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NX 7.5

Pre-reqs/Technical Skills
® Basic computer use
e Completion of NX 7.5 Lessons 1,2, and 3

Expectations
® Read lesson material
* |Implement steps in software while reading through lesson material
e Complete quiz on Blackboard

Submit completed assignment on Blackboard

Attend help sessions as necessary

®  Post comments on lesson web page

Objectives/Measurables
e learn the basics of using NX to create constrained assemblies of parts, measured via assignment score
® Learn various features in NX, measured via Blackboard quiz score

Lecture Topics
e (Creating an Assembly
® Adding Parts and Constraints
®  Moving Constrained Parts
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NX is a premier 3D computer aided design suite. It allows you to model solid components and assemblies, to
perform engineering analyses such as mechanism simulation and stress analysis, to create tool paths for
computer-based manufacturing processes and to perform numerous other engineering design activities in a
single software environment. Software suites like NX are referred to as product lifecycle management (PLM)
tools since they are generally integrated in the product design process from start to finish. The IDE20 tutorials
for NX will focus on basic 3D drafting and component modeling.

An important aspect of using NX is working with assemblies. In prior tutorials, individual parts were created.

Assemblies are groups of parts and can be made by adding existing parts or creating new ones. The parts in an
1
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assembly can be constrained relative to each other to create functional mechanisms and to allow dimensional

changes to propagate through an assembly. In this tutorial, a simple rotating assembly will be created from
existing parts. Constraints will be added to the parts to allow them to move as if they were physically
connected.

Creating an Assembly
Download the RotatingParts.zip file from the tutorial web page and unzip it in a convenient working directory.

You should see the parts shown in Figure 1.
asss.s T Y e
S = N - =
" o | o v ide2D » trunk » software » ModuleMX » RotatingParts - Search RotatingParts L2

Organize = Include in library = Share with = Burn Mew folder

F3

MName Date modified Type

-

477 Favorites
B Desktop E] Base.prt 10/28/201010:42 ... UG Part File
4 Downloads &] Crank.prt 10/28/2010 10:55 ... UGG Part File

"2l Recent Places & Piston.prt 10/27/201010:21 ... UG Part File
&] Rod.prt 10/28/201010:38 ... UG Part File
| b Libraries &) Sleeve.prt 10/28/201010:38 ... UG Part File

I /M Computer
) 5 items

Figure 1 - Part Files

Look though each part. The first part, Base.prt, is shown in Figure 2. This part will be fixed and used as the base
for defining the location of all of the other parts.

Figure 2 - Base

2
Copyright 2010, Missouri S&T



IDE20 Software, NX Lesson 4 - Assemblies

Document URL: http://ide20.com/upload/ModuleNX/Lesson04.pdf

Developer: rhutch@mst.edu

The next part, Crank.prt, is a simple crankshaft (Figure 3) and will be placed and rotated relative to the base.

Figure 3 - Crank

Open Rod.prt next. This part is a connecting link (Figure 4) that will be constrained to rotate about the offset
portion of the crank.

Figure 4 - Rod

The rod will connect the crank and the next part to open, Piston.prt. This part is a simple piston (Figure 5) that
will be constrained to rotate about the smaller radius hole in the rod.

Figure 5 - Piston

3
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Finally, open Sleeve.prt. This part is a sleeve (Figure 6) that will be used to guide the motion of the piston as it
travels up and down.

Figure 6 - Sleeve
Look through the Part Navigator for each of these parts to see how they are drawn. You should be able to
reproduce each of them using what you have learned from previous tutorials (it is not necessary for this tutorial
though).
To begin the assembly of these components, first close any parts you have open (Figure 7).

M NX 75 - Modeling - [Sleeve.pri]

File | Edit View Insert Format Tools Assemblies [nformation Analysis Preferences Window Help

B
ED New.. Ctr+N ﬁ ¥ ¥ (w % Command Finder %,E'@?'ﬁ'@ ‘ .

