Engineering 5003 - Ship Structures |

Lab#5

Combined analysis types in ANSYS
By C. Daley

Overview

In this lab we will model a simple pinned column using shell
elements. Once again, we will use SpaceClaim to create the
geometry model of the problem, and then use ANSYS to
model the structural behavior. We will explore the stress,
buckling and vibration analysis features of ANSYS.

ANSYS Model #5 — Pinned Rectangular column
Step 1: describe and sketch the problem:

The model isa 10m x 1m x 0.1m plate with loads and parameters as shown;
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L=10m
w="1m
t=01m

vol = 1m3

m = 7850 kg
A=0.1m2

| = 8.33E-05 m4
E =2.00E11
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The botton is a simple pin, while the top is a guided pin. In this way we still have a pinned-

pinned beam even after it is compressed by an axial load.
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Step 2: estimate expected results (analytically):
The analytical solutions for stress, buckling and natural vibration are shown below;
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t=01m
vol = 1m3

m = 7850 kg
A=0.1m2

| =8.33E-05 m4
E = 2.00E11
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Step 3: open ANSYS Workbench 17.0

1) First, save the (empty) project as Beam5.wbpj
2) The left-hand window shows a set of analysis type options. Select Static Structural and

drag the icon to the right, placing it in the Project Schematic window.
MM Project Schematic
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Step4: open Geometry and create the CAD model
1) By Clicking Geometry in the Project window, ANSYS will open a CAD modeling
program called SpaceClaim. You will see a window like this;
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Structure Layers Selection ‘ Groups ‘ Views

Options - Selection

114 Sketch [ IR
/| Maintain sketch connectivity )\
LI X . "

Properties z

2) If you want to change options or units, you can go to the file tab and select SpaceClaim
Options. This will let you change Units (mm are default) and many other options. Change
units to meters, and .

M Recent Documents
New '

SaveAs
“3

7 Restore

<: Share ’

A Save Project

LE] Print i

j Close

& SpaceClaim Options EJ Exit SpaceClaim
T1\\§ustomize SpaceCIaim.|

You now see the main window where the CAD model will be displayed, just as in Lab#1.
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3) In the Design tab there are many drawing and editing tools. Let’s leave the sketch plane
as a horizontal plane, so we can draw grillage

4) Draw a 1m line and pull it 20m.

o ——
z ~ )

S 180.0° }
P

This will create a plane, which will be modelled with shell elements.

-

Step5: open Model and create the Finite Element model

1) Return to the ANSYS window, and click on the Model feature in the Project window.
- A

1
2 @ Engineering Data v 4
3 i) Geometry v o4
4|a Model [~
5 @@ setup ? .
& Solution T .
7 @ Results T .

Static Structural (ANSYS)
This will start the ANSY'S ‘Mechanical’ program, to setup the actual finite element
model.

2) The Mechanical window shows the 1 component.

At first the model is shown with no mesh or loads yet. On the left is a list of the model
features that have to be set. By default, the material to be used will be structural steel.
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Details of "Model (Ad)"

- Filter Options

Control [Enabled

d |-/ Lighting
Ambient|0.1

Diffuse 0.6
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Note:
A green checkmark v means that everything is OK

A
A yellow lightning bolt " means that something hasn’t been done, but its ready to be
done.

A question mark U means that there is something missing, or not yet set. ANSYS can’t
solve the model if there are any question marks.

Edit the surface thickness to 0.1m. Now the Geometry should have all green check
marks.

Select the Mesh icon in the Project and right-click Generate Mesh.
MF!!'—

=-g] et
+ Update
[ N ——
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The mesh on the body is ;
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3) Now we will set the applied load and support conditions on the bar.

First, we pin the lower edge (line). Right-click on static structural, select Insert

B ri=|Static Structural (A5
4 Analvsis Settinas

A}

Simply Supported

and select Simply Supported

Now click on the lower edge

Il
Now click Apply in the panel on the left that lists Details of Simply Supported.

You should see the face highlighted in purple and a green check by simply supported
% simply Supported | nder Static Structural.

Right-click on static structural, select Insert

SPI=] static Structural (A5
-4 Analvsis Settinas

5

and select Remote Displacement, and add these conditions to the top of the beam;

Details of "Remote Displacement”

| Scope
Scoping Method | Geometry Selection
Geometry 1 Edge
Coordinate System | Global Coordinate System
X Coordinate 1m
Y Coordinate 10. m

Z Coordinate

Location

0.5m
Click to Change

o]

Definition

Type

Remote Displacement

X Component

0. m (ramped)

Y Component

Free

Z Component

0. m (ramped)

Rotation X 0.° (ramped)
Rotation ¥ Free
Rotation Z Free
Suppressed No
Behavior Deformable

+| Advanced

This will allow the beam to compress but still act as a pin.

