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SHELLS AND PLATES

SHELLS AND PLATES

The Shell interface ( [7] ) is intended for the structural analysis of thin-walled
structures. The formulation used in the Shell interface is a Mindlin-Reissner type,
which means that transverse shear deformations are accounted for, and it can
therefore be used for rather thick shells. It is also possible to prescribe an offset in
the direction normal to a selected surface. The Shell interface also includes other
features such as damping, thermal expansion, and initial stresses and strains. The
preset studies available are the same as for the Solid Mechanics interface.

The Plate interface (= ) is the 2D analogy to the 3D Shell interface. Plates are
similar to shells but act in a single plane and usually only with out-of-plane loads.

Copvriaht © 2013 Computational Desian Lab. All riahts reserved.



CAE

NAFEMS BENCHMARK: LE10

Thick Plate — Pressure

* Analysis Type: Linear elastic solid vs. plate
o Geometry: meters, thickness 0.6

COMSOL Solid Mechanics Module Verification Models: Thick Plate Stress Analysis
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e Loading

— Uniform normal pressure of 1 MPa on the upper surface of
the plate

 Boundary conditions
— Face DCD’C’: zero y-displacement
— Face ABA’B’: zero x-displacement
— Face BCB'C’: x and y-displacement fixed, »*
z-displacements fixed along mid-plane

 Material properties
— Isotropic: E =210 * 102 MPa, v=10.3
e Element types
— Solid hexahedra, wedges and tetrahedra
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e Meshes

. " coarse fine
. B

1.583

— 1.165 —»

+—— 2417 —————»

e Qutput
— Direct stress (c,,) at point D: -5.38 MPa
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CAE

LE 10 integration coarse mesh fine mesh
order points element s22 error s§22 error
Abagus * iy g C3D20R |-7.93E+06 | 47.40% |-5.53E+06 | 2.79%
Ansys ¥ 8 SOLID9S |-5.36E+06 | -0.32% |-5.61E+06| 4.26%
CalculiX 2 8 C3D20R |-5.36E+06 | -0.32% |-561E+06| 4.26%
Tahoe 2 g hexahedron
Abagus * 2 27 C3020 |-6.72E+06 | 24.91% |-5.64E+06 | 4.83%
Ansys 2 14 SOLID9S |-5.40E+06 | 0.46% |-5B61E+06| 4.33%
CalculiX 2 27 C3D20 |[-5.20E+06| -3.32% |-5.50E+06| 2.18%
Tahoe 2 27 hexahedron
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STUDY TYPE SELECTION
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| Modal Reduced Order Model
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Added study:
[ stationary

Added physics interfaces:
=3 Plate (plate)

° Physics
Help e Cancel @
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Stationary

The Stationary study is used when field variables do not change over
time.

Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In solid
mechanics, it is used to compute deformations, stresses, and strains at
static equilibrium. In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute
steady-state chemical composition in steady flows. In chemical reactions,
it is used to compute the chemical compesition at equilibrium of 3
reacting system.

It is also possible to compute several solutions, such as a number of load
cases, or to track the nonlinear response to a slowly varying load.

715 MB | 916 MB
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GEOMETRY CREATION
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GEOMETRY CREATION
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" SUMMARY A

LE 10 integration coarse mesh fine mesh
order points element s22 error s22 error
Abagus " 2 g C30D20R |-7.93E+06 | 47.40% |-5.53E+06 | 2.79%
Ansys 2 8 SOLIDY95 |-5.36E+06 | -0.32% |-5.61E+06| 4.26%
CalculiX 2 8 C3D20R |-5.36E+06 | -0.32% |-5.61E+06| 4.26%
Tahoe 2 8 hexahedron
Abagus 2 27 C3020 |-6.72E+06 | 24.91% |-5.64E+06 | 4.83%
Ansys 2 14 SOLIDY9S |-5.40E+06 | 0.46% |-5.61E+06| 4.33%
CalculiX 2 27 C3D20 |[-520E+06| -3.32% |[-550E+06| 2.18%
Tahoe 2 27 hexahedron
COMSOL 2 plate -4.71E+06 | 12.45% | -5.03E+06 6.51%
COMSOL 2 hexahedron
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The Stationary study is used when field variables do not change over
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Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In solid
mechanics, it is used to compute deformations, stresses, and strains at
static equilibrium. In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute
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It is also possible to compute several solutions, such as a number of
load cases, or to track the nonlinear respense to a slowly varying load.
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= Job Configurations Load type: Messages Progress Log Table v 1 X
& Results | Load defined as force perunitarea = | )
Fa | User defined ~ || comsoL 5.0.0.243
> Finalized geometry has 1 domain, & boundaries, 12 edges, and 8 vertices.
2 |
0 y | N/m?
-1le6 r4

906 MB | 1112 MB
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Model

Definitions

Geometry

\aterials Physics Mesh

= — [[Block & S S work Plane 1 ~
— - I>Cone @& M‘ {8 Work Plane
= . ore
Build | Import/Export | ) cylinder € primitives -
Primitives Work Plane
B ~ R Settings Properties

da

4 <& Untitled.mph (root)
4 [ Global
() Definitions
=iz) Materials
4 W Component 1 (compi)
= Definitions
4 YA Geometry 1
4 12 wWork Plane 1 (iwp1)
4 A plane Geometry
@ Ellipse 1 (21)
@ Ellipse 2 (e2)
[ Difference 1 (@if1)
=1 Rectangle 1 (71}
[E] Intersection 1 (int2)
[x¥ View 2
(5] Extrude 1 (axtl)
@ Form Union (%in)
sz= Materials
4 5 Solid Mechanics (solic)
i Linear Elastic Material 1
= Free 1
= Initial Values 1
= Symmetry 1
mw Fixed Constraint 1

4 A Mesh1
Al size
4 [ Mapped 1
E Distribution 1

—

-/ EH Distribution 2
4 70 Study
[ step 1: Stationary
[*=. Solver Configurations
5, Job Configurations
& Results

Manne

® Build Selected @ Build All
Label: Mapped 1

~ Boundary Selection

Geometric entity level: | Boundary =

Selection: Manual hé
onl)| |4 Y !
g =-

Active )

Control Entities

Advanced Settings

Study

Untitled. mph - COMSOL Multiphysics

Results
= O ®wl2a v | F X
Lfll ¥y t d ~J E =
Booleans and Transforms Conversions Defeaturing  Virtual Programming ,_
Partitions - - - I and Repair ~ Operations ~ - X
Operations Other
Graphics
Qa @& @ Loyl = (5]
o E® @ =

yv.\L X

Messages Log Table

\

Progress

COMSOL 5.0.0.243
Finalized geometry has 1 domain, 6 boundaries, 12 edges, and 8 vertices.
Mesh consists of 6 boundary elements and 10 edge elements.

