'\J'\_/'\_/'\_/'\J'\J'\_/'\J'\_/'\J'\J'\_/'\_/'\J'Tf\_/'u ¥ I i ]
1
[ kA IE: 1 -
i
3,395
A

SECTIOM A A

Save and close your model.

5.2.4 Drafting and Dimensioning of an Impeller hexagonal bolt

» Open the model Impeller_hexa-bolt.prt
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» Choose FILE — DRAFTING

» On the New Drawing Sheet window, select
sheet E-34 X 44 and change the Numerator
Scale value t0 8.0 : 1.0

> Choose INSERT — VIEW — BASE VIEW

» Add the FRONT view by repeating the same
procedure as in the last example

» 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:

3| Sheet X

Size M

OUSE Template
(®) Standard Size
O{Zustom Size

Size E-34 x 44 lw]
Scale [8:] l;-!
Name M

Sheets in Drawing

Drawing Sheet Name

[Drafting-impeller hexa-bol |
|

Sheet Number [ 1 ] [

Settings v

oK H Apply ][ Cancel ]

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

» Choose PREFERENCES —DRAFTING— VIEW OR

NX 9.0 for Engineering Design
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» Select the views, right-click and choose SETTINGS as shown below

EDJ M A S X

% Select from List...

|
[
|
| . Edit.
: 47 Add Projected View...
| & Add Detail View...
' tat Add Section View.
) Add Half Section View...
%4 Add Revolved Section View...
gin Add View Break...
g, View Alignment
& Update
Boundary...
View Dependent Edit...

A window will pop up with various options pertaining to the views.
» Click on the Hidden lines tab

» Change Process Hidden Lines to DASHED LINES as shown below and click OK

{3 Settings L
&% Find | ]
=- Commaon Format A

ConﬁgL:raTIOﬂ [ Process Hidden Lines
General
Sener .[ ’:][ 0.13 mmE‘
Visible Lines []show Edges Hidden ‘
Hidden Lines Dshow Referenced Edl—I solid
Virtual Intersections Mself Hidden [
Tracelines [Jinclude Model Curve{ ______ ___
Threads
Ml Interfering Solids | ~"777TTTTTTT o
Shading []Process Interfering Sq ,__,__, —
Perspective
Smooth Edges Small Features o3
®- Projected Small Features Show All
®- View
Inherit i |

I—GK—H Apply ][ Cancel ]
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You can see the hidden lines as shown below.

Now we will proceed to dimensioning.
» Choose INSERT — DIMENSIONS — LINEAR

> Give vertical dimensions to all the distances shown below.

LT N
<®>
D
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For the threading, we will use a leader line.

O
N b5
N
> Click on the Note icon shown in the Toolbar \
1A =2 X & -
o
Rasid CW < 3
Annotation ¥
> In the Annotation Editor window that opens, enter
the following text exactly as shown. You can find @ — "
and the degree symbol on the Symbols tab oras
" Specify Location ﬁ
nght Hand @ 0.20 X 1.5 | Alignment v
H 0
Pitch 0051 Angle 60 Annotation View A
» Click on the threaded shaft in the side view, hold the | | Select View
mouse and drag the Leader line next to the view. Let —
eader

go of the mouse and click again to place the text.
" Select Terminating Object

A
=
8l 8
= = Specify Jog Position
= Type =, Plain .
i
i | Style v
| List v
Text Input A
Edit Text A
m
[ N B =
: [s)[4[0) [ el 9]
Formatting A
| A Arial Unicode Ml [1 lw|
8 | 1 fuwlfo]fe][x]
Right Hand @ 0.20 X 1.5
Fitch 0.05, angle GO0
¥
» Close the Annotation Editor
Symbols v
Import/Export v
Inherit v
103 Settinas v
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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 SETTINGS

» Click on the Lettering tab

> In the text parameter section, Increase height to make the leader legible.
Now we will add additional dimensions and views.

» Choose INSERT — DIMENSIONS — RADIAL

» Click the circle of the bolt in the top view to give the diameter dimension
» Click INSERT — VIEW — BASE VIEW

» Select the ISOMETRIC view and place the view somewhere on the screen

The final drawing is shown below. Remember to save.
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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 NX9.0. Sketching in NX9.0
version is much more user-friendly compared to its older versions. Similar to NX7, in NX9.0 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 NX9.0 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 a single part 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

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

6.2.1 Model an Arbor Press Base & | Create Sketch O (X
Sketch Type Al

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

» Sketch Plane

N
In NX9.0 you can create sketch using two ways. The | o fored =
first method creates the Sketch in the current | Flane Metho et
environment and application. For this you will have to | Select Planar Face or Plane (0) @
use Reverse Direction 8
» Choose MENU— INSERT—» SKETCH Sketch Orlentation X
Sketch Origin v
In the other method you can create Sketch using settings %
[-<ok>]| cancel |

> Choose SKETCH in HOME toolbar

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.

Wl o Lol

1 & fan vavigaron

N

Geometric Constraints I

* il

Toolbar-Sketch

] Dimensional Constraints ]

" B Finish Sketch

Sketch Part-Navigator

IS 8S

3 ,,,i 2
N |
W
—d
1
a |
|
Cw gt by » —
Dwevahy
Nrowm »
300 GMPC1Y 204 wie MRL (¢ J0Be (NN ) (gt ] L&

There is a special sketch task environment in NX 9.0, which displays all sketch tools in the main
window.
For accessing the Sketch Task Environment, click the More option in the direct sketch tool bar

area and then click on Sketch Task Environment as shown below.
G s * I Win : NX §

[RIIEN Curve Surface Analysis View

L

7 : ~ N § : ww=r , & Pamiem Feanwe <3 fy Chamfer < Bt
l:)(é & MO/ YO+ 57 . [ S ' ") j Ll B j i Uhie < ‘ oy Trien Body » %‘ 2l

ach Lo e X+ £ S S L KT o Nel0 Coommc [Nam] Duwn e Hot o BB moay, M oM g

Direct Sketch Skotch Constraints

D Mot~ | No Selection Filter Ll | Withan Work Par Only fel €8 % [F)- " (MY Make Symimesric 7 Perimater Dimension

| 9 Part Navigator [v1 Display Sketch Constratnts
A Sketch Feature

7 Name - Up o Date Com * Aiodpensadss

¥ B History Mode © Reattach t]_j,();wn In Skotch Task Exviconmnont

1 | £ & Model Views Sketch Fools

|y ‘fl‘_j i ““s . £ Agto Dimension s Auto Consirain

57, Mol il”;m}: & % Continuous Auto Dimensioning | % Creare Inferred Conswaints

j‘ - 2 Datinsi CooidiAL @ *5 Animate Dimension ' Show/Remove Constraints

== | 23 v O Alternate Solution £ Inferred Constraints and Dimensions

@g B85 Skewch (2) SKE. v ) Display Object Color I Comven To/From Reference

- 2R Sketch (3) SK.,, v % Onent 10 Sketch 5 Display Dimension as PMI v
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You can change the name of the sketch in the box next to the Finish Flag.

R Finish sketch
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.

'TlPrnfileiE. 'Tll’rlﬂfileiﬁ.
X Length -IE-
Object Type | Input Mode YC Object Type | Input Mode Anglge [C]

]~ | xy [

e

/ Line:

This option will selectively create only straight lines.

.'-\ Arc:

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

XC |
Arc Method | Input Mode =5 Arc Methed | Input Mode Radius J

T\ ﬂ velss | -—\ ){"I"

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 ‘

— XY sweepAngle[0 |

109
NX 9.0 for Engineering Design Missouri University of Science and Technology



O Circle:

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

l\ﬁ 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).

B Studio Spline S |%
Type A

| |~ Through Points =2
Point Location A
i Specify Points (0) [E]Eﬂ
i Constraints \7

L Parameterization A

| Degree ‘@ .

[} Matched Knot Position
[7] Closed
Movement A

Owes @ view () Vector
() Plane () Normal

Extension v
Settings v
Microposition 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
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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 NX9.0 smart constraints are
applied automatically, i.e. automatic dimensions or geometrical constraints are interpreted by
NX9.0.

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

Psd . : .
: 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.

1 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.

N4
4 f e
Show all Constraints:
Clicking this icon will show all the options pertaining to the entities in that particular sketch in

white.
&

- 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 to Sketch:

If the model file is rotated during the process of sketching, ?3‘. | BACK 52

click on this icon to view the sketch on a plane parallel to  Eipisp & Orient to Sketch

the screen. %) Reattach ndel
Sketch v

L'l’ Reattach Sketch:
This function allows you to reattach the sketch to the desired plane without recreating all the
curves, dimensions, and constraints.
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G

“# 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 MENU—» INSERT —» CURVE —»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.)

M

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 — GEOMETRIC CONSTRAINTS
-
1

or click on the Constraints icon in the side toolbar

© | Geometric Constraints W | X

Constraint A

You will be able to see all the degrees of freedom on the [a /A

screen represented by red arrows. b\ e
Geometry to Constrain A
* Select Object to Constrain (0) @
* Select Object to Constrain to (0)
Settings v
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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 ; o o

» Repeat the same procedure to place the center of the
arc on the X-axis

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, take into
consideration the final shape of the object.

113

NX 9.0 for Engineering Design Missouri University of Science and Technology



» Select the two slanted lines and make them equal in length

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

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

1

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.

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

» Similarly select the two vertical lines and make them equal

Note: At times the after applying a constraint, the geometric Wriaa
continuity of the sketch may be lost like shown. In such

conditions, click the exact end points of the two line and click the

coincident constraint as shown below {

§
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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. NX9.0 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.

» Choose the Inferred Dimensions icon in the Constraints toolbar I}ﬂ T
» 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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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:

- -

» Click on the Finish flag % on the top left corner of the screen when you are finished
» Click on the sketch and right-click

» Click INSERT — DESIGN FEATURE — EXTRUDE
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» 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 curvel‘-p

Curve 1 l
Line 1

» 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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-

» 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:

vV V VYV V

100G

o BB .

p4=1,000

Select all the dimensions. Right click and Hide the
dimensions _Objects _
« Select Object (4) @
Choose EDIT — MOVE OBJECT m—
Transform A
Select all the curves. You should see ‘4> objects Mewem 7[% Uislafice @
being selected in Select Object | Specify Vector Bm[ V l
Dlstance [ 0.5 in
Specify the Motion to be Distance Result | .

O Move Original @® Copy Original |
Distance/Angle Divisions 1

Choose —YC-Direction in the Specify Vector

Number of Non-associative Cof [ 1'

Enter the Distance to be 0.5 inch .,
Settings A

In the Result dialog box make sure you the click | [7] create Trace Lines

on the Copy Original radio button

Preview v

Click OK [-<oKk>-][ Apply || cancel |
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» Then join the end-points at the two ends using the basic curves to complete the sketch

o X ]

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

& Move Object 9 (X

Objects

Transform

i Motion_

« Specify Vector

Distance

Result

A
| Select Object (4)
~
W

-

O Move Original| @ Copy Original_

Distance/Angle Divisions 7 1]
Number of Non-associative Cop| | 1]

Settings A

[] Create Trace Lines

Preview v

[<ok> J[ Apply || cancel |

This will form a curve outside the casing.

» Using straight lines join this curve with the inside curve of the casing

NX 9.0 for Engineering Design
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It will form a closed chain curve as shown.

[ IS ¥

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 %

Oujects &
| ¥ select Object 1) [IIJ
e
Mation [zDistance il
v Specily Vector F«?Eﬁ’»{}?.;ﬂ
Distance gbiﬁ;x ln \ |
Result %

P ————
) Move Original | @ Copy Original |

1
1

Number of Non-associative Cof |

settings A
[7] Create Trace Lines

Preview v

<ok [ Apply. | [ cancel
e —————————__

» 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

=§ Menu- | |No Selection Filter kv |Within Work Part Only Lw) €2 < [F]- 2% ™%, 1] - & 3| Single Curve b |1
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> Click on each of the 10 |

curves as shown section

A
v Select Curve (10) R
specify Origin Curve >
Axis A
v Specily Vector rﬁm@
Limits Al

| | Stan & Valse a
| Angle 0 teg
End & Value

> 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

fangte (180 deg isl|
the curve revolves P Oven FroIe Sima VORE
around XC-axis with : Bookae A
respect to the origin Boolean [eNone  [oJ
.Oﬂsﬂ v
> Keep the Start Angle Attings .
as 0 and enter 180 as LS —is
the value for the End .&,
Angle
> Click OK

The solid is seen as below.