Right-click on static structural, select Insert

B r=|Static Structural (A5}
4 Analvsis Settinas

and select Force;

‘ orce w
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Now select the top of the bar
Now click Apply in the panel on the left that lists Details of Force.

Edit the magnitude to be 1 N and have its direction downward (compression).

Now you can * Selve the system/
4) To specify output, right click on Solution in the tree, and select Insert, then Stress, then
Equivalent Stress. Do the same to select Total Deformation.

Step6: Add the Vibration (modal) and Buckling Analyses

1) The left-hand window shows a set of analysis type options. Select Modal and drag the
icon to the right, on top of the Solution component of the Static Structural analysis.

|8 Analysis Systems | i )
€ Design Assessment =
83 Eigenvalue Buckling 1
® Electric [ Share A2:A4
8 Explicit Dynamics | | 2|4 Engineering Data ~ Transfer A6
© Fluid Flow - Blow Molding (Pc | | | 3|E@ Geometry v
& Fuid Flow - Extrusion (Polyfic | | @ Model v
© Fluid Flow (CFX) 1l
© Fluid Flow (Fluent) | | {314 Setup %
v
v

o

© Fuid Flow (Polyflow) | |6@ ticon
@ Harmonic Response e ary 'L,n

I &5 IC Engine (Fuent) 3 Static Structural = 5 = :

9 Magnetostatic e SO -7 05000 205 A S A jY = Static Structura 1
[@ Modal 2 @ Engi Data v w2 @ Engineering Data -

# Random Vibration 3 W@ Geometry v ,——a3 @ Geometry
# Response Spectrum 4 @ Model <
@ Rigid Dynamics 5 @ setup

=4 @ Model
& Static Structural 2
.

4

Pl

# 5 @ Setup
D Steady-State Thermal 6 @ Solution » —/.5 @ Solution
I @ Thermal-Electric 7 @ Results # 7 @ Results

LIRIRY

; Transient Structural Static Structural Modal
Transient Thermal

Now drag the Eigenvalue Buckling system on to the Static Structural Solution,
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You should see the three linked systems as;
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2) Now if you re-open the ANSYS Mechanical you will see additional analysis

components.
3 Project
I @ Model (A4, B4, C4)
[H-/% Geometry
-2 Coordinate Systems
/% Mesh
-+ Static Structural (A5)
/74 Analysis Settings
% Simply Supported
., Remote Displacement
/% Force
[=-+i4 Solution (A6)
} Solution Information
Total Deformation
i€ Equivalent Stress
B+ Modal (B5)

74 Analysis Settings
[=-+# Solution (B6)
11 Solution Information
-+ Eigenvalue Buckling (C5)

/= Pre-Stress (Static Structural)

/= Pre-Stress (Static Structural)

/73 Analysis Settings
= Solution (C6)
i1 Solution Information
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Now click on Solution under the Modal analysis and insert Total Deformation. Solve the
model and you should see;

4.500

{Print Preview}Report Preview/
Messages. # x Tabular Data
| Association | Mode | Frequency [Hz)
Warr | You have performed a pre-stress modal analysis with larg Project>Model>Modal>Solutic

We expected frequencies of 2.29, 9.16 and 20.6. What is this 15.41? If you select the 3"
mode (in Details) and retrieve the result, you will see its actually a torsional mode. How
can you prevent this mode?

Now under Analysis Settings for Eigenvalue Buckling, change the number of modes to
find to 3. In Solution under the Eigenvalue Buckling analysis and insert Total
Deformation. Solve the model and you should see;

6.000 (m)

1.500 4,500
Geometry APrint PreviewReport Preview,
Messages 2 x Tabular Data
Text |Assuu'ation Mode | Load Multipli

1k 1.6505e+006
6.6693e+006
3 1.5256e+007

Warr | You have performed a pre-stress modal analysis with larg Project>Model>Modal>Solutic

Because we have applied a 1N load, the load multiplier to get to buckling is equivalent to
out computed load. Now explore what happens if you apply a load of 1.65E6 N in Static
structural and then examine the modal and buckling analyses.

w[~|»-
~
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Self Study Exercises: Student:

For each of these exercises, show the instructor your results and make sure that it is
recorded that you have completed the exercises.

Exercise #1 — Make a model of a guitar string vibrating at middle C (261.h hz). You
choose the sizes etc.

A string of length | (m) and mass per unit length p (kg/m), and tension T (N) has a
frequency of;

[T
v=3\

Ex#l
Initials of Instructor

Exercise #2 — What if the natural frequency of vibration of a 2m x 0.4m x 12mm
steel plate? Assume pinned edges.

Ex#2
Initials of Instructor
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