Mechanics of Thin-walled Structures

EXERCISE 1
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Static, linear analysis of thin-walled aluminum skin, reinforced by a stiffening ring, will be
performed.

In the course of this exercise, students will gain basic knowledge about: creating geometry
and mesh; applying loads and boundary conditions; setting up static, linear analysis and
results post-processing.

Two cases will be considered:

1. When stiffening ring is (relatively) rigid
2. When stiffening ring is made of steel (and its deformations influence the
deformation of the aluminum skin)

Units: mm, N, MPa
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Action: | Access Results ™

Object: [Atiach HDF5 :j
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¢ File Group Viewport Viewing Display Preferences Tools Help  Utilities ﬁﬁmi: ResultEnﬁﬁES'J

0 & ﬂﬂ].@fﬁ%? Home

De M| €92 | [Ehlies| 4wl gl iz

Geometry Properties

: : y4
Loads/BCs Meshin Analysis Resul .
g 2 Action: |Au:u:e.55 Re.sy{ - l
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B0 ) o] 8| |91 | |0 BB @ | ] 521 o @3] 28 3%t k][ | L[] 7% Pwemon:  pelnermes |

y 4

jobis compfeted:

Drefaults Transforms Miewport Display Crientation Misc,
Code: | WMSC.Mastran |
Type: ! Structural |
Available Jobs b
ex_1 A
a. Anglysis: Access Results/Attach
XDPB/Result Entities - .
b. Click Select Results File...
c. Select ex_1.%db file and click OK Job Name
d. Click Apply | ex_1
N Job Description (TITLE)
h5 MSC.Nastran job ;
SUBTITLE
LABEL
Select Results File... '?
Transglation Parameters... |
23 Apply d




i File Group Viewport Viewing Display Preferences Tools

D&« M #ﬁﬁﬂw Home
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Geometry Properties

Loads/BCs
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Analysis

b

Results

= PR ; iRl =]
ECLTURAIL NI NS =Tl = SR AIER S e PR ] I =11 |
Defaults Transforms Viewport Display Orientation MITT: |Web | [Model Treg
pcton. _Create |
Otiect.  QuickPot_~ |
E E
[+ Show Viewport Legend
Deformed: .
Render Style: Wireframe ¥ |
Line Style: G l
Line Width: 4i—v
Scale Interpretation
{* Model Scale = True Scale
Post-process the results: e 01 i [
a. Click on the Plot/Erase Geometry icon ™ Show Undeformed
b. Click on the Results tab .
c. Results: Create/Quick Plot J
d. Select Result Cases: Default, Al:Static Subcase
e. Select Fringe Result: Displacements, Translational
f. Quantity: Y Component
g. Select Deformation Result: Displacements, Translational Title: Editor...
h. Click on the Deform Attributes icon ¥ Show Title [~ Lock Title
i. Enter 0.04 as the Scale Factor :
j. Uncheck Show Undeformed L St Wb, Lok
k. Click Apply Label Style.. |
Remark: To capture the plot use File / Images... 24 apoly | Kk Resot

Action: Create ™ !

C
Object: Quick Plat ™™
= 2]
—_— —

1|
| Select Result Cases
Default, &1:Static Subcase ;—HSC.NA.; -

4| m | F

Select Fringe Result

Bar Stresses, Maximum Combined -
Bar Stresses, Minimum Combined

Constraint Forces, Translational |
Displacements, Translational e

Stress Tensor,
4 b

Quantity:

¥ Component % I f

Select Deformation Result
Constraint Forces, Translational A

i [~ Animate

Apply I
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Drefaults Transforms Miewport Display Crientation Misc, Web||Model Tree

Action: Create ¥

Object: Coord ™

Hdl

Method:  3point

" Coord ID List

Create a cylindrical coordinate system: K
a. Click on the Geometry tab e MM
b. Geometry: Create/Coord/3Point ST
c. Type: Cylindrical [Coord 0
d. Uncheck Auto Execute
e. Click Apply d | Auto Execute
Origin
fl0o0
Point on Axis 3
f0o1)

Point on Plane 1-3

f[1om

e -Apply- I
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Defaults Transforms Viewport Display Orientation Mise, Web||Model Tree

ion; -
Action:  Create ™ Action:  Create I
W : %
Object:  Fringe Object:  Fringe |