Now, we will create edges.

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

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

O Extiude

| section A
« Select e (10 )

| Dwection " Al
v Specify Vector ey ’i‘_

t Limits all
Stant rr‘aq.\):lll‘xo a
Distance {0 in a
End [@Value

| Distance | 0.3 0w

|1 Open Profile Sman Volume l

| Boolean A
Boolean (None) @ infered  m) I

Dialt v
Offset v

| settings V.| —

| Preview v

|

[Lsok=1] Apply || cancel

The final solid will be seen as follows.
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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. Click OK

» Choose MIRROR THROUGH A PLANE

» Under Principal Planes, click on the XC-ZC icon as shown
and click OK

> Select COPY
> Click Cancel

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

Type A
[ Inferred -
0 Inferred f
{5 Al Distance
4] AT Angle
5F Bisector
Bi Curves and Points
1 Two Lines
{3 Tangent
41 Through Object
5] Point and Direction
=151 On Curve
. YC-ZC Plane

=

e D N T P P PSP

[§ View Plane
ob By Coefficients
4 Show Shorcurs

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.

NX 9.0 for Engineering Design
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The lower casing is complete. Save the model.
6.2.3 Model an Impeller

Create a new file and save it as Impeller_impeller.prt

>

>

>

>

Click on INSERT — SKETCH

Set the sketching plane as the XC-YC plane

Click on INSERT—> DATUM/POINT— POINT

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

Click on the Arc icon on the side toolbar and click on the Arc by Center and Endpoints
icon F\‘ 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 ot 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

gl
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.

Now let us model a cone.

» Choose INSERT — DESIGN FEATURE — CONE

[ofCone  [J[X
> Select DIAMETERS, HEIGHT Sl S
Type 2
> Select the —XC-Direction in the Specify Vector dialog | |&/Diameters and Height Z)
box Axis. —.
v Specify Vector () '.’fq
> In the Point Constructor, enter the coordinates (14,0, | ... o (T |
. . . . |« Specify Point
0) in the Specify Point dialog box ‘ ' =
; Dimensions AT
> Enter the following dimensions: Base Diameter [15 in_ e
Base Diameter = 15 inches | Top Diameter 8 in e
Top Diameter = 8 inches | Height (1625 i [e)}
Height = 16.25 inches Boolkian v
) Boolean [“® None Lv]
The cone will be seen as shown below. : =
Settings

v
Preview v

[0k Apply |[ cancel
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=
\k’\'__'i_\\\ !l /I

» Extrude the aerofoil curve in the Z-direction by 12 inches. Unite the two solids in the
Boolean operation dialog box

The model will be as follows.

O Pattern Feature

Feature 10 Pattem

Now let us create five instances of this blade to make the ﬁ::*‘::::"" Hﬂ
|mpener blades Pattern Definition Al
Lavwl {Q Circalar ﬁ]

> Click on INSERT — ASSOCIATIVE COPY — mroon o 5 |

PATTERN FEATURE  Specify vector Rt

 Specify Pount Giae|

» Select CIRCULAR layout Anguiler Divection -~
3 Count and Pitch | \
Count L] 2HE

> Select EXTRUDE Pich Angle [73 eq 8]

Wadiate A

> For Count, type in 5 and for Pitch Angle, enter 72. i

LTEETN IcIe Mot A

| mstance Foints v

> Select the XC-Direction for the Specify Vector and the = use srasshes =

Origin for the Specify Point lm—;
"l"_allc"l Method :

» Click OK iMethod  [varauonai  ml
" ] (~Cancar
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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 click convert to reference. Give all the constraints and dimensions as shown in the figure
below.
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plE:-25.000

Z3 60 ..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 5mm radii for the inner edges.

133
NX 9.0 for Engineering Design Missouri University of Science and Technology



134
NX 9.0 for Engineering Design Missouri University of Science and Technology



CHAPTER 7 - FREEFORM FEATURE

In this chapter, you will learn how to create freeform models in NX9.0. 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 NX9.0 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.
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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 Eile "
the given points. Edic. A
» Click on INSERT — SURFACE g
Fogmat ’
Tools ’
. . Assemblies »
Four point surface - if Information »
you have four corner points. g’;‘:f:g{ i
Window ’
& o —
o Through Points — if the -'-’1
points form a rectangular 3
array. - ‘4
=
&
. From Poles - if defined ¢
points form a rectangular array ;1
tangential to the lines passing
through them. =

[@Menus [No Seiection Filter fwd | Within Work Part Only el &% % [+ % = 11+

ator
~ upoDate Com
% Skerch '
#4 Skeich in Task Environment.
Sketch Curve
Sketch Constraint

Datum/Point
Curve
Dernved Curve

Dasign Feature

Assoclative Copy .

Combine .

Irm ,

Offset/Scale '

Detal] Feature ’

| Sufface *1 13 Eour Point Surface.. Crls4

Mesh Surface * & Swoop

Sweep d PR

Flange Surface , | & Through Points
&+ From Poles

CAM Data Preparation *| & Fit Surface..

Faget Modeling » | # Rapid Surfacing
¢ Transition

Synchronous Modeling
L2 gounded Plane..

Table
(< Sheet from Curves. .
o« Ribbon Bullder.

Midsurface
& Patch Openings

Wweld Assistapt '
Structure Welding

BIW Locator

.

7.1.2 Creating Freeform Features from Section Strings

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.

Mesh Surface

» Click on INSERT — MESH
SURFACE

Sweep

CAM Darta

Facnt RlaAAd

r _?-
~ Ruled — Used if the two
strings are roughly parallel.

Ruled
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Flange Surface

7 Ruled...

07 Through Curves._.

& Through Curve Mesh_..

& Studio Surface... N
& N-sided Surface...

Preparation
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e . .
o Through Curves — Used if the three or more strings are roughly parallel.

iz

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.

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

5 Strings

i

Through Curve Mesh
2 Strings

If the two sections are perpendicular then choose INSERT — SWEEP
L
Rl 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

0.
e | ° 3 Offset Surface — Use this option if you have a face to offset.

\\-. \\M.:L
N, Offset Surface
\\
. >
SO

» Click on the INSERT — FLNAGE 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
T G Gy 22 0% OO o
WO "?@@: \# Y7 e 4
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You will see seven rows with many points.

» Choose INSERT — SURFACE — THROUGH POINTS

OR
» Click on the Icon Q} in the Toolbar

‘& | Through Points k3

The dialogue box will pop up as shown in the right.

Patch Type Multiple &v:
> For Patch Type, select Multiple Clgsed Along [Neither fv)
Row Degree [ 3
> For Closed Along, select Neither Column Degree l,_—g,i
> For Row Degree and Column Degree, enter 3. [ Points from File ]

> Click OK [oKk-|[ Back || cancel |

The next dialogue box will be as shown.
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% | Through Points

Chain from All

[ Chain within Rectangle ]

[ Chain within Polygon ]

[ Point Constructor

Back

][ Cancel ]

» 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

The first row of points will be highlighted.

NX 9.0 for Engineering Design

e A
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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.

» 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
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> Click on the Shaded icon E

You will see the surface as shown below.

A
'r.’ N

Do NOT save these files.

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

The point cloud will be seen as follows.
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© | Fit Surface 9| X
Type A
> Choose INSERT — SURFACE — FIT SURFACE | (@ Fit Freeform =
or click on this icon & on the Surface Toolbar ;Tafget
; * Select Object (0)

The following dialogue box will appear.

> Select all the points on the screen by clicking on the

Fit Direction

>E>

‘ \@ Best Fit() Vector() Orientation() CSYS

point cloud. : —
Parameterization A
| Degree uERV sK
' Patches u[ 1Rlv[ 18
' [] Uniform Patches in U
' [[] Uniform Patches in V
Results A
| Maximum Error:
| Average Error:
After you have selected the points, the screen will look vy
like the following. K Aply | [-Cancel ]
S| Fit Surface o % )
Type A '—"‘T’“'"E" 4 2tr! o
& Fit Freelorm ..?
Target A
* Sefect Object (0) [+
Fit Direction A I
(@) Bast Fi1) Vector ) Ontentation | CSYS ' ¥ ' >
n/
Parameterization A \ &
Degree u| kel v| 3 sl
Paiches o TRy 18
Uniform Patches in U Polnt Setf12

Unifarm Patches in V

>

Results
Maximum Emor
Average Error

[ cancel
——

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

» Keep the default values for U and V Degree as 3
» Click OK
» 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

n on the Toolbar

» Select the first section string as shown below. Be sure to select somewhere on the left side of
the arc.
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A direction vector displays at the end of the string.

You should see the screen as shown below.
@& | Through Curves O (X

Sections A

* Select Curve (1)

Add New Set

Continuity
(] Apply to All
First Section [Go (Position) |
Last Section [Go (Position) kv
-low Direction Not Specified
'Alignment A
[7] Preserve Shape
Alignment [Parameter 2|
VVvv
aoply | [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
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Repeat the same procedure to select the remaining strings. Remember to click MB2 after

selecting each curve.

In the Alignment and Output Surface dialog box,
choose the following:

» For Patch Type, choose Single

» For Alignment, choose Parameter

» For Construction, choose Simple

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

» Click OK

If you are not able to see the surface then click on the
Shade icon on the toolbar

vevaase-

The following curved surface will be generated. Again,
do not save the file.
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& [ Through Curves o %
Sections A
« Select Curve (1) X @
Add New Set £y
| List v
Continuity A
[] Apply to All
First Section (GO (Position) v
Last Section (GO (Position) kv

Flow: Direction | Not Specified

Alignment A

[] Preserve Shape

Alignment [Parameter kv

Output Surface Options A

Patch Type [Multiple 22|

[7] Closed in V

[] Normal to End Sections

construction [Simple kv

Select Section Template (0) q

Settings v

Preview v
AAA g

[ <ok> |[ Apply |[ cancel |
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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 and
click MB2

» Now select the middle edge and click
MB2

> Now select the line

> In the Dialog box, under the Alignment section, 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

Faces for
First String

G2 (Curvature) _|

= "" ‘

G0 (Position) v
Mot Specified _|

» Click APPLY
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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 face of the upper surface(newly created and click MB2

Select the bottom face

vV VYV Vv V¥V V VY VY

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.
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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

NX9.0 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 virtually 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
000

| |
[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
ComponentObJec_t _ _ [ © o |component objects |
A component object is a non-geometric

pointer to the part file that contains the
component geometry. Component Object [comp. objs 0oc
stores information such as the Layer, Color,
Reference set, position data for component | |
relative to assembly and path of the [component||component| |component |
component part on file system.

subassembly

|
[ component| [component |
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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.

e Top-Down Approach
e 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.

» Create component objects first,

assembly
%{J

[ |
['comp. obj 1 || comp. obj 2 |[ comp. abj 3]

» Make a component the York Part,

assembly
MECRe

[ |
VWork Part ]| comp. obj. ?][ comp. obj. 3 |

» Create geometry in the component part

assembly
mlege)

[ | | |
@ || comp. ohj 2|| comp. 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 C

0 ]

[ |
companent || component | |component

fsUbassm By

1

assm B
00O

companent | [component component

fsubassm A)

1

A55M A
Lo

o T

|
| [component | [compenent | [companent |

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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| -
& Assembly Navigator

M (@ Impeller_washer

<[ L@ Impeller_hexa-nut

® _ |ndicates a fully constrained component

@ _Indicates a fully mated component

T - (Fixed) Indicates that all the degrees of freedom are constrained

€ - Indicates partially constrained component

U - Indicates partially mated component

) - Indicates that the component is not constrained or mated

8.5 MATING CONDITIONS

Descriptive Part Name Info | Read... Modified | Position Count Reference Set
[ Sections N R o
3 E‘r‘; Impeller-Exploded-Assembly u 28
=-[t#y sub-assembly (D) 4 Entire Part
. . (p Impeller_hexabolt | i @) Model {"MODEL")
~M (@ Impeller_washer | {7 O Model ("MODEL")
i ML Impeller_hexanut | i Model "MODEL")
S -Mt#y sub-assembly | 7] ) 4 Entire Part
- g Impeller_hexabolt | i O Model ("MODEL")

Model ("MODEL")
Model "MODEL")

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 :

Hd

d 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.