% Open.. Ctrl+0

e Ean L T 9
2 O s crrles 7 All Parts Unite Trim Body . Shel.l
Closes all parts and keeps the NX session running.
&} save Work Part Only Save and Close MR A W S O % ‘-—fg—}
Rl save As.. Crlsshift+A Save As and Close...
&l Save All save All and Close
Save Bookmark... Save All and Exit
Options L Close and Reopen Selected Parts...
“5 Print... Close and Reopen All Modified Parts

Figure 7 - Closing All Parts

Start a New file. Select Assembly from the Templates list. Set the Folder to the directory where you unzipped
the part files. Set the name to Rotation.prt as shown in Figure 8.

4
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Maodel | Drawing” Simulation" Manufac‘tuﬂng" Inspec‘tion] =

Templates M| Preview A
Units [Millime‘rers la .
Name Type Units Relationship Owner
;_'g.‘ Model Modeling Millimete... Stand-alone NT AUTH..
gl Assembly Assemblies M'rltimete...| Stand-alone
- Shape Studio Shape Studic  Millimete... Stand-alone NT AUTH...
&) NX Sheet Metal  NX Sheet Metal Millimete... Stand-alone NT AUTH... =i Ey 0404-088-020
=| Aero Sheet Metal Aerospace Sh.. Millimete... Stand-alone NT AUTH... g%::ﬁjiﬂx
ﬁRouring Logical Routing Logical Millimete... Stand-alone NT AUTH... o (3 2211-273-011
[@ Routing Mechani.. Routing Mech... Millimete... Stand-alone NT AUTH...
Q Routing Electrical Routing Electr... Millimete... Stand-alone NT AUTH... .
- Properties A
[ Blank GCateway Millimete... Stand-alone none
Mame: Assembly =
Type: Assemblies
Units: Millimeters
Last Modified: 04/13/2010 07:44 PM
Description: NX Example, starts add
component
New File Name A
Name [Rctating.prt ] rj

Folder [ C:\Users\rhutch\Desktop\ide2 D\trunk\software\Modul]

Part to reference A

ame

I [——GIG—H Cancel ]

Figure 8 - New Assembly

Depending on how you started the new assembly, you may need to change the user interface mode. If your
user interface looks like Figure 9 select More from the Window option in the menu.

M NKT.5 - [Rotating.prt (Medified] ]

i File Tools Preferences Window Help

Y T W
MNew Open Opena Command Help
Recent Part Finder -

Select Part

Figure 9 - Simple Menu

A Change Window dialog will open (Figure 10), just close this out. The user interface should be updated with the
buttons you will need for this tutorial (Figure 11).
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% Change Window R
Search Text
Clear Search
Options
Select Work Part
Up One Level
ox ) Ao

Figure 10 - Change Window Dialog

W

3 File Edit Wiew Insert Format Tools Assemblies Information Analysis Preferences Window Help
Ysa- () I of Bl X N Yo Gy, (- -G OBO-T- 9 ¢, S Prw-=0.
| = [ of s i = i@ =3 | 4

EDatum Plane ~  Extrude Hole Boss Croove... Extract Unite T TiimBody Shell Edge Blend ~
: Body =

[No Selection Filter [w] [Entire Assembly gt Bl-e0 %™ - 1 4\0@ i

Select objects and use MBE3, or double-click an object

Figure 11 - Full Menu

Now that the user interface is setup, we can start adding parts. Click Add Component, under the Components
option under Assemblies in the menu (Figure 12).

Assemblies | Information  Analysis Preferences Window Help

! Context Control 'hd o @\ : 521 ,@a—,ﬁ ,@ 3 vI:I . ﬁ’ ﬁ'v
'

Component Position »| .* Create New Component..

Adds components to the assembly by selecting
loaded parts or parts from disk.

H Arangements... 7, Create New Parent...
= Exploded Views ¥ % Replace Component... — -
| " Sequence.. * Create Component Array... :}G? o
ck an object "% Edit Component Amay...

42 Mirror Assembly..

Deform Component...

Figure 12 - Adding a Component
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To dialog shown in Figure 13 will open. Click the Open button to open an existing file.

;| Add Component EFR
Part A
¥ Select Part (0)
Loaded Parts
Recent Parts

Open [ ﬂ

i | Duplicates Open J
I =
o Placement A
T
*c Positioning By Constraints L.
[W Scatter
Replication v
Settings v
Preview v
OK Appl Cancel

Figure 13 - Add Component Dialog

The Part Name dialog shown in Figure 14 will appear. Select the Base.prt file and click OK.