S ddEE AL HE

Coordinate Transformation:

g Select Result Cases

Defau-lt, ﬁ‘ll"‘ﬁtic-ﬂubcase;-hﬁ;ﬂ

Ll

NAST

Select Coordinate Frame

| Coord 1 h C

Scale Factor I 1.0
Filter Values: MNone ™ | M

4 i 3
Averaging Definition: ;
Post-process the results: e [ | Select Fringe Result
Bar Stresses, Minimum Combined -

. Click on the Results tab Method: Derivelsverage ¥ | Constraint Forces, Translational
Results: Create/Fringe Dizplacements, Transiational

- . . =

: - Stress Tensor, e
. Select Result Cases: Default, A1:Static Subcase Extrapoloton : shapaFn._ | EH’ — n v
. Select Fringe Result: Stress Tensor 4 4

[~ Use PCL Expression

a
b
c
d
e. Quantity: Z Component (axial stress)
f.
g
h
i

Define PCL Expression... I
Click on the Plot Options icon
. Select CID Existing Fringe Plots... | PO A E) _l
. Select the cylindrical coordinate system Save Fringe Plot As: Quantity: Z Component ¥ ZI
Click Apply ! [T Animate
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i | Aeply Reset | Apply Reset |
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Action: Create ™ |

Object  Graph ‘l b
wetros: [¥vax 7|

h|lw 2 P

Select Resuft Cases

Default, A1:Static Subcase;-MSC NAS TR

4| m 3

QEE ﬂ']] .@‘; ﬁ\ $' ¥ Home Geometry Prop a Loads/BCs Meshing Analysis Results
Diga@s e | @be|o) o Tols bebs) sEms)
1Bl || O | R ||| €712 ||| 0| B[R] 5551 = (12238 kot || Lo 112 B |
Defaults Transforms Viewport Display COrientation Mise., Web||Model Tree
(&
E Action: Create v|
k = Object: Graph v|
+
= Method: Y vsX 'l
= 8/ B & #[
|
. Target Entity:
: Path ¥ |
) Select Path Points
[= [ Node 12:3886:82 i
<
+_ Pointz Per Segment
|3
Create a graph: ;
a. Click on smooth shaded display icon o Addtl. Display Control:
b. Results: Create/Graph/Y vs X I Points v|
c. Select Result Cases: Default, Al:Static Subcase
d. Select Fringe Result: Stress Tensor
e. Position: At Z2 (top layer)
f. Quantity: Z Component (axial stress)
g. X: Path Length
h. Click on the Target Entities icon
i. Click on the Select Path Points panel
j. Select Node icon Apply I Reset
k.

Select nodes by clicking and dragging the mouse
Click on the Plot Options icon
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¥: Result "l

Select ¥ Result

Bar Stresses, Minimum Combined
Constraint Forces, Translational

Dizplacements, Translational El
| Stress Tensor, u -
4 b
e Posttion .. (At Z2} |
Quantity; Z Component b f

X Path Length '|

Apply | Reset
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Drefaults Transforms Wiewpaort Display COrientation Ilisc. Method: YvsX ¥
S o~ & W
p ]

Coordinate Transformation:

LEGEND

— At 22 (top layer
{top layer) m IC'D—'I
Select CoordinajeErame
7o | e e ety et e et i ety o e o et | Coord 1 n
|
|
- ————
@ 500 I I Scale Factor 1.0
% | |
= 2R0 :____': Fitter Values: None ™
E | |
S o
-+ | |
) | | Averaging Definition:
o | ——
o 25D | | Domain: Al Enttes ¥
| |
é £ 00 | Method: Derivelaverage b ]
: | |
- e l l l l l l Extrapolation : ShapeFn. ™
e 50, 500 7O 1000. 1250 1500,
Path LEHgth [~ Use PCL Expression
m. Select CID Existing Graph Plots...
n. Select the cylindrical coordinate system Save Graph Plot As:
o. Click Apply |
p. Click on the Select Results icon

Apphy Reset
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Diefaults Transforms, Viewport Display Orientation Misc, Web||[Maodel Treg Action;  Create ™
Object:  Graph "I

