Using Siemens NX 11 Software

Finite Element Analysis - Impeller

Based on the tutorial “NX 10 for Engineering Design .
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1 — Introduction.

The goal of this tutorial is to perform a finite
element analysis (FEA) of the deformations of
the blades of an impeller.

e Make a copy of the file C:\Commun\NX
\fem\impeller.prt file in your local folder,
and open it.

2 — Creating a new simulation.

Click on the Application tab located above
the toolbar, and then on the Design button

[+ Design 3 New FEM and Simulation

The New FEM and Simulation dialog box File Names A
opens. In this dialog box, select in the
Solver Environment field NX Nastran
Design as Solver and Structural as Analysis

impeller_fem1.fem

impeller_sim1.sim

Type. CAD Part A
e Click OK to validate. | Ascociate to Master Part
e The Solution dialog box pops-up. Make Part | impeller .
Idealized Part A

sure to use de default ﬁtions by clicking

on the “Reset” button
Then, click OK.

Create |dealized Part

MName A

impeller_fem1_iprt

Bodies A
Bodiesto Use | All Visible v
Polygon Body Resolution | Standard - ‘
Geometry A
Geometry Options...
Solver Environment A
Solver | M Mastran Design A ‘
Analysis Type | Structural - ‘
Description A

| o

N
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In what follows, we will perform the next couples of steps
1. Adding material properties for defining how the impeller will behave under some
constraints.
2. Meshing the impeller from its CAD geometry.
3. Applying loads and boundary conditions.
4. Computing the FEA.
5. Visualizing the results.
3 — Material properties. £ Assign Material 9 X
}[;? Type A
7 Select Bod -
Assign [ Select Bodyi(s)
e Click on the Assign Materials button Materials Select Body A
and choose the AISI_Steel 1005 material for
the part. « Select Body (1) +-
\
Material List A
% Library Materials -
Libraries
Materials
Used Category
PLASTIC A
PLASTIC
OTHER
OTHER
PLASTIC
OTHER
Air_Temp-depexdent_Gas OTHER
AlSI_310_55 METAL
AlSI_410_55 METAL
AlSI_S5_304-Annealed METAL
EAISI_SteeI_mI]S LT METAL
AlS|_Steel_1008-HR METAL
AlS|_Steel_4340 METAL
Al5|_Steel_Maraging METAL
Aluminum_2014 METAL
Aluminum_3086 METAL
Aluminum_g061 METAL
Aluminum_A356 METAL
Ammonia_Gas OJTHER
Ammonia_NH3_Liquid OTHER
Aniso_Sample OTHER
Argon_Ar_Gas OTHER
Bismuth_Liquid OTHER w
< >
MNew Material A
Type Isotropic -
Create :{?|
Apply Cancel
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Meshing.

Click on the 3D Tetrahedral button
;";.X"
3D

Tetrahedral

Select the part as Object to Mesh and
use CTETRA10 elements (tetrahedral
elements with quadratic  shape
functions — 10 nodes).

Set the Element Size to 1 mm and
click OK to validate.

The meshing of the impeller will take
a couple of seconds.

£} 3D Tetrahedral Mesh

Objects to Mesh

" Select Bodies (1)
Element Properties

Type

Mesh Parameters

Element Size

Atternpt Free Mapped Meshing
[] Attempt Multi-Block Cylinders
Mesh Quality Options

Midnode Method
[[] Geometry Telerance

Jacobian

Mesh Settings

Surface Curvature Based Size Variation

M

| f5 CTETRACID) -

M
)

M
| Mixed -
[ 8

M

Element Growth Rate Through Volume

50.0000

[] Minirnum Twe Elements Through Thickness

Model Cleanup Options

Small Feature Tolerance (% of Element Size)

S30.0000

I > I

l 10.0000
Minimum Element Length (Read-Only) | 0.1 B|
Preview A
Boundary Modes (_:%

Apply || Cancel |
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4 — Loads.

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.

e Click on the Pressure button = Fre=4re

under the Load Type button

e In the Pressure dialog box, select all the
five concave surfaces of the turbine blades
and set a pressure of 0.690 MPa.

Name
Destination Folder

Model Objects

& Select Object (3)

Excluded

Magnitude

Pressure | 9o N/mmA2(MPa) ~ =|

“‘ Apply Cancel 1
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5 — Boundary conditions.

e Click on the Fixed Constraint button

Fixed Constraint .
& Fixed Constrain _ under the Constraint

ﬁ

Constraint
Type button ~ ™P¢7
e Click on the conical surface of the
impeller as shown in the figure below,

and click OK.