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

=% Bond — Creates a weld and welds components together to move as single object.

Z Parallel — Objects selected will be parallel to each other.
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'L

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.

C . . . . :
= Distance — This establishes a +/- distance (offset) value between two objects

The Mating Conditions dialog box is shown on right.

% [ Assembly Constraints v | =X

Type A
L Touch Align

Geometry to Constrain A

Orientation [ i Prefer Touch @

’ % Sofect Two Objects (0) @

N

Settings \" 4
Preview A
() preview Window

l D Preview Component in Main Window

[ <OK > ]L—-Apply-—][ Cance) ]

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 NEW —> ASSEMBLY, if you just started NX 9.0 as shown below
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Mode! | Drawing | Simulaton | Manufacturing) Inspection | Mechawonics Concept Designer] Ship Stuctures,

Templates A Preview A
| Filters A
l_,lnll!hnch_es R
| Name Type uUnits  Relanonship  Owner
2’ Mode| Modeling Inches  Stand-alone NT AU |.
' Assembly | Assemblies | Inches [Stand-alone  [NT AU . | & E%g‘v‘mm
Shape Studio  Shape Sty Inches  Stand-alone  NT AU 417 By 1713100
woSheet Metal  Sheetr Metal Inches  Stand-alone NT AU I~ & 0 221123011
» Aero Sheet M. Aerospace  Inches  Stand-alone NT AU !
| |& Routing Logl. Routing L Inches Stand-alone  NT AU Properties A
e ROUTINg Mec._ Routing M__ Inches Stand-alone  NT AU
{101 Routing Elect. Routing EI_ Inches Stand-alone  NT AU {Wi Assembly
HO Blank Gateway Inches  Stand-alone  none Type Assemblies
units: (nches

Last Modified: 05/18/2013 05:52 AM

Description: NX Example, st add
component

New File Name Al

 Name ([T TR )

| Folder | S".Copy Courses\ME 363 TA\NX Manual\assembly

Part 10 reference A

g A s e A .

s

» Or Click FILE— ASSEMBLIES as shown below

| New Cul«N  Preferences

~ Qpen CirleO Modeling.
§ il Al Preferences .
Llose * | 1 Assembly Load Options
Ll save y Recently Opened Parts

| &) 1. S)\Copy'\Courses\ME 363 TA\NX Manual\Freeform features\freeform_thrupoints prt
=) Prnt_ &) 2 S \Copy\Courses\ME 363 TA\NX Manual\Freeform features\freeform_thrucurves_parameter pet
£ 1 S Copy\Courses \ME 363 TA\NX Manual\Freeform features\ freeform_thrucurves faces.prt

N

i
b Plot. CurkeP | &1 4 S\Copy\Courses\ME 363 TA\NX Manual\Freeform features\freeform_throughcloud pet
L] lmport P | &) 5 S’ \Copy\Courses\ME 363 TA\UG Models\Examples'Free-form\ freeform_thrupoints prt
[ expont » ‘ &1 & S\Copy\Courses' ME 363 TA\NX Manual'Sketching' impeller_lower_casing prt
. Applications
[?J‘ Utilities ’} & Sheet Metal . Cirt=ShifteM
Execure » & Shape Studio.. Cui+Alt+S
. Drafting... CrrisShifts0
Properijes | &) Adyanced Simulation.
3] Help | ¢, Motion Simulation...
B ) & Manufacturing. CuleAlteM
Exit : L Gateway .
PMI
All Applications ’
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» The HOME menu bar will now display tools for assembly

o % "R Assembly Constraints
' " Move Component

A?d 7 Pattern Component
o Add )
| %% Create New ) v

i, Create New Parent
s Replace Component
Pattern Component
{2 Mirror Assembly

<, Suppress Component
s Edit Suppression State

We will be mostly using the COMPONENTS option, which includes:

e ADD - This option adds new component objects

.
whose part files are already present.
Part A
e CREATE NEW - This option lets you create new * Select Part (0) [j]
component geometries inside the assembly file in Loaded Parts A
case you are using Top-Down approach of
assembly.

The component position menus allow you to create
assembly constraints and allow you to reposition the

. Recent Parts A
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 t0 | gpen [—7]
mate or align the component objects. [ Duplicates ——
> Choose ADD fracemen: 2

The dialogue box on the right side will pop up. You can | Positioning
select the part files from those existing or else you can load | [] Scatter
the part files using the OPEN file options in the dialog boX.  Repiication

This will load the selected part file into the LOADED  settings v

PARTS dialog box. Preview v

» Click on the file Impeller_upper-casing.prt OK Apply | [ Cancel. ]
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» 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.

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.

» Click OK

You will see the object on the screen as follows:
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Now we will add the second component, the lower casing.

» Click on ADD in the assembly section

| Assembly Constraints v X
» Select the file Impeller_lower-casing.prt Type A
. [*3 Touch Align v
> In the POISTIONING dialog box change the %y Touch Align
option to By Constraints {0 concentric ]
1k Distance
» Choose APPLY 1 Fix
# Parallel
This will show you the added component in a b PTTpe’_‘d‘CE'a’
COMPONENT PREVIEW window as before. i
. (n Bond ]
Now let us mate the upper and the lower casing. W[ Center
You can access all the constraints in the drop-down % Angle
menu in the Type dialog box in the ASSEMBLY - Showshonenss i}
CONSTRAINTS menu. [<oKk> | [-Apply.] [ Cancel |

The following dialog box will appear.
Here you can see the different Mating Types, which were explained above in section 8.4.

Now let us give the Mate constraint.

L1
» 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.

— A
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The two assembled components will be seen as shown in the figure below.

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
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Tyor

- - A
{{+F Distance R
vuaoa-uy 10 Constrin A
ST Two Cageen (1) ]
L
& Preview Windon
| lreview Componeat in Main Window

vww

[woxa 1| Apply [ Cancml
_—

» On the Assembly Constraints window, unclick the Preview Window option

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
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& | Assembly Constraints

Now the impeller will be oriented in the right direction. Type
[1 Distance

Geometry to Constrain

22
* Select Two Objects (0) s
(3

Cycle Last Constraint

Distance
IDlstance 3 n &
Settings A
' & Dynamic Positioning
Assoclative
] Move Curves and Routing Objects
' & Dynamic Update of Routing Solids
‘Preview A
[ Preview Window

| Previow IMBOGENT N Maln WInTny

AAN

-<oKk>1] Apply || Cancel |
e

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
. . Type All
» Click OK on the dialog box ([ Touch Atign =
. . Geometry 10 Constrain A ‘
» Choose the Touch Align icon. |
» Choose the Infer Center/Axis option in the -
Geometry to Constrain dialog box in the seungs A.}
Assembly Constraints window as shown in the  amngemens [Use Component =) ||
figure on right ™ Dynamic Positioning
M Assoctanve
[71 Move Curves and Routing Objects

> Select the two surfaces, first on the shaft in the | Dynamic Updte of Routing ol
preview window and then on the impeller on the Al
main screen as shown in the figures below (@ Previewmmdon |

| [1 Preview Component In Main Window
’ |

AAA 1|

[<0K>- [ Apply | [ Cancel | ‘
e ]
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E——

Hd
» Choose the Touch Align d constraint

> First, select the face on the shaft and then select the bottom face of the hole in the impeller as
shown.

» Choose APPLY and then click OK

Component Preview
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The assembly will now look like the figure below.

Note: Now make 2 holes with dimension of the bolt on the impeller casings. Refer to previous
chapters for the same. Diameter of the hole should be 0.25.

» 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.

164
NX 9.0 for Engineering Design Missouri University of Science and Technology



Settings A

ETAMWtonstrsints B?(
Type A
Geometry to Constrain A
Orientation |+E~ Infer Center/A@
« Select Two Objects (1)
Reverse Last Constraint B

Arrangements |Use Component Eva

¥ Dynamic Positioning

M Associative

[] Move Curves and Routing Objects
¥ Dynamic Update of Routing Solids

Preview A

[ Preview Window
[] Preview Component in Main Window

AAAN

[-<ok>-][ Apply || cancel ]

Component Preview

= cace in IMF

» 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

O Assembly Constraints

Type

|*4 Touch Align

Geometry 1o Consurain

K1

>

Onentation [ Infer Center/Als)

« Select Two Objects (1) [

Settings

A

Amangements [Use Component =

¥ Dynamic Positioning

¥ Associative

[T Mowve Curves and Routing Objects
[ Dynamic Update of Routing Solids

Preview

[ Preview Window
[ Preview Component in Maln Window

AAAN

NX 9.0 for Engineering Design

[ <oK=> |[-Apply- | cancel |

Face
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The assembly is shown below.

> Repeat the same procedure as before to add the part file Impeller_washer.prt [create a
washer of inner diameter 0.25 and outer diameter 0.75]

» 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

O Assembly Constraints

Type A

{"s Touch Align = l

Geomerry 10 Consirain A
' Orientation [ infer Center/Alml |

Settings - A

Amangements [Use Component w)| 3

I Dynamic Positioning @)

g :m’ T & Face In IMPELLER_WAS

M Dynamic Update of Routing Solids v
-Puvirw A

M Proview Window

& Preview Component in Main Window L\

~nn
[coka>|| Apply || cancel |
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» 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

» Click APPLY and then OK

Assembly Constraints v X

Type A

[-urdﬁcn Align |7
Geometry 1o Constrain m Y
Select Two Objects (1) @@

®

The Assembly is shown below.
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» Add the part file Impeller_hexa-nut.prt in the same way as we attached the bolt and the
washer.

» 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.

> Chosse MENU —, ASSEMBLIES—

EXPLODED VIEWS — NEW EXPLOSION  pjame
]

This will pop a Dialog box asking for the name of the
Explosion view to be created. You can leave name as [ox | [ cance
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 x
Sefect Objects
@ Mave Gbjecty

77 mave Handles Only

&

| oK Apply | | cancet
——

» Click on the Z axis; hold the mouse and drag upwards until the reading in the Distance
shows -20 [substitute +20 if you have designed in opposite direction] as shown in the
following figure.
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» Choose OK

» 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

> Right click on the shaft and choose EDIT EXPLOSION.’
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» 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

» Select all the four hexagonal bolts in the assembly by clicking on them

> 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
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Likewise, select all the four 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.

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
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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
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.

NX 9.0 for Engineering Design
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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 NX9.0 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. 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:

e

2-node Z-node d-node
(Lineat) (Cadratic) (Cubic)

Two-dimensional elements:

i
PEERN
V. x \“rk
; ; \\"\
%Lh:—\_‘k‘a ,>\‘

Triangular:

3-node H-node 10-node
Linear) (CQuadratic) (Cubic)
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Quadrilateral:

|
f /
"4 \ L #
| (
\L —~ \
\\\"_:;4
4-node 8-node 12-node
(Linear) {Quadratic) (Cubic)
Three-dimensional elements:
Tetrahedral (a solid with 4 triangular faces):
AR
/ )
,.’,«P\\ *
SN / ;
/ \ x'l ‘ /,‘. "\
.‘;" < / \\ ‘,"/ A0S / =l \jﬁ:f
Lo St - ETRF
N l F :
4-node 10-node 20-node
(Linear) (Quadratic) {Cubic)

Hexahedral (a solid with 6 quadrilateral faces):

a-node 20-node
(Lineat) (Quadratic)

S22-node
(Cubic)

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.
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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 NEW —> ADVANCED SIMULATIONS if the part is NOT already opened in
the NX window as shown below

i 9 X
[ Model| Drawing| Simulation | Manufacturing { inspection| Mechaironics Concept Designer] Ship Stuctures.

