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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 tor rather thick shells. It is also possible to prescribe an oftset 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 tor the Solid Mechanics interface.

The Plate intertace (== ) 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-ot-plane loads.

Convriaht © 2019 Combputational Desian L ab. All riahts reserved




NAFEMS BENCHMARK: LE10
Thick Plate — Pressure

* Analysis Type: Linear elastic solid vs. plate
« Geometry: meters, thickness 0.6
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COMSOL Structural Mechanics Verification Examples: Thick Plate Stress Analysis
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S A

« 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
— lIsotropic: E =210 GPa, v=0.3

« Element types
— Solid hexahedra, wedges and tetrahedra
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« Meshes

1783 4" coarse fine
B

F 3

1.583

a— 1.165 —

2417 —»

* Output
— Direct stress (o,,) at point D: -5.38 MPa
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LE10 COMPARISON

LE 10 integration coarse mesh fine mesh
order points element 522 error 522 error
Abagus 4 b = CI0Z20R [-FO3E+06 | 47 409 |-353E+06 | 2.79%
ANsys 2 = SOLIDY9S [ -5.36E+06 | -0.32% |-5.61E+06 | 4.26%
Calculix 2 = C3IDZ0R [ -5.36E+06 | -0.32% |-5.61E+06 | 4.26%
Tahoe 2 g hexahedran
Abagus 4 b 27 CI02 | -6 FZE+IE | 24.97% |[-DE4E+06 | £.82%
ANsys 2 T4 SOLIDY9S (-5 40E+06 | 0.46% |-5.61E+06| 4.33%
Calculix 2 27 C3D20 | -5.20B+06 | -3.32% |[-5.590E+06 | 2.18%
Tahoe 2 2T hexahedran
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ENVIRONMENT SETTING

Materials

Select Study

4 "t Preset Studies
i, Figenfrequency
Frequency Domain
Frequency-Domain Medal
1S, Linear Buckling
1A Modal Reduced Order Model
[ Prastressed Analysis, Eigenfrequency
[ Prestressed Analysis, Frequency Domain
E Stationary
[ Time Dependent
[\ Time-Dependent Modal
~ Custom Studies
~dn Empty Study

Added study:
[= stationary

Added physics interfaces:
=1 Plate (plate)

e Physics
Help 8 Cancel B/Done

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 compesition 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 2 number of load
cases, or to track the nenlinear response to a slowly varying load.

780 ME | 959 MB
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GEOMETRY CREATION

Home Definitions Geometry Materials Physics Mesh Study Results Dev:
P; Parameters [=Import pr— — P e e) @, F!
< 2 7= ‘ = "o &
A a= Variables » b 3 + u &‘ + = -
Application =~ Component Build Add Plate Add Build  Mesh Compute Study  Add Add Plot | Windows Reset
Builder - i) Functions - All Material +  Physics | Mesh 1+ 1+ Study Group = +  Desktop~
1 Maodel Builder 8 G
- F v SUEL v Q QR E Ly FeeesN | &R
4 & Untitled.mph (root) 15 Build All Objects o @ -
4 () clobal Definitions e t t t t L
5 Materials Label:  Ellipse 1 = 3 o
9 component 1 (compl) . E
- — ¥ Object Type 2.5 i
(| N
WA\ Geometry 1 L I
| Y Type: | Solid - 51 -
| L
2= Materials S e SiEns 1.57] r
4 5 Plate (plate) X k
- 3.25
o Linear Elastic Material 1 S-semias m 171 r
& Free 1 b-semiaxis.  2.75 m [
o Initial Values 1 0.57 E
| 2 Equation View Sector angle: | 360 deg : [
A Mesh 1 . 4 L
'I 4~ Study 1 ~ Position 0 L
E Step 1: Stationary L
: Cent - - i
[ Solver Configurations B Enter 0.5 [
5 Job Configurations pe o m i L
I Results -1 s
y 0 m L
1.5 -
~ Rotation Angle t
| 27 r
| Rotation: O deg [
2.5 r
' Layers [
w Selections of Resulting Entities -37) I I I I I I I Y
3 -2 1 0 1 2 3
Contribute to: | Mone - New
Messages Progress Llog Table
\ [T Resulting objects selection d 2 2
\
(| Show in physi Domain selection o
COMSOL Multiphysics 5.3.0.223
|
794 MB | 960 MB

