Mechanics of Thin-walled Structures
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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 er .
deformation of the aluminum skin) Units: mm, NI MPa
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Remark: Points numbers may be different.
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Maximum Printed Lines = [ | Select ASET/QSET.
Run alinear anaIVSIs' Maximum Run Time = - - | SUBTITLE
a. Clickon the Analysisicon: Wit Mass Conversion = 1.0
i i Solution P. ters...
Al?aly5|s Dt.eck icon it e ( olution Parameters d LABEL
Click Solution Type... =
Default Initial Temperature = | Solution Sequence: 101
c. SelectLINEAR STATIC as the e
Solution Ty pe Default Load Temperature = I A L e L
d. Click Solution Parameters... Rigid Element Type: LINEAR ~ i ok ] [ con || Solution Type... b
H Direct Text Input...
e. Click Results Output Format... AT = = l ]
f. Uncheck Printand check XDB | | [ Select Superelements... |
. Contact Parameters...
g. Click OK | Subcases... |
h. Click OK [ Fatigue Parameters... | I Subcase Select... l
i. ClickOK | | Results Qutput Format... e .
j. Click Apply . J Apply
hE a1 e




Run Nastran analysis:
a. Openthe NASTRAN

b. Select ex_1.bdf file
ClickOpen
ClickRun

=

Select MSC.NASTRAN Input File

-
MESC/MNASTRAN Command Information

| egversy
L,/'\J [ 1 » Kownstorep » Drive(D:) » MTS » Ex1 = | R | | Mauck: B¢ 1 ol
Ynopagouwre ¥ Hosas nanka S 0@0
Bl Patouwd cron  * Wran [ata u3rteHeHUA Tun
z | ] ex 1.bdf 26.03.2071 2:52 Qain "BDF"
=1 BuBnnoTern - b
BRI
& Wsobpaxkerna
,J‘r Myzeika
) Jomawnss rpynne
1M KomneroTep
&, Drive (C)
=z Drive (1)
o= w = m v
W daiina: ex 1.bdf ~ | Input Files (“bdf;".dat) ~|
C OtkpeiTe ‘ ’ OTmena |

MSCAMASTRAN Input File

1D:'\MTS"~E:-:_1 e 1 hdf

Optional keywords

1
d Run ] Cancel |

Clear
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== =3 -

Entire  Selected | Analysis

Model  Group(s) Deck
Analyze Create

Geometry Properties

BB
P = 7
Read submit ||| = > = HDFS

Existing Deck Optimize | Toptomize

XDB

b,
xdb
-

Attach the results file, when the analysis
job is completed:

a. Click Analysistab/XDB icon

b. Click SelectResultsFile...

c. Selectex_1.xdbfile and click OK
d. Click Apply

Loads/BCs  Meshing Analysis fesults

b,

Output? Output?

Access Results Delete

h | = 1 (T | ] T
o2 4 -“1‘5.3 B ﬂ- B g & -
Read  Attach t15/t19 diplot Li.'*'-" E' E’ Jobfiiew | | g
Output =

Monitor Actions

RHS Window

-
| Select File

Look in: L) Di\MTS

1& My Computer Mame

ﬂ‘ ansys =

. Desktop

E'-f Documents

0900 RAEE
Size Type
ex_l.xdb 824KB xdb File

4]

File name: ex_1.xdb

Files of type: | Files (*.xdhb)

Hv

24

T

L Analysis 1

Access Results =
Object: |[Attach XDB ~
Method: ||Result Entities

Action:

|
| Code: | M5C.MNastran

e
| Type: | Structural
{

i

Available Jobs
ex 1

Job Mame
ex_1
. Job Description {TITLE)

MSC.Mastran job created on 24-Mar-21
at02:53:31

ESUE'ITI'I_E

I Select Results File. . b

| Translation Parameters. ., |

d Annly ]




Home = Geometry  Properties  loads/BCe  Meshing  Analysis  Results BHS Window @ RHS Window @
D228 & & & 88+ m W 5 Ba ol Be B % E W it Results Results _
e lsR &8 OEQAR BE -2 R D o Action: T

Defalts T ms Viewport Display Orientation Misc. Object: Ohject:
Home Geometry Properties Loads/BCs Meshing Analysis Results ;
® L el o mlsE|B
Fringe/Deformation | | Deformation Fringe Vector Tensor Cursor Contour Isosurface Freebody Graph  Animation I o .
ow Viewport Legen n —
Quick Plot ik Deformed: .
b Render St
Ling Style: —
Scale Interpretation 4. m. 4
(%) Model Scale | True Scale I
Felect Fringe Result
IScale Factor 0.04 h = T L
l= Principal 5tress Direction, Zero Shear A—
| Show Undeformed q Stress Invariants, Major Principal iil
1 Stress Invariants, Minor Principal -
1| [ |k
Post-process the results: Quantity: e
a. ClickHome/Plot/Erase Geometryicon -
b. Click on the Resultsicon: Fringe/Deformationicon L SED l‘SE'Eft Deformation Result
c. SelectResultCases: Default, Al:Static Subcase /| Show Title Lock Title Consieant forces, Rt
- A ) I Constraint Forces, Translational
d. SelectFringe Result: Displacements, Translational Tl Moo taba | Displacements, Rotational
e. Quantity: Y Component Displacements, Tronsiational
o g o | S
f. Select Deformation Result: Displacements, Translational [ Label Styie: ] '
g. Clickon the Deform Attributes icon 1 P——
i Reset nima
h. Enter 0.04 as the Scale Factor j o[l = -
i. Uncheck Show Undeformed e
j. Click Apply X m
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Deform: Default, A1 Static Subcase, Displacements, Translational,
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1.59-01
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1.34-01—
1.22-01

1.10-01
9.77-028
5.55-02
7.33-02
5.10-02
4.88-[]2
3.66-02
244-02

1.22-02
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Home Geometry Propgrties Loads/BCs Meshing Analysis Results

'__T.l. I f)‘ & |~ ||| | o ftﬁ

&~ = 6 '

Select | Select | Select | Select !Selecti Select | Select | Select ||tk 1 Show  Edi

- - - - - - -

Points | Curves | Surfaces | Solids | cals > b= | PShapes Transfarm
pints | Curves | Surfaces. | Solds | Co e 3point !‘_ P-Shapes an=fol

¥ Select |-'-b<is

| #= | Euler
L | Normal

L= | 2vector

2| iew vector

i

e

=2
JEE]
A

Renumber Delete Associate Disassocate

(2] '9' Cptions =

RHS Window

E

' Geometry

Action: | |Create ™
COhbject: | |Coord ~

Method: | |3Point ™

3

Cylindrical =

Coord 0

Selkteerie

Patran

Studant Editig

Create a cylindrical coordinate system:

a. Clickon the Geometryicon:
Select/3Point (Coordinates icon)
Type: Cylindrical

Uncheck Auto Execute

Click Apply

Click Home/Smooth shaded icon
Click on the Iso 4 View icon

P ooT
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Origin
[00a]

Point or] Axis 3
[001]

Point orf Plane 1-3
[100]

efer. Cﬁordinate Frame

il

|

|+ |
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g K REiwmwely 4 A

Fringe/Deformation | Deformation | Fringe | Vector Tensor Cursor Contour Isosurface Freebody Graph  Animation Report D |

Duick

a

Geometry Propefties Loads/BCs Meshing Analysiz

Resul

g

lle

Results

Post-process the results:

S@m hm o0 oW

Click on the Results: Fringe icon

Select Result Cases: Default, Al:Static Subcase
Select Fringe Result: Stress Tensor

Quantity: Z Component (axial stress)

Click on the Plot Options icon

SelectCID

Click on the Select Coordinate Frame panel
Selectthe cylindrical coordinate system

Click Apply

3 RHS Window

E

Results

oo

s W EH E

Coordinate Transformation:

c ] ]

| .Séiec.t-Cm:r-c.lina.te #rame

Coord 1 g
Scale Factor 1.0
Filter Yalues:

Averaging Definition:

Domain: |All Entiies =
Method: |DerivefAverage ~

Extrapolation : |Shape Frn, ~

Use PCL Expression
Define PCL Expression...

Existing Fringe Plots. ..

Save Fringe Flot As:

Apply J | Reset

2] @ Options =

28

Lol Q@ i
2 Y O
Ranges Titles Colors  Toggle
Spectrum

RHS Window il
[ Results

CObject: | |Fringe ~

b ng e

BT

‘Select Result Cases

Stress Invariants, Minor Pri
Stress Invariants, Von Misq

4| [

STRAN
A m |
relect Fringe Result
Stress Invariants, Major Principal FY

cipal

| Pasition. .. (At Z1)

|Quar1tit|.f:

[Z Component '| d

Animate

oy | |

Reset J
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Fringe: Default, 41:Static Subcase, Stress Tensor, , Z Component, At Z1 6.54+00
5.95+00
5.06+00
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3. 29+00—

Studddih BefEa @Nd 511

29



Home  Geometry  Properies  Loads/BCs  Meshing  Analysis  Results RHS Window @
¥ b livl - AKME 75 =~ @ eee sl |
Fringe/Deformation | Deformation Fringe Vector Tenmsor Cursor Contour Isosurface Freebody Graph Animation Report Derive B % Insight | | @@ ﬁ ﬂ Spectrums Action: :;
Quick Plot Result Actions | Insight XY Plots UbjECt.‘ Graph =
""" RHS Wind .
& = sl - - @ Method: | |¥ v X ~ 1
| PlatfEr 58 | Reslts . -
I G Action: ; @'
o || o
= I Mot [Y ueX '] - m Select Result Cases =
P Default, A1:Static Suscase;-MSC.NASTRA
= E
- ! ]
- 4 Target Entity:
R Path ~
- | Select Path Paints J
an@’ g IN de 3:989:34 —
E Editian L8 | ||| |[Node si5eo: ] | 1 —T— >
Createa graph: = Paints Per Segment ¥
. . i3 i
a. CI!ck Reset Graphics |f:on % || TrTETT——
b. Click Smooth shadedicon Addtl. Display Control: Stress Invariants, Major Principal i
c. Click Top viewicon Points ™ Stress Invariants, Mingr Prindipal —
. 1101 [l i Stress Invariants, Yon | =
d. Results: Graphicon k|-l o Teaeo f 5
e. SelectResultCases: Default, Al:Static Subcase = H : | ¥
f. SelectFringe Result: Stress Tensor
g. Position: AtZ2 (top layer) ey =
Quantity: Z Component (axial stress) I | foction A0 g
h. X: Path Length : I \Quantty: | (2 Compoent 7]
. o .re . m Apply Reset r
!. Cl!ck on the Target Entltles.lcon . h
j. Clickon the SelectPath Points panel ¥
k. SelectNodeicon
|. Selectnodesby clickingand draggingthe mouse
m. Click on the Plot Options icon
[ appy || Reset
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Fringe/Deformation | Deformation Fringe Vector Tenmsor Cursor Contour Isosurface Freebody | Graph | Animation Report Derive

Geametry Properties

Loads/BCs Meshing Analysiz Results

p
q

. SelectCID

. Selectthe cylindrical coordinate system
. Click Apply

. Click Select Resultsicon

A iyl 2= B E=
gﬁ Insight @ﬁﬁ

Result ns XY Plots

Spectrums

RHS Window

' Plo Results
Action:
Ohject:  |Graph ™

Method:

Pulex 1.db-3 = | -E ]
7,500%109 -
[“-
™, — Resultl: Stress Tensor, ZZ |
5,000 109 ‘-\ /
Y
. 2,500x107 \ /

e \ /
e : f
=
D /
—  0,000x=109 4 ,
v /
un
@ /
ﬁ /

-2,5003%107 ;/

4
e
g P
-5,000%107 et
-7,500=101 T T T T T 1
0,000x109 2,500=102 5,000x102 7,500=102 1,000=103 1,250x103 1,500x103
Path Length
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A

=]=

- Coordinate Transformation:

n

il

| select Coordinate Frame
\Coord 1 (o)

Scale Factor 1.0

None ™

Filter Values:

Averaging Definition:

Domain: |All Entities ™
Method: |Derive/Average T

Extrapolation : |Shape Fn, ~

Use PCL Expression
Define PCL Expression...

Existing Graph Plots. ..
Save Graph Plt_:t As:

Reset

p npﬂlv][
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Geometry Loads/BCs Meshing Analysiz

B L4 % whk, 4

Home Properties

Results

A .

RHE Window

Fringe /Deformation
Quick Plot Result Plots
Pelex_tdb-3 =0 ISR 5
7,500%10% -
Result1: Stress Tensor, ZZ
5,000 100 —— Resultl: Stress:;l'ensor, i
f
L 2,500x10%
i
O
[ ]
a
—  0,000=109
e /
ol
2 /
W
-2,500=10% /
N
-5,000%107 “‘“——"/
-7,500=100 T T T T T 1
0,000:100 2,5003102 5,000x102 7,500x102 1,000x107 1,250%103 1,500x103
Path Length
r. Change Position...to At Z1 (bottom layer)
s. Clickon the Display Attributes icon
t. Check Append Curvesin XY Window
u. Click Apply
Why do results for both layers differ?
Compare foregoing graphs with the
constraint forces distribution from the next
slide.

;,? ; RHS Window

Deformation Fringe Vector Tenmsor Cursor Contour Isosurface Fresbody Graph #Animation Report D

=

: 3 F Results

Action:
Obtect

Method:

Curve Fit:

Curve Style:

Show Symbol

| Show X Axis Label

X Axis Label:
Path Length

¥ Axis Scale
#! Llinear - Log

¥ Axis Format...

| 1] Show Y Axis Label
Y Axis Label:
'StessTe_n_sor,

¥ Axis Scale
U#| Linear " Log

Y Axis Format...

- XY Window Mame:
3

+ | Append Curves in XY Window

ﬁpdv][

Reset

: : ::E Results

Object:

i Method: S

il

==

Select Result Cases

Default, 41:5tatc Subcase;-MSC.NASTRA

1| [ Y

Select Y Result
Stress Invariants, Major Principal
Stress Invariants, Minor Principal
Stress Invariants, Von Mises
Stress Tensar,

1| in |

3

4 [

| Positian. .. (At Z1) r

| Quantity: 7 Component ™

X: |Path Length =

Reset

-
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Home Geometry Properties Loads/BCs Meshing Analysis Results BHS Window |a RHE Window

$ % L _'; 2};’ \? EE -“ @ / ;l ﬂﬂtﬂ'ﬂﬁ Results Flnt;E-ase Results

Fringe/Deformation | Deformation Fringe | Vector Tensor Curzor Contour Isosurface Freebody Graph  Animation Report Der K fion GrebeT Action: Create -~

i

Object:  |Marker ~ Object:  |Marker ~

Fatran 2020 (Student Edition) 18-Apr-21 05 d Method: |Vector ~ Method: |Vector ™ g
Vector: Default, A1:Static Subcase, Constraint Forces, Translational, |, (MON-LAYERED) 3 =

e 5 K

it K B
’__ﬁ____ﬂjji::j::if”‘;#”#‘____,;,- Spectrum [ Constant h @
fﬂ—’ijji:—”#;_ﬂﬂ;,——————”"_—_—_ﬂﬁf WX . . 77 . Select Result Cases
et T T | AT Default, A1:Static Subcase;-MSC.NASTRA
o o e oy O DN B e g RN v+z:[] x+v:[]
T | Show Viewport Legend
————:___::___h““———h————ﬁ_h____ T T T T T Vector defirition
. . et N I O : - i 4] i = b
Compare obtained graph with vector results: || | —— enat [Mocel scaled ~ | 1 ||~ S—
T T Scale Factor 0.1
. .. H-— e Select Vector Result
a. Click Reset graphics icon N e e L O - . :
. . . 1 g O | oe— Anchor Style: — e Constraint Forces, Rotational s
b. Select Right side view el T e Canstraint Forces, Translational (=
. . . To— Head Style: —
c. Click Fitview icon i i =
. . L Style: lﬁ Ispracements, |ransiaiona R |
d. Click on Results: Vector icon ? A gtor Stress Tensor, -
. 02 @Md 1 _
e. Select Vector Result: Constraint Forces Title Editor. .
X ' | Studerin Bo@hie 2 I — )
Translational . Show Title Lock Title
f. Change option to Component and check V] Show Max/Min Labe
only ZZ option || show vector Label | ]
ﬁ. Elhlck Ii)nchspIay Attributes |c|on ‘ . I b ] S —— f
. eck Constant vector color option an - .
| Show on Deformed *X e
choose red color for ZZ: component . Y42 ZHX X+Y
i H4Y +2
! Change Length to Model Scaled K | ] [ oReset]
j-  Uncheck Show Vector Label u
k. Click Apply
| Apply ] | Reset
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Home Geometry Properties Loads/BCs Meshing Analysis Results
LIL L W T2 He N | @ | e |
Isotropic Fiuid | Cohesive | = & @ y | ] rﬂl i ' % | =% Solid o f:. % | == e
Isotropic | Orihotropic | Anisciropic | Fluig Cohesive Composite 0D Properties 1D Properties 20 Properties | 30 Properties | Property Actions Field:
- | S s | e S

Change ring material properties,
run second analysis and compare
results with recently obtained:

a. Goto Propertiestab and
select Modify/Isotropic
Choose ring_mat

c. Change Young’s Modulusto
2e5 (Notethat previous
material was 100 times
stiffer)

Click OK
Click Apply

E Input Opticns

Constitutive Model:

Shear Modulus =

Density =

Thermal Expan. Coeff =
Structural Damping Coeff =

Reference Temperature =

Current Constitutive Models:

Property Mame Value
Elastic Modulus = | 200000, C
Poisson Ratio = 1. 28999999_

Linear Elastic - [,,,,] - [Active]

o)

Clear Cancel
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RHS Window

- 5 Materials
Modify =

Object:

Action:

| Existing Materials

aluminum
ring_mat

/| Filter ON/OFF

=

. Mew Material Mame
| ring_mat
| Description

Il Date: 20-Mar-21 Time: 02:24:14 |

Input Properties ...

Change Material Status ...

Apply

|+ |




f

Home Geometfy Properties Loads /BCs

2 [ =

= -
Entire  Selected | Analysis Read Submit -1 @
Model  Group{s) Deck

Create Existing Deck Optimize

Meshing | Anslysis = Results

1 b, L : b
hs xdb op2 4,&* s “Biat
- * - L * -
»||[8]| | HDFS DB  Read  Attach ti6/t19 d3plat
Output? Output2
Toptomize Access Results

>

Click Analysis tab: Analysis
Deck icon

Method: Full Run

Change Job Name to ex_1b
Select Apply
Afteranalysisisdone, attach
ex_1b.xdbfile and Plot
resultsin the same manner
as previously. Results
referringto the second
analysis will be tagged as A2:
Static subcase

35

[I" rb ’. bﬁ Action:

RHS Window

Analysis

cvect
Method: | [Full Run ~ g

| Code: MSC.Nastran

| Type: | Structural

| Available Jobs @'

[

| ¥

|lex_1

| 30b Mame

ex_ib h

Job Description (TITLE)

I MSC . Mastran job created on 26-Mar-21 |
at 02:44:57

|'SUBTITLE

| LABEL

Translation Parameters...

Solution Type...

Direct Text Imput...

Select Superelements...

Subcases...

Subcase Select..,

Apply
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Use following reference to verify
the results of the second analysis
e What qualitative changes
can be noticed?

e Which calculation vyield

results more similar to the
theoretical solution? Why?

4,500%101 —
3,000101 —
15005101 —

0,000%100 — \ - 2

Stress Tensor,

-1,500%10t —|

-3,000%101 —

-4,500x101

Fatran 2020 (Student Edition) 18-Apr-21 16:20:23
Fringe: Default, A2:Static Subcase, Displacements, Translational, Magnitude, (NOMN-LAYERED] 4 77400
Deform: Default, AZ Static Subcase, Displacements, Translational,

1.80+00)

1.64+00)
1.52+00)
1.39+00)
1.26+00)
1.14+00)
1.01+00)
88501
75801
6.32-01
5.06-01
3.79-01
25301

Patran®:zo

Student Edltlon 0l

Resultl: Stress Tensor, ZZ
—— Result2: Stress Tensor, 22

Legend:
Ring stiffness: E=2e5, at Z2

— Ring stiffness: E=2e7, at Z2

T
7,5005102
Path Length

I I
0,000x=100 2,500=102 5,000=102

I
1,000=103

I
1,250=103

1
1,500=103
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Fringe: Default, A2:Static Subcase, Stress Tensor, | Z Compaonent, At Z1
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361+01
3.24+0
2.56+01
249+01
2.12+01
1.74+01
1.37+01
9.95+00
6.21+00
2.48+00)
-1.26+00
-5.00+00
-8.73+00)
-1.25+01

-1.682+01
1.99+01
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Wector. Default, A2 Static Subcase, Consiraint Forces, Translational, | (NOMN-LAYERED)
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