Templates A Preview all
prrm e o~ Sdodn o

| Fitters A

| unies (T =)

i Name Type Units  Relationship  Owner

L NX Nastan Fem inches |[Stand-alone  [NT AU B

I A NX Nastran Sim Inches  Stand-alone  NT AU

| @ NX Thermal Fem Inches  Stand-alone NT AU

{|#NX Thermal/.. Sim Inches  Stand-aione  NT AU .

i ® NX Naswan D Fem Inches  Stand-alone  NT AU { ‘
|| ANX Nastvan D '§|m Inches Stand-alone NT AU Properties A

l, ® MSC Nastran Fem Inches  Sund-alone NT AU RS —

|| #M5C Nasiran  Sim inches Stand-alone  NT AU Name. NX Nastan

| @ Ansys Fom Inches  Stand-alone  NT AU Type: Fem

| £ Ansys Sim Inches  Stand-aione NT AU Units: Inches

i :A!N(l'l‘- Fem Inc :0", Stand-alone N; AU Last Moditied: 09/18/2012 0552 AM

8 Abaqus Sim Inches Stand-alone  NT AU
= ion Nas
: @ NX Flocianie.  Fem Inches  Stand-alone NY Al Rescription: Empry NX fran Eenm
. m L

New File Name A

I :

| Name [ fem1 fem ' v

i Folder | S \CopyCourses\ME 363 TA\NX Manual FEA, >

Fart 1o reference Al
| NUnY :4

[0k [~Cancel |

> If part is already opened in NX, then click on NEW —»ADVANCED SIMULATIONS

L] New CuteN Prelerences
- n Ctri+O Modeling. .
ceghs 1 Al Preferences .
Close > S Assembly Load Options..
Ld Save » Recently Opened Faris
&1 1 S\Copy .Coursas\ME 363 TA NX Manual\FEA\Impeller_impaller pre
- Print &1 2 SA\Copy\Counes\ME 363 TAINX Manual\Skerching impelier_impealler pro
Plot CuleP &) 3 ShCopy\Courses'\ML 363 TANX Manual.Sketching\impeller_assembly. pe
2 & 4 SH\Copy \Courses\ME 1613 TA\NX Manual Sketching impeller washer prt
1 7 ‘mport PR S SHCopy\Courses\ME 363 TA\NX Manual\Sketching\ impeller_upper-casing pre
[} Expon » &1 6 S \Copy\Courses\ME 363 TA\NX Manual\assembly\impeller_assembly prt
= &1 £ ShCopy\Courses ME 363 TA\NX Manual\Sketching\impeller_tower_casing prt
—9'; Uulines » &1 8B S\Copy.Courses\ME 363 TA\NX Manual\Sketching dmpelier_uupper_casing pn
Execute » Applications
# Sheet Metal. CirtaShiftem
Propernies o Shape Spodio.. CuliAlt.s
= £ Drafung. CtrisShift.D
T > .
i
B e 4 Motion Simylation
& Manufacturing . CuisAlteM
B Gateway .
v | Assemblies
M
All Applicanions .
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The following figure is the toolbar for Finite Element Modeling and Analysis of Structures.

File FRLN Results View
Al e 5 i
i O\ @ [I,] 22 @O &5 Offset Region -

57
W
g

= < % F2 Replace Face
New FEM and | WAVE @ Split Midsurface More Move _, Delate Fice More
Simulation - Body by Face Pairs v Face * -
Context v Start v Geometry Preparation v Synchronous Modeling  ~
"‘I} - - - - - -
~ Solution: Clicking on this icon will open up the ENEESGEED =
CREATE SOLUTION window where you can select the [ "™ <
solver algorithm from one of these: NX NASTRAN, MSC capran n
NASTRAN, ANSYS or ABAQUS. In addition, you can choose  # Asocie o mastervas
the type of analysis to be performed. In this tutorial, only ‘miarar e
Structural Analysis will be covered with NX NASTRAN. @ Craate Idealizod Parnt
Name »
Teml_|prt
Rodles -~

Bodies to Use Al Visible !

Geometry A

Geomotry Options

Solver Environment A

| Solver [NX NASTRAN DESIGN =]

I Nul\nl; 'Iwm Seructural ]

Description A
vww

o] | cancel

Cl 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
NX9.0.

%} Loads: This option allows you to exert different types of forces and pressures to act on the
solid along with the directions and magnitudes.

gﬁ 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.

.r'."H“I
“-¥ 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
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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

The Simulation Navigator provides the capability to
activate existing solutions, create new ones, and use
the created solution to build mechanisms by creating
and modifying motion objects. To display the
Simulation Navigator, click the Simulation
Navigator tab in the Resource bar as shown in the
figure.

It shows the list of the scenarios created for the master
model file. In each scenario, it displays the list of
loads, boundary conditions, types of meshes, results,
reports generated and so on.

9.2 SOLUTION CREATION

The DESIGN SIMULATION module is in a way
different from when the first scenario is created. NX9.0
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 Soultion, 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 interpret 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.
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& | Name

& Simulation Navigator

Status

h[mpe!lar_impellar_simlA.A.

- - & Impellar_impellar...

.\ @-=7 Impellar_impellar...
¥ M Polygon Geo...

: (= Regions

: [#14& Simulation Objec...

; IIH'L Load Container

: E}H Constraint Conta...

=)-%= Solution 1

Active
7 [ 4€ simulation O...
[}z Constraints
= & Subcase - Static ...
- (A2 Loads

% | New FEM and Simulation o[ =X

File Names M

Impellar_impellar_fem1.fem

Impellar_impellar_sim1.sim

CAD Part M

Impellar_impellar

Idealized Part A

ECrea‘ce Idealized Part

Mam e M

Impellar_impellar_fem1_i.prt

Bodies M
Bodies to Use All isible o,
Geometry A
[ Geometry Options... ]
Solver Environment M

Solver [ NX NASTRAN DESIG b

Analysis Type [Structural ’;-!
Description A
| Ok | [ cancel |




The scenario model's geometry is linked to the master 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 =3
» Right-click on Impeller_impeller and choose New FEM And Simulation

5 |

& Simulation Navigator

MName Status

& Impellar_impellar
ﬂ Mews FEM and Simulation, ..

This will pop up the New FEM and Simulation dialog box to create a new scenario.

» Click OK

This pops up another window that creates different scenarios as shown below

£ | Solution ITE
Solution A
Name [ Analysisi| ]
Solver INX NASTRAN DESIGN 2
Analysis Type |Structural L]
2D Solid Optior None |
Solution Type |Linear Statics - Single Constraint L]
) Automatically Create Step or Subcase
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
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The Simulation Navigator will now look like the following figure.

@ Simulation Navigator
Name Staus Filter
A mpeller.impelle_ Displayed
« @& Impeller_im
Bae CSYS (Filter : OfMySon
iz Groups (Filter . OMiSon
=@ DOFSets (Filter : OffMSort
& Regions {Filter - OffSornt
[rs Flelds
+ Simulation Ob (Fllter - OffySon
| 2 Load Container (Filter . OM{Son
) E(gns!mlm(o (Filter - OffySon
- Analysisi Active
Gl Simulatio (Fiiter - ¢ on|
Dz Consuaints (Filter : OffNSort
= @ Subcase - S Active
3= Loads (Filter | OMYSon
3 Results
Y

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.

For assigning the materials click on the second impeller file in the simulation view window as
shown below

|

Simulation File View A

| || Name Status
= Session
= | ||=-GImpeller_imp.__
Qﬁu E’l--@lmpeller_i___ Displayed ...
=- Impelle...
E L@ Impe
Preview v

» Click on the Material Properties icon on the Toolbar Ql
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- Window~ =

S0l Nodes and Elements Results View
A = _L‘ (S o ”‘)> < ‘;‘: AN <
‘ﬁ{j > HE R &S LN & &
Change | Manage Physical Mesh More| Merge Stitch & More 3D 2D  Mesh
Displayed Part>  Materials Properties Collector % Face Edge * 3 Tetrahedral Mesh Control
=3 Menu~ | |No Selection Filter L] |Entire Asse| % Physical Properties i™. Mesh Collector

@ Simulation Navigator

/2 Mesh Associated Data
Materials

Name Status Filter [@;@Assign Materials Eé Manage Materials
@ Impeller_impelle... Displayed ... % Manage Library Materials
- Impeller_impe... Fields
& E% Polyhgon Ge... (Filter - Of & Taple Field fw Formula Field
S Mesh. Lantr... | & Linked Field
[Agz CSYS (Filter : Of

The Materials window will pop up. You have the option of choosing the pre-defined materials

from the library or create another material.

Enter the name and values as shown in the
following figure. Pay attention to the units.
(Note that 30e6 represents 30X10°)

NX 9.0 for Engineering Design

Type o
[@ Select Body(s) =2
Select body A
* Select Body (1)
Material List A
‘& Local Materials Y
| Matenials A
Name Category | Ty|
< [ = »
| [, L-J ) @ ‘@’*
New Material A
Type meiﬂc ']
Create S

"‘3\

| Cancel [

pply

Technology



» Choose OK to exit the Isotropic Material window

» Click on the Impeller model

» Click Apply and then OK

| Isotropic Materia

Name - Description

| 1sotropic

Label

Description

Steel

Categorization

Properties

Mass Density (RHQ)

jE%I
1| rqw 7| =l s

[Expression

[0.284 Ibm/inr3 |- le)
I Creep | Viscoelasticity | Visual | Miscellaneous |
Mechanical | Swength | Durability | Formability | Thermal/Electrical
Elastic Constants Al
Young's Modulus (E) Expression
30e06 Ibf/inA2(psi) -
| Major Poisson's Ratio L]
Poisson's Ratio (NU) Expression
[0.27] Lol ||
Shear Modulus (G) |Expression v
[ Ibf/inA2(psi) - Wl
Structural Damping Coefficient (GE) [Expression E
Stress-Strain Related Properties v o

This will assign the material properties to the impeller. Now let us attach the load.
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9.2.2 Loads

The loads applied on the solid 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 Ibf/sq inch to exaggerate the deformation of the blades.

Now click on the simulation file to apply load as shown below

< i |

—]

Simulation File View A

Name Status

Session

=-48 Impeller_imp._.. f]isplayed

=@ Impeller_i...
=-5 Impelle..

Preview v

> Click on the Loads icon in the HOME bar

) ] o
22 ¥ =
’ ' Load ‘Constraint  Simulation Region
| Type~| Type~ Object Type~

Loads and Conditions >

e Inthe Load Type select pressure

:
o=

= ¥

Load | Constraint Simulatio

Type~,

Type~

2 Force

£# Bearing

@) Torque

o Pressure |
£ Hydrostatic Pressure
Mg Centrifugal Pressure

& Gravity

44 Rotation

42 Temperature Load

Object Typ

1§
=

v

» Click on the five concave surfaces of the blades as shown in the following figures

Name v
Destination Foldes v
Model Objects P
[ 1 Group Retetence
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> Enter the value for Pressure as 100 and keep the units as Ib-f/in? (psi)

» Choose OK
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 icon h

» Select the Fixed Constraint

= | ¥ = &

Constraint| Simulation Region ‘ Solu
Type~ |Object Type~ ~

& Fixed Consramt |

=* Enforced Displacement Constraint

52 Simply Supported Constraint

#) Pinned Constraint

% Cylindrical Constraint

% Slider Constraint

< Symmetric Constraint

2o Anti-Symmetric Constraint

= 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 conical surface of the impeller as shown in the following figure

» Choose OK
O FHxed Constraint
Name DA
Destination Folder v
Model Obects A

(1 Group Reference

[0k [~ Apply | [~Cancer | ‘l
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9.2.4 Mesh

The ‘Mesh’ option discritizes RIS S
the model into small elements. -':é’-,’-ffi'ﬁ "-“—"f'—‘i- ‘;}
It can be defined as the first .
. Clomempopenses A

step or the last in the FEA . (A cTeRanG |
process depending upon the e raameers -

material properties. In our case :"'“"”‘;" S il
we define it last. e -
> Select .fem file from the wmes s Cr—
simulation file view Lol L )

- Mesh Settings al

» Click on the . 3D ;suﬂacecme Eased Size varmon |
Tetrahedral Mesh icon 0 [ 3000004}

E Hemen Growth Rate ![':woogn Volume . ]

7 Minimum Tao Elements Through Thickhess =
& Tramsinon Element Saze

A window will pop up asking Mo |
. D_Aoga_l _( anup Options Al

for the type and size Of the s veuue romemnce o of clemen siel |
f | 30.0c004

elements. S Feature Value Read-Only) (01 1
] ) ] Destination Collector Al
» Click on the solid object Fm] [ Ay | Cancer |

screen.
There are two types of tetrahedral elements available in NX9.0. One is 4-nodes and another is

10-node.
» Choose the Type to be TETRA10

> 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.
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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.