Look in: I . RotatingParts j - £ E~
1_1 = Mame = Date modified Type
Hec.e.:ltr‘ﬁaces |_§_] Base.prt 10/28/2001010:42 ... UG PartFi
= @Crank.prt 10/28/201010:55 .. UG PartFi
|| )Piston.prt 10/27/201010:21 .. UG PartFi
Desktop §_] Rod.prt 10/28/201010:38 ... UG PartFi
= @Slee\re.pr‘c 10/28/2001010:38 ... UG PartFi
Libraries
A
Computer [ Preview
@
Network

| n '3

|
File name: IEase.prt j 0K I
Files of type: | Part Files ("prt) ~| Cancel |

Options... |

Figure 14 - Adding a Part
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You will be returned to the Add Component dialog (Figure 15). Under the Placement group, select Absolute

Origin under Positioning. This will place the origin of the part at the origin of the assembly. Note that a part
preview will appear by default. Click Apply to add the part.

\T[ Add Component FFE
M

Part
 select Part (1)
Loaded Parts
oot |
Component Preview

Recent Parts

Duplicates v
Placement A
Positioning |Ahsolute QOrigin |§
[ Scatter
Replication v
Settings v
Preview v

OK | [~Apply—| | Cancel |

Figure 15 - Placing the Base

You will be returned to the Add Component dialog. Click Open and open the Crank.prt file as you opened the
Base.prt file. When you are returned to the Add Component dialog it should look like Figure 16. Select By
Constraints for Positioning. This will allow us to constrain the crank to the already placed base. Click Apply to

move on.

8
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K_|",5{|EI-|-:|" Component

Part A
+" Select Part (1)
Loaded Parts

Base prt

Recent Parts

Base.prt

Open

l Duplicates v
Placement A L;
Positioning |By Constraints IE
e —

[wA Scatter
Replication v
Settings v
Preview v

Ok | [-Apply—| | cancel |

Figure 16 - Adding the Crank

The Assembly Constraints dialog will open (Figure 17). Select Concentric from the Type list. This will allow us to
constrain circles on two parts to be concentric.

‘T| Assembly Constraints

Type

| Concentric |E

Geometry to Constrain

¥ Select Two Objects (0)
Reverse Last Constraint

Settings

> < V‘E:»

Preview

[w Preview Window
[:]Preview Component in Main Window

[=ok=) Fapeiv) [“Cancel )

—ty
3

Figure 17 - Constraining the Crank
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You will need to select two circular edges. The first should be the highlighted edge shown in the preview

window in Figure 18.

Edge in CRANK

% [Assembly Constraints EFE Component P

Type

[@ Concentric

Geometry to Constrain

A

2

A

# Select Two Objects (0)

Reverse Last Constraint >
Settings v
Preview A

[ Preview Window
["]Preview Component in Main Window

< 0K = H-Apph'—-” Cancel

Figure 18 - The First Edge

The next should be the highlighted edge of the base shown in Figure 19

Edge in BASE

—r
-~

rrAssenibly Constraints

Component Preview

Type

[@ Concentric

Geometry to Constrain

" Select Two Objects (1)
Reverse Last Constraint

Settings

> < V;E>E>

Preview

[ Preview Window
[|Preview Component in Main Window

[ < 0K = H—Apphk—” Cancel ]
T —————————

Figure 19 - The Second Edge
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To see how the parts will fit together, check Preview Component in Main Window as shown in Figure 20. Notice

that the constraint is applied but the crank needs to be flipped.

?[Essembly Constraints

Type A
[@ Concentric a
A

Geometry to Constrain

¥ Select Two Objects (0)

Reverse Last Constraint
Settings v
Preview A
[ Preview Window

[W2Preview Component in Main Window!

[ < QK = ][—-ﬁﬂﬂbf—” Cancel ]

—r
LA

Figure 20 - The Added Constraint

Select the Reverse Last Constraint button to flip the crank (Figure 21).