Convriaht © 2019 Combputational Desian L ab. All riahts reserved

AH A
oo

Ellipse 1

a-semiaxis: 3.25
b-semiaxis: 2.75
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GEOMETRY CREATION

B =R C ¢

o B R R

Study

Results Developer

Home Definitions Geometry Materials Physics Mesh
A gs P; Parameters = [[=Import
"
a= Variables - b 3
Application | Compeonent R Add
Builder . fo) Functions ~ Material

Model Builder
- 1 =t E
4 & Untitled.mph goot)
4 (7)) Global Definitions
=5 Materials
4 ) Component 1 fcompl)

= v

4 A Geometry 1
@ Ellipse 1 121}
| Ellipse 2 (22}

=5 Materials
4 7 Plate (plata)

& Linear Elastic Material 1

S Free 1
& Initial Values 1
S Equation View
A Mesh 1
4 ~db Study 1
|= step 1: Stationary
[rw Solver Configurations
,.;r'J Job Configurations
&, Results

¥ Build Selected ~
Label:  Ellipse 2
~ Object Type

Type: | Solid

= Size and Shape
a-semiaxis: 2
b-semiaxis: 1

360

Sector angle:

= Position

Base: | Center

X o

v 0

~ Rotation Angle
Rotation: 0

Layers

« Selections of Resulting Entities

Contribute to: | None

[T] Resulting objects selection

Show in physics: | Domain selection

806 ME

[E8 Build All Objects

S, — A~ O @I
MG B A = R B =
Plate  Add Build Mesh Compute Study Add Add Plot | Windows Reset
»  Physics Mesh 1+ 1+ Study Group ~ - Desktop +
~ #|| Graphics
| aAaE | - = =
S @mE
P T S S S S S S T S S S T S S S [ S S S S S I
= " o
2.5
- H
27
1.57]
m -
1
m
deg 0.5
o
= -0.57
m u
-1
m
1.5
27
deg
-2.57]
- m
3 T T T T T T T
-3 -2 1 4] 1 2 3
- New
Messages Progress Log Table
\

b

COMSOL Multiphysics 5.3.0.223

| 855 MB

Convriaht © 2019 Combputational Desian L ab. All riahts reserved

AH A
oo

Ellipse 2

a-semiaxis; 2
b-semiaxis: 1

o
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GEOMETRY CREATION
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GEOMETRY CREATION

D IR2ENEC o« Ba S ® e
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GEOMETRY CREATION
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MATERIAL PROPERTY