925 MB | 1128 MB
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Build | Import/Export

Definitions
= T)Block &
— (= Cone ®

Primitives

Model Builder
- v STELE]~
4 <& Untitled.mph (root)
4 ) Global
() Definitions
=i Materials
4 |l Component 1 (compl)
= Definitions
/A Geometry 1
4 12 work Plane 1 wp1)
4 YA Plane Geometry
@ Ellipse 1 e1)
@ Ellipse 2 (22)
Difference 1 (dif2)
I Rectangle 1 72)
[ intersection 1 (int1)
[ View 2
[ Extrude 1 (axt1)
Form Union (fin)
izs Materials
£= Solid Mechanics (solid)
B Linear Elastic Material 1
S Free 1
" Initial Values 1
= Symmetry 1
mw Fixed Constraint 1
= Boundary Load 1
A Mesh 1
24l size
4 g Mapped 1
EH Distribution 1

[N

S

N

EH Distribution 1

[~ step 1: Stationary

" Solver Configurations

2 Job Configurations
@ Results

5 7 &
Geometry

. More
[ Cylinder & Primitives -

Untitled. mph - COMSOL Multiphysics

Mesh

&

Extrude

Materials Physics Study Results

I_INNS)
# Sweep ¢y X

b Booleans and Transforms Conversions

= Loft Partitions ~ . . i

Work Plane Operations

{8 Work Plane 1 ~
{8 Work Plane

<k~ Revolve = % -

* wla g

Defeaturing  Virtual Programming [“__'“J

and Repair + Operations ~ - o8
Other

Settings  Properties

Graphics
Distribution @ Q@ & [

® Build Selected [ Build All SNE> FBaa @

Laow Dy 22 —

8 N

L

[

|
&z

£
=

Label: Distribution 1

~ Domain Selection

Selection: | Manual -

g 1 % o+

Active b ¥

~ Distribution

Distribution properties:
[ Fixed number of elements v

Number of elements:

1

i

Messages Log Table

%

M3

COMSOL 5.0.0.243

Finalized geometry has 1 domain, 6 boundaries, 12 edges, and 8 vertices.

Mesh consists of 6 boundary elements and 10 edge elements.

Complete mesh consists of 6 domain elements, 22 boundary elements, and 24 edge elements.

Progress

928 MB | 1132 MB
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POST-PROCESSING

<- Derived Values 9| Point

clDEEHR9cHELED RE- Untitled.mph - COMSOL Multiphysics o [@]= Evaluation 7| I5 ; Ol _g_-é—l_o:l
Model Definitions Geometry Materials Physics Mesh Study Results 6I:H S| I‘l ol Solid S (@) E:' (=)
l.—. — Mselock & 8 Work Plane 1 - = <~ Revolve |E| KA h, 7] ﬁ e R - - = O— . y o 1=
> ] % L ) iy =
= " Ay : M;re e Ao Boole:an—;and Tra:\;fo‘rms Conversions Defeaturing  Virtual Programming 7:" A|_l.
- IVersi = 1 iru. I a
BU"M ImPOﬁfEXPC’ft ) Cylinder € primitives « Partitions ~ B - [l and Repair~ Operations = - Sn
Primitives Work Plane Operations Other
Model Builder ings  Properties ~ ® | Graphics 7E:|J_-l-|-aAl- ‘51684 MPa
- T v B EE - Q ¢ ; o= Bx —
4 & Work Plane 1 (up1) + | = bvaluate ~
4 YA\ Plane Geometry 1 - - a o
@ Ellipse 1 (e2) Label: Point Evaluation 1 [
@ Ellipse 2 (e2)
[ Difference 1 (difz; EDaa
] Rectangle 1 (1) - R e
| Data set: | Study 1/Solution :
[= Intersection 1 gt (eShudyl/Salution. o
Lt View 2 Selection

(5} Extrude 1 (axt1)

] Form union (fin) Selection: [ Manual -

*is Materials

= Solid Mechanics (solid) 6 .
78 Linear Elastic Material 1 E5]
S Free 1 Active h &
i Initial Values 1 &

w Symmetry 1

mw Fixed Constraint 1

mw Boundary Load 1
4 A\ Mesh 1

Expression v %ov |E
Al size s kAl 9
4 A appedrl = Expression:
Distribution 1 : N
[ Distribution 2 solid.sy
4 [ Swept 1 Unit: z 00
EH Distribution 1 T Y, L',(
4 " Study 1 m - .
[ step 1: Stationary [[] Description:
[t Solver Configurations T L e
£, job Configurations — 7
4 @ Results Parameters Messages Progress Log Table 1
Data Sets " Name Value Descripti
i solid.refpntx [0 Reference
[ 4 o3 Re:nved Values solid.refpnty |0 Reference Stress tensor, y component (N/m*2), Point: 6
\ += Point Evaluation 1 solid.refpntz 0 Reference -5.1684E6

. m ] »

v Data Series Operation

979 MB | 1142 MB
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alDEdE 9 ERRCES
m Model Definitions Geometry Materials Physics Mesh
[un) fa) = 2 - —
1] : T) Block {\_:3 1= Work Plane 1 Eﬁj
- I>Cone @& i {8 work Plane 5l ; 5
" g ore rude
Build | Import/Bxport 1) cylinder € primitives =
P Work Plane
M Bu v & Settings Properties
- ® v El | v Mesh
4 18 work Plane 1 (iwp1) + @ Build All
4 ¥ Plane Geometry
Label: Mesh 1

@ Ellipse 1 (e1)

@© Ellipse 2 (22)

[ Difference 1 (dift;
i3 Rectangle 1 (1)
[ intersection 1 (int.