?D\ssembly Constraints o mponent P

Type A
[@ Concentric a

Geometry to Constrain

A
¥ Select Two Objects (D)

Rewverse Last Constraint
Settings " Reverse Last Constraint
Preview A
[ Preview Window
[ Preview Component in Main Window
(') oy
| <OK= |[—Apply—| | Cancel | 3

Figure 21 - Flipping the Constraint

Click OK to close the constraints dialog and return to the Add Components dialog. Add the Rod.prt file using the
same approach. Use a concentric constraint between the edge highlighted on the rod in the preview in Figure
22 (select the larger diameter circle) and the edge highlighted on the crank in Figure 23. Flip the constraint if
necessary.
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Edge in ROD

;| Assembly Constraints

Component Previey

Type

[@ Concentric

Geometry to Constrain

¥ Select Two Objects (0)

Reverse Last Constraint

Settings

Preview

[ Preview Window
aneview Compaonent in Main Window

[—-G-GK-»—” Apply ][ Cancel ]

Figure 22 - The First Edge (Rod)

Edge in CRANK

;I Assembly Constraints EFR Tor mponent Preview
A

Type

Geometry to Constrain

Concentric

+" Select Two Objects (1)

Reverse Last Constraint

Settings

><7”E> a

Preview

[W Preview Window
gPreview Component in Main Window

[—-4-9!6-»—” Apply ][ Cancel

Figure 23 - The Second Edge (Crank)
The assembly should look like Figure 24.

;rﬁssembly Constraints

Type A

| Concentric |

Geometry to Constrain

A

* Select Two Objects (0) @
A

v

A

Reverse Last Constraint

Settings

Preview

[ Preview Window
gPﬂeview Component in Main Window

[=ok=") [Aeely] [ cancel |

Figure 24 - The Rod Added
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Click OK and add the Piston.prt file. Apply a concentric constraint between the edges shown in Figure 25 and

Figure 26.

Edge in PISTON

"Tl Assembly Constraints

Type

[@ Concentric

Geometry to Constrain

A
A
* Select Two Objects (0) @

Reverse Last Constraint [
Settings v
Preview M
[ Preview Window

[W Preview Component in Main Window

[=ok=") [ aeply | ["Cancel |

Figure 25 - The First Edge (Piston)

Edge in ROD

‘T| Assembly Constraints ljFlT(
Type

Geometry to Constrain

Concentric

" Select Two Objects (1)
Reverse Last Constraint

Settings

><Ei@> BN

Preview

[ Preview Window
@F’review Component in Main Window

<o) [“Aeay | (cancel |

Figure 26 - The Second Edge (Rod)
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Add the Sleeve.prt file and use a concentric constraint between the edges shown in Figure 27 and Figure 28.

Edge in SLEEVE

‘T| Assembly Constraints

Type A

| Concentric @

Geometry to Constrain A

* select Two Objects (0)
Reverse Last Constraint

Settings

Preview

[ Preview Window
[ Preview Component in Main Window

<o) (“asply ) ["cancal |

Figure 27 - The First Edge (Sleeve)

'K_| Assembly Constraints

Type

[@ Concentric

Geometry to Constrain

+" Select Two Objects (1)
Reverse Last Constraint

Settings

Preview

[w) Preview Window
gPreview Component in Main Window

[-=oKk=-| Apply |[ cancel

Figure 28 - The Second Edge (Piston)

Once the sleeve has been added, close the Add Component dialog. All necessary components have been added
to this assembly. It should look like Figure 29.
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Changing Constraints

The concentric constraint between the sleeve and piston was added to place the sleeve in the proper position.
This constraint will prevent the piston from moving along the sleeve (the constraint forces the two edges to be
in the same plane). We need to replace this constraint with a more appropriate one that allows the correct
motion. To delete the constraint, open the Assembly Navigator (Figure 30) and expand the Constraints group by

Figure 29 - The Assembly

clicking the little plus sign next to Constraints.

[

Assembly Navigator

Descriptive Part Name

a.

[5 Sections
W #, Rotating
=B Constraints

----- @ Concentric (CRANK, ..

----- @ Concentric (SLEEVE, P..

--[@© Concentric (ROD, CR...

----- @ Concentric (PISTON, ...
Eu Base

- M L@ Crank

- @ Rod

- @ Piston

- (g Sleeve

Figure 30 - Assembly Navigator
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Right click on the concentric constraint between the sleeve and piston. Select Delete (Figure 31).