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
A

model. To check the model Assembly FEM Settings

. | @ Check for Label Confiicts
> Click on the MENU NALYSIS FINITE [V Check for Unconnected Component FEMs

ELEMENT MODE CHECK——» MODEL SETUP Bk ol comnon

Output Settings A

This will pop-up a menu as shown on the right.

[7] Detailed Problem Report

> Choose OK [0k [ Apply ] [ Cancel
e
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 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.

-1
|
|

Solution Mcdel Setup Check Error Summary !
|
|

Solver i1s NX NASTRAN DESIGN
Environment: NX NASTRAN DESIGN Structural
Solution is Linear Statics - Single Constraint
____________________________________________________________ |
Mesh-Based Errors Summary
Total errors and warnings
Material-Based Exrors Summary
Tota 0 errors d warning
tion-Based Er mma
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If you do not get errors or warnings you are

ready to solve the FEA problem.
i ; = Submit Solve ]

» Click on the Solve icon = = S e

This will open the Solve window. [ Edit Solution Attributes |

Edit Solver Parameters ]

» Click OK without making any changes

[0k Back || cancel |

It may take a while to generate the results. VYV ait - — e ——
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

impeller_impeller_simi1-solution_1 - In Progre

al i ) p
| Reset List |
Analysis job Information
[ Check Analysis Quality ]
[ Cancel J

» Click on CANCEL when the Analysis Job Monitor window says Completed

9.3.2 FEA Result

% @ Post Processing Navigator

» Open the Simulation Navigator 175 | Name Description
e @ impeller_impeller_sim}

. . . | = ‘=g Solution | NX NASTRAN DESIGN, €

» Click on the Post Processing Navigator 5] & Displacement - N.

3 ¢ & Rotation - Nodal
. - . . . : ¢ & Stress - Elemental
This will take you into the Post-Processing Navigator. "Sl ¢ & swess - Element
- - - — 3 a .
The Post-Processing Navigator shows all the Solution | i Strain - Elemental
. 19 . © © 8 Strain - Element

you created. If you click the “+’ sign in front of the 4 . & swaneneny - &

Solution you will see the different analyses that have =} ¢ % Swain Energy Oe
P ¢ & Applied Force -

been performed on the model. »

¢ & Applied Moment
+ @ Reaction Force
¢ & Reaction Momen
S imported Results
S5 Viewports
B Templates

> Double-click on the Displacement-Nodal menu

187
NX 9.0 for Engineering Design Missouri University of Science and Technology



The screen will now appear as shown below.

Impotar_impoter st | Solution 1 Rogult
Sub=ass - Stulic Lands 1, State Siep 1

Dispiacement - Nodal, Magritud

Min 0 DOOE+D0D, Max . 12458003, Liits = Iy
Deformation | Displycament - Nodul Magritude

1.245€-003
' 1 A41E003

1,037E-003

9,335E-004
8, 208E-004
7 281E.004
- 6,224E-004
= 51866004
4, 145E.004
3.112E-004
2.075E-004

1.037E.004

Q.000E +000

L, - -

Units = in

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 1.245 x 107 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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Some of the other results are shown below.

tuzed I noitulog - I'miz_1alagmi_aliogmi

I ael2 oied@ |t abeo ) oinie - sesadu
esaiM-noV letnemsa(d - zesul

(i2q)SAnifidl = alinl) AF.BERS oM BE.T : niM
abutingsM ieboM - Jnemaeoalgaid] : nollsmotad

LRGN
#S.EESS '
&E OEDS
2h.158r
ag.esar
2a.rspr ~—
av.sise N
a8.21ror
desrs =
Y0018

Sr.N08

TS.a08

/
8e.}

-
\)

(2q)S nitkdl = atinU

bnpetiur_impeaiis_sim1 - Soluton 1 Result
Suticuse - Statie Loy 1, Stetic Step 1

Siruir - Elnrmerdad, Yor-tisses

Min | 3 886E-008, Max - 8 8758005, Linits = infAin
Defarmmtitn | Displacamwnt - Nodal Mupgodose

& B75E-005
! 6. I0IE-O8

5.730E-005
5,167 E-005
4 5B5E-005
4£.D12E-005
n 3 440E-00%
S 2 BETE-Q0S

2. 204E-005

V7226005
1 149E-005
5. 708E 00
L}
A BBEE-00B
o - -
Unite = inWin
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9.3.3 Simulation and Animation

The Post Processing Toolbar should appear when you select the Design Simulation Module.
However, in case it does not become visible follow these steps.

» Click on the RESULTS tab. A section for Animation can be seen on it as follows

File Home BN Optimization Analysis

¥ 0 H [ Layout Settings 1 2 a S
o @M # 4£llock/Unlock Plane = ™ % & \Q A & :
etumn to

i - Edit Post Set Identify Create Animate [« i b
Model ~ B B © View Synchronize View Result Results Graph &
Context' v | Layout M _Post Processing v Animation  ~

» Click on the Animation icon on the RESULTS Toolbar£

> 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.

@& | Animation X
Animate Resultiw

Style Linear Ev.«]

\ :Nﬁrﬁber of Frames | 10]

[7] Full-cycle
@ Synchronize frame change for all post views
Synchronized frame delay (mS) W@
9
O.
MM > Il m

ok [ 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

File Home IEIMIEY Optimization Analysis

¥ O B [ Layout Settings | 4 | ) % G
[0 B £JLock/Unlock Plane 2 % & \L\‘ Al @ &

Return to _ ; Edit Post | Set Identify Create Animate [« ¥
Model- 5 B @ View Synchronize View Result Results Graph © *
context v Layout S Post Processing v Animation >
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» 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

Display | Legend | Edges & Faces| Text | =
'@ Color Display[Smooth |l [ Result.. |
| & Lighted !
 Display Compression B
7] Compress q
I valu v tan G001
& Deformation | Result..
[ Show undeformed model |
| & synchronize Color Display and Deformation
| Display on ‘ Free Faces kwd v

ok Apply || 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.

| Daformation : Displacemant - Nodal Magniuda-
Animation Frame 8 of 10

1.245€-003
l 1444E-003
© 10376003
93356004
82985004
= 7.251E-004
6.224E4004
= 5.1B6E-004
= 4.1496-004
341284004
2.0755004

1.0G7EG04

80004000
i
Units = in

» Click on the Stop button

> 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
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@ Simulation Navigator

Name Status Flier
; S impeller_impelle . Displayed
There are two ways to improve the accuracy of FEA results. e |
. CSYS (Filser . OffySort|
e Reduce the size of element 4 3 Groups (Filter - Offysort|
e Increase the order of interpolation polynomial (i.e. N caio et
use quadratic or even cubic instead of linear b S ==
. + Simulation Ob (Filver - OMySorm|
polynomlals) v B3¢ Load Contal (Filrer - Off¥Sort|
# ks Constraint ¢ (Filer otf'::san:
. R N -". Edit
The second approach is preferred because it is more , |1 Edit Solver Parameters _ sk

Lo

X Delete
& New Subcase

efficient in terms of computation time and takes less
memory space. However, let us try to create a scenario
using the first option.

ort|

2 Subcase Manager
£ Make Inactive
» Model Setup Check

> Right-click on Analysis_1 in the Simulation Navigator Sime ¥ Plot Boundary Condition Contours.. | A
Ir N:' | XY Plot Boundary Conditions.. =1
. . I&N #* Mechanical Load Summary
» Choose CLONE to copy the first scenario |>%%| g soive..
| * Browse.
S Setp Repon
» Choose OK on the Message box G KF AdOpE Object
» Once Copy of Analysis_1 is created, rename it to Analysis_2
» Go to .fem1 file in the Simulation File View. P Simutation Navigator
:T_E‘ | Name ~ Status | Eilter
> Right click on the 3D Mesh (1) and click Edit :ff'; oo ooy sl
I}—“ * Wi Polygon Ge {Filter | OMYSon
. P Mesh Con
> In the dialog box shown, change the Type to TETRA4 - 5250 foiiecions
l"h 1% Solid(1) (Filter - Off¥Sont
~ ALK F
> Choose OK Bal | copcsvs |9 Show Tiny Edges ¥Sort]
l"“ & Croups fi tock Fxsart
. L ) ) . . le] | O Flelds
» Go to .siml file in the Simulation File View » ® Edit Display..
= } ¥ Rename
. . =1 ) X Delete
> Click on the Solve icon "= to solve the scenario ek ;
| @, Solid Properties
. (il Information
> CIICk OK 5 Solver Syntax Preview
The Analysis Job Monitor should show the status of simutation File View A
Analysis_2 to be Completed. | Name Status
| Session
. | % Impelier_impeller_sim)
» Click CANCEL ~WMI:

1 imnallar imneliar fam

> In the Simulation Navigator, double-click on Results for Analysis_2

The figure below shows the analysis. You can observe the change in the maximum deviation.
Save all the scenarios and close the files.
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Impetier_impelier_sim1 . Analysis 2 Regult
'Subcase - Static Loads 1, Statie Step 1
Digplacamant - Nodsl, Magnitude

Min < 0.000E+000, Max : B,027E-004, Units = in
Deformation : Deplacement - Nodal Magnitude

8.027E-004
o
6, 688E-004
6.020E-002
5.352E-004
4. 683E-004
4 014E-004
3. 345E-004
2.676E-004
2.007E-004

1.336E-004

6.688E-006

‘%AOOOE +000
- rao

Units = in
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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.

5’ Pressure

Name

Destination Folder v

Model Objects A

[] Group Reference

«# Select Object (1)

Excluded =

Magnitude A

'Press’ure 500 Ibf/inA2(psi) - %)
[~—oKk—| Apply || cancel |

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
NX 9.0 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 A & Roles
you can get into a CAM Advanced Role. To |~
do this, go to the Roles menu on the — |

| 4
T
ooo
g

Resource Bar and click on the INDUSTRY 2% E5 System Defaults
SPECIFIC tab. A drop-down menu will pop —

Rol
up in which the CAM Advanced role can be |te b

AQvanced

seen as shown in the figure. Fa
ﬁ' Role
b’/__/ﬁ 1 CAM Advanced
="
g»» |

7 ole

i e

lﬁ 37 Role -

@ %Role .
@ Role

@ }¢ D 1g Essential
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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 NX9.0.
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
» Clickon FILE — MODELING( under preferences)
» INSERT a block with the following dimensions and positioning.
Length = 150 mm
Width =100 mm
Height = 80 mm

> In the Point Constructor icon located on the toolbar choose the lower most edge of the base
block, so that the new block created wraps up the whole previous model.

& | Block |9 [X
Type

|7 Origin and Edge Lengths

Origin

* Specify Point

Dimensions

' Length (XC) (150 “mm %
Width (YC) [ 100 mm %)
Height (ZC) 80 mm %]
Boolean A

' Boolean [ffvgNOne 1T
Settings A

v Associative Origin

>

Preview

Show Result ©

Cancel

-
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This block encloses the entire design part so we will change the display properties of the block.
» Click on the EDIT OBJECT DIPLAY icon on the VIEW toolbar as shown.