* Mesh Settings

Sequence type:

Untitled. mph - COMSOL Multiphysics

Study Results
<k Revolve e " b, 7] ﬁ o
£ Sweep L@ ¥ EE\I X
ko Booleans and Transforms Conversions _ Defeaturing  Virtual
[l and Repair~ Operations ~

= Loft Partitions - - -

Graphics
Q QR @

=] =

N = [
Programming
- x»

¥ View 2 | User-controlled mesh

(5} Extrude 1 (ext1)
Q Form Union (i)
35 Materials
4 5 Solid Mechanics (solia)
B Linear Elastic Material 1
S Free 1
= Initial Values 1
= Symmetry 1
mw Fixed Constraint 1
= Boundary Load 1
4 /A Mesh1
Q Size
4 g Mapped 1
EH Distribution 1
Ef Distribution 2
el ({E} Swept 1
EH Distribution 1
4 " Study 1
[~ step 1: Stationary
. Solver Configurations
£ Job Configurations
4 {@ Results
Data Sets
L~ Views
4 33 Derived Values
&3 point Evaluation 1
BH Tables
Wl Stress (solid)
Export -

4 m »

"

e
y\_‘L,x
Messages Progress Llog Table 1
PRI N ROl R

Stress tensor, y component (N/m*2), Point: 6
-5.1684E6

101GB|114GB
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POST-PROCESSING

ﬁ/r?- Derived Values 2| Point
ol OeEdR 9 HDER- Untitled.mph - COMSOL Multiphysics lEHE?I}:ﬂ\I/‘ Evaluatlon 7|%% Ol 'g'-é-l'o:l

" Fil o finition: g try ? L A y 1 o o
Model Definitions Geometry Materials Physics Mesh Study Results 6 HI_-I IE-l II:-II gl Solldsy =) E_=|I =

B Export

« " | L

~ Data Series Operation

986 MB | 1112 MB
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Model Builder Propertes - | 214l -5.4650 MPa
b v BRI~ Point Evaluation X :
PR \n\_fmk‘PIane 1 (wpl) © = Balugte - |
4 A Plane Geometry . — . o |
© Ellipse 1 (1) Label: Point Evaluation 1 I |
@ Ellipse 2 (22)
Dat |
(=) Difference 1 (dlif; ik [ |
=1 Rectangle 1 (72) D " ion - (=]
=R s - ata set: | Study 1/Solution. + | | %
[=] Intersection 1 it & J |’—j| :
LY View 2 Selection I
(5 Extrude 1 (axt2) |
[&2 Form Union (fin) Selection: | Manual | |

“zs Materials = )

4 %= solid Mechanics (solid) 6 s+ |

B Linear Elastic Material 1 g - |

i Free 1 Active B W |

i Initial Values 1 & |

= Symmetry 1 ) |

= Fixed Constraint 1 |

= Boundary Load 1 L |

4 /A Mesh 1 ; [ I
~ Expression L~ E

Al size il S I

« R Mapped 1 = Expression: |

E Distribution 1 - I

14 EH Distribution 2 solid.sy e |

4 [ Swept 1 Unit: z 0o I

EH Distribution 1 = I L' o |

4~ Study 1 /m - i |

[ step 1: Stationary [7] Description: |

"= Solver Configurations AT

£, Job Configurations = —rd T I

4 {® Results Parameters Messages Progress Log Table 1 |
Dith 5465 ¥ Name  Value Descripti HE)y EEEE ® - |
v solidrefpntx |0 Reference = L I
4 3 P_ff ived Values solidrefpnty 0 Reference Stress tensor, y component (N/m*2), Point: 6 |
+: Point Evaluation 1 solidrefpntz 0 Reference -5.4650E6 :

4 m »

Wl Stress (solid) |
|
|
|
|
|
|
|
1
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" SUMMARY A

LE 10 integration coarse mesh fine mesh
order points element s22 error s22 error
Abagus " 2 g C30D20R |-7.93E+06 | 47.40% |-5.53E+06 | 2.79%
Ansys 2 8 SOLIDY95 |-5.36E+06 | -0.32% |-5.61E+06| 4.26%
CalculiX 2 8 C3D20R |-5.36E+06 | -0.32% |-5.61E+06| 4.26%
Tahoe 2 8 hexahedron
Abagus 2 27 C3020 |-6.72E+06 | 24.91% |-5.64E+06 | 4.83%
Ansys 2 14 SOLIDY9S |-5.40E+06 | 0.46% |-5.61E+06| 4.33%
CalculiX 2 27 C3D20 |[-520E+06| -3.32% |[-550E+06| 2.18%
Tahoe 2 27 hexahedron
COMSOL 2 plate -4.71E+06 | 12.45% | -5.03E+06 6.51%
COMSOL 2 hexahedron | -5.17E+06 3.90% -5.47E+06 1.67%
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CAE

HOOD PANEL ANALYSIS

— Simply supported boundary conditions
— Dynamic yield stress: s,4 = 298 N/mm?
— Panel stiffness: load(1N)/deflection

— Oil-can load: buckling load

2
K :% Et > = 28.39 N/mm
P where

R Spherical radius
B Constant (2.309)

/" L= 660mm E Young's Modulus
L,= 762mm _ . _
= 5715mm L Poisson s ratio
R,= 15750 t Panel thickness
= 0.71mm
R Re] CRcr7°Et*
R } - Pog =—R% = __50 N

L (1-42)
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DIMENSION SELECTION

CRlR = NREE ) (ad TEhimiEs i \ week11_1.mph - COMSOL Multiphysics ([SiliEnsss )
& Home Definitions Geometry Materials Physics Mesh Study Results

Select Space Dimension

W == Q = :
3D 20 20 10 1D oo
Axisymmetric Axisymmetric 1

|

-

r
|
i\
| |
! 1
|

|
| Help 9 Cancel E,/ Done

116 GB|1.28 GB
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PHYSICS SELECTION

Q Structural Mechanics 2

BRI
CIETCTREE Shell A

Model Definitions Geometry Materials Physics Mesh Study Results

week11_2.mph - COMSOL Multiphysics |

Select Physics Review Physics Interface Study 22!