Action:  Create ¥ Method: ¥ vs

LEGEND s B R L
— AL 22 [top laver) ' % ﬁ %

— AtZ1 (bottom layer) Method: YvsX ¥

Elel

p— |
S<E? ——
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|
w 500 | | | :————4: e
o | | | | | Curve Style: Y I
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o 2ED | | | | | I_ Show S)I'ITIhIﬂ
a | | | | | .
_g 0 _____':' ___:____': ‘| 1 | b
) | [ | [¥ Show X Axis Label
ﬁ 2Bl 0 R | -, || ——— Y Result ‘I
o : | I I X Axis Label:
é _____l :____J | Path Length Select ¥ Result
-.00 I | [ | I I ¥ Axiz Scale Bar Stresses, Maximum Combined -
| | | | | | it - Bar Stresses, Minimum Combined |
-750 | | | | | | L il Constraint Forces, Translational E|
: 0. 2h0. 500, R0 1an0. 1250, 1500. P — Displacements, Translational T
Path Length - 5
¥ Show ¥ Axis Label
o Axis Label: —
[oxiat sress paPal | Position.. (At Z1} q
g. Change Position to At Z1 (bottom layer) ¥ A Seale Quantity: Z Component ¥
r. Click on the Display Attributes icon o e
s. Check Append Curves in XY Window _ X: painLengih ¥ |
. Y Axiz Format...
t. Click Apply
Xy Window Name:
Why do results for both layers differ? [3
29 [¥ tAppend Curves in X Windo| ¢ Apply Resat

Compare foregoing graphs with the
constraint forces distribution from the t | ey | Reset
next slide
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Q E i ﬂrh .g;’ ﬁ $ ¥ Home C ometry Praperties Loads/BCs Meshing Analysis Results
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| Diefau a \_ Transforms Viewport Display b Crrientation Misc. Web||Model Treeg|
R&§u!ts_: -.F.es.urts |
Compare obtained graph with vector results: A i —
. . Object: d Object:  |Marker ¥
a. Click on the Reset graphics icon .
. . . Method: |Mector ™ i
b. Select Right side view _ ' clod.
c. Fitwindow @
=] o) R e =
. ' by =
d. Click on =3 e M =
Results/Create/Marker/Vector =
e. Select Constraint Forces, Select Resut Cas , Ospectum @ constant| h
Translational for the Vector Result s e T «l ~Hl =N
f. Change option to Component and vz [l zxl x|
toggle on only ZZ option x+v+z: [l
g. Click on Display Attributes [+] show Viewport Legend
h. Toggle Constant vector color option
. and choose color for ZZ component e R
. Select Vector Result
j. Toggle off Show Vector Label ot S A ] e 0 |
k. Click App'v Bar Stresses, Bending '_|
: @ |[Constraint Forces, Rotational = Anchor Style: —@‘_}-‘
:Disp;]ac;n;ments, F{Lutati;l.nall v| Head Style: —@_':}‘
[ Title Editor,.. |
Show Title [ Lock Title
A Show Max/Min Label
[]xx Clyy mz | f []show Vector Label | j
Oy« Ozsx Oxey [ Label Style...

[(xsvsz ;
Show on Deformed
[] Animate

[L_aepy | [ Reset k [Laeey | [ Reset
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Results
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Defaults

ﬁl =1

= o

Le ault AZ: Statlc: Subcase

Transforms Viewport Display Crientation Misc, Web | |[Model Treg|
Change ring material properties,
run second analysis and compare -
results with recently obtained: [ Materials |
Constitutive Modek Action:
Go to Properties tab and Ll .
P . . Property Name Value Object:
select Modify/lIsotropic —
o Elastic Modulus = 200000 C A=
Choose ring_mat : |‘
Poizsson Ratio = 0.285939555 1L
Change Young’s Modulus == ;
. Shear Modulus = Existing Materials
to 2e5 (note that previous sl i
. . Density = | aluminum
material was 100 times ring_mat u
. Thermal Expan. Coeff = | -
stiffer!) _
. Structural Damping Coeff =
Click OK
. Reference Temperature =
Click Apply -
||
In the Analysis tab, select
. Ti ture Dep/Model Variable Fields:
Analyze/Entire Model/Full i i i
Run
Change Job Name to ex_1b
Select Apply :
After analySiS iS done, Current Constitutive Models:
attach ex_1b.xdb file and Linear Elastic - [, ]- [Activel
plot results in the same New Material Name
manner as previously. el B
Results refering to the - '
second analysis will be d Description
tagged as A2: Static — |
Results |
subcase acton

;k-na'?ysg |
Object: Entire Model ¥
wetros
Code: MSC.Mastran
Type: Structural
Available Jobs E
Lex_1
Job Name
| ex_1b g
Joh Descript E)
SUBTITLE
LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements. .

—

Input Properties ...

Change Material Status ...

Subcases...

—

Subcase Select...

= e e el

Apply




What qualitative changes can
Which calculation yield results
more similar to the theoretical
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Use this reference to verify the
results of the second analysis

Path Length