) ebDe °E % tmmediate Hide I = 73 73 » 020 » | ip I
Lz N TR £ v - P >
ll‘ w D L C .4 iy ion = = Move to Liv‘.’ ‘I C oe i ® W’I'MF\" a8 X PO
| i 8 G % MM ke o Show V| £ Layer Satings Secrion Secton I o B ® oo F “c;:m?"mc?
Orientanon - Vissilisy . Syl - VisuaTrae -
Two features, labeled as BLOCK, show up in the S——
QUICKPICK menu, one for the design part and one for
the block. | General | Analysis|
Basic A
> Move your mouse on the labels to see which one | tayer J
represents the block you created just now. Color .
Line Font : E.v, ;
> Select the block you created Width [—013mm_fv)
Shaded Display A
» Click OK Translucency
50
- . . N
» When the window pops up, change the display color : = o
and change the Translucency to 50 (] Partially Shaded
[7] Face Analysis
» Thenclick OK 'Wireframe Display v
Facet Body v
) ) ) o Settings v
Hide the block you just created by right clicking on the l e ]
block in the Part Navigator. This will make the raw block
Re;hrighrlight Objects J

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. ok—] [ Apply | [ cancel )

Select New Objects ]

10.1.2 Setting Machining Environment
Now we are set to get into the Manufacturing module.

» Select FILE — NEW — MANUFACTURING—> MILL TURN
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[ Mode!| Drawing) Simulation] Manufacturing | Inspection| Mechatronics Concept Designer | Ship Structures

Templates A | Preview A
Filters A
Relationship | Reference Existing Part kmdUnits | Millimerters -l
| Name Type. Units  Relationship  Owner
¥ General Setup  Setup Millim_ Reference E. NT AU
[ I&D1e Mold Ex..  Setup Millim__ Reference £ NT AU
¥ Tuming (Expr... Setup Millim_. Reference E NT AU
f ¥ Machinery (I Setup Millim.. Reference § NT AU
| |8 Multi-Axis (Ex.. Setup Millim.. Reference E.. NT AU 1
L2 Mill Tutn (Exp. | Setup Millim NI | properties A
¥ Simulation D Setup Millim._. Reference E.. NT AU oo
Name: Mill Tumn (Express)
‘ Type Sewp
Units: Millimeters
‘ Last Modified: 07/29/2013 08:35 AM
‘ Description: CAM Express Mill Tum
Sewp
New File Name A
B e cavity sewp i ord (3]
: Folder[ S:\Copy'\Courses\ME 363 TA\NX Manual manufacturing, I 3
Part 1o reference A
' Name | Die-cavity |
[@Kind [ -Cancel |

There are many different customized CAM sessions available for different machining operations.

Here, we are only interested in the Milling operation.

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
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& | MCS Mill X

The Operation Navigator gives information about the Machine Coordinate System A
programs created and corresponding information about | . specify Mcs [EIE]

the cutters, methods, } }  Details v
and strategies. & Operation Havigator - Program Order |

Mame | Path | Toal | Met Reference Coordinate System v

NC_PROGRAM Clearance A

é"EEDGH.&M ' Clearance Option [Automatic Plane v

FROG1 BUEM12¢1 MET‘lSafe Clearance Distance ~10.0000]

PROGZ + BUEMIOX!I MET| Lower Limit Plane v

PROG3 " BUEMIOX! METI Avoidance ¢

PROG4 ' BUEMIOX! METI o0 0o Layer o

PROGS +  BEME MET| e z
PROG?  BEMID  MILL

Rl PROGE o BUEMIOXT MET| N Gt

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. Click on geometry view

10.1.4 Machine Coordinate System (MCYS)

» Click on the Create Geometry icon in the toolbar to initiate setup for programming

| ag | &

Create] Create | Create
Tool |Geometry Operation

“Insert v
S
: Create Geomet X
You will see a Create Geometry pop-up. AR =
You should be able to see the mill_contour as the | _TYPe &
program name in the Operation Navigator. If you | |mill_contour |22
do not see it, click on the Geometry View button | =
in the Toolbar again. cheemelly sublype -
» Click OK %QBA%
Location A
Another pop-up window will allow you to set the || ¢oqmarry (GEOMETRY ~
MCS wherever, you want. By default NX9.0 takes |! =
the original AbsoluteCS as the MCS. Name A
[ MCs_1 |

oKk Apply || cancel |

199
NX 9.0 for Engineering Design Missouri University of Science and Technology




» 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

Reference CSYS

Reference Absolute Eva

Manipulator A
2
oS i e l + l 2y
«’ Specify Orientation s I<x

[ OK H Cancel ]

z[ 0.000000]

10.1.5 Geometry Definition

» Click on Geometry View as shown below.

File sloJil:8 Assemblies Cu

ZE T

Create Create Create l
Tool Geometry Operation

Insert W
suen-| & =8 (Y%
» Expand all + signs in the operation navigator Geometry Al
» Double-click on WORKPIECE in the Operation | . u s [&]~ I
rl?lea)l(\;ltgoa"[\(jlléslf |¥/|O|u|_ﬁon,t see it, click on the plus sign e B Gl S ‘
- specify Check :’ - \
The pop up window MILL GEOM appears. This is where |27 -2
you can assign the part geometry, blank geometry, and | " Ot BALL o
check geometry if any. Rciusion Al
Material: 5|
> Click on the Part icon 1ayout and | ayer v
> Select the design part and click OK A
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O Part Geomelry

(;eomel! Y
| * Select Object )
| custom Data

Now we have to select the Blank Geometry.
» 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.

Geometry A
Specify Part
Specify Blank @3 %
Specify Check B ’\b
Offsets | A
Part Offset @
Description A
Material: @
Layout and Layer v
AAA
[0k | cancel |
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Type A
[ Geometry =2
Geometry A
bject (1) (4]
Add New Set £y
vvy el . y
[ ok || cancel | T _ .

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.

Actan Mode
Setetsan Options

(Nevaares
7\ Offat from Pen

Fitar Methads fBcdies a
0000
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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.
» 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

» Change the Program from NC_PROGRAM to
PROGRAM

» Change the Use Geometry to WORKPIECE

» The program takes the default name
CAVITY_MILL

» Click OK

The program parameters window with
CAVITY_MILL in the title bar will pop up. On this
window, you can set all the parameters for the
program. A brief introduction on every important

B owp [ |7

Create Create | Create |

Tool Geometry Operation!
Insert v

| Create Operation X

Type A
\[mill_contour v
Operation Subtype A

B dp 4B A =
NG VA SIS

=
Location A
Program
Tool |
Geometry |WORKPIECE kv
Method |METHOD 2
Name A

[ CAVITY_MILL |

[ok-—|[ Apply || cancel |

parameter and terminology will be given as we go through the sequence.
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10.2.3 Tool Creation and Selection

One of the most important decisions to make is to select the right shape and size of the tool to
use. Before starting 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.

Bull Nose Cutters: & | Cavity Mill
These cutters have small corner radii and are widely used for  ceometry

roughing and/or semi-finishing the parts as well as for | . e WORKPIECE Ml
finishing of inclined and tapered walls. oM @@

A

Specify Part w
Specify Blank S
Specify Check @ %
Specify Cut Area @ Y
Specify Trim Boundaries @ Y
Tool A
The cutter that we are going to use to rough out this huge 2 -'
volume is BUEM12X1 (Bullnose End Mill with 12 diameter  Output v
and 1 corner radius). | Tool Change Settings v
l Analysis v
Tool Axis A
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>

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.

Type A
[mill_contour v
Library A
Retrieve Tool from Library "p
Tool Subtype A
76 &4

Location A
Tool | GENERIC_MACHI v
Name A
[BuEmi2x] |

[~0K-]| cancel |

» Click OK

& | Milling Tool-5 Parameters X

Tool |Shank]| Holder| More | ke

Legend A

(4]

Dimensions A

R1—"le—D— ¥ D—jesi"R1

(D) Diameter
(R1) Lower Radius
(B) Taper Angle

(A) Tip Angle [Wcﬂ
(L) Length rm =
(FL) Flute Length [Toom]
Flutes [_—2]

[ 12.0000]
[ 1.0000
[ 0.0000

» Inthe CAVITY_MILL menu click on the Path Settings option

NX 9.0 for Engineering Design
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10.2.4 Tool Path Settings

There are different options in which the tool can move. The following is a description of each.

o | Cavity Mill X
Geometry v
Tool v
Tool Axis v
Path Settings A
Method [METHOD ™| oS
Cut Pattern 9 Follow Part !
3 ;"'"'";""'w-:——r———«.
Stepover -FAJ&A-AD‘_

12 Follow Periphery |
Percent of Flat Dnamelenn Profile |
Common Depth per Cuti(*y Trochoidal
Maximum Distance [ =219
= Zig Zag
Cut Levels =+ Z1g with Contour |
& Show Shorncuts |
Cutting Parameters =
Non Cutting Moves e
—
Feeds and Speeds .|
Machine Control v
Program v
Options v
A

Actions

oKk [ cancel

= 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.

)
! 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.

B, 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.

Follow Part: This is the most optimal strategy where the tool path is manipulated
depending on the part geometry. If there are cores and cavities in the part, the computer

206
NX 9.0 for Engineering Design Missouri University of Science and Technology



intelligently considers them to remove the materials in an optimal way. This is widely used for
roughing operations.

) 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.

----- Profile: This takes the cut only along the profile of the part geometry. It is used for semi-
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:
Step Over:

This is the distance between the consecutive passes of
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.

. | SCALLOP HEIGHT « SCALLOP HFIGHT

ol
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» For the Step-over, select TOOL FLAT and change the Percent to 70.

Geometry v
Tool ' v
Tool Axis v
Path Settings A
| Method [WQD

Cut Pattern | Follow Part [
Stepover [% Tool Flat 2
'\Percent of Flat Diameter [ 0. OOOO‘?
‘Common Depth per Cut|Constant ki
Maximum Distance

6.0000(|mm E‘%

Cut Levels
Cutting Parameters

Non Cutting Moves

vt
2

Feeds and Speeds

10.2.5 Depth per cut

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
bottommaost face of the Part, but up to the floor at 40mm
from top. Therefore, we must delete the last level.
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Method | METHOD K;‘l
Cut Pattern [m Follow Part Q
Stepover [% Tool Flat [
Percent of Flat Diameter ~70.0000]
_Common Depth per Cutlg onstant. v |
iMaxnmum Distance .5l mm kv
& | Cut Levels O X
Ranges A
Range Type |2 User Defined Ly
Cut Levels |Constant kv
Common Depth per Cui |Constant 2
Maximum Distance [ 0.5000|[mm [vJ
‘Top of Range 1 A
« Select Object (1) {f}l
kRange Definition A

Select Object (0) (4]
j._:Range Depth Y
' Measured From [Top Level =)

Depth per Cut [TDOO}

Add New Set e

[ List v
| Cut Below Last Range \'4

Information 7 I
Preview ‘ v

DDA
[ ok || cancel |




» 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

Method [METHOD Ej@ s

Cut Pattern (7 Follow Part [

. Stepover [% Tool Flat 2

10.2.6 Cutting Parameters Percent of Flat Diameter ~70.0000
> On the parameters window, click CUTTING PARAMETERS | Sommon Depth per Cut|Constant 2
Maximum Distance 0. SOOO' | mm Eva

This pops up another dialog box. Cut Levels E_:}

]Cumng Parameters

» Under the ‘Strategy’ tab button, change the Cut Order from |
Level First to DEPTH FIRST

Non Cutting Moves

Feeds and Speeds

‘@[ Cutting Parameters

| Connections | Containment | More |
Strategy | Stock |  Comers
Cutting A
| Cut Direction [Climb Cut =
. Cut Order [Depth First  bwd |
JExtend' Path ; A
' Extend at Edges [ 0.0000|[mm v

[ Cut Below Overhanging Blank

Finish Passes A

[] Add Finish Passes

Blank A
Blank Distance [ 0.0000]
AAA |
[oKk-]| 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
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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
Connections | Containment More |
Strategy Stock comers
Stock A
M Use Floor Same As Side
Part Side Stock 0.5000](ci)|
Blank Stock [ 0.0000].
Check Stock [TOQQQI
Trim Stock [ 0.0000]
Tolerance A
Intol [ 0.0300|[8)
Outtol [m
AAA |
[0k [ Cancel |

10.2.7 Avoidance

» Click the NON CUTTING MOVES

© | Non Cutting Moves

» Click the AVOIDANCE tab Engage Revact | swaa/Dall Points

Transfer/Rapid Avoidance |  More |
This window consists of many avoidance points like, Start Point, | from Faint
Go Home Point, etc. Of these, we are concerned with three ™"

points. They are as follows. Go Home Point

€ € < <

From Point:

This is the point at which the tool change command will be
carried out. The value is normally 50 or 100 mm above the Z=0
level to enhance the safety of the job when the cutter is changed
by the Automatic Tool Changer (ATC).