& Assembly Navigator

Descriptive Part Mame
-~ Sections

I':"I--El;f; Rotating
=- " Constraints

(@)l Concentric (SLEEVE P

M © Conce £ Redefine...
A © Conce }{ Reverse
- (g Base -\ Suppress

- @ Crank Rename

Mg Rod Hide

ot X
- M @ Sleeve J

Load Related Geometry

Arrangement Specific

Edit in Arrangements...

= [i. Information
)Y i

Figure 31 - Deleting a Constraint

Now add a new constraint. Select the Assembly Constraints button from the Assembly toolbar (it defaults to
being at the bottom of the screen) as shown in (Figure 32).

| LAY |
Assembly Constraints

Positions components in relation to other
——— components in the assembly by specifying
Dependencie constraint relationships.

teg L D[ gL | O ) ot
AR RS RN $- ffﬂjunﬁgl L.‘?, ]

Figure 32 - Adding a Constraint

Preview

The Assembly Constraints dialog shown in Figure 33 will open. Select the Fit type from the dropdown list. These
will constrain two parts to “fit” together based on the surfaces selected.

16
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W [Assembly Constraints [ST=I%
Type A

[ e

‘Geometry to Constrain A
% Select Two Objects (0) @
Reverse Last Constraint [,\—'
Settings |2

ok | [ Apoly | [Feancel=)

Figure 33 - Fit Constraint
To constraint the piston and sleeve, we need to select specific surfaces. To make hidden surfaces visible, we will
have to change the rendering style. Right-click over the drawing and select Static Wireframe from the Rendering
Style option in the popup (Figure 34).

\_| AsseEEiy Constraints

Type

[= Fit

M

Geometry to Constrain | M
E w,‘,_;,_ /? St © @
Pa

Reverse Last Constraint

Settings

|No Selection Filter [ [Entire Assembly L)
€ F-0 @% % 0 fes 2L

*®O+/G’% e

Cancel

OH

2] Refresh F5
& Eit
] Zoom FB
{r Rotate F7
[ pan

True Shading )
GG g shaded with Edges
Qrient View * | g Shaded

2 SetRotate Point | =39 \Wireframe with Dim Edges
7 Wireframe with Hidden Edges

Static Wireframe L=
Renders faces (in the view where the cursor is

@ Swdio positioned) by edge geometry (Update Display
) Face Analysis must be used to comect hidden edges and
5§ Partially Shaded | silhouettes after rotating the view).

B &

¥} Undo

Figure 34 - Setting a Wireframe Style
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Now, using the wireframe view, select the inner surface of the sleeve as shown in Figure 35.

Geometry to Constrain

{.Senij;ggis. |

[ ox ) [ Aeeiy ) [Feamoer)

Figure 35 - The First Surface (Sleeve)

Now select the outer surface of the piston as shown in Figure 36.

%, [ Assembly Constraints

| Geometry to Constrain

I._Settil&;s. v

ok ) [ Aoy ) [emmce]

Figure 36 - The Second Surface (Piston)
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Click Apply to add the constraint and close the Assembly Constraints dialog. Adding constraints to an assembly

reduces the number of directions the constrained components can move. The allowable motion of a part is
defined by its degrees of freedom. An unconstrained part in three dimensions has six degrees of freedom (three
rotational and three translational). NX will allow you to visualize the degrees of freedom of a part using the
Show Degrees of Freedom option shown in Figure 37.

Assemblies | Information  Analysis Preferences Window Help

Context Control : i %v E,&},@.@ @ .I:I. ‘ﬁ, ﬂ,v gﬁ g—-.

Components
Component Position » i._j' Move Component... 5;:,':] E;‘.
7 Arrangements... % Assembly Constraints... Shell Edge Blend
Exploded Views *| %% Show and Hide Constraints... : .
& Sequence... 4 G? "

gg“ Remember Assembly Constraints...

#  Show Degrees of Freedom

Convert Mating Conditions...

:k an object

Shows the degrees of freedom of a component. J:

Figure 37 - Showing Degrees of Freedom

Once selected, you must identify a part to see its degrees of freedom. Select the crank as shown in Figure 38.

K_[Class Selection

Objects

* Select Objects (0)

A
Select All

Invert Selection

Other Selection Methods A
Select by Name :]
Select Chain e
Up One Level ot
Filters v
:

Figure 38 - Selecting the Crank
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Click OK to visualize the crank’s degrees of freedom (Figure 39). In this case, the arrows show that the crank still
has 6 degrees of freedom. We still need to add constraints to properly constraint the assembly.