[] Additive strain decomposition

861 MB | 986 MB

File v Home Definitions  Geometry Materials Physics Mesh Study Results Developer
P; Parameters T=Import " ~D
2> B | &= s A = ~® = iG]
A a= Variables ~ E b 3 + i 3 . + &= -
Application | Component Add Plate  Add Build  Mesh Compute Study  Add Add Plot | Windows Reset
Builder - Material - Physics Mesh 1+ 1+ Study Group + - Desktop +
ion Physics Viesh s Layout
Maodel Builder Settings ~ */| Graphics
- v = - i Elast aQ Q@ [ER rellcoig
4 < Untitled mph goot) LM"l - .y S0 @e
4 () Global Definitions ; - 1 1 1
258 Materials Active 0 o
4 %) Component 1 frompi) RE a7 =
= Definitions
4 ' Geometry 1 35 =
@ Ellipse 1 21} 7l '
© Ellipse 2 (e2) Override and Contribution 3 -
Difference 1 lif1) .
[ Rectangle 1 (72} I» Equation a5 L
= A ) .
= ntersectl.un 1 ..rn(_r) L Model Input 2
Form Unign (i) B L
525 Materials ~ Linear Elastic Material 2
4 7= Plate (plate) | L
& Linear Elastic Material 1 Solid model: 1.5
Fre=T | Isotropic - B L
W Initial Values 1 1
35 Equation View Specify
A5 Mesh 1 | voung's medulus and Poisson's ratic - 0.5 r
4 Eﬂ‘ldy 1 ‘Young's modulus:
|= step 1- Stationary 1 o =
[rw Solver Configurations £ | User defined -||=
5 Job Configurations 21080 Pa .5 =
& Results
Poisson's ratio: 1 L
v | User defined -
03 1 -1.57] m|
T T T T T T
Density: -1 4] 1 2 3 4 5
P =k | Messages Progress Log Table
q ka/m# \
~ Geometric Nonlingarity COMSOL Multiphysics 5.3.0.223
Finalized geometry has 1 domain, 4 boundaries, and 4 vertices.
[ Force linear strains

Linear Elastic Material =&l

E: 210e9
mu: 0.3
rho : 0

olzd
H 7




BOUNDARY CONDITION
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BOUNDARY CONDITION
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~SUMMARY A

LE 10 integration coarse mesh fine mesh
order points element 527 error 527 error
Abagus - 2 ] CROZ20R | -FE2E+06 | 47 40% |-D22E+06 [ 2. 79%
Ansys 2 ] SOLIDYS | -5 36E+06 | -0.32% |-5.B1E+06 | 4 26%
CalculixX 2 ] CADZO0R | -5.36E+06 | -0.32% [-5961E+06 | 4.26%
Tahoe 2 ] hexabhiedron
Abagus - 2 2F CE020) | -6 FREHODE | 24.97% [-DE4E+0E | £.583%
Ansys 2 1 SOLIDYS | -5 A0E+06 | 0.46% |-5.B1E+06 | 4.33%
CalculixX 2 2F Cab20 | -5.20E+06 | -3.32% [-5.50E+06 | 2. 18%
Tahoe 2 2T hexabhiedron
COMSOL 2 plate -4.61E+06 14.3 % -4.98E+06 7.4 %
COMSOL 2 hexahedron
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ENVIRONMENT SETTING

o M dE*» 9 Blh

Untitled.mph - COMSOL Multiphysics.
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()
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[V Frequency-Domain Madal

[I5, Linear Buckling

I Modal Reduced Order Model

|- Prestressed Analysis, Eigenfrequency
[== Prestressed Analysis, Frequency Domain
|~ Staticnary

I Time Dependent

L Time-Dependent Modal

~d& Custom Studies

~b Empty Study

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

e Physics
Help 8 Cancel B/Done
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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 compesition 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 2 number of load
cases, or to track the nenlinear response to a slowly varying load.
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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 527 error 527 error
Abagus - 2 ] CROZ20R | -FE2E+06 | 47 40% |-D22E+06 [ 2. 79%
Ansys 2 ] SOLIDYS | -5 36E+06 | -0.32% |-5.B1E+06 | 4 26%
CalculixX 2 ] CADZO0R | -5.36E+06 | -0.32% [-5961E+06 | 4.26%
Tahoe 2 ] hexabhiedron
Abagus - 2 2F CE020) | -6 FREHODE | 24.97% [-DE4E+0E | £.583%
Ansys 2 1 SOLIDYS | -5 A0E+06 | 0.46% |-5.B1E+06 | 4.33%
CalculixX 2 2F Cab20 | -5.20E+06 | -3.32% [-5.50E+06 | 2. 18%
Tahoe 2 2T hexabhiedron
COMSOL 2 plate -4.61E+06 14.3 % -4.98E+06 7.4 %
COMSOL 2 hexahedron | -4.10E+06 23.8% -5.13E+06 4.6 %
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HOOD PANEL ANALYSIS