UL

Name
Destination Folder
Model Objects

o Select Object (1)

Excluded

T | aeply || cancel |

(ep]
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6 —

The simulation navigator.

The Simulation Navigator regroups several
items.

1.

The FEM file which contains (a link to)
the CAD geometry of the impeller and its
corresponding mesh.

Simulation Mavigator

Mame

C. Status

Fﬁimpeller_sim'l.sim

- - 8 impeller_fem1.fem
—- =0 impeller_fern1_i....

& impeller.prt
4% Mesh Controls

+- W[5 Polygon Geo...
- 3D Meshes

44 Simulation Object C...

- EE Constraint Contai...
¥ @ Fixed(1)

-0 -i* Load Container
] @ Pressure(1)

= 5] SoTauon 1
[F447 Simulation O...
Eﬂi Constraints
¥ Subcase - Static ...
- -* Loads
W] ® Pressu..
[ Results

+

‘\i Structural

2. The CAD geometry of the impeller.

3. The associated mesh.

4. The loads and constraints that define the
boundary conditions.

5. The solution and results of the
simulation.

7 — Checking the consistency of the model.

Click  on Menu ->Analysis 2>Finite
Element Mode Check—->Model Setup
#) Model Setup.. .

In the Model Setup dialog box, just click
OK.

This will display the result of the Check.
You will be able to see any errors and
warnings in a separate window. In case you
get errors or warnings go back to the
previous steps and complete the required
things. If you do not get errors or warnings
you are ready to solve the FEA problem.

3 Model Setup
Assembly FEM Settings

Check for Label Conflicts

1M 3d_mesh(1)
Egions

. Active
. Active

Active

Active

Element count: ...

Check for Unconnected Component FEMs

Check for All Components

Output Settings

[] Detailed Problem Report

Apply

Cancel
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8 — Solving.

e Click on the Solve button ol

¢ Inthe Solve dialog box, just click OK.

e This will generate the required files for
the NX Nastran solver, which will
compute the FEA and return the results
to Siemens NX. (It may take a couple of
seconds).

e Click on Cancel when the Analysis Job
Monitor window shows Completed.

e Also, close the Information window.

9 — Visualizing the results.

In the Simulation Navigator, right-click

on Result and then Open.

This will open the Post Processing
Navigator.

You can, for instance, expand the
Structural tree and double click on the
Displacement item to see how the blades
have been affected by the applied \

pressure.
Maximum deformations appear in red at
the tip of the blades and are about a
magnitude of 0.001 mm.

impeller_sim1 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0, Max : 0.00127486, Units = mm
D: ion : DI - Nodal

000127486

! 0.00116863
0.00106239
0.000956148
0.00084991
0000743671

= 0.000637432

0.000531194

0.000424955
I 0.000318716
0.000212477

I 0.000106239
o |

Units = mi

£} Solve Q) X
Solving Options A
Submit |Selve P
Model Setup Check

Edit Solution Attributes
Edit Solver Pararneters
Prerequisite Solutions Chain W
Cancel

Analysis Job Monitor

Reset List

Check Analysis Quality

Cancel

O

ost Processing Mavigator

Description

MX Mastran Des
T ‘Structural

+ - [ly! Displacement - Modal

+- Iy Rotation - Nodal

+- [y Stress -
+- [y Stress -
+- [y Strain -
By Strain -
+- [y Strain Energy - Elem...

s Strain Energy Density...
i Applied Force - Nodal
s Applied Moment - ...
+-[% Reaction Force - No...

s Reaction Moment - ...

Elermnental
Element-Mo...
Elermental

Element-Mo...

+

+

+

+

+
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10 — Animation.

o

Click on the Animate button Animate and

set the number of frames to 100, and the
Synchronized frame delay to 2.
Click OK to launch the animation and

click the Stop button ® for stopping it.
For comparing the deformed situation
from the undeformed one, click on the

5

J.
Edit Post
Edit Post View button ~ ¥iew

In the Display tab of the Post View dialog
box, check the Show undeformed model
and click OK to validate.

You should obtain the result shown at the
beginning of this tutorial.

Anirmate Result -
Style Linear -
Mumber of Frames

| Full-cycle
Synchronize frame change for all post views

-

Synchronized frame delay (m53) 2 .
1

Apply Cancel
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