» Click FROM POINT

> Choose SPECIFY

AAAN

ok [ Cancel
210 oK cance
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> In the Point Constructor, enter the coordinates of XC,
YC and ZC as (0, 0, 50)

Engage | Rewact | Swaorill Poinis
Transfer/Rapid Avoldance More
» Choose OK From Point A
Point Option Specify hwd
» Choose OK again to go back to the Avoidance window | . specify point & 1;"_?
. Tool Axis None ™
w »s:an Point A
cify =2
This is the point at which the program starts and ends. This :o:" (z::;o;ml e e
value is also 50 or 100 mm above the Z=0 level to enhance & e
safety. It is also the point at which the machine operator | Retum Paint A
checks the height of the tool mounted on the spindle with  Point Gpton None =
respect to the Z=0 level from the job. This cross checks the ' Go Home Point v
tool offset entered in the machine.
» Click on START POINT
» Choose SPECIFY
> Enter the coordinates (0, 0, 50) in the Point
Constructor
> Click OK to exit the Point Constructor SRR (vGano
Clearance Plane: X ﬁ'_n‘qﬂaqg Retract | Star/Dnll Polnts
Tra‘ns!_e;_r"!_{‘alp:d | __Avoidance | More
This is the plane, on which the tool cutter will retract = Cearance &
before moving to the next region or island. This is also | Clearance Opuon x‘
known as Retract Plane. Sometimes the Clearance Plane | pecify Fiane Fal [t
can be the previous cutting plane. However, when the tool = setween kegions A
has to move from one region to another, it is necessary to = Tansfer Type [Previous Plane
move to the clearance plane before doing so. The value of | Safé Clearance Distance | 2.C000 mm ol
the clearance plane should be at least 2 mm above the top ~ Within Regions —
most point of the workpiece or fixture or whichever is = Tansfer using |Engage/Retract s
fixed to the machine bed Transfer Type | Previous P.lane =l
Safe Clearance Distance | 3.0000([mm jl
> Click on the TRANSFER/RAPID tab — ki Y
» Choose PLANE in the CLEARANCE OPTION
» Choose the XY Plane from the drop-down menu in
Type tab
> Under the Offset and Reference tab enter the value as ans p—
3 in the Plane Constructor window k-] | cancel
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» 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

& | Feeds and Speeds X
Automatic Settings A
Set Machining Data m
Surface Speed (smm) [ 0.0000|[8)
Feed per Tooth [ 0.0000][B)
| More v
Spindle Speed A
[ spindle Speed (rpm) v

| More vV
Feed Rates A

For the Surface Speed and the Feed per Tooth, you should enter the recommended values given
by the manufacturers of the cutter [for this example click on the calculator button near spindle
speed]. By entering these values, the software will automatically calculate the cutting feed rate
and spindle speed. You can also enter your own values for feed rates and spindle speeds.

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.

» For this exercise, enter the values as shown in the figure.

Make sure to enter the Cut value as 1200 mmpm.

» Click OK
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Cut | 1200.000) H mmpm E} (e ] ‘
Rapid A
Output (G0 - Rapid Modelw[ 5]
More A
Approach @ @

Engage 100.0000|{%Cut Cv} rf-ﬂ

First Cut [100.0000]|[%cut f=d(8)

Step Over  [100.0000|[%cut fwi[8)

Traversal Rapid Cﬂ(*—ﬂ
Rewact  [100.0000|[xCut_[Si[8)]
Departure Rapid E'J (B)
| Units 2

[] Optimize Feed Rate When Generating

A A A
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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

Geometry

Tool

Tool Axis

Path Settings
Machine Control
Program
_Op/ii-ons

Actions

e —
\ CRAS
= - Generate P

oKk [ cancel ]

X

> < [<|<|<[<]<]|<

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

[ FPause after each path:
@Reﬂ'esh before each path

gAccept path
B Continue

[ Replay Il List l

I—BK—” Cancel ]

During the generation, you may be prompted with a Display Parameters window.

» Uncheck the box next to Pause After Each Path
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» Then click OK to see the display of cut-levels and tool paths

» 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.

2 Operation Navigator Geometry

1 F | Name Path To¢
i GEOMETRY

- B Unused tems
"Lb = ¥ MASTER _BLANK
¢ ‘ & MCS_MAIN_SPIN.
= ¥ WORKPIECE.M
< % TURNING_
t MCS_MILL

12 MCS_HOLE
L CAVITY g BUE
- B MCS_SUB.SPIN| | EDIT.-
% WORKPIECE_| % Cut
4 % TURNING. % Copy
% Delete
% Rename

|
| b Generate
‘ Az Parallel Generate

Y» Post Process

Insert v
Object '
‘ Tool Path v
Workplece '
1 Notes
¥, Information
¥, 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,
NX9.0 and other CAM software provide Tool-path verification and a Gouge check.
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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.

> Right-click on the program in the Operation Navigator and choose TOOL PATH —

VERIFY or click on the Verify Tool Path button in the

Sl Assemblies Curve Analysis View Render Tools

2 B m  F 1%

Create Create Create | Properties | Generate | Verify

Tool Geometry Operation v Tool Path 'Tool Path
Insert ¥ Actions ¥ :

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

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

nowrw
v  Workfice v Aaepis v

“lfi-ow || w3

root Path Visedlzanon

Gronm
$00-83 000 - v -
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<31 %0081 000
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Machine Process Documentation '
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8% Edit... BUE
& Cut
&5 Copy
8 Delete
82 Rename
& Generate
3= Parallel Generate
2~ Replay
% Post Process
Insert »
Object »
Tool Path » 3}: Delete
workpiece »| 85 List
= [I* Optimize Feed Rate
Gl
Properties ¢, Simulate...
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> Click on the DISPLAY OPTIONS button on the

same window 3D Dynamic Options
Number of Motions
» Change the Number of Motions to 50 [")Pause at Each Level
. . Animation Accuracy
» Change the Animation Accuracy to FINE . e
IPW Translucency
» Change the IPW Color to Green 0
0
» Click OK E REE
> Click on the Play button ﬂ again (o] [ sack ] [ cance

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
NX9.0. 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.

10.3.4 Gouge Check

Gouge Check is used to verify whether the tool is removing any excess material from the
workpiece with respect to Part Geometry. Considering a Design Tolerance, any manufacturing
process may produce defective parts by two ways. One is removing excess material, which is
also called Less Material Condition. The other one is leaving materials that are supposed to be
removed which is More Material Condition. In most cases, the former is more dangerous since it
is impossible to rework the design part. The latter is safer since the leftover material can be
removed by reworking the part. The gouge check option checks for the former case where the
excess removal of material will be identified.

» Right Click the program in the Operation Navigator
» Choose TOOL PATH — GOUGE CHECK

After the gouge check is completed, a message box will pop up saying “No gouged motions
were found.” If in case there are any gouges found, it is necessary to correct the program.

» Click OK on the message box

216
NX 9.0 for Engineering Design Missouri University of Science and Technology



» Close the pop-up window, which says that there are no gauge motions found.
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 [ Name Path Toc
the Operation Navigator and click COPY  |GEOMETRY '

[g Unused Items

> Right-click CAVITY_MILL again and |= % MASTER_BLANK

choose PASTE 5 2Y MCS_MAIN_SPIN...
=% WORKPIECE_M...

> Right-click the second ; I:E(J:Z[\J,\l:ﬁ
CAVITY_MILL_COPY you just made 2 MCS_HOLE...
and click RENAME. Rename the second | BUE
program CAVITY_MILL_1 B CCAVITY ... |v BUE

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 Geometry v
current tool. Tool =
» Create a new cutter and name it BUEM10X1. It e SR @@
should have a diameter of 10 and a lower radius of || Qutput B

1 | Tool Change Settings v

‘7 Analysis v

» Click the Common Depth per Cut as 0.25 in the
Path Settings tab.

@ | Milling Tool-5 Parameters [ X
Then click on CUTTING PARAMETERS tab Tool | shank|| Holder| More
Legend A
> Click on the STOCK tab button T_
> Uncheck the b Use Floor Same As Sid T i A
ncheck the box next to Use Floor Same As Side &
LS P
_ R1“l—D— ¥ p *—R1
» Enter 0.25 for Part Side Stock Diinensions "
> Enter 0.1 for Part Floor Stock B Diamerck
(R1) Lower Radius
@ | Cutting Parameters E3 (8) Taper Angle [@
[ (A) Tip Angle [ 0.0000
Connections Containment More
Length [ 75.0000
Strategy Stock comers hbshar —_—
: ] (FL) Flute Length
Stock A _
@Use Floor Same As Side
Part Side Stock [ 0.2500)()
Part Eloor Stock » Click on the CONTAINMENT tab button
Blank Stock ~0.0000 > In the d d tto | p
= n € drop-aown menu next to In rocess
Check Stock | 0.0000 .
eckStoc e Workpiece, choose USE 3D
Trim Stock | 0.0000
Tolerance A
Intol [ 0.0300][8)
Quttol 0.0300
AAA |
[0k~ [ cancel |
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o Cuting Parameters X

[ suategy Stock Comers |
Connections | Containment | More

Blank A
Trim by [None =2
I Process Workpiece |Use 3D Lvﬁ{
Minimum Material Removed [ 0. OODO|
Collision Checking A

[7] Check Tool and Holder
[] Suppress Path if Less Than Minimum

v Small Area Avoidance A
Small Closed Areas  |Cut 2|
Reference Tool A

Reference Tool |[NONE E"El?jﬂ 253

AAA |

[—oKk-—]| cancel |

In-Process Workpiece is a very useful option in NX9.0. 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 allowance.

> Choose OK to return to the parameters
window Automatic Settings
] Set Machining Data m
> Click FEEDS AND SPEEDS Surface Speed (smm) 157.0000
» Enter the Speed and Feed values as shown in ’F;'“;dr:eﬂoom R =
the following figures ‘
Spindle Speed A
> Then click OK & spindle Speed (rpm) 5000.000] ]
I, More v
The parameters and settings are finished for the
e . . Feed Rates A
semi-finishing program. ,
cut 1200.000|[mmpm el [c5]
> Regenerate the program by clicking on the || Rapid
| More v
Generate icon | units v

[] Optimize Feed Rate When Generating

» After the software finishes generating click !
OK '

7 [ﬁOK—][ 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.

Outer Profile:

This program is intended to finish the outer inclined

W |
walls onto the bottom of the floor. Because the program
should not touch the contour surface on the top, we ::Z:"e"y :
have to give Check and Trim boundaries in the

Tool Axis v
program. Path Settings A
> Repeat the same procedure as before to copy and Moo @-'*’"

paste CAVITY_MILL_1 on Operation Navigator | CutPattem | [ Profile 2

Stepover % Tool Flat =2
> Rename the program CAVITY_MILL_2 Percent of Flat Diameter I1_40.0000j

Additional Passes 0

220
NX 9.0 for Engineering Design Missouri University of Science and Technology



> Double click CAVITY_MILL_2 to make parameter j
A

changes Esninri

> In the pop-up parameters window, change the Cut | “€°™™ [workPreCe. Mg i[5
Pattern to Profile and the Stepover percentage to 40 | specify Part S

as shown in the figure ook m

> Click on the Specify Trim Boundaries tab SpEaig Cut eied § b
Specify Trim Boundaries [g! V|

The Trim Boundary window will pop up. Make sure t0 | ¢;acify previous 1Pw [%‘

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 = .
oundaries A
of Ignore Islands
« Select Curve (8) [S]
» Change Filter Type to CURVES Side Trimmed [Inside b
Plane [Specify 4
» Change the Plane tab from Automatic to Specify « Specify Plane N @E
Custom Boundary Data A
A new window will pop up as shown below. The window || siock
will ask for the mode of selection of the plane on which T =
the curves should be projected. This should normally be | = Sl
over the topmost point of the part geometry. Precisely, it o _
should be over the MCS. HEOHHaton [i]
Members A
> Choose the XC-YC Plane from the drop-down menu | e 5%
under Type Item | Sto... Connection
Me... 0.0.. Extend -
» Enter a value of 3 next to it Me. 00.. Extend =
Me.. 0.0.. Extend
> Click OK Me.. 00.. Extend A6
Now we will start selecting edges from the part. These OK— [cancel
—

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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Select these Edges

Seloct theso

vl

edges

Select these
evdges

© | Cutting Parameters x

» Enter the Common Depth per Cut as 0.2 : e : .
__Connections | _Conainment | More
] Strategy Stock | Comers
» Click CUTTING PARAMETERS Siock 4
jn o T ai |
. . [ Use Fi S As Sid
> In the pop up Dialog box, click on STOCK tab 2L :de :::ckm I
) Part Floor Stock
> Enter the Part Side Stock and Part Floor Stock | gk siock
values to be 0.00 Check Stock
Trim Stock
Intol: :
T . . . Tolerance A
Intol allows you to specify the maximum distance that —
tter can deviate from the intended path into the | | L 2. 00icln)
a CLe outtol ool
workpiece.
Ouittol: -
Outtol allows you to specify the maximum distance that o [-Cancel]

a cutter can deviate from the intended path away from
the workpiece.

> Enter the Intol and Outtol values to be 0.001 as p— = =
. . ategy (o] omers
shown in the figure |_Connections | Containment | More
) Blank
» Click on CONTAINMENT tab and change the In- ‘Tz_’;b o .
. rim by (None v |
process Workpiece to NONE T (M ]

> Click OK
=

» Click on the Generate icon to generate the program in the Main Parameters window

» Click OK on the parameters window when the program generation is completed

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.
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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

223
NX 9.0 for Engineering Design Missouri University of Science and Technology



Selected these

Select these

Selact these odges

» 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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& | Create Operation X

Type A
.. . ill_ v,
10.4.4 Finishing Contour Surface T -
Operation Subtype A
Now we have to use a different type of strategy to finish the €& &€ € gF A
top freeform surface. [l b 4B 4p Y= v
) . b . NN T A
» Click on the Create Operation icon ¥ in the Toolbar RO VAL SR
=
> Then click on the FIXED_CONTOUR icon as shown | ,cation %
In the figure program [NC_PROGRAM )
Tool [NONE 52
» Choose PROGRAM for Program Caoiisty [WORKPIECE MAIlw)
Method (veTHoD I
» Choose WORKPIECE for Geometry
Name A
> Keep the default name of program oD eanTone ’
[~ok-—][ Apply || cancel |
» Click OK
» On the parameters window, under Drive Method, select BOUNDARY even if it is already
Shon @ | Boundary Drive Method
,
Drive Geomelry A
Geomertry A TR
Geometry VORKPIECE N I’:';’—".] Specily Drive Geometry E:‘ - @ | Boundary Geometry
Specify Part fgl | Mode
Specify Check '; Y :}Fame
Specity Cut Area !‘ . Mararial Sida Foints
_Drive Method -~ A
[Roundary = ‘,..__.l !

| Merhod

» Click on the Spanner icon as shown in the figure above to

open the Boundary Drive Method menu

» On the Create Boundary window, change the Mode to CURVES/EDGES

» Select the Material Side to be OUTSIDE

» Select the Tool Position to be ON

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.

e 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
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» 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 he 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

YV V. VYV V¥V

Click OK to return to the Boundary Drive Method window
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> Change the Stepover method to SCALLOP and enter the il RISl

height to be 0.001 and click OK DIbve Geometry A

Specify Drive Geometry "Zﬁm

» Click on Cutting Parameters Tolerance v
Offsers vl

» Change the Tolerance values so that the Part Intol and Containment v
Part Outtol is 0.001 Drive Settings Al

Cut Paten (22072 o)

Comers || Clearances | Conrainment [ More Cut Direction Conventional Cujw)
swategy |  Multiple Passes |  Stock Sepover [Seallop =1l
’:(":k ; r_']‘ Maximum Scallop Height [m_J

o o ), 0 [0} U

S DI

Tolerance A More Y.

Intol ’_nrm,m Preview v

ourrol | o.0010] oKl [ cancel |
[S—S—...—S.————.——.———————————————.

[k cancel |

» Click on the MORE tab button and enter the value of Max Step as 1.0

Swategy |  Multipie Passes |  Stock
Comars | Clearances | Containment | More

Curt Step A
| Max step W@
Ramping A
| Ramp Up Angle [ 90.0000]|
| Ramp Down Angle [m|

] Optimize Path
| Extend to Roundary

Cleanup b
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> Click OK & | Feeds and Speeds X

> Click on the FEEDS AND SPEEDS icon on the Automatic settings A
parameters window Set Machining Data [#]
Surface Speed (smm) [172.0000]}
» Enter the parameters as shown in the figure on right Feed per Tooth ([ 0.1095/8
| More v
» Click OK Spindle Speed A
In the main Parameters window, SR | ) O
| Entose v
> Create a new tool and name it BEM10 EecilRaies A
cut ( P [ mmpm f[c5 (8
» Change the diameter to be 10 mm and the lower radius to || Rapid ¥
be 5 mm. More ¥
Units v
> Click OK ["] Optimize Feed Rate When Generating

[-—ok-]| cancel |

> Generate the program

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.

>

>

Path Settings

Click on the Create Operation icon ¥ on the
Toolbar

Change the Type to be mill_planar at the top of the
window

Change all the options as shown in the figure
Click OK

In the parameters window, change the Cut Pattern to
be Follow Part

Change the percent of the tool diameter for Stepover
to be 40

’ Method

[METHOD Eﬂ@

'Cut Region Containmel [Floors

gCut Pattern [ Follow Part [
|

’§Stepover [% Tool Flat kvl
Percent of Flat Diameter | 40, 0000

= L
=1

@ | Create Operation %

Type A
‘T{v["m*iﬁ;planar |
' Operation Subtype A
et o @ o
D @ D[ e o
12 =
Location A
Program [NC_PROGRAM i+
Tool [NONE 2
Geometry | WORKPIECE_MAI hwd
Method [METHOD kv
Name A
[FLo0R WALL |
[-ok-[ Apply || cancel |

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. Geometry All
_ _ Geometry [WORKPIECE_Mivd [@]
Unlike previous programs, we have to select a cut
area. Specify Part
Specify Check Body
» Click on the Specify Cut Area tab

> Select the highlighted surfaces shown in the

In case you are not able to select the surfaces as
shown go to Part Navigator and Hide the Blank, select the surfaces and

figure below.

again.
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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

& | Cutting Parameters

Connections [ Containment | More | *
Strategy Stock comers
Stock A
Part Stock 0.0000((8] || |=
Wwall Stock 0.0000
Final Floor Stock ~ 0.0000
Blark Srock [:[ﬂ] i G Feeds and Speeds ===
Suedkock -y Automatic Settings A
==
Jolerance 4 Set Machining Data
o] [M] ‘ Surface Speed (smm) [188.0000 (8
Outtol =)
S Feed per Tooth | 0.0416||8
[—oKk-—]|| cancel | | More = |
Spindle Speed A
. Spindl d 6000.000(| W
» Click OK M .pmdeSpee (rpm) | [
\_ More v
» Click on FEEDS AND SPEEDS Feed Rates A
Because this is a Flooring operation, it is better to make ' Rapid v
the spindle speed high and the feed rates low compared to ,"Mo,e =
the previous operations. units =

["] Optimize Feed Rate When Generating

[—ok—]| cancel |

> Enter the values exactly as shown in the figure
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» Choose OK

In the main Parameters window,

» Create a new tool and name it BEF105

» Change the diameter to be 10 mm and the lower radius to be 5 mm.
» Click OK

» Generate the program. Then replay and verify the cutter path

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
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
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that are allowed in one line of output. This information is not in the initial NX9.0 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 Format A

5 DARD

= Lo |

CLS
After an operation is generated and saved, the resulting | tiofobancen -

tool path is stored as part of the operation within the part EEE&%

file. CLSF (Cutter Location Source File) provides methods | |cisr ipeas mit

to copy these internal paths from the operations in the part | ©-°F-/DEAS-MILLTURN
file to tool paths within the CLSF, which is a text file. The
GOTO values are a "snapshot" of the current tool path.
The values exported are referenced from the MCS stored

in the operation. The CLS file is the required input for

Output File A
File Name
S\Copy\Courses ME 363 TA\NX Manual\m

Browse for an Qutput File [j
some subsequent programs, such as postprocessors.
SeLings . Ret
» Click on one of the programs that you want to post | unis | Metric/PART ]
process in the Operation Navigator W List Output
[oKk-] [~ Apply | [ Cancel !

» Click on Output CLSF in the operations toolbar.

» = v =
P e ¢ - 5 OF % L W P vloe =
Create  Create Create Properies  Cenerate  Venly  Simulate  Post Shop [More| . g Show
Tool Geametry Operation 1 Tool Path Taol Fath Machme Process Documefntation 4 % nwPws
Insen v AtlOm - Operations | % Parallel Geneeate
Whtenue O My % /% (% [ No Selection Filter [wd [Enure Assembly =l & = F- % 3 edit Tool Path
1 @ Operation Navigator - Geomet A RepayYnnEEwN
| 9 ‘o id 3 LSt Yool Path
_*] Name Path Toc 2 Gouge Check
pd| | CEOMETRY
_5 ¥ Unused items
.e_] © MASTER_B M‘.V grere
l U MCS_MAIN_SPIN ~
B WORKPIECE M W Opnimize Feed Rate
' % TURNING W T Tool Axks
= 1 MCS_MILL F Divide Tool Path
- | g lasag % Divide by Holder
j POuput CISF__ |
| ¥ Delere Tool Path
..‘ v Bt &, Barch Processing
{ @2 FID CO_|X ML L Notes
'_{ & MCS SLIR SPINMF

A window will pop up to select the CLSF Format.

» Choose CLSF_STANDARD and enter a location for the file
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» Choose OK

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).

Fie Edit
GOTO/-53.5261,5.0000,-115.4000 -
CIRCLE/-46.8170,6.9970,-115.4000,0.0000000,0.0000000,-32.0000000,7.0000,0.0020,0.5000,10=

GOTO/~47.0228,0.0000,-115.4000

PAINT/COLOR, 37
CIRCLE/-46.8170,6.9970,-115.4000,0.0000000,0.0000000,-21.0000000,7.0000,0.0020,0.5000,10
GCTO/-40.1079,5.0000,-115.4000

G0TO/-40.1079,5.0000,-112.4000

PAINT/COLOR, 211

RAPID

GOTO/-40.1079,5.0000,-112.2000

RAPID

GCTO/~-52.9738,5.0000,~-112,2000

RAPID

GCTO/-52.9738,5.0000,-112.6000

PRAINT/COLOR, 42

GOTO/-52.9738,5.0000,-115.€000
CIRCLE/-46.2643,6.9%58,-115.6000,0.,0000000,0.0000000,~1.0000000,7.0000,0.0020,0.5000,10
GCTO/-46.5056,0.0000,~115.6000

PAINT/COLOR, 37
CIRCLE/-46.2643,6.9958,-115.6000,0.0000000,0.0000000,-1.0000000,7.0000,0.0020,0,5000,10
GOTO/~39.5549,5.0000,~115.6000

GOTO/-39.5549,5.0000,-112. €000

PAINT/CQLOR, 211

RAPID

GOTO/-39.5549,5.0000,-112.4000

RAPID

GOTO/~52.6802,5.0000,-112.4000

RAPID

ROTN/-57 AAN2. .S NN/AN. =112 RNAON

“ 1 '

Any program that has been output to CLSF or post-processed will have a green checkmark next
to it in the Operation Navigator.

Operation Mavigator - Geometry

Mam e Path
GEOMETRY
@8] Unused ltems

-5l MCS_MILL
=gy WORKPIECE

o R CAVITY_MILL_1
,{@ CAVITY_MILL_2

v

v

v

----- ' CAVITY_MILL_3 v

o (HNFIXED_CONTOUR o
v
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10.5.2 Post-Processing

Click on a program in the Operation Navigator that you want to post process.

> Click MENU —™ TOOLS — OPERATION NAVIGATOR — OUTPUT —
POSTPROCESS or from the home tab as shown below

- Sl Assemblies Curve Analysis View Render Tools

B 5 F % L WB| B -

Create  Create Create Properties | Generate Verify Simulate] Post | Shop More
Tool Geometry Operation = Tool Path Tool Path Machinel_ Process IDocumentation T
Insert ¥y Actions v Operations v

> 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).

l‘ x L e
File Ednt
.

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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