Figure 39 - The Crank's Initial Degrees of Freedom

The missing constraints concern the base and sleeve. As added, these parts have only been constrained to other
parts in the assembly. They have not been fixed to anything outside of the assembly. Since these parts must
remain stationary to allow the other parts to move properly, they must be constrained to a fixed location
(grounded). To add these Fix constraints, select the Assembly Constraints button as before and set the Type to
Fix (Figure 40). Select the base first and apply the constraint.

‘ Fix
i Geometry to Constrain A
* Select Object (Q)
Reverse Last Constraint 4
Settings v
/ /
/)
\ J/
7(“‘1/;1_ )
e
/

Figure 40 - Fixing the Base

Add a Fix constraint to the sleeve as well (Figure 41). Apply the constraint and close the dialog.

20
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[ox ][ Apoly

Figure 41 - Fixing the Sleeve

Check the degrees of freedom of the crank again. It should only have one rotational degree as shown in Figure
42.

Figure 42 - The Crank's Final Degree of Freedom

21
Copyright 2010, Missouri S&T



IDE20 Software, NX Lesson 4 - Assemblies

Document URL: http://ide20.com/upload/ModuleNX/Lesson04.pdf
Developer: rhutch@mst.edu

Set the Rendering Style back to Shaded with Edges (Figure 43).

Figure 43 - Shaded Assembly

Moving Components
To move components in the assembly (with the constraints applied), use the Move Component button in the
Assembly toolbar (Figure 44).

Preview Move Component

Depeng Moves a component in the assembly.

3T Mg 2, 2P

Figure 44 - Moving a Component

The dialog shown in Figure 45 will open. Select the crank.
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Transform
worin .
* - . Ed
Specify Orientation Ex

[“IMove Handles Only

Copy v
Settings A
[")Move selected Components Only

Animation Steps 1
[ Dynamic Positioning

[“IMove Curves and Routing Objects
[ Dynamic Update of Routing Solids

[ok | [ apply | [Feancei]

Figure 45 - Selecting the Crank

Set the Motion option to Dynamic (Figure 46). Click the button directly below the dropdown arrow that looks
like a small coordinate system (next to the Specific Orientation text).
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Figure 46 - Dynamic Motion
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Make sure Move Selected Components Only option is not selected. This will allow all components in the
assembly to move based on the constraints added previously. Move the cursor to the location shown in Figure
47. A set of movement arrows will appear in purple. Once they appear, click and drag to move the component.
The assembly should move as a single constrained unit.
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Figure 47 - Move Handle

If the handle will not move (even with the purple arrows shown), you may need to get it moving using a single
axis as shown in Figure 48 first.
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Figure 48 - Linear Move Handle

24
Copyright 2010, Missouri S&T



IDE20 Software, NX Lesson 4 - Assemblies

Document URL: http://ide20.com/upload/ModuleNX/Lesson04.pdf

Developer: rhutch@mst.edu

Move the crank around to different positions and observe the clearances between the connecting rod and the

sleeve. Notice that in certain positions, the sleeve intersects the rod (Figure 49). Obviously, this would be a
problem if the components were actually built and assembled as modeled. This is one useful feature of
constrained assemblies, you can investigate dynamics clearances before parts are actually made. Changes can
be made to the part files to adjust the clearances and then the assembly can be moved to recheck for
intersections.

Figure 49 - A Collision

Wrapping Up
You should now be able to create constrained assemblies of parts using NX and investigate simple motion using
these assembles.

Assignment

Create the assembly shown in this tutorial. Submit the assignment as a .zip file that contains the parts of the
assembly and the assembly part file itself. Test to make sure that the assembly properly opens when the
contents of the zip file are expanded into a new folder. To create the zip file in Windows, open the folder
containing the parts and assembly, select them all using Ctrl clicking, right-click and select Send To then
Compressed (zipped) Folder. Rename the .zip file appropriately and submit it on Blackboard. Points will be
awarded as follows:

All parts included (2)
Concentric constraints (2)
Fix constraints (2)

Fit constraint (2)

Allows proper motion (2)
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