Panel stiffness: load(1N)/deflection Y -

J [y
Iy i} Example: Hood
CEt* 1 R R,
K =———— where cwvatwre —=—-————~
R ,‘1 B 1,2 R ZLILZ = 660mm ~
- = 762mm
C : constant (2.309) = 5715mm
t - panel thickness = 15750
: : = 0.71mm
R : spherical radius

L. L, : rectangluar panel dimensions

R,.R, : panelradii of curvature in orthogonal directions

— Oil-can load: buckling load

R, =45929-34.1831 +6. 3974°

_ CR,7°Et* bere | 1 — 05, |k 12(1-v?) K =28.81 N/mm
_1112(1—1/2:] where 34 =094 [— R R, PCF — 5053 N

C =0.645-0.775L,L,

R R, 1 L
valid over the range — and — > 2, H <=2 <3, LL, <0.774m"
L L, 3L
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ENVIRONMENT SETTING

Dimension : 3D
ETTITENY oL Wultphyae | | Physics :
Home  Definitions  Geometry  Materials  Physics  Mesh  Study  Results  Developer H Structural I\/Iechamcs
— Shell
Study : Stationary

Select Study Stationary

4 "o Preset Studies 't[he Stationary study is used when field variables do not change over
la_ Eigenfreguency e

[\ Frequency Domain Examples: In electromagnetics, it is used to compute static electric or

Frequency-Domain Modal magnetic fields, as well as direct currents. In heat transfer, it is used to
11, Linear Buckling compute the temperature field at thermal equilibrium. In solid D = E.I
& Modal Reduced Order Model mechanics, it is used to compute deformations, stresses, and strains at O n e = T
| Prestressed Analysis, Eigenfrequency static equilibrium. In fluid flow it is used to compute the steady flow and

pressure fields. In chemical species transpert, 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 a
reacting system.

[ Prestressed Analysis, Frequency Domain
|7 stationary
12 Time Dependent
1 Time-Dependent Modal
] e Custom Studies 1t is alse possible to compute several solutions, such as a number of load
~db Empty Study cases, or to track the nonlinear response to a slowly varying load.

Added study:
|= stationary

Added physics interfaces:
[ shell ishelly

° Physics
Help a Cancel E,/Dune

121GE|133GB
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GEOMETRY IMPORT

— e e - - — -_— e
0N |H B Ot e B Untitled.mph - COMSOL Multiphysics [E=REE
Home Definitions Geometry Materials Physics Mesh Study Results

A "% | W Component 1 (compl) = = E— [7] shell (shelly - [E Build Mesh | = Compute [Fwindows -
[ € Add Component - = > % Add Physics AMeshl - ~duStudy 1 - | B Add Plot Group - [CuReset Desktop -
Apgl'ﬁgg?” Definitions| Geometry | Materials & Add Multiphysics % Add Study
Application Model Physics Mesh Study Results Layout
Model Builder A ) Sett'f‘gg Graphics Convergence Plot 1
- TeREEY | Imoon QaRe@ Lkl FEECBER B@
4 % untitled mph (root) ) Build Selected [ Build Al S e | o Heae &=
4 () Global Definitions a
28 Materials Label:  Import 1
W Component 1 fcompl)
= jniticns e
7 Geometry 1 Source:
FHEESES -
4 [j Shell fshel) NASTRAN file v
G Linear Elastic Material 1 Filaname:

EFree 1
T Initial Values 1
aus o
A Mesh 1

[[= Import 1

4 ~ob Study 1
]/__- Step 10 Stationary
[P, Solver Configurations
5 Job Configuraticns
@ Results

#cdl-mainttuploads®201 TRCAERIab¥hood_center.nas

Browse. Import

313 [0 IMpPort

Mesh and materials -
Partition accerding to material data
Create selections

Allow partitioning of shells

[T] Partition according to element type

[] Import as linear elements

Boundary partiticning
Minimal -

974 ME | 1077 MB

Messages

Progress

.