& Radio Frequency
'“¥ Semiconductor
== Structural Mechanics

el weiys (solid)

\/. =TTIEmOrane (o)

St Beam (beam)

2 Truss (truss)

$= Multibody Dynamics (mbd)

%= Thermal Stress
Thermoelasticity (te)
== Joule Heating and Thermal Expansion
%5 Piezoelectric Devices
6 Piezoresistivity
=%, Electromechanics (emi)
4] Poroelasticity (poro)
2% Fatigue (ftg)

BAebl e odtan

Added physics interfaces:
[ shell shell)

Q Space Dimension

Help 8 Cancel [\ Done

[ search |

[ Remove |

e Study

Shell (shell)
Dependent Variables

Displacement field:
Displacement field components:

Displacement of shell normals:

Components of displacement of shell normals:

1.01 GB | 1.14 GB

ar
arx

ary
arz
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STUDY TYPE SELECTION

Stationary M Ef

o' H BOTC E= In o [ week11_2.mph - COMSOL Multiphysics [foa]
Model Definitions ~ Geometry Materials Physics Mesh Study Results
i =
Select Study Stationary one =&l
4 ~® Preset Studies - The Stationary study is used when field variables do not change over
) time.
s Eigenfrequency
[ Frequency Domain Examples: In electromagnetics, it is used to compute static electric or
VA Frequency-Domain Modal magnetic fields, as well as direct currents. In heat transfer, it is used to
|S Linear Buckling compute the temperature field at thermal equilibrium. In solid
& Modal Reduced Order Model H mechanics, it is used to compute deformations, stresses, and strains at
o1, Prestressed Analysis, Eigenfrequency static equilibrium. In fluid flow it is used to compute the steady flow and
sascodubnalsienrrequency Domain pressure fields. In chemical species transport, it is used to compute
[~ Stationa steady-state chemical composition in steady flows. In chemical
ny reactions, it is used to compute the chemical composition at equilibrium

= TTTTTE UEpENOE of a reacting system.
[\ Time-Dependent Modal

Added study:
[= stationary

It is also possible to compute several solutions, such as a number of
load cases, or to track the nonlinear response to a slowly varying load.

Added physics interfaces:
[J shell shell)

c Physics
Help 9 (I Ej/ Done

101GB|114GB
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|~ RS | (as B R
Model Definitions ~ Geometry
= LN Pi Parameters
.. &’ g
a= Variables ~
Component Add i
1~ Component ~ | fix) Functions -
Model Definitions
Model Builder
s« =t -

4 <& Untitled.mph (root)
4 @ Global

) Materials
W Component 1 (compl)

4 [ shell @hel
w Linear Elastic Material 1
DFree 1
S Initial Values 1

A\ Mesh 1

4~ Study 1
[= step 1: Stationary
= Solver Configurations
5, job Configurations

& Results

[E=3 EOn

Untitled.mph - COMSOL Multiphysics

Materials Physics Mesh Study Results a
-=i = Import sz [} shell ~ @ Build Mesh = = Compute [liii Model Libraries o
¢aLivelink « . % Add Physics | A Mesh1l -  ~®Studyl ~ | {@Add Plot Group ~ (& More Windows = | =
All Matfn‘als Lay‘out
Geometry Windows
Properties Add Material Add Study
& Build All Studies
Label: Geometry 1 4 " Preset Studies -
lunt Eigenfrequency
- Units [U Frequency Domain
[UY Frequency-Domain Modal
Scale values when changing units IS Linear Buckling E
Length unit: [ Modal Reduced Order Model
(= = J |-, Prestressed Analysis, Eigenfrequi
|== Prestressed Analysis, Frequency
Angular unit: |7 stationary
[ Degrees - !%T!me Dependent i
m »
I i
EAdanced Physics interfaces in study
Geometry representation: Physics Solve
| CAD Import Module kernel - [} Shell (shell) v
Default relative repair tolerance:

1E-6

[¥] Automatic rebuild

2

y\_‘t/x

Messages Log Table

3\

COMSOL 5.0.0.243

Progress

624 MB | 899 MB

Geometry 1 0| A EtR|E
mm=z AN

B
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GEOMETRY IMPORT

ol HR 9 EGED
Model Definitions Geometry

Pi Parameters
a= Variables «

&

Component Add )
1~ Component -~ () Functions ~
Model Definitions
)
4 @ Untitled.mph (root) )

4 (@ Global

) Definitions
) Materials
4 Tl Component 1 fcomp1)
4 = Definitions
J=| Boundary System 1 (sy51)
L viewy
b A\ Geometry 1
[Elmport 1 amp1)
FOIT OTHon (177
i35 Materials
4 [J shell gshel
S Linear Elastic Material 1
B Free 1
S Initial Values 1
([ Pinned 1
73 Point Load 1
4 A Mesh1
LZ\J Size
i Mapped 1
4 " Study 1
[7 step 1: Stationary
e Solver Configurations
5 Job Configurations
4 {B Results
: Data Sets
L~ Views
4 23 Derived Values
3 Point Evaluation 1
B Tables
Nl Stress (shell)
Wi Undeformed Geometry (shell)

Materials Physics Mesh

=—= = Import
 Calivelink
Bl:hd Materials

]
CH

Settings  Properties

Study
[7) shell ~
;'\_'"-* Add Physics

Physics

Tmnort

™ Build Selected ~ [ Build All Objects

Label: Import 1
« Import

Geometry import:
| 3D cAD file |

Filename:

C:#UserstAdministratorsDesktopwhooc

[ Browse.. | [ Import |

Length unit:

[ From comsoL |
Objects to import

[T] solids

[¥] Surfaces

[¥] Curves and points
Import options

| Form solids =

Absolute import tolerance:
1E-5
[¥] Check imported objects for errors
[¥] Repair imported objects
Remove redundant edges and vertices

~ Selections of Resulting Entities

[7] Create selections

Untitled.mph - COMSOL Multiphysics
Results

{8 Build Mesh
AMeshl ~

= Compute
~coStudy 1 ~
"% Add Study

z
y,\»L'x

Messages Progress
RN olch:: R

Displacement field, z component (m), Point: 5
-3.5695E-5

Log Table1

12GB|127GB

Al Stress (shell) -
{& Add Plot Group «

Windows

[} Model Libraries
[& More Windows «

F=8 ECR

‘/ﬂz Import 0| 7 ‘4
)

B

Layout

Solids: M3 sl Xl
Curves and points: |3 =t

At

HE ot o
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MATERIAL PROPERTY

Shell 2 &l
=
(o m e el S e . =
o) [ B Untitled.mph - COMSOL Multiphysics X
Model Definitions Geometry ~ Materials Physics Mesh Study Results
@ P Parameters =a (= Import ale [ shell « [ Build Mesh | = Compute il Stress (shell) ~ [ifil Model Libraries .
ﬁ a= Variables ~ E o Livelink » et .\‘@iAdd Physics =~ A Mesh1 ~ ~&Study 1 ~ @Add Plot Group - = [ More Windows ~ @ h |C kn eSS 0.7 1 [m m] (P:I E—:||
Component Add ) Build Material Layout
1- Component - i Functions « Al SIIErc % Add Study your
Model Definitions Geometry Physics Mesh Study Results Windows |
. |
Model Builder ¥ & settings Properties |
= T v TtELE]~ Shell ER O@RE| ||
4 & Untitled.mph (root) - I
4 @ Global Label: ~ Shell il 1 |
) Definitions Name:  shell :
=) Materials
4 1l Component 1 (comp1) Boundary Selection I
4 = Definitions |
- Boundary System 1 (sys1) Selection: | All boundaries - |
View 1 = |
1 " +
4 A Geometry 1 5 ) |
[= Import 1 (imp1) 3 g - |
[&] Form union (finy Active |4 L |
HEY ari .‘ I
4[] shell (shel I
5 =PI Material 1 = |
BiFree 1 |
mw Initial Values 1 ~ Equation |
(B Pinned 1
&7} Point Load 1 Equation form: :
4 A Mesh 1 (" study controlled v |
Al size
i Mapped 1 Show equation assuming: |
4~ Study 1 [ study 1, Stationary - I
[~ step 1: Stationary = |
[ Solver Configurations -V.6 =Fv+6(MyXx m? 2 |
2, Job Configurations |
4 @ Results o:=0, -$<z<8 LY o I
Data Sets |
.E’; Views ~ Thickness |
4 ez Derived Values |
- +3 Point Evaluation 1 d 0.71mm] m Messages Progress Log Table 1 |
Tables — B
Al Stress (shell) Offset definition: fed 2 0=l = 8- :
L
% g:::tormed Geometry (shell) [ No offset '] Displacement field, z component (m), Point: 5 |
5 Reports ~ Reference Point for Moment Co 3318565 |
5 Repol |
0 X |
Xref O ¥ m |
0 z = |
118GB|1.23 GB :
|
|
|
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MATERIAL PROPERTY

e

Model Definitions Geometry
ﬁ <<> P Parameters
a= Variables -

Component Add
1~ Component «

Model

fix) Functions ~

Definitions

Model Builder b2
== v StELHl~
4 @ Untitled.mph (root)
4 ) Global
() Definitions
=z Materials
@ Component 1 (comp1)
4 = Definitions
J- Boundary System 1 (5y51)
View 1
A\ Geometry 1
[ Import 1 (imp1)
Form Union (fin)
152 Materials

4

[N

(O W =S G m S

Untitled.mph - COMSOL Multiphysics [oce)[E)
Materials Physics Mesh Study Results
m [[=Import [j Shell ~ 8 Build Mesh = Compute Wl Stress (shell) » [iiii Model Libraries E
. Calivelink - % Add Physics A Mesh1 + | ~®Studyl - (@ Add Plot Group~ = [ More Windows -
Bulla Materials ~%Add Study Layout
Geometry Physics Mesh Study Results
Settings ~ Properties Graphicg
Linear Elastic Material ARl Lz pgEeEEER i
g.:&lx.xi.u::.J.;.x . 9 BB @R
2. h "7
Saarr_ sy S
o, =226(5-G)+ TI
Finplane = Tm + 204
Model Inputs 4

v Coordinate System Selection

Coordinate system:
[ Global coordinate system -

Saw Linear Elastic Material 1

Za Initial Values 1
B Pinned 1
73 Point Load 1
4 A\ Mesh 1
Al size
{##) Mapped 1
4 "o Study 1
|7 step 1: Stationary
[t Solver Configurations
2 Job Configurations
4 {® Results
 Data Sets
=L~ Views
4 ¥ Derived Values
3% Point Evaluation 1
B8 Tables
Wl Stress (shell)
W Undeformed Geometry (shell)
B Export
5 Reports

~ Linear Elastic Material

Solid model:

[ 1sotropic -
Specify:

[ Young's medulus and Poisson's ra_~ |

D =D(Ey), G=G(EY)

Young's modulus:

E | User defined -
207e9 Pa

Poisson's ratio:

v [ User defined =)
03 1

Density:

£ | User defined |
0 kg/m?

Messages

Progress
EEVITeENREE -

Displacement field, z component (m), Point: 5
-3.5695E-5

Log Table1l

~ Geometric Nonlinearity

[7] Force linear strains
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BOUNDARY CONDITION

. R Pinn 747:”7(71 AH A
ol ] Untitled.mph - COMSOL Multiphysics = [@)[= Q ed o/ll-+-"—- oo
m Model = Definitions  Geometry  Materials  Physics  Mesh  Study  Results \r/‘
.i <('\ Pi Parameters ma [=Import . () shell - [ Build Mesh = = Compute [l Medel Libraries =
. Advd a= Variables - B‘:i eolivelink~ | "% | @ Add Physics  AMesh1+ | ~bStudy1 - = {@AddPlotGroup~ | [FMore Windows :
+ ; ) :
om;i)cinen Component~  flx) Functions « L:" Materials "% Add Study Layout El 9' 7_||' 70:' 71' AI_-I E_Il'l
Model Definitions ( et Physics Mesh Study Results Windows

Model Builder Settings Properties Gr v 3
- F- R Pirivied QQaQeE Lkl pE=mEER SOEE
4 % Untitled.mph (o0t Elo =B8 G
4 @) Global Label: Pinned 1 =
) Definitions »
%) Materials Edge Selection
4 T Component 1 comp) )

Selection: | Manual =
4 = Definitions i 17

J-| Boundary System 1 (5y57) fonmm)| 1 | & 4
[L] view 1 2 B -
4 YA Geometry 1 Adiive ‘53 d B %
& Import 1 (imp1) 3 9 5
[E] Form union (fim 5 :
i35 Materials 1
4 [7 shell (shell) iz =

S Linear Elastic Material 1
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W& Undeformed Geometry (shell «
‘ n »

v Data

Data set: [ Study 1/Solution : ~ | (31

Selection

Analytic solution
B Et’

-5'” — K — = 28.30 N/mm
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=

Layout
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2

Global Evaluation’i A

’ Data set=
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shell.Lfcritg}; =t©l

shell.LFcrit: Critical load
factor from linear buckling

analysis

A4t 52.257 N

Analytic solution
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CAE

NAFEMS BENCHMARK: LE11
Solid Cylinder/Taper/Sphere — Temperature

« Analysis Type: Linear elastic solid
« Geometry: meters

z
07071 02929 - T~
: [ I 4{ ~=~~_H

I I
[ ——r
G G
A‘_
‘R_
F F
J
D E’ E D
C - C
A . A
X B B ¥
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HE ey

e Loading
— Linear temperature gradient in the radial and axial direction
— T(C)=(x2+y?)12 + 7
 Boundary conditions
— Symmetry on xz-plane
— Symmetry on yz-plane
— Face on xy-plane: zero z-displacement
— Face HIH'I': zero z-displacement

« Material properties
— Isotropic: E =210 * 102 MPa, v=10.3
— a=23*10%/°C
 Element types
— Solid hexahedra, wedges and tetrahedra

58
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HE ey

e Meshes
coarse fine

\

TS

e QOutput
— Direct stress (o,,) at point A: -105 MPa
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DIMENSION SELECTION
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|
| Help 9 Cancel E,/ Done

116 GB|1.28 GB
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PHYSICS SELECTION
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653 MB | 905 MB
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STUDY TYPE SELECTION

EIEEO RS EEE

Model Definitions Geometr

Select Study

4 "% Preset Studies

[ Eigenfrequency

[0\ Frequency Domain

[ Frequency-Domain Modal

|S Linear Buckling

[ Modal Reduced Order Model

|, Prestressed Analysis, Eigenfrequency
semRiastiessadadnalysis, Frequency Domain

e Uent
[ Time-Dependent Modal

Added study:
|= stationary
Added physics interfaces:
&= Solid Mechanics (solid)

° Physics

Help @ | El/ Done

Untitled. mph - COMSOL Multiphysics
Study Results

Stationary

The Stationary study is used when field variables do not change over
time.

Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In solid
mechanics, it is used to compute deformations, stresses, and strains at
static equilibrium. In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute
steady-state chemical composition in steady flows. In chemical
reactions, it is used to compute the chemical composition at equilibrium
of a reacting system.

It is also possible to compute several solutions, such as a number of
load cases, or to track the nonlinear respense to a slowly varying load.

656 MB | 909 MB

t=da]

=]
Xl
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GEOMETRY CREATION
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[ Properties I
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\
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|
|
|
|
|
|
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|
|
|
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GEOMETRY CREATION
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Local Coordinate System

» Unite Objects
[¥] Unite objects
Relative repair tolerance:  1E-6
~ Selections of Resulting Entities
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Tl
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\

";UIUIIUII e (SlUUy L), 2 3.

Number of degrees of freedom solved for: 3150.
Number of degrees of freedom selved for: 3150.
Solution time (Study 2): 6 s.

Number of degrees of freedom solved for: 3150.
Number of degrees of freedom solved for: 3150.
Solution time (Study 2): 7 s.

Saved file: week11_3.mph

111GB|1.16GB
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4 1 Work Plane 1 (p2) Coordinate system:

4 YA plane Geometry

= Import 1 (mp2) [ Global coordinate system -

\ L2y iew 2 v Linear Elastic Material
< Revolve 1 (rev1)
[ Form union (fin) [T Nearly incompressible material

i Mafeﬁal , i Solid model:
i Linear Elastic Material 1 | Isotropic )
Specify:
om o
A ‘h;es!:'tllal Values 1 | Young's modulus and Poisson’s ratio 'J
4 " Study 1 C=C(E,v)
,’E Step 1. Stat?onar)( Young's modulus:
™. Solver Configurations
£, job Configurations E | User defined ) 5
& Results 21e11 Pa 2 05 - il
Poisson’s ratio: y\_L. X TN - 0.5
v | user defined - F 0o
03 1
Density: Messages Progress Log Table
P | User defined v \
b
3 U WU lew! VI IETUUII SUIVEU 1V, D4JV. 4
0 kg/m Solution time (Study 2): 6 5.
- : - Number of degrees of freedom solved for: 3150
v Geometric Nonlinearity Number of degrees of freedom solved for: 3150.
i . Solution time (Study 2): 7 5.
["] Force linear strains Saved file: week11_3.mph
oo Imported 1 solid object from C:#¢UserswAdministrator##Desktop#LE11.dxf.
Energy Dissipation «  Finalized geometry has 1 domain, 9 boundaries, 21 edges, and 14 vertices. Y
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Model Builder Settings ~ Properties ~ 8| Graphics Convergence Plot 1
- . TEE- Thermal Expansio QQQeE Lrhkik FE=EDR O Temperature:
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4 YA\ Geometry 1 o o
4 & Work Plane 1 (wp1) - e temperature. 273.15
4 /A Plane Geometry ACI B ¥
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[x¥ View 2
<\~ Revolve 1 (rev1)
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Override and Contribution

~ Equation
&= Thermal Expansion 1

By
Initial Values 1

Show equation assuming:
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£\ Mesh 1 $-50=C:(€- €~ Eingl)s Einet =A(T - Tyep) =
D ()
2= step 1: Stationary + Model Inputs s
™. Solver Configurations
2 Job Configurations Temperature:
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@ Results T | User defined B
273.15+sqrt(x*2+y*2)+z K

w Thermal Expansion Properties

Messages Progress Log Table
Coefficient of thermal expansion:
a l Usef de{.nEd '] mnunuer v Ucyll:t) Ui HIESUUIT SUIVEU 1V, DLJV.
Solution time (Study 2): 6 s.
-4 1/K
23e ’ Number of degrees of freedoem solved for: 3150.
[ Isotropic -] Number of degrees of freedom solved for: 3150.
. Solution time (Study 2): 7 s.
Strain reference temperature: Saved file: week11_3.mph
Tref  27315[K] k | Imported 1 solid object from C:#UserswAdministratorwDesktop#LEL1 dxf.

-} Finalized geometry has 1 domain, 9 boundaries, 21 edges, and 14 vertices.
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BOUNDARY CONDITION

< Symmetry ZAAZAH A

Messages Progress Log Table

INUITIUET Ul UBYIees Ul HIEEUUITT SUIVEU IU1. 210U,
Solution time (Study 2): 6 s.

Number of degrees of freedom solved for: 3150.
Number of degrees of freedom solved for: 3150.
Solution time (Study 2): 7 s.

Saved file: week11_3.mph

Imported 1 solid object from C:#UserswAdministrator#¥Desktop#LE11.dxf -
Finalized geometry has 1 domain, 9 boundaries, 21 edges, and 14 vertices. =
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BOUNDARY CONDITION
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4 % Solid Mechanics (solid) < " o
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= Coordinate system:
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Mapped mesh 2} Swept 7|
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. X More Extrude _ Booleans and Transforms Conversions _ Defeaturing  Virtual Programming = L =
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Primitives Work Plane Operations Other
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- T v TtELD . Dictribution ®
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() Definitions Label:  Distribution 1
i) Materials . :
4 W Component 1 (comp) ~ Domain Selection
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4 '\ Geometry 1 Selection: | Manua

4 & Work Plane 1 (wp1)

a A Plane Geometry B
[= mport 1 (imp1) &

[y View 2
-1 Revolve 1 (revi)
Form Union (fin)
P2 Materials
4 5= Solid Mechanics (sofid)

Number of elements:

4 3B Linear Elastic Material 1 v Distribution
& Thermal Expansion 1
G Free 1 Distribution properties:
i Initial Values 1 [ Fixed number of elements
aw Symmetry 1

3

EH Distribution 1
E8 Distribution 2
[ Distribution 3
4 [fn) Swept 1

[EH Distribution 1

‘LJ
[ step 1: Stationary

--h- SOiVE’ conﬁgurations FlllgliLeu yeulnieuy tias L uutliaill, ¥ UUUIIUalIes, L1 SUyes, diiu L4 velules,
i £ \ aiies, £ i :
& % Job Configurations Complete mesh consists of 84 domain elements, 140 boundary elements, and 7.
Results Complete mesh consists of 195 domain elements, 238 boundary elements, and ¢
Complete mesh consists of 75 domain elements, 110 boundary elements, and 6.
Complete mesh consists of 25 domain elements, 70 boundary elements, and 59
Complete mesh consists of 15 domain elements, 46 boundary elements, and 45
Complete mesh consists of 84 domain elements, 140 boundary elements, and 7.
Complete mesh consists of 15 domain elements, 46 boundary elements, and 45 =

Messages Progress Log Table

117GB|1.21 GB




POST-PROCESSING
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4 A Plane Geometry

[ 1mport 1 gmp1)
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< Revolve 1 (revl)
[E3] Form unien (fim)
28 Materials
4 52 solid Mechanics (solid)
4 T Linear Elastic Material 1

I Thermal Expansion 1

T Free 1
B Initial Values 1
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mw Prescribed Displacement

4 A Mesh 1
2l size
4 (gl Mapped 1
EH oistribution 1
EH Distribution 2
[ oistribution 3
4 [7] swept 1
[ Distribution 1
4~ Study 1
|7 Step 1: Stationary
Tt Solver Configurations
24 Job Configurations
4 @ Results
i Data Sets
T —
4 33 Derived Values
= point Evaluation 1

W Stress (solid)
8 export
25 Reports

‘ m | »

) < Derived Values 9| Point

an e EHE 9 L I R o R Untitled. mph - COMSOL Multiphysics == H =
, Evaluation 7|5 0|&9%}0
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2 3 VErsi = ing .
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Model Builder X Graphics | #AD!ZE -101.91 MPa
- F o - QAQAE@H Lk pE=cBR &
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4 YA\ Geometry 1 = o2
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v Data
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[onf)| |10 % +
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Active b W

B
~ Expression v v =

3 Expression:
solid.sz
Unit 2 e e
N/mA2 - Y\L,x N, U5
Description: o0
Parameters Messages Progress Log Table 1
" Name Value Description 2 P=
‘ HEYIENGE B -

solid.refpntx 0 Reference point for mo... | il > 0 il
solid.refpnty 0 Reference point for mo... Stress tensor, z component (N/m#2), Point: 10
solid.refpntz 0 Reference point for mo... | -1.0191€E8

