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MODAL ANALYSIS (1)

* Motion equation of single DOF system

04 m¥ + cX + kx = f(t)
m

mX | Inertial Force
EC
§ I cX | Damping Force
k C .
kx Elastic Force
« Eigenvalue analysis
M[{x} +[K[{x} =0

([K] — @?[M]){®} =0 — det([K] — ®*[M]) =0

o?: eigenvalue : eigenfrequency {®}: eigen vector

x:

\
\

Max. inertial force

L T S

7
/ .
kK Max. elastic force
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MODAL ANALYSIS (1)

Mode shape (eigen vector)

Mode 1 2 3 4 <
. / \\ \ \
| / /
| /
Mode shape | / )
\ / \
IR 102.2 640.1 1790.9 3505.7 5787.0

[HZ]
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CAE

SIMPLY SUPPORTED BEAM
« Eigenfrequency analysis (2D beam VS. 3D solid)

Geometry
-L=4550 mm
- 1= 2700 mm
Material : alloy steel
-E =210 GPa
-v=0.28
- p = 1.519e-5 kg/mm3

125.235 mm
N

83.49 mm
Cross section
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CAE

ANALYTIC SOLUTION

48E[

K= = 7000 N/mm

13
7= KE_7000x2700° | s s

48F  48x210000

1st natural frequency

1 210000 N/mm” |x1.367¢’ | mm" |
= 224%
4550[mm] 723[kg]
s 1 * [210000000| kg/mm -s* |x1.367¢’ | mm* |
| 4550[mm] 723[kg]
=145.392rad/s > f =—=23.14 Hz
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DIMENSION SELECTION

REevayERmT 0B

Home Definitions Geometry Materials Physics Mesh Study Results 7
Select Space Dimension one 22

I
B == Q N .
[ | i i
3D 2D 20 LY 10 oD
Axisymmetric Axisymmetric

Help 8 Cancel

571 MB | 732 MB
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PHYSICS SELECTION

SN e ¢ v BRB W © & 8 g — | - Structural Mechanics 2
Home Definitions Geometry Materials Physics Mesh Study Results ‘ Beam A|_-| E—I|.I
Select Physics Review Physics Interface

=
Study 22!
Search Beam (beam)

4 (O Recently Used _
22 Solid Mechanics (solid) Dependent Variables

Au Coefficient Form PDE (¢) Displacement field: u
5 m (m Displacement field compenents: u
s 2 v
—TTOT
AC/DC b
) Acoustics Rotation field: th
<'=% Chemical Species Transport o :
Rotation field components:
1I electrochemistry : o ::X
Fluid Flow h)f
(| Heat Transfer e
i optics
&) plasma

£ Radio Frequency

£ Semiconductor

€23 Structural Mechanics
Au Mathematics

Add
Added physics interfaces:

5t Beam (beam)

e Space Dimension Q Study
Help 6 Cancel E,/ Done

611 MB | 745 MB
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STUDY TYPE SELECTION

Eigenfrequency M Ef

Home Definitions Geometry Materials
Select Study Eigenfrequency

Mesh Study Results

=
one 28|
The Eigenfrequency study is used to compute eigenmodes and
eigenfrequencies of 3 linear or linearized model.

Y3 TIEY y Ut Examples: In electromagnetics, the eigenfrequencies correspond to the
[y Frequency-Domain Modal resonant frequencies and the eigenmodes correspond to the normalized
[ Modal Reduced Order Model electromagnetic field at the eigenfrequencies. In solid mechanics, the
|= stationary eigenfrequencies correspond to the natural frequencies of vibrations and
[£% Time Dependent the eigenmodes correspond to the normalized defermed shapes at the
[ Time-Dependent Modal eigenfrequencies. In acoustics, the eigenfrequencies correspond to the

resonant frequencies and the eigenmodes correspond to the normalized

. )
Custom Studies acoustic field at the eigenfrequencies.

~c Empty Study

Added study:
lua_ Eigenfrequency

3¢ Beam (beam)

° Physics
Help g [S_,/ Done

606 MB | 756 MB

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Added physics interfaces: |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
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GEOMETRY CREATION

-

= Calartinne nf R,

aciiltinna Entitiac

COMSOL 5.2.0.166

= R . e gae —
O e 2N =l=I0 S ElRiEilT it " ™ Untitled.mph - COMSOL Multiphysics
Home Definitions Geometry Materials Physics Mesh Study Results
A "8 € Component 1 (compl) ~ = f— o 5t Beam (beam) ~ [ Build Mesh = Compute
- S | & | @ |3 . =
A ® & Add Component - — 91 Add Physics AMeshl ~ ~»Study 1 ~ @ Add Plot Group ~
| AP&'}'SSS?“ 5 Definitions ' Geometry  Materials % Add Study Layout
Application Model Physic Mest Study Resul
Model Builder Settings =IA
- = v =t 1B 2+ | Bézier Polygon Y JSE=R x
4 % Untitled.mph (root) ¥ Build Selected ~ (& Build All Objects
4 () Global Definitions — . == . L —
=) Materials Label: Bézier Polygon 1 | ) (5]
) Component 1 (compl) = ||
2
= Definition L |
4 /A Geometry 1 -
e : | Open curve — L
[7/] Bézier Polygon 1 (b1) ype Pen U = 1.57
. .
Form Union (fin) ~ Polygon Segments
=TT 1 i
4 5% Beam (beam) Added segments 1
& Linear Elastic Material 1 [Segment 1 (linear) i
&3 Cross Section Data 1 Segment 2 (linear)
L3 Free 1 Segment 3 (linear)
23 Initial Values 1 1
£\ Mesh 1
4 ~db Study 1 o
[, Step 1: Eigenfrequency =
@' Results Add Linear Add Quadratic 17 -
Add Cubic Delete 1
Control points 1.5 F
X y
1 3625 0 m 2 L
2 455 0 m '
Close Curve o 1 P 3 4
Messages Progress Log Table
b

Geometry warning (b1): Output object is empty.

686 MB | 799 MB

== = (3 Bezier polygon= 4/d

@ (Type : open curve)

(0.0)
(3.625,0)

(0.925,0)
(4.55,0)
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MATERIAL PROPERTY

ONID T H RO CulE 71 5 el G| e mon - COMSOL Mulphyce

"= 2| =

@ Linear Elastic Material 2 &l

715 MB | 822 MB

Home Definitions Geometry Materials Physics Mesh Study Results
A "8 9Q Component 1 (compl) - = ﬁ o &t Beam (beam) - (@ Build Mesh = Compute ﬁ
el ® & Add Component - = = e i3 Add Physics AMesh1 - ~®»Study 1 - | @ Add Plot Group ~ "" . 2 1 ell
ication o -
1 pguilder > Defm:tlons Georfletry Matsnals % Add Study Lay-out . .
Application Mode! Study Results | mu: 0.3
Model Builder Settings | rho : 1.519e4
= = v ETHE 5~ inear Elastic Materia re@BoN | @@ % I
4 % Untitled.mph (root) = : g |
4 ©) Global Definitions Label: Linear Elastic Material 1 L I I I Olgd
i) Materials " o | H =
Boundary Selection |
4 Q) Component 1 (compl) > |
E Definitions Selection: | All boundaries |
4 A\ Geometry 1 . -
/ Bézier Polygon 1 (b1) on| (1 a 1.5 |
[&] Form union (fim § S |
£s Materials Active 1] :
€5 Linear Elastic Material 1
. = 0.5 |
rorSeeteTE— |
B3 Free 1 |
23 Initial Values 1 : s o)
A Mesh 1 Override and Contribution :
4 ~® Study 1 Equation 0.5 I
i Step 1: Eigenfrequenc '
@%;sultsp genirequency Model Inputs 4 :
. 5 5 -17]
+ Linear Elastic Material |
|
/ Specify: -1.57] |
Young's modulus and Poisson's ratio |
2 |
G=G(Ev) : |
Young's modulus: T T T T T :
0 1 2 3 4
E | User defined - |
2.1el1 pa | Messages Progress Log Table -8 X |
Poisson's ratio: AN :
v User defined ~ [ COMSOL 5.2.0.166 |
Geometry warning (b1): Output object is empty. |
03 1 | Finalized geometry has 3 boundaries and 4 vertices. |
Density: | |
£ | User defined - | :
1.519¢4 kg/m? |
|
|
|
|
1
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CROSS SECTION DATA

Cross Section DataZ= g

Untitled.mph - COMSOL Multiphysics

Home Definitions ~ Geometry ~ Materials  Physics Mesh Study Results ]
A "8 € Component 1 (compl) - P iE- uls 50 Beam (beam) -~ [ Build Mesh = = Compute B Mode Shape (beam) - @
roolication, | ©Add Component - = 8% Add Physics AMeshl~ | ~astudy1 - | {@AddPlot Group -
ication e - _
Fplestion » Definitions  Geometry  Mateials % Add Study Layout y = 125.235 [m m]
Application Model Physics Mesh Study Results —
= 7 hz = 8349  [mm]
Model Builder - %/ Settings Graphics ~Convergence Plot 1 I ?:I =
Mt e e . - =
= = v =T I8l 8 ~ || Cross Section Data Q QR e R ‘reeBon | S6 X :
4 48 Untitled.mph (roo?) ‘ . E o (=] I
4 (@ Global Definitions Selection: | All boundaries ' L L L ! L |
) Materials el [1 % o |
4 Q) Component 1 (compl) Gl 2 , _ 2.57] Flo
= Definitions - |3 S |
4 YA\ Geometry 1 Active : 27 !
/ Bézier Polygon 1 (b1) B |
Form Union (%) 1.57] o
i52 Materials |
50 Beam (beam) 17 il
aalincaiblacticabdatotialde - Override and Contribution |
=] Section Data 1 - 0.57] I
> Equation I
23 Initial Values 1 ~ (Cross Section Definition 07 R
£3 Pinned 1 |
£3 Prescribed Displac t] | Common sections - -0.57] B
4 A Mesh 1 ) ) |
Al size semn type: a7 o
|A Edge 1 Rectangle - |
4 WIS:UdY 1 ; Width in local y-direction: | s :
il Step 1: Eigenfrequency £
" Solver Configurations hy  125.235[mm] = 2K |
4 B Results Width in local z-direction: |
h; 83.49[mm] m 2.5 :
T T T T T T |
0 1 2 3 4 5
W Mode Shape (beam) z |
@ Export 4 3 Messages Progress Log Table l
3 Reports |
1N |
h- Number of degrees of freedom solved for: 48. . :
Y Solution time (Study 1): 2 s. |
Number of degrees of freedom solved for: 48.
Solution time (Study 1): 2 5. |
1 2 Number of degrees of freedom solved for: 48. 7 |
. N Solution time (Study 1): 2 s. ‘= |
2 hy Number of degrees of freedom solved for: 48. = |
! 4 Solution time (Study 1): 1 s. v I
|
816 MB | 852 MB |
|
|
1



BOUNDARY CONDITION

o D H R e culn ) [ G R ied moh - COMSOL Muliphysics

Definitions ~ Geometry Materials  Physics Mesh Study

Home Results

A "% | € Component 1 (compl) = =) sis @ Beam (beam) ~ [ Build Mesh | = Compute -

Aoghiabs ® | & Add Component « = — '_ &4 Add Physics AMeshl - | ~»Studyl - @ Add Plot Group =
Builder P Defm:tlons Geor:netry Matfnals ~% Add Study Lay.out
Applicatior Model Physics Mesh Study Results

Model Builder Settings T

- 1 ® - 'St 8l 5 v || Prescribed Displacement/Rotation Ly | e N BS@RN s

4 @ Untitled. mph (root)

4 © Global Definitions Label: Prescribed Displacement/Rotation | | 1 1 =
& Materlals Point Selection
4 Q Component 1 (compl) 2 L
= Definitions Selection: | Manual =
4 A\ Geometry 1 i 1
/+/ Bézier Polygon 1 (b1) onf| |3 & 1.5
[&4] Form Union ¢fim) g -
i52 Materials Active b ¥ 17 B
4 BT Beam (beam) &
&5 Linear Elastic Material 1 ) i 1
&3 Cross Section Data 1 0.5
L Free 1
23 Initial Values 1 - e 07 - H
b
= Pinned 1 Override and Contribution
== Prescribed Displacement, Equation 0.5 r
mI = =
4 ~5 Study 1 v Coordinate System Selection i i
b, Step 1 Eigenfrequency Coordinate system: 1
& Results
Global coordinate system - 1.5 L
~ Prescribed Displacement
227 -
"] Prescribed in x direction
T T T T - T
i 0 1 2 3 4
[¥] Prescribed in y direction
o y : Messages Progress Log Table
Vo O m
b
v Prescribed Rotation COMSOL 5.2.0.166
Geometry warning (b1): Output object is empty.
[7] Prescribed in out of plane direction Finalized geometry has 3 boundaries and 4 vertices.
thyy 0 rad
L] m 3

753 MB | 864 M8
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Pinned
 Prescrived Displacement
BA=EA MY

Pinned : point 2
Fixed in y direction: point 3
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ONInTE G RS ol TR W W nttied mph - COMSOL Muliphysics.

Definitions
A ~
.

Application
Builder P

Application

& Add Component -

|

Model

o

‘...C r L}

i T v o

Mode

(1]

Tt
—

R

4 & Untitled.mph root)
4 (@) Global Definitions
) Materials
4 9 Component 1 (comp1)
= Definitions
4 YA Geometry 1
/7 Bézier Polygon 1 (b1)
[ Form Union (#m
i25 Materials
4 BT Beam (beam)
&5 Linear Elastic Material 1
&3 Cross Section Data 1
23 Free 1
25 Initial Values 1
& Pinned 1
& Prescribed Displacement,
4 /A Mesh 1
Al size
|A\ Edge 1
4 " Study 1
[ Step 1: Eigenfrequency
™. Solver Configurations
{® Results

Geometry

% | €@ Component 1 (compl) ~ =N

S

Materials Physics Mesh Study Results
= F‘— 2 &t Beam (beam) ~ | [ Build Mesh = Compute B Mode Shape (beam) —
= — i3 £ Add Physics AMeh1l - | ~®Studyl - | {@Add Plot Group - =

Definitions| Geometry Materials ~%Add Study Layout
Physics Mesh Study Results
Setti raphi Convergence Plot 1
Jett["gs Graphics g o
Edge Q Qe Lo v sa@eBPohN SE@RE | «
% Build Selected @ Build All = O @ =
1 1 1 1 1 1
Label: Edge 1 o
~ Boundary Selection 25
Geometric entity level: | Boundary - 2
Selection: Manual - 1,57
)| (1 1
: B -
Active B B os]
B
o
-0.5
Control Entities .
-1.57
=27
-2.57]
T 1 T T T T
0 1 2 3 4 5
Messages Progress Log Table

\

Number of degrees of freedom solved for: 48.
Solution time (Study 1): 2 s.

Number of degrees of freedom solved for: 48.
Solution time (Study 1): 2 s.

Number of degrees of freedom solved for: 48.
Solution time (Study 1): 2 s.

Number of degrees of freedom solved for: 48.
Solution time (Study 1): 1 s.

799 MB | 836 MB
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14



POST-PROCESSING

. —e
EigenfrequencyOf Cliot 22
ol IB e | R » O N N B I Griitied mph - COMSOL Multiphys < = &) AFS}O|

— O O L
1 Home Definitions Geometry Materials Physics Mesh Study Results Mode Shape (beam) -

W L [t i ‘
[ﬁ] % W surface Line [, Arrow Line . = m ‘

799 MB | 835 MB

|
|
- P\E # [ Surface with Height &) Contour ] Particle Trajectories Nre. ./ First Point for Cut Line 2';’ Scienaiiion | : 1 X|- 2278 HZ
| In~ [Z]Arrow Surface 3% Streamline [&] Mesh Blots ~ /* Second Point for Cut Line  jmage b |
| Plot Add Plot Attributes Select Export |
|
Model Builder R Seljjr*gg Graphics  Convergence Plot 1 I
= S~ EtE S v | 2D Plot Group Q Q@ L~ O a& :
4 % untitled.mph (root) [l Plot i ) . ) |
4 Global Definitions Eigenfrequency=22.779 Line: Total displacement (m) |
I %) Materials Label: Mode Shape (beam) T T T T T |
4 9 Component 1 (compl) 25| J I
| = Definitions FpeE 1.6 I
4 YA Geometry 1 - =0 2k <) I
P = Study 1/Soluti ~| =
2/ Bézier Polygon 1 Dataiet Ly 1/Solut = 1.4 |
5] Form Union (fin) | Eigenfrequency: | 22.779 = | 15} g I
ii: Materials |
4 &G Beam (beam) Title 1t - 1.2 |
&5 Linear Elastic Material 1 - |
3 Cross Section Data 1 ¥ Plot Settings 0.5 H - 1 |
S Free 1 - e = ——— !
B3 Initial Values 1 View. Lioinag ! o ——— — | 4 |
& Pinned 1 x-axis label: [ = . 0.8 |
&3 Prescribed Displacement, B -0.5H . |
4 A Mesh 1 y-axis label: [ dié |
Al Si — -1 - .
@! :tlizgee 1 [ Show hidden entities :
4 " ﬂjdy 1 [¥] Plot data set edges 1.5 1 0.4 |
il : Eigenfrequenc: I
| .n Step 1: Eigenfreq Y . =
*. Solver Configurations Color:  [EBHck 25 1 |
4 [ Results Frame: | Material (x,y,2) - 0.2 |
Data Sets 25f . |
a .
&3 Derived Values e ] , . | | . 0 |
BE Tables o 1 - 3 4 |
Mode Shape (beam) [¥] Show legends :
\=) Export = . . Messages Progress Log Table
Reports "1 Show maximum and minimum va |
‘ Position: Right - e i et :
| . lack Number of degrees of freedom solved for: 48. 3 I
Text color: | Blac = Solution time (Study 1): 2 s. |
Number of degrees of freedom solved for: 48. | |
Solution time (Study 1): 2 5. |
Niumber Format Number of degrees of freedom solved for: 48. Il
| Window Settings Solution time (Study 1): 2 s. 1= |
Number of degrees of freedom solved for: 48. |
3 n E Solution time (Study 1): 1 5. il
|
|
|
1
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3D SOLID MODELING

Co v eSS ERER Untitled.mj = xR
=
File v Home Definitions ~ Geometry ~ Materials  Physics Mesh Study Results Eg Il O|=I E_:||
"2 | [ Component 1 (compl) - = . | ==Solid Mechanics (solid) - | [ Build Mesh | = Compute -

A Jle © | B |7 & =

S ® & Add Component - - 21 Add Physics AMeshl ~ ~Study 1 -
Apglljliclggon < Definftlons Geozl'netry Matsrials % Add Study Res'ults Lay'out

Application Model Physics Mesh Study

Model Builder A Setfmgg Graphics Convergence Plot 1
= Fr =tELs e | b ech QaM@&E| v iz = EEeex ®d

n =
Elo @oaea @&

| % Untitled.mph (root) lild All ¥ o ~E
4 (@) Global Definitions -
sz Materials Mesh 1
4 W Component 1 (compl) .
- Di?initions i + Mesh Settings
4 /A Geometry 1 Sequence type:
) Block 1 (Bk2) equence type
.‘i’ Block 2 (blk2) User-controlled mesh v

[T Block 3 bik3)
[&H] Form Union (fim

izs Materials

4 %2 Solid Mechanics (solid)

% Linear Elastic Material 1
S Free 1
i Initial Values 1
& Prescribed Displacement 1
(B Prescribed Displacement 2
(B Prescribed Displacement 3

4 /A Mesh1
Al size
i Mapped 1
%] swept 1
4 ~b Study 1 2
[, Step 1: Eigenfrequency y_\ X
"= Solver Configurations
{& Results
Messages Progress Log Table
b
Solution time (Study 1): 2 s. .
Mesh consists of 1 boundary elements and 4 edge elements.
Complete mesh consists of 12 domain elements, 52 boundary elements, and 64 edge ¢
Complete mesh consists of 15 domain elements, 64 boundary elements, and 76 edge ¢
Complete mesh consists of 30 domain elements, 124 boundary elements, and 136 edg
Number of degrees of freedom solved for: 1647. 3
. - - Solution time (Study 1): 2 s. =
L - < m »

992 MB | 1024 MB
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CAE

BOUNDARY CONDITIONS

» 2D beam modeldl Z2 2 CE HAMAS AT 2,

E soild AZHEO| zHIsF HQ| 1
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POST-PROCESSING

SUAM AlsH =
of 4 2 =,

NPT TR . M Untitled.mph - COMSOL Multiphysics 3 A= ] . a
Home  Definitions  Geometry  Materials Physscs Mesh  Study  Results | Mode Shape (solid) a8 E I g S nfreq uen CyO" I:H OI_I. E
Plot Volume Slice rTine | Evaluate Along Normal| - Cut Line Direction | C &1 ALSEO
[EPlotin~ [ Arrow Volume [ Isosurface G Contour ./ First Point for Cut Line " Cut Line Surface Normal R |
™ Surface ) Arrow Surface v-Streamllne p]m; . | Attributes|*second Point for Cut Line 1) First Point for Cut Plane Normal ¥y | Export |
Plot Add Plot Select | X|_
_ _ | 1Xp: 23.53 Hz
Model Builder Semr\gg Graphics Convergence Plot 1 -3 |
- = v BUE E || 3D PlotGroup aaqal L-kz:xEE0 Mo @ }
1 % Untitled.mph (o0t [cal Plot : : o | !
4 () Global Definitions Eigenfrequency=23,527 Surface: Total displacement (m) I
) Materials Label: Mode Shape (solid) I
4 Tl Component 1 (compl) |
= Definitions s 2 |
4 YA Geometry 1 . : = I
) Block 1 Blk2) Data set: Study 1/Soluti ~ | |
(17 Block 2 (bk2) I Eigenfrequency: | 23.527 - ] 2.5 |
[T Block 3 (Bk3) |
Form Union (fin) L Title |
35 Materials . 2 |
4 522 Solid Mechanics (solid) v Plot Settings |
T Linear Elastic Material 1 . =| oos |
o Free 1 View: utomatic | |Z B - e ’ e |
D - g i 5
i Initial Values 1 7] Show hidden entities 0.1 - — I [
& Prescribed Displacement 1 0 1 2 3 4 |
[ Prescribed Displacement 2 [¥] Plot data set edges I
[ Prescribed Displacement 3 Color [Black = 1 |
4 A\ Mesh 1 |
Al size Frame: | Material (X,Y, Z) - |
¥ Mapped 1 0.5 I
0 " I
] swept 1 ~ Color Legend y
4~ Study 1 } |
|l Step 1: Eigenfrequency 7] Show legends oo |
T Solver Configurations 0 |
4 (| Results [Z] Show maximum and minimum va |
B 23‘3 :;ts ] Position: | Right = :
=1z Derived Values
B Tables Taxt color:: MOIGEE Messages Progress Log Table |
il Mode Shape (solid) b I
el Export »  Number Format Solution time (Study 1): 2 s. - :
E] Reports > : Mesh consists of 1 boundary elements and 4 edge elements.
Window Settings Complete mesh consists of 12 domain elements, 52 boundary elements, and 64 edge ¢ |
Complete mesh consists of 15 domain elements, 64 boundary elements, and 76 edge ¢ |
Complete mesh consists of 30 domain elements, 124 boundary elements, and 136 edg |
Number of degrees of freedom solved for: 1647. = |
: Solution time (Study 1): 2 s. 2 |
“« m » ~ —— ]h » I
|
1000 MB | 1027 MB |
|
|
1

18
Copvriaht © 2013 Computational Desian Lab. All riahts reserved.



(2] 23.14
L 65“};" S — = -
G- N
ZIt4 [Hz] 2278 48.76 75.72
EE -6C-:>Iél- » ) 5 I 3 = 2
(BT D Q) o e —
ZI}2 [Hz] 23.53 50.13 78.14
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CAE

COLUMN BUCKLING

> BN URHE U FTEL SYY G E WTSL7| AT sfAo|ct
» EHEof ot g0 EeEE2 Mg 20 FSD, FEE2 7|58 FY U 2, 74 =4 PP TR0| ALk
FlER U FZE B X8 F YT2E AFHO| B R 5152 277t FHE wol= 3tF2 3|0 vl245t0]
TEEO0| YFHYE SHX|T, £ 37| 0| Y2 5tF0| ZE3HH =H=20| FHBH0] 3tF2| 3|7t F7I5HX| got=
TEE0| 3 HIE L27|A "k

7|1 82| Zj=E dY

A. Z0|7} 21 HEO|
2 7|80 22 37|19
USHE U= B2

'@am

| « A2 ZR0lE £ 27152l BH0| 27| WEO| o=F/A 30| /3
WSt 8243717} Yt
stx|2 7| 2| FoI7k UoIH A0l B HH(ER)0l WY + RUCh

W w2 HNEE) U

« B2 A0l £ €| S| Wo|= ZX|Y AHo| c}27| HRo| SYH
B. X2 Ct21 Hol= : ' AXAS 71517 £ AHO| 2 ZojM of 2 SAUS W Yo
gg;ﬂé'gg gg aze § | 20| WS Hek.
5, 97|50 HHo| B4+ B(YAS20| F48), Yo7t W48 HB0|
wg 80| EOpEICH

y
/
Py
~

HE 2 2 gd=a) 2
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COLUMN BUCKLING

OF=x
- -

- BEL F2 7D 2 PEEC| Y| I YFAS s Z9TH YUHO|D, HES Y S WAL
M¥ WA 8140 Z9o YLt
- 52 SIMOIMS ZAZA AA| MY WA sIMoIM| AAXY Y WY SYsict

+ B FEEQ H2 5F2 R & =0 w2} Y| FEAX 2R 52 JES HEE 225 g2H2=
H¥E et At

& e XX,
ek ZX|X SIS, STt d™ *ct 1™
Stctnd
n?El T El 4n’El 2.046n°El
Per = Tk Pep = TR n L Per = E:
! l | |
; L — |
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COLUMN BUCKLING

A ASHS 2| A LA

CHH - 150mm x150mm

S () :10mm
Z10|(L):3000mm

P =160 kN
E =70 GPa
v =0.33

T

CAE

P, = EIaZ’a:_(ijL kj’k =0,1,2,3,...
L\2

» AAEY (RE=Y, HI])

(W )}— ATHOlo] WESE HB
KN

A
-, . =160
_—> > "
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P, =352.9 kN
P, =3176 kN
P, = 8821 kN
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DIMENSION SELECTION

ey BEmRe® el !
m Home Definitions Geometry Materials Physics Mesh Study Results Mode Shape (solid) §‘
i i =
Select Space Dimension one 2 &l
|
1 1
(=== =~
@ T Y| |
S0 Axisymmetric 2D Axisymmetric 1D 0

Help e C@&/ Done

103 GB|1.05GB
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PHYSICS SELECTION

el e | xS il [ T ‘ - 14_example_02.mph - COMSOL Multiphysics == = |

<- Structural Mechanics 9|
 Solid Mechanics 1 EH

Home  Definitions  Geometry = Materials  Physics  Mesh  Study  Results  Mode Shape (solid)

Select Physics Review Physics Interface Study 22

Search Solid Mechanics (solid)

L) Baran e
N, DR e Displacement field: u
Au Coefficient Form PDE () ) )
™ Sensitivity (sens) Displacement field components:
X} AC/DC v
))) Acoustics w
<% Chemical Species Transport
1 [ Electrochemistry
= Fluid Flow
Heat Transfer
il optics
&) Plasma
#4 Radio Frequency
% Semiconductor
22 Structural Mechanics
Au Mathematics

Dependent Variables

S

Add
Added physics interfaces:
=1 Solid Mechanics (solid)

Remove

o Space Dimension e Study
Help 0 Cancel EJ/ Done

104 GB|1.06 GB
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STUDY TYPE SELECTION

 Linear Buckling 4 &t

a (e  dE S culE I ) T | -t 14_example_02.mph - COMSOL Multiphysics =@ = ] <
Home Definitions Geometry Materials Physics Mesh Study Results Mode Shape (sclid) 2] \IJ

Select Study Linear Buckling one 22

4 ~® Preset Studies The Linear Buckling study is used for estimating the critical load at which
la Eigenfrequency a structure becomes unstable.

[W Frequency Domain

i c »! i
|S Linear Buckling

The Linear Buckling study consists of two study steps: a Stationary study
step for applying an external load followed by a Linear Buckling study
step. In the second study step, an eigenvalue solver is used to compute
Br Model the buckling modes and the associated critical load factors.

| Prestressed Analysis, Eigenfrequency

[ Prestressed Analysis, Frequency Domain

[~ stationary

[~ Time Dependent

[ Time-Dependent Modal

~® Custom Studies

~d Empty Study

' Added study:

S Linear Buckling

&= Solid Mechanics (solid)

Help 9 | D\/ Done

104 GB | 1.06 GB
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Added physics interfaces: :
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|
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|
|
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|
|
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GEOMETRY CREATION

ellME HETs S ol i s N i Untitled.mph - COMSOL Multiphysics ==l
Home | Definitions  Geometry  Materials ~ Physics  Mesh  Study  Results
A B I‘l Component 1 (comp1) ~ 'fé\,‘ = s ?Sohd Mefhanics (solid) ~ | @ Build Mesh = = Compute lf;_!W =
. ® & Add Component ~ =/ e 5% Add Physics AMesh1 - ~&Study 1 - = | =
ication o "
Pgu" o b Deflnltlons Geor:'letry Mat?rrals R Add Study Res'ults Lay:.out
Application Model Physics Mesh Study
Model Builder ¥ 2| Settings Graphics  Convergence Plot 1
= * v EE 8~ || Geometry =EER B8
4 <& Untitled.mph (root) I Build All
4 (@) Global Definitions a
42 Materials Label:  Geometry 1
4 W C_ompgngljt 1 (compl) =T

L« A\ Geometry 1
4 2 Work Plane 1 (wp1)
4 YA Plane Geometry
3 Rectangle 1 72)
-] Rectangle 2 (72)
[&l] Difference 1 (@if2)
[x¥ View 2
[E] Extrude 1 (ext1)
4 Form Union (fin)
Tit Matenarn
4 522 Solid Mechanics (so/id)
189 Linear Elastic Material 1
T Free 1
i Initial Values 1
£\ Mesh 1
4~ Study 1
[ step 1: Stationary
|S step 2: Linear Buckling
{8 Results

[T Scale values when changing units

Length unit:

mm v
Angular unit:

Degrees -
v Advanced

Geometry representation:

CAD kernel -
Default relative repair tolerance:
1E-6

[¥] Automatic rebuild

z
y-,_L,x

Messages Progress Log Table
b
Number of degrees'of freedom solved for: 1770. -

Solution time (Study 1): 2 s.

Number of degrees of freedom solved for: 1647.
Solution time (Study 1): 2 s.

Saved file: 14_example_02.mph

Finalized geometry has 1 boundary, 8 edges, and 8 vertices. =

4 m »

104GB | 1.07 GB
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MATERIAL PROPERTY

Definitions

Home

. &> Add Component ~
Application
Builder >
Application Model

Maodel Builder

- = v B

4 & Untitled.mph (root)
4 () Global Definitions
=2 Materials
4 W Component 1 (compl)
= Definitions
4 YA Geometry 1
4 18 work Plane 1 (wp1)
4 '\ plane Geometry
1) Rectangle 1 (1)
] Rectangle 2 (72)
Difference 1 (dif1)
[y View 2
[} Extrude 1 (ext1)
[ Form Union (fin)
i: Materials

25 Initial Values 1
A Mesh 1
4~ Study 1
|= step 1: Stationary
|S step 2: Linear Buckling
@ Results

Geometry

A "8 | (W Component 1 (compl) =

Materials Physics Mesh

® | = &
Definitions Geometry Materials

Settings
Linear Elastic Material
Override and Contribution
Equation
Model Inputs =4
v Coordinate System Selection

Coordinate system:

| Global coordinate system v

« Linear Elastic Material

[] Nearly incompressible material
Solid model:

itled.mph - CON

Study Results
£23Solid Mechanics (solid) » | [ Build Mesh = Compute @ @
£ Add Physics AMesh1l ~ ~®Study 1 ~
~% Add Study Res:llts Lay_out
Physics Mesh Study
Graphics  Convergence Plot 1
QaQaRIE Lriukiz PEB=EENR
- N @ E[E o @ 2B @

Solution time (Study 1): 2 s.

v Geometric Nonlinearity

[] Force linear strains

Saved file: 14_example_02.mph

| Isotropic -
Specify:
| Young's modulus and Poisson's ra ~
c=C(Ev)
Young's modulus:
E | User defined -
70e9 Pa F L,x
Poisson’s ratio:
v | User defined -
033 0 Messages Progress Log Table
Density: | L
p [ User defined . E;:l?oer: 1:'1:11 d:?;:s d;fl ;‘rezecslom solved for: 1770.
7.85 kg/m? Number of degrees of freedom solved for: 1647.

Finalized geometry has 1 boundary, 8 edges, and 8 vertices.
Finalized geometry has 1 domain, 10 boundaries, 24 edges, and 16 vertices.

<

m

103 GB|1.05GB
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BOUNDARY CONDITION

e PN HB > b EDHINGNR: - Untitled.mph - COMSOL Multiphysics [SlE]T=
Home Definitions Geometry Materials Physics Mesh Study Results
"2 | @ Component 1 (compl) ~ P Solid Mechanics (solid) ~ Build Mesh = = Compute —
A ] : pol (comp1) :\=) rﬁ-_‘ sis ";’ ; (solid) (] P @ @
it ® & Add Component ~ — £ Add Physics AMeshl -~ ~Study 1 -
pgu“ der P Defini‘tions Geor:wtry Mat?rials ~% Add Study Res:.ults Lay'c;ut
Application Model Physics Mesh Study
Model Builder ~ & Graphics Convergence Plot 1
- Te B W E - QaRe@ Lrvkk GE=SEER O@R
| % Untitled.mph (ro0t) ) - ¥ o ~x32 o> Fea o=
4 Global Definitions Label: Prescribed Displacement 1 -
) Makariake Domain Selection
4 \m Component 1 (compl)
= Definitions Selection: | Manual =
4 A\ Geometry 1 =
4 & work Plane 1 wp1) onf)| (1 &
4 A Plane Geometry g =-
21 Rectangle 1 (72) Active hH B
71 Rectangle 2 (72) &)
[=] ifference 1 (dif1) ’
121 View 2
(5] Extrude 1 (axt1)
i ] Fo.r m Union (fin) Override and Contribution
“28 Materials
4 522 Solid Mechanics (solid) Equation
B Linear Elastic Material 1 . .
S Free 1 ~ Coordinate System Selection
DB 1101
e Coordinate system:
‘ I& Prescribed Displacement 1 sttt il
o VeS| Global coordinate system -
4 Fydy 1 . i
[= step 1: Stationary v Prescribed Displacement 2z
[S step 2: Linear Buckling & Standard notation ‘__I/.X
{8 Results
[7] Prescribed in x direction
Ip 0 m
Messages Progress Log Table
[] Prescribed in y direction 9 o 3
Ug 0 m \:'\
— Number of degrees of freedom solved for. 1770. “
[#] Prescribed in z direction Solution time (Study 1): 2 s.
u 0 m Number of degrees of freedom solved for: 1647.
0z

Solution time (Study 1): 2 s.

General notation

Saved file: 14_example_02.mph

Finalized geometry has 1 boundary, 8 edges, and 8 vertices. =
Finalized geometry has 1 domain, 10 boundaries, 24 edges, and 16 vertices. Y
« | m ] N

1.04GB | 1.07 GB
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BOUNDARY CONDITION

< Fixed Constraint A =

o e EdR > o HhGH DN NE — Untitled.mph - COMSOL Multiphysics [SiEEsEn AH A
Home Definitions Geometry Materials Physics Mesh Study Results 7] © o
5 | 3 : : . |l
] - = - = 2,
A % | Ul Component 1 (comp1) :fE\ [E._ sis &= Solid Mechanics (solid) & Build Mesh Compute Wi E |
sngiicat ® | &> Add Component - =/ " 3 Add Physics AMeshl+ | ~®Studyl - g |
ication e )
PEF;U" e > Defmltuons Georf\etry Matgrlals ~% Add Study Res‘ults Lay'out | - N
Application Maodel Physics Mesh Study ‘ : Ol_l'—_'—l E __||_x-| —_l-l'—_'l—
Model Builder Se‘ft['“gs Graphics  Convergence Plot 1 8! :
==t | T~ B W~ | Fixed Constraint Q Q@ ¢ Lo llelx| @ SR TR
1 € Untitled.mph (root) ore | FE—— B ox o W@® @ = I
4 () Global Definitions Label: | Fixed Consirain ) :
_ B Materials Boundary Selection I
4 \m Component 1 (compl) |
= Definitions Selection: | Manual v |
4 A Geometry 1 . |
4 {2 Work Plane 1 (wp1) onfm)| 1 & |
4 Y\ Plane Geometry g - |
[2 Rectangle 1 (72) Active [ |
I Rectangle 2 (72) a8 |
[ Difference 1 (@if1) ’ |
[ View 2 |
[ Extrude 1 (ext1) |
] Fo.r i Ui k) Override and Contribution |
i2a Materials I
4 22 Solid Mechanics (solid) ., Equation |
B Linear Elastic Material 1 |
vn' Free 1 |
T Initial Values 1 |
Prescribed Displacement 1 I
|
|
4 udy 1 z I
[7 step 1: Stationary Yol ox |
|S step 2: Linear Buckling I
& Results I
|
Messages Progress Log Table |
|
\D I
Number of degrees ‘of freedom solved for: 1770. - |
Solution time (Study 1): 2 s. |
Number of degrees of freedom solved for: 1647. |
Solution time (Study 1): 2 s. |
Saved file: 14_example_02.mph |
" Finalized geometry has 1 boundary, 8 edges, and 8 vertices. = I
. . : Finalized geometry has 1 domain, 10 boundaries, 24 edges, and 16 vertices. X |
« | m » . m —— ] = |
‘ 1.03 GB | 1.06 GB :
|
1
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BOUNDARY CONDITION

ntitled.mph - COMSOL Multiphysics

o IMNEeEHE > 9 ENHLE SR
File w Home Definitions ~ Geometry Materials Physics Mesh
"3 | IE Component 1 (compl) ~ =
7. e oiin S =) [ | 328
ik ® | &>Add Component - N~
pplication s .
Builder  » Definlﬂons Geor:wetry Matsnals
Application Model

Model Builder
- 1

= v BT

! 1 <& Untitled.mph (root)

4 () Global Definitions
=2 Materials
4 W Component 1 (comp1)
= Definitions
4 A\ Geometry 1
4 15 work Plane 1 wp1)
4 YA Plane Geometry
2 Rectangle 1 (1)
=] Rectangle 2 (=2)
[&] pifference 1 (0if1)
¥ View 2
(5 Extrude 1 (ext2)
[5] Form Union (fin)
a8 Materials
4 557 Solid Mechanics (sofid)
i Linear Elastic Material 1
o Free 1
T Initial Values 1

4 b Study 1
[7 step 1: Stationary
|S step 2: Linear Buckling
& Results

Label:

Boundary Load 1

Boundary Selection

Selection: | Manual

[ongg| [10 | %
&

Active D

Override and Contribution
Equation
v Coordinate System Selection

Coordinate system:
Global coerdinate system

v & Graphics

"% Add Study Res:.:lts Lay::»ut

Study Results
t=2Solid Mechanics (solid) ~ [ Build Mesh = Compute
7 Add Physics AMeshl ~ ~&Study 1 -
Physics Mesh Study

Convergence Plot 1

QARGE Lov vl

¥ «xEBEE> @oe @ae

~ [Force
Load type:
Total force \
-160e3 X
Frot O y
0 Z

2.
ol ox

N | Messages Progress Log Table

%

3

Number of degrees of freedom solved for: 1770.

Solution time (Study 1): 2 s.

Number of degrees of freedom solved for: 1647.

Solution time (Study 1): 2 5.

Saved file: 14_example_02.mph

Finalized geometry has 1 boundary, 8 edges, and 8 vertices.

=

B

-

Finalized geometry has 1 domain, 10 boundaries, 24 edges, and 16 vertices.

Pl m

106 GB|1.07 GB
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POST-PROCESSING

a e dR»ocih

alallai® & E vl

ntitled. mph - COMSOL Multiphysics

Home Definitions Geometry Materials Physics Mesh Study Results Mode Shape (solid)
Plot Volume Slice Line B — Evaluate Along Normal| ) Cut Line Direction =
@ U} 25N ii r. [ A : : ng . l | ' 0} @
[@PlotIn~ | [= Arrow Volume [ Isosurface @ Contour 357 First Point for Cut Line "y Cut Line Surface Normal |

™ Surface

Model Builder

L) = v BT}

4 [l Component 1 (compl)
= Definitions
4 YA Geometry 1
4 & work Plane 1 (wp1)
4 YA Plane Geometry

[ Rectangle 1 (725

[2] Rectangle 2 ¢/
[=]] Difference 1 (
[ View 2
(5} Extrude 1 (axt1)
[&H] Form Union ¢fim
iz: Materials
4 37 Solid Mechanics (solid)
@ Linear Elastic Material 1
T Free 1
T Initial Values 1
& Prescribed Displacemen
= Fixed Constraint 1
= Boundary Load 1
4 /A Mesh 1
Al size
4 & Free Quad 1
 Alsize1
4 [7a] swept 1
Alsize1
4 ~db Study 1
|7 Step 1: Stationary
|S step 2: Linear Buckling
" Solver Configurations
4 & Results
H Data Sets
&3 Derived Values
B Tables
Wl Mode Shape (solid)
§2 Export
=5 Reports

mn | »

More ;
5 Arrow Surface 3 Streamline [E plots - | Attributes

T
-—
4

/* Second Point for Cut Line = First Point for Cut Plane Normal ¥ | Export

Select

Add Plot

Settinas Graphics  Convergence Plot 1 A |
2
3D Plot Group QafQld Lrxr-r-EERA0 e @&
[ Plot o
Critical load factor=2,4594 Surface: Total displacement (mm)
Label: Mode Shape (solid)
x10%
v Data
3.5
- Study 1/Sg | 139
|Critical load factor: | 2.4594 - 3
Title
2.5
¥ Plot Settings .
10
) - — || 130 s
View: | Automatic ~| |29 %g | | 2
[7] Show hidden entities 0_ I
(¢} 1 2 3 1.5
[¥] Plot data set edges
Color: | Black -
1
= Frame: | Material (X, Y, Z) -
¥ Color Legend ¥ L5
4
[¥] Show legends —X 0
[7] Show maximum and minimum va
Position: Right -
Text color: [ Black = Messages Progress Log Table
b
Number Format Mesh error (mapl): Failed to Create mapped mesh for face. A

Mesh consists of 56 boundary elements and 112 edge elements.

Complete mesh consists of 16800 domain elements, 33712 boundary elements, and 2i
Number of degrees of freedom solved for: 605808.

Number of degrees of freedom solved for: 605808.

Solution time (Study 1): 81 s. (1 minute, 21 seconds) =

Window Settings

< | m »

127 GB|1.36 GB
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<- Critical load factore} Z=}=

HA gtol

1Xt = S}&: 2.46x160kN

P, = 393.6 kN

F)1,analytic =352.9 kN
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PANEL BUCKLING (1)

S D’ ‘= Ex?
Tt 12(1-v?)(bjt)’
Case Boundary
Buckled Plate coneon
u . 33 |
:& (a) I':}s ” ssE:
] ST 0 R
e TN -
33
}u‘\- (© free SSE:_,
(d) fixed L
S ssi*
Load —
(e) s xed gg

uitimate

load (f IE gg
_/ (9) IE

s ss
fixed S$S
free
$S gs
SS

At
1

Deflection (h) )

i) =

s
SS

fixed E
fix fixed fix .

Loading

Compression

Compression
Compression
Compression
Compression
Shear
Shear
Bending
Bending

Copvriaht © 2013 Computational Desian Lab. All riahts reserved.

CAE

4.0
8.97

0.425
1.277
9.42
5.34
8.98
23.9
41.8
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CAE

PANEL BUCKLING (2)

2 2
Oy = Dﬂz K = Bz - Kk E =210 GPa,v=0.28,b =20 mm,t =1 mm
th®  12(1-v?)(b/t)
Case Boundary Loading k
Candition
(@) Efs ¥ =fq Compression 40 | o, =1874 MPa, P, = o A= o bt = 37482N

Compression 8.97

© Fm

c 33
© FF = s

Compression 0.425

(d) s f';f:g ssk+ Compression 1.277
(€) [—gss &% ssk— Compression 5.42

Shear 534

(f) IE ii

J"i. o “'JL idipdiapiii

(@) TES ‘}:‘ed ss|,  Shear 8.98
(h) {2’ Bending 23.9
(i) ™ fixed ™K, Bending 418
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DIMENSION SELECTION

ol o 3D Ml

OIMEERG v RS0 s
m Heme Definitions Geometry Materials Physics Mesh Study Results Mode Shape (solid) §‘
Select Space Dimension one 22|
|

r. 6’%@ Q = —

i
2D 1D
o Axisymmetric 2 Axisymmetric LD Lo

Help e C@&/ Done

103GB|1.05GB
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PHYSICS SELECTION

ol IMNEHR S s e Ed_example_OB.mph-COMSOL mutphyscl (S ST e

ﬁ Structural Mechanics 2

‘ Home Definitions Geometry Materials Physics Mesh Study Results Mode Shape (solid) / She” Al_-| E—Il.I
Select Physics Review Physics Interface Study = 2!
uay ==
Search Shell (shell)
U* Optics =
&) plasma Dependent Variables
& Radio Frequency
% Semiconductor Displacement field: u
4 £ Structural Mechanics Displacement field components: u
5= Solid Mechanics (solid) v
v
| %3 em (m) - Displacement of s.hell normals: ar
B, Truss (truss) Components of displacement of shell normals: arx
@ Multibedy Dynamics (mbd) ary I
" Thermal Stress arz

& Thermoelasticity (te)
| £43 Joule Heating and Thermal Expansion |

=X, Piezoelectric Devices

3 Piezoresistivity

2% Electromechanics (emi)

Poroelasticity (poro)

&% Fatigue (ftg)

Ao A lakbemmnhina

Add
Added physics interfaces:

[7] Shell (shell)

Remove |

@ Space Dimension e Study '
Help 0 Cancel &/ Done

127 GB | 1.37 GB
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STUDY TYPE SELECTION

O =I=IE G ! I 12 example 03 mph - comsoL Muttiphysies i = (BB

Linear Bucklingd Et

| ,
Home Definitions Geometry  Materials Physics Mesh Study Results Mode Shape (solid)

Select Study Linear Buckling one 22l
The Linear Buckling study is used for estimating the critical load at which |

4 "~ Preset Studi
s fles a structure becomes unstable.

s, Eigenfrequency
[\ Frequency Domain

The Linear Buckling study consists of two study steps: a Stationary study

) . e — step for applying an external load followed by a Linear Buckling study
|5 Linear Buckling step. In the second study step, an eigenvalue solver is used to compute
VTo0a! Reduced vraer Model the buckling modes and the associated critical load factors.

|-, Prestressed Analysis, Eigenfrequency

[== Prestressed Analysis, Frequency Domain |
[~ stationary

[\ Time Dependent

[/ Time-Dependent Modal
~ Custom Studies

~ Empty Study

|
i

Added study: I
|S Linear Buckling |
Added physics interfaces:
(7 Shell (shell) |

° Physics |
Help 8 C E,/ Done It

127 GB | 1.37 GB |

37
Copvriaht © 2013 Computational Desian Lab. All riahts reserved.



GEOMETRY CREATION

DR =g O

p o .

VRS0 ® YR

Home Definitions Geometry Materials Physics Mesh Study Results
_— T)Block & <k-Revolve [=hBooleans and Partitions » /] A =] (I
B = U 9 = ' - A F :

— >Cone @& = ‘{é’L @dl # Sweep ) Transforms ~ 'ﬂ | @, E =
i I = _ More Extrude _ iy ) _ Defeaturing  Virtua Parts Programming ,_
Bu'"d Import.‘/Export [ Cylinder £ primitives - F‘,’mr: £ Zloft  @yConversions - I and Repair ~ Operations ~ - - o

Primitives Operations Other
Model Builder v 1 Set’[iﬂgg Graphics Convergence Plot 1
- ® v ETE S v | Geometry Q Q@@ mEER &6
4 <& Untitled.mph (root) [ Build Al B o« =
4 () Global Definitions o
) Materials Label: Geometry 1
4 [ Component 1 (comp1) ;
= Definitions e
TeyEl le values when changing uni
4 £ Work Plane 1 (wp2) [] Scale values when changing units
4 %A plane Geometry Length unit:
=] Rectangle 1 (2) mm
[y View 2 3
5 Copy 1 (copy1) Angular unit:
Copy 2 (copy2) Degrees
J Form Union (fin)
o v Advanced
4 [7) shell hell) )
S Linear Elastic Material 1 |~ Geometry representation:
Bifree1 CAD kernel
Do
ol Intial Values 1 Default relative repair tolerance:
A Mesh 1
4~ Study 1 1e-6
[—f Step L: Sjcatlonary ) [¥] Automatic rebuild
|S step 2: Linear Buckling
{® Results z
y\‘I/,X
Messages Progress Log Table
b
i ey imn = b imttay = =ty =+ gy o mn ¢ i enne
Mesh consists of 14 boundary elements and 24 edge elements. “

Mesh error (map1): Failed to create mapped mesh for face.

Mesh consists of 56 boundary elements and 112 edge elements.

Complete mesh consists of 16800 domain elements, 33712 boundary elements, and 21
Number of degrees of freedom solved for: 605808.

Number of degrees of freedom solved for: 605808. =
Solution time (Study 1): 81 s. (1 minute, 21 seconds)

4 m »

11GB|1.2GB
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Shell2 &l

e e HE » o OE O ER-L "0 Untitled.mph - COMSOL Multiphysics [ESiEnE
Home  Definitions | Geometry | Materials  Physics  Mesh  Study  Results
= ]Block & <l-Revolve [ Booleans and Partitions ~ 7] . -
— D ,@ § ! = e A
- S - ? . Extrude 2 Swocp. | L Granatomme c DefE' Virtual Parts P E ing = Th. k 1
: ore o ) — Defeaturi irtua a rogrammi .
BU.“d Impor/Export ) Cylinder € primitives + l;'IYa?qul;- Sloft i Conversions + il and Repa?rg- Operations + v R o ICKNessS : [mm]
Primitives Operations Other
Model Builder >R Settingg Graphics  Convergence Plot 1
== 1T l=-@ i~ | Shel QARG | Lk peEEER 6K
4 % Untitled.mph (ro0t) T PR RN > @Fee o=
4 @ Global Definitions : o
(52) Materials Name: shell
4 Il Component 1 (comp1)
v = Definitions Boundary Selection
4 YA\ Geometry 1
4 8 Work Plane 1 (sp2) Selection: | All boundaries ~ ~ \
4 YA\ Plane Geometry 1 %
Rectangle 1 1) || [ |, _
[ View 2 ==—il3 = P
8 Copy 1 (copy) Active! |4 sl
55 Copy 2 (copy2) o
[ Form Union (fin)
ti: Materials
4[] shell Ghelf)
“aw Linear Elastic Material 1~ Equation
B Free 1 : .
'.‘E ":iet?al Values 1 w Structural Transient Behavior
_ =
S wﬁjdr\;e:h ! | Include inertial terms -

|7 step 1: Stationary

i
|S step 2: Linear Buckling L y
+ @ Results d 1mm -
- 1—» X
| No offset -
« Reference Point for Moment Co Messages ress Log Table
0 x | b
Xref |0 1] m Solution time (Study 1): 81 s. (1 minute, 21 seconds) .
0 z Saved file: 14_example_03.mph
Formed union of 4 surface objects.
Fold-Line Limit Angle Finalized geometry has 4 boundaries, 12 edges, and 9 vertices.
- me— . Formed union of 4 surface objects.
i Height of Evaluation in Shell, [ | | Finalized geometry has 4 boundaries, 12 edges, and 9 vertices. =
I Discretization < i ] . |

1.06 GB | 1.16 GB




MATERIAL PROPERTIES

Linear Elastic Material 2 &l

) - N
o lheHR»SC DE MME N0 . Untitled.mph - COMSOL Multiphysics =@ ® |
Home Definitions | Geometry = Materials  Physics Mesh Study  Results
5 = [[Block & =) @ @ <l~Revolve [=Booleans and Partitions » ] ﬁ = f % - :
- « @>Cone @& # Sweep " Transforms ~ | ) = I E 2 1 11
Build | Import/Export § More work | Extrude 2 4 ) _ Defeaturing  Virtual Parts  Programming | . c.1e
- 4 [ Cylinder & primitives » | g% Sloft i Conversions - { and Repair~ Operations - . . ',
Primitives Operations Other : mu. O 2 8
Model Builder Settings Graphics ~ Convergence Plot 1 v : rho : 0
=t 1=~ EtE =~ Linear Elastic Material aaQ@Qal Lz HheElEEE sl WD |
4 % Untitled.mph (root) 2 | ~ = o @Fee a8 |
4 @) Global Definitions ‘ - |
() Materials | Override and Contribution o :
4 Tl Component 1 (compl) Equation |
= Definitions |
4 YA Geometry 1 » Model Inputs + |
4 13 work Plane 1 wp21) - - |
4 %A\ Plane Geometry v Coordinate System Selection |
Rectangle 1 (1) " )
b 1¥ View 2 Coordinate system: a2 :
[ Copy 1 (copyl) | Global coordinate system - |
5 Copy 2 (copy2) " . . |
[ZH] Form union (fin) ~ Linear Elastic Material |
i3 Materials : ]
4 ) shell (shel) Solid model: :
Saw Linear Elastic Material 1~ | Isotropic - !
B Free 1 Specify: |
2 Initial Values 1 - - |
A Mesh 1 | Young's modulus and Poissen's ra | |
4 ~h Study 1 C=C(Ev), G=G(E,v I
[ step 1: Stationary .( ) €y |
| Step 2: Linear Bucklin Young's modulus: |
v {®l Results E | User defined -| L |
2.1e11 Pa I-u X :
Poisson's ratio: |
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Finalized geometry has 4 boundaries, 12 edges, and 9 vertices. |
2 - Fermed union of 4 surface objects. |
ZGeomERaonineRtTy Finalized geometry has 4 boundaries, 12 edges, and 9 vertices. = I
[7] Force linear strains =11P = ] 5 ’ :
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|
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|7 step 1: Stationary
|S Step 2: Linear Buckling
¢ {@ Results

D= ¢ v B ESn 2 e

b

Formed union of 4 surface objects.

Finalized geometry has 4 boundaries, 12 edges, and 9 vertices.

Formed union of 4 surface objects.

Finalized geometry has 4 boundaries, 12 edges, and 9 vertices.

Complete mesh consists of 200 boundary elements and 90 edge elements.
Complete mesh consists of 800 boundary elements and 180 edge elements.
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POST-PROCESSING
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= Definitions
4 A\ Geometry 1 : -
| 4 & Work Plane 1 fp DSt L B
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2 Wt ) [E nalytic solution
|
«0 Ehe” (shel) [C] Show hidden entities
| mw Linear Elastic Material
‘ B Free 1 = ] Plot data set edges
Pt
m Initial Values 1 .
Color: Black v — 1874 M P
[ Edge Load 1 Gcr —_ a.

B Edge Load 2 Frame: | Material (x,y, z) -
[ Prescribed Displacem

| [ Prescribed Displacem ~ Color Legend y P — ()- A — 37482 N
[ Prescribed Displacem 4 Ccr Ccr
‘ 4 A Mesh1 [¥] Show legends i
,ﬂ Size . . o
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i ) Alsize1 Position: | Right =
4 " Study 1 Messages Progress Log Table
[ step 1: Stationary Text color: | Black - 9 9 9
| |S Step 2: Linear Buckling N
- Solver Configurations I Number Format Number of degrees of freedom solved for: 19926. -
«® Results ) . Number of degrees of freedom solved for: 19926.
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CAE

HEAT TRANSFER

— movement of energy due to a temperature difference

« Conduction
— heat transfer by diffusion in a stationary medium due to a
temperature gradient. The medium can be a solid or a liquid.
« Convection

— heat transfer between either a hot surface and a cold moving
fluid or a cold surface and a hot moving fluid. Convection
occurs in liquids and gases.

 Radiation

— heat transfer between Surface A at temperature T, and
Surface B at temperature T, via electromagnetic waves,
provided that T,# T, and that Surface A is visible to an
infinitesimally small observer on Surface B.
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CAE

HEAT CONDUCTION

« Governing Equation

oT T . temperature
pC——V'(kVT)zQ p: density
ot C : heat capacity
KV2T + Q ~0 k : thermal conductivity

Q: heat source or heat sink

* Boundary Conditions

BOUNDARY CONDITION DESCRIPTION

n-(kVT) = qo+h(Tmf—T)+C‘Const(Timb—T4) Heat flux

n-(kVvT) = 0 Insulation or symmetry
T=T, Prescribed temperature
T=0 Zero temperature
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T ONAFEMST4 A

* Problem description

— This analysis studies the behavior of a two-dimensional
model as well as its three-dimensional counterpart, under
thermal loading. The bottom of the object is held at a
constant temperature of 100°C while the top and right edges
are allowed to exchange heat with the 0°C environment. This
steady-state temperature of point P is the solution of interest.

Insulated_ 1000mm

49
Convriaht © 2013 Computational Desian Lab. All riahts reserved.



HE ey

 Element tested
— 2D / 3D brick / 3D tetrahedral

« Material data

— Conductivity = 52 W/m°C

— Convection coefficient = 750 W/(m2°C)
« Theoretical solution

— temperature at point P is 18.30°C

Temperature % Difference
“ermrae Theoretical Solution 18.30°C |
- 2D Plane strain 60 elements 17.95°C -1.9%
240 elements 18.09°C -1.1%
& 960 elements 18.21°C -.5%
{ﬂp 3840 elements 18.24°C -.3%
3D Bricks 600 elements 18.91°C 3.3%
2400 elements 18.42°C | 6%
3D Tetrahedrals 2854 elements 18.27 - 19.22°C
Tag = 18.86°C 3.1%
7943 elements 18.30 - 18.88°C |
Tavg = 18.71°C 2.2%




DIMENSION SELECTION
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PHYSICS SELECTION

ﬁ/ﬂ? Heat Transfer 2| Heat

\

@ Transfer in Solids4d &4

G

Home Definitions Geometry Materials Physic Mest Study Results
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Search Stu dy % él

® AC/DC R
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Fluid Flow

e
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a a Ul
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@ Heat Transfer in Porous Media (ht)
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TTH Thermoelectric Effect
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€ Plasma
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mn

Added physics interfaces:
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Help e Cancel &/ Done
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STUDY TYPE SELECTION
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GEOMETRY CREATION

Home Definitions Geometry Materials Physics
= Import - |4|
Egnsert Sequence | * T .
= Export Draw Line Retta‘mgle c|r_c|e
= . Settings ~ -
Buillg I M/Expo Draw
Model Builder Properties -y
- = v Tt N
3 ~ ¥ Build Selected ~
4 @ Untitled. mph (root) & Build All Objects
4 (3) Global Definitions
&) Materials Label: Rectangle 1
4 § Component 1 (compl) :
= Definitions ¥ Object Type

4 Y

Geometry 1
[E3] Rectangle 1 (2
_ Form Union (fin)
i Materials
Heat Transfer in Solids (A
B Heat Transfer in Solids
& Initial Values 1
&3 Thermal Insulation 1
A Mesh 1
4 "o Study 1
= Step 1: Stationary
[t Solver Configurations
&, Job Configurations
{8l Results

m »

Type: | Solid -

= Size and Shape

Width: 06

Height: 1

 Position

Base: | Cormner -

x: 0

Y- 0

~ Rotation Angle

Rotation: O deg
Layers

» Selections of Resulting Er

Contribute to: - New

[7] Resulting objects selection

Doma

Mesh

o = "~

T e

Study Results

¢]Chamfer ]

¢y 7] Fillet
Booleans and Transforms Conversions

- Virtual
anitsves Partitions « . e » Tangent Operations ~

)
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a@e@ L- @

o
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Parts | Progrmming . Delete Sequence

A x
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0.77]
0.67]
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0.2
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Log Messages Progress Table

LS

COMSOL 5.2.0.166
Finalized geometry is empty.

766 MB | 899 MB
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GEOMETRY CREATION
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"% [E@lnsert Sequence | —— | * FpE gt 2 . « T Fillet - bt  =5Measure
Build Draw Line Rectangle Circle | piniives| BoOlEaNs and Transforms Conversions Virtual Parts Programming .
All [[= Export . 5 = i Partitions ~ 2 - » Tangent Operations - - B Delete Sequence

Settings «

[S < Properties » 1 | Graphics
Qaa @@ L
1

Model Builder

==t 1l s~ou @ &
iy 1 Build Selected ~ - - |)
4 <& untitled. mph (root) [ Build All Objects 17 o
4 (@) Global Definitions
=iz Materials Label: Point 1 | |
0.9
4 § Component 1 fcompl) .
= Definitions ¥ Foint i |
SN G':Ieo;netry . 7 x 06 m s ]
[ Rectangle 1 (71)
| Point 1 (ot} y. 02 m 0.77] I
4 Form Union (fin) .
158 Materials ~ Selections of Resulting Er 0.63 -
4 | Heat Transfer in Solids (& O
& Heat Transfer in Solids | Contribute to: - MNew
o Initial Values 1 . X i 0.57] r
S Thermal Insulation 1 Resulting objects selection
A\ Mesh 1 Point 0.4 1
4 b Study 1
|7 step 1: Stationary i |
[ Solver Configurations 0.3
5 Job Configurations ]
& Results 0.27] F
0_ -
T T T T T T T T
-0.4 0.2 0 0.2 0.4 0.6 0.8 1

Log Messages Progress Table
\

COMSOL 5.2.0.166
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MATERIAL PROPERTY
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2 Rectangle 1 r1) -
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BOUNDARY CONDITION
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BOUNDARY CONDITION

Heat flux ZA =7 MA

o

Finalized geometry has 1 domain, 5 boundaries, and 5 vertices.
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POST-PROCESSING
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ELECTROMAGNETICS

Gauss's Law to Coulomb's Law

everwher

Electric Flux (})E=fE-dA=fEdA=EfdA=

q
Spherical = = st o 2
Gaussian e . E(4“r Eo
Surface . surface area
.\\ of a sphere
r
g o
Spherical Charge r 4dre,r
. |
k= dze.
b
N Coulomb’s Law k
E . qin
= —
the net flux through any closed surface Surrounding a point charge q is r
given by G/, and its independent of the shape of that surface

Maxwell equations

Formulation in terms of free charge and current
Name Differential form

Integral form

Gauss's law V-D=p, ) D-dA=Q(V)
Gauss's law for magnetism |7 - B = () #; 5 B-dA =0

ot et 8= <22 501 225B)
ey |V < B =3y 4 2 Bt =1y54 D

at as 3t

E is constant
e on the s

- Sagnslic Faradays Law of Induction

in field lines
&

Kieran Mckenzie

An electric current produces a magnetic &
field.
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MAGNETIC AND ELECTRIC FIELDS

N

current density: J

magnetic{

field intensity: E
electric< displacement/flux density: D Maxwell-Ampere's law: VxH = J + —
charge density: p ot

oD

— { Faraday's law: Vx E = —%

field intensity: H Gauss's law (electric form): V-D = p
displacement/flux density: B | Gayss's law (magnetic form)V-B =0

oA

electric scalar potential V : E=-VV ——

potentials —

ot

magnetic vector potential A: B=V xA

constitutive relations —

D=y E Co Ho
g, . relative permittivity
. permeability of vacuum (47 =107 [H/m
B = u 1 H My P - y- v ( [ / ])
4, - relative permittivity
J=0cE

o . electrical conductivity
C, - Vvelocity of an electromagnetic wave in vacuum

Conovriaht © 2013 Computational Desian Lab. All riahts reserved.

g, . permittivity of vacuum (: 21 =8.854x107"[F/m] ~ 3;
T

x10°° [F/m]}

CAE
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C-CORE ACTUATOR

Geometry Information

/

Core (steel) /

|/

%

100 turns caoill

Armature (steel)

CAE

Input Information

Current: 1 [A]
Turns: 100
Relative permeability: 10000

What is the magnetic flux
density in the air gap?

Analytic solution: 2.51e-2 [T]
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DIMENSION SELECTION

¢ A
| |
m Home Definitions ~ Geometry Materials Physics Mesh Study Results \ <
Select Space Dimension
: | =l
m =|e|+ ‘ , Done= =
=2 Axusyfi\%etrf: £ Misyr}'\[:netn: & |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Help e Canc: E}/ Done |
|
850 MB | 948 MB |
|
|
|
|
|
|
|
|
|
|
|
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PHYSICS SELECTION

AC/DC > Magnetic Fields

m Home Definiticns Geometry Materials Physics Mesh Study Results \ A_I EH
AL
Select Physics Magnetic Fields |
|
Search The Magnetic Fields interface is used to compute magnetic field and induced current
distributicns in and around coils, conductors, and magnets. Depending on the licensed
4 () Recently Used - products, stationary, frequency-domain, small-signal analysis and time-demain modeling EIALTT 3 EI
{ @ Heat Transfer in Solids (ht) are supported in 2D and 3D. Note that the frequency- and time-demain formulations 2'- = _-H-_ =
&= Solid Mechanics (solid) become ill-posed when approaching the static limit. One may extend the useful frequency -
St Beam (beam) range downward by adding a low conductivity.
n

Magnetic Fields (mf)
Moving Mesh (ale)
4 % AC/DC
X_ Electric Currents (ec)
XL Electric Currents, Shell (ecs)
%9 Electrical Circuit (cir)
} Electrostatics (es)

The physics interface solves Maxwell's equations formulated using the magnetic vector
potential and, eptionally for coils, the scalar electric potential as the dependent variables.

M Magnetic Fields (mf)
z nts <)
¥ Magnetic and Electric Fields (
@ Rotating Machinery, Magnetic (rmm)
3% Particle Tracing
) Acoustics
2% Chemical Species Transport
11 Electrochemistry

Add

Added physics interfaces:

° Space Dimension

Help 9 Cancel E]/ Done

850 MB | 948 M8
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TYPE SELECTION

S/ﬂ? Stationary M Ef
)

Select Study Stationary
4~ Preset Studies The Stationary study is used when field variables do not change over @Do n e % EI

=
G

Home Definitions Geometry  Materials Physics Mesh Study Results

|V Frequency Domain time. =

S T omain Examples: In electromagnetics, it is used to compute static electric or
L Stationary magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In solid
g5 Custom Studies mechanics, it is used to compute deformations, stresses, and strains at
~& Empty Study 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.

Added study:
[ stationary

Added physics interfaces:
M Magnetic Fields (mf)

Q& rhysics
Help G Cancel Izl D@
848 MB | 943 MB
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GEOMETRY CREATION

Home Definitions Geometry Materials Physics
A "% | € Component 1 (compl) - —) ==
23 =) &=

® & Add Component =

Application
Builder ¥

Model Builder
-- 1 = ~ Bt EL

4 @ Untitled.mph (root)
4 () Global Definitions
) Materials
4§ Component 1 {compl)
= Definitions
4 A :
3 Rectangle 1 (2)
I3 Rectangle 2 (72)
£ Rectangle 3 (73)
I Rectangle 4 (=)
I Rectangle 5 (75}
(=] Rectangle 6 (5)
* Form Union (#in)
“za MVatenals
4 N Magnetic Fields (mf
& Ampére's Law 1
83 Magnetic Insulation 1
B Initial Values 1
A Mesh 1
4~ Study 1
[ step 1: Stationary
= Solver Configurations
2, Job Configurations
0B, Results

Mesh

N Magnetic Fields (mf) ~
7 Add Physics

Definitions Geometry Materials

Settings  Properties
Rectangle

&) Build Selected ~
[ Build All Objects
Label: Rectangle 6

~ Object Type

Type: | Solid -
e and Shape
;03
03
~ Position
Base: | Corner -
% -0.15
¥ -0.1

~ Rotation Angle

Rotation: Q deg
Layers

w Selections of Resulting Er

Contribute to: - New

[7] Resulting objects selection

Show in physics Doma

aaq