Log Table
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GeometryO| A EF2|E mm
=2 484

Mesh 2% — Import
Settings 2} 0| A{

1) Source : NASTRAN file

2) Browse H{& 2=l A
hood_center.nas Lt 1 EH

3) Boundary partitioning
: Minimal

4) Import = &l
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MATERIAL PROPERTY

File v Home Definitions Geometry Materials Physics Mesh Study Results Developer
P; Parameters = Import @ R Y
g S T} 2 ‘ = "o
A a= Variables - = caLivelink - 3 = ‘& +
Application | Component Build Add Shell  Add Build  Mesh Compute Study
Builder - fix) Functions - All Material -  Physics | Mesh 1+ 1+
Model Builder Settings =i
- ® v ETELE - She BRI T I
4 4 untitled.mph (root) - Terel = a @
4 (7)) Global Definitions Label:  Shel =
25 Materials Mame:  shell
4 W Component 1 fcomp1)
= Definitions ~ Boundary Selection
4 ' Geometry 1
= Import 1 fimpl) selection: | All boundaries -
Form Union (fi)
" [ :
2 E
[ shell shelly 3 | -
| IR ic Material 1 Active 4 I &
BFree1 ‘.
T Initial Values 1
S Equation View
A Mesh 1 =
“ " Study 1 Equation

|7 step 1: Stationary

[". Solver Configurations

E_'l lob Configurations
@. Results

« Physics Symbaols

[T Enable physics symbols
Show or hide all physics symbels
Select All Cl

Sketch

» Structural Transient Behavior

Include inertial terms =

w Thickness

d 0.71[mm] m
SEL QeTInIton:
No offset -

~ Reference Point for Moment Computation

] X
119GB| 13 GB

y\L'x

Messages

Progress

]

Log Table

Study

& F 6

Add Plet | Windows  Reset
Group = - Desktop +
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Shell 22

hickness d: 0.71[mm]

(]
2/2
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MATERIAL PROPERTY

Linear Elastic Material =&l

Home Geometry Materials Physics Mesh Study Results Developer
P; Parameters F.. = Import [j . ' = gy ~ @, Fl e
<< > " & — c
a= Variables » W oo LiveLink "3 - + - -
Application | Component Build Add Shell  Add Build Mesh  Compute Study Add Add Plot | Windows  Reset E. 2'] O 9
Builder - fix) Functions - All Material - Physics | Mesh 1+ 1+ Study Group ~ - Deskiop - . e
| Model Builder g - aphi I ol 24
Ik LR * || Uinear Elastc Materia G H | Lo e ] S 1 rtho:0 &5
4 4 Untitled.mph ro08) ~ Boundary Selection . ) E [=C =] | |
| 4 () Global Definitions - |
= Materials Selection: | All boundaries o |
| 4 [ Component 1 fcompl) 1 e W |
E\ Definitions 2 5 |
4 A\ Geometry 1 e 3 |
[ Impart 1 imp1) 4 L I
Form Union (i} ‘B !
4 (1 shell ghal) |
i Linear Elastic Material 1 I
T=rrreeT I+ Owerride and Contribution |
S Initial Values 1 —— | |
S Equation View q |
£ Mesh 1 Model Input 8 |
4 o study 1 |
| [= step 1: Stationary w Linear Elastic Material |
| = Solver Configurations i |
E_'l lob Configuraticns Solid model 3 I
| & Results Isotrapic = I
|
I Specify: | |
I ‘Young's modulus and Poisson's ratio - | |
| Young's modulus: :
- z
| E User defined y \L. « I
| 21069 Pa | |
|
| Poisson's ratio: |
1 v User defined - :
|
| 03 1 Messages Progress Log Table |
| Density: D = - |
! P | User defined | :
0 kg//m: |
|
w» Geometric Monlinearite M :
|
116 GB | 1.27 GB |
— |
|
|
|
|
|
|
|
|
|
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BOUNDARY CONDITION