~ Data Series Operation
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Model Definitions Geometry Materials Physics Mesh Study Results a
. Melock & = & work Plane 1 « § <k Revolve K~ E% 7] = -
ST >Cone @& {8l work Plane # Sweep @ s > ﬁ E =
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Messages Progress Log Table 1
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2 Point Evaluation 1 Stress tensor, z component (N/mA2), Point: 10
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8 export
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DIMENSION SELECTION
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() L = R ) (e B LS I week11_4 mph - COMSOL Multiphysics
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Help 8 Cancel [L/ Done
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PHYSICS SELECTION
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Dependent Variables
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= Displacement field: u

Av Coefficient Form PDE () Displacement field components: u
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Heat Transfer
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{2 Radio Frequency
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STUDY TYPE

SELECTION

O NN = R ) o ES S \

Definitions Geometry Materials

Select Study

4 ~c® Preset Studies

la_ Eigenfrequency

[V Frequency Domain

[ Frequency-Domain Modal

|S Linear Buckling

M\ Modal Reduced Order Model

| Prestressed Analysis, Eigenfrequency
Prestressed Analysis, Frequency Domain

[ stsonay |

——

P
[¥\. Time-Dependent Modal

Ate Piebim e Pl dian

Added study:
[ stationary
Added physics interfaces:
%5 Solid Mechanics (solid)

c Physics

Help 8 E]/ Done

Physics

m

Mesh

week11 4.mph - COMSOL Multiphysics

Study Results

Stationary

The Stationary study is used when field variables do not change over
time

Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In solid
mechanics, it is used to compute deformations, stresses, and strains at
static equilibrium. In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute
steady-state chemical composition in steady flows. In chemical
reactions, it is used to compute the chemical composition at equilibrium
of a reacting system.

It is also possible to compute several solutions, such as a number of
load cases, or to track the nonlinear response to a slowly varying load.

118GB|122GB

Q Stationary M Ef
== |

Copvriaht © 2013 Computational Desian Lab. All riahts reserved.

one =

2|
=

7



GEOMETRY CREATION
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{® Results
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Label: Import 1 1.87]
~ Import 1.7]
1.67]
Geometry import: 157
[ DxXF file = | -
1.4}
Filename: 1.3
C:#UserswAdministrator#Desktop#LE11 dif 121 \
[ Browse... Import | 1.1
Layer selection: 1]
[l =] o.9]
Import options 0.87]
|_Form solids 5| o7
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Relative repair tolerance: 0.57]
1E-5 0.47] \
0.37] |
~ Selections of Resulting Entities 0.27] \
[T Create selections 0'1]
o
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Messages Progress Log Table
b

SUiduui uine \:muy L). £ 3.

Number of degrees of freedom solved for: 693.

Solution time (Study 1): 2 s.

Complete mesh consists of 120 domain elements, 184 boundary elements, and ¢
Number of degrees of freedom solved for: 4095.

Solution time (Study 1): 2 s.

Saved file: week11_4.mph

Imported 1 sclid object from C:wUserswAdministrator#DesktopWLE11.dxf.
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f(x) Functions -
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4 % Untitled.mph (root)
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() Definitions
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= Definitions
4 YA\ Geometry 1
= Import 1 (imp1)
Form Union (fin)

B Free 1

2 Initial Values 1
A\ Mesh 1

4~ Study 1
|7 step 1: Stationary
e Solver Configurations
5, Job Configurations

¢ @ Results

N
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f& || a2
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£ Add Physics
Physics

Settings  Properties

inear Elastic Material

o A sy e

Model Inputs
~ Coordinate System Selection

Coordinate system:

Study
£535olid Mechanics ~

Untitled.mph - COMSOL Multiphysics
Results

[ Build Mesh
A Meshl -

Mesh

[ Global coordinate system

~ Linear Elastic Material

[7] Nearly incompressible material
Solid model:

(. Isotropic

Specify:

[ Young's modulus and Poisson’s ratio

C=C(E,v)

Young's modulus:

E | User defined

21el1

Poisson’s ratio:

v [ User defined

03
Density:

£ | User defined

0

T~ Geometc Nonnearty
[] Force linear strains

Energy Dissipation

= Compute Model Libraries
~oStudy 1 ~ | @ Add Plot Group ~ [ More Windows « =
% Add Study tyout
Study Results Windows
Graphics M
A v * @ g ==k "1 &
ol
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1.47] I
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1.27 1
1.17 1
. i
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Messages Progress Log Table
b
INUITIUET Ul UByiees Ul HETUULTE SUIVEU 101, UYDS. »
Solution time (Study 1): 2 5.
Complete mesh consists of 120 domain elements, 184 boundary elements, and ¢
Number of degrees of freedom sclved for: 4095.
Solution time (Study 1): 2 5.
Saved file: week11_4.mph il
=

Imported 1 solid object from C:#UserswAdministrator#Desktop#LE11.dxf.
Finalized geometry has 1 domain, 7 boundaries, and 7 vertices.
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POST-PROCESSING
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POST-PROCESSING
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" SUMMARY A

Coarse mesh Fine mesh
Software | Order Element
Result Error Result Error
COMSOL 2 axisymmetry -102.85 2.05% -104.83 0.16%
COMSOL 2 hexahedron -101.91 2.94% -104.24 0.72%
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CAE

HOMEWORK: SOLID MECHANICS

Tapered Thick Shell under Pressure and Gravity Loads

Determine the hoop stress at point A of a tapered thick shell subjected to the

following loading conditions:
Study A. Uniform normal pressure of 100 MPa on outer face highlighted in green.

Study B. Uniform acceleration - 9.81 m/s?in global y-direction.
The bottom face on the xz plane is constrained in the vertical y-direction.

Modulus of elasticity (E) = 210 GPa
Poisson's ratio (v) = 0.3
Density(p): 7000 kg/m3

Von Mises stress at point A
Study A: 211.6 MPa , Study B : 0.031 MPa

Study case 1 : 3D Solid Model
Study case 2 : 2D Axisymmetric Model
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