N e e e e Untitled. mph - COMSOL Muttiphysics S [E=NEEE

I Home Definitions Geometry  Materials Physics Mesh Study Results 7]
| A *% | 1M Component 1 (compl) - | = = [ shell shell) - {8 Build Mesh | = Compute B, Windows +
[ | € Add Compenent - = % % Add Physics AMeshl - | ~wstudyl - | [EAdd PlotGroup - | [hReset Desktop - _7lc_| Ql 7—IF %' 7:” A|_-i EH
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Applicaticn . . -
pé}uilder Defmltlons Geor:wetry Matﬁna\s <&, Add Multiphysics "% Add Study
Application Model Physics Mesh Study Results Layout
Iv‘lode Bui der Sett"“gs Graphics Convergence Plot 1 -
= So B o Pinned | Q@ E PR R I Bex &6
4 % Untitled.mph (oot N WE | = o | @Hea @e
4 () Global Definitions Label:  Finne &
i Materials Edge Selection
4 [l Component 1 (compl)
= Definitions Selection: | Manual -
pa Geometry 1
= Materials ong| (1 a
4 (7 shell @shel g B F
fmw Linear Elastic Material 1 Active g m
Pl
gs 1 |
lew
A%f‘irn:}wt 1 Override and Contribution
[# Finalize . Equation
A~ Study 1 . :
[= step 1: Stetionary Constraint Settings
- Solver Configurations

£ Job Configurations B

I8 Results y‘er

Messages Progress Log  Table

O B -

976 ME | 1058 MB
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LOADING CONDITION

Point Load 0| A

= . e f . - . - T — &3 —|
C R o m e S e EE T P - Untitled.mph - COMSOL Multiphysics E=HEcE
| Home Definitions Geometry Materials Physics Mesh Study Results
| A "% | @ Component 1 (compl) ~ = E— (7] shell shell) - [ Build Mesh | = Compute [EWwindows -
(=) —
ronlication ™ > Add Component » — - 22 Add Physics AMeshl - | ~mStudyl - | @ Add Plot Group - [GiReset Desktop ~ 7 |'—8— E‘” Im-i O‘” Z %I- %I: —1 N
F’gditlg;ron Definitions Georyetr},r Matﬁrials Add Multiphysics o Add Study +1>= ol
Application Model Physics Mesh Study Results ayout O|'3 H =
Model Builder Settings Graphics  Corvergence Blot 1 -1
- 1 v : -

Point Load @ @ & Laow o [xy vzl Br ®@

4 4 Untitled mph (oot vel: [Poini Load 1 = o @Dea @@=
4 () Global Definitions k2 oint Loa .
i Materials Point Selection
4 [ Component 1 feomp1)
.E Definitions Selection: | Manual =
’\ Geometry 1
s Materials ongl| 3 s
4[] shell gshelp B -
mm Linear Elastic Material 1 Active B
B Free 1 5 -
<>
T Initial Values 1 |
2 Point Load 1
St EYUION WIgw . —
4 A Mesh 1 Override and Contribution -
= Import 1 I» Equation
Finalize - - 0
P Stugl ¥ Coordinate System Selection
.~ Step L. -200
[ step 1 Stat?onary. Coordinate system: .
e Solver Configurations
2 Job Configurations Global coordinate system -

I Results
« Force

Fp | User defined
Messages Progress Log Table

0 X
0 y | N .. H -
-1 Z
¥ Moment
o x
Mp O Y M-m
o z

957 ME | 1030 MB

|
|
|
|
|
|
|
|
|
|
|
|
|
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|
|
|
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|
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oM i W G RORORN

B Untitled.mph - COMSOL Multiphysics

Home Definiticns Materials Physics Mesh Study Results [ 7]
. 123 — Y Y, Clear Selutions
= "® — f(x H & i g
+ @ Update Solution -- 09 “ nco L—‘ it | Y,EClear All Solutions
Compute Study  Add " » Show Study Parametric Function Material  Study — Optimization Parameter Operations | Evaluate
1~  Study (‘o Getinitial Value | Default Solver | Steps~ Sweep  Sweep  Sweep Reference Estimation | P& .
Study Solver Study Step Clear
Model Builder ~ 2| Settings Graphics
- = - =t i e a@RE | Lv ez HE ol =]
T e e Update Sclution
4 () Global Definitions Surface: Displacement field, z component (mm) o
2= Materials Label:  Study 1
4 [l Component 1 fcomp1) %1072
= Definitions w  Study Setfings
'\ Geometry 1
=8 Materials Generate default plots

4 (7 shell @hath

T Linear Elastic Material 1 Generate convergence plots

:ufl Free 1 [T] store selution for all intermediate study steps
mw Inifial Values 1
B rinned 1 ~ Information
&% Point Load 1
3 Equation View Last computation time:
4 5 Mesh 1 ls
= Import 1
FEAN=T e =

= tatonary
4 [Tr. Solver Configurations
4 |§| Solution 1 &o/1)
52 Compile Equations:
ui Dependent Variables
4 [7Z stationary Solver 1
Direct
» Advanced
== Fully Coupled 1
£ Job Configuraticns
4 [l Results

4 2 Derived Values
3 Point Evaluation 1
B Tables
4 Nl Stress (shell) -

e —

102GB| 111 GB

y\T/_x

Messages

Progress

Log Table 1
E:E;@}j_&‘!?us ‘t\ﬁE.EEv

Displacement field, z compenent (mm), Point: 3
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POST-PROCESSING

Derived Values 2| Point

- T E—— T R WRR— -— H Lo =+
0NN | R NORON T S n e Untitled.mph - COMSOL Multiphysics (o = Evaluat|on 7|6§ Ol-g—ol-o:l
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[ Fie~ | ) _ | | 7120 M| £z HtEk HIQIE
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= "® . T i fo 2 o~ € L5 | H | oA M . | A
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Compute Study  Add | . Show Study Parametric Function Material  Study — Optimization Parameter | oo ovone Eualuate | —
1~ Study oo Getlnitial Value  Default solver | Steps~ Sweep  Sweep  Sweep Reference Estimation | P& . I
Study Solver Study Step Clear |
- i |4
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Model Builde 1| Settings Graphics. o | EJ_'_" 25 -3.5186e-2 mm
- = - ] = Point Evaluation Q Q@ & g Br & I
TN e e . = Evaluate * o x 0 BEE @ |
4 () Global Definitions | | S @ = |
= Materials Label:  Point Evaluation 1 = =] |
4l Compenent 1 fcompd) |
= Definitions w Data |
7 Geometry 1 I
[f]. Materials Data set; | Study 1/Selution 1 (soll) -| [E I . .
a [ shell sheip A I I t
T Linear Elastic Material 1 Selection : n a IC SO u Ion
5 Free 1
T Initial Values 1 Selection: | Manual - : B E 2
B pinned 1 | t
s 3 L] |
% Point Load 1 _ _ /
S Equation View =S| —_ | | K —_ - 28.81 N mm
4 f Mesh 1 Active B EIE | 2
[= Import 1 & 200 I 1- y2)
Finalize E |
4~ Study 1 ¥ I
[= step 1: Stationary 200 |
4 [tr. Solver Configurations + Expressions + - 5~ z |
4[] solution 1 Goln) ¥ ‘\L'x |
54 Compile Equations: 5 » ) ) o | C O M S O L
unw Dependent Variables Expression Unit Description I
4 [ Stationary Solver 1 w mm Displacernent field): I
Direct | P 1 N
é‘ Advanced | Ll Messages Progress Llog Table 1 I J— —_
= = — =
= Fully Coupled 13 I TN = | SE- I 5 3 5186e _ 2 mm
I "
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I =28.4 N/mm
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2 Paint Evaluation 1 ) il L I
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LINEAR BUCKLING
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POST-PROCESSING

Critical load factor : 53.015
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NAFEMS BENCHMARK: LE11
Solid Cylinder/Taper/Sphere — Temperature

« Analysis Type: Linear elastic solid
 Geometry: meters

F
07071 02929 =T~
: H -~ ~=-._H
.' D ¥ - !
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S A

« Loading
— Linear temperature gradient in the radial and axial direction
= T(C)= (2 +y)2 +2
« 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
— lIsotropic: E =210 GPa, v=0.3
- a=23*104/°C
« Element types
— Solid hexahedra, wedges and tetrahedra
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S A

e Meshes
coarse fine

\

N A

* Output
— Direct stress (c,,) at point A: -105 MPa
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ENVIRONMENT SETTING

o M dE*» 9 Blh

Untitled.mph - COMSOL Multiphysics.

Home Definitions
Select Study

1

()
g
g
3
:
=

4 "t Preset Studies

IZ Bolt Pre-Tension

i, Eigenfrequency

[V} Frequency Domain

[V Frequency-Domain Madal

[I5, Linear Buckling

I Modal Reduced Order Model

|- Prestressed Analysis, Eigenfrequency
[== Prestressed Analysis, Frequency Domain
|~ Staticnary

I Time Dependent

L Time-Dependent Modal

~d& Custom Studies

~b Empty Study

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

e Physics
Help 8 Cancel B/Done

Materials

Study Results Developer

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 compesition 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 2 number of load
cases, or to track the nenlinear response to a slowly varying load.

118 GB | 1.34 GB
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Physics :

Structural Mechanics
— Solid Mechanics
Study : Stationary

Done =&

50



GEOMETRY CREATION

4 % Untitled.mph (ool
4 (7 Global Definitions
=5 Materials
4 [l Component 1 compi)

Build Selected ~

E [
Label:  Weork Plane 1

+ Plane Definition

[T Resulting objects selection

Show in physics

[E8 Build All Objects

Boundary

Home Definitions Geometry Materials Physics Mesh Study Results Developer 7]
P; Parameters [=Import N OB @, F!
<< > " ‘ = "gd c
A a= Variables - caLivelink - b 3 E;] + u & + - =
Application Component X Build Add Solid Add Build  Mesh Compute Study  Add Add Plot | Windows Reset
Builder - fix) Functions - All Material ~ Mechanics = Physics =~ Mesh 1+ 1+ Study Group = - Desktop =
Wodel Builder ~ 1| Settings Graphics  Convergence Plot 1
o = T - B -k REEEER B@EN «

> Mee @

4 5 Geometry 1 i
4[] Work Plane 1 (ipi) Plane fype: | Quick -
AL I Plane xz-plane | -
[x1 View 2
2 Form Union (#ir) Offset type: Distance -
== Materials y-coordinate: 0 m
4 53 Solid Mechanics olid)
T Linear Elastic Material 1 Local Coordinate System
T Free 1
i Initial Values 1 ¥ Unite Objects
S Equation View
A Mesh 1 Unite objects
4~ Study 1 Repair tolerance: | Automatic -
|7 step 1: Stationary
[frw Solver Configurations
% Job Configurations = Selections of Resulting Entities
& Resuts Contribute to: | Mone - New

selection

Selections from plane geometry

[=] Show in physics

Messages

Progress Log Table

O E -

127GB| 141 GB

Convriaht © 2019 Combputational Desian L ab. All riahts reserved

GeometryOf| | Work Plane
A A
o O

ork PlaneOf|A| Plane=
xz-planeS 2 H A

51



GEOMETRY CREATION
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Z1tgr: -103.7 MPa
X Ref : -105 MPa
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~SUMMARY A

e Meshes
coarse fine
- — Direct stress (o,,)
/ at point A: -105 MPa
Coarse mesh Fine mesh
Software | Order Element
Result Error Result Error

COMSOL 2 axisymmetry -97.3 7.33% -103.7 1.24 %
COMSOL 2 hexahedron -97.1 7.52 % -103.1 1.81 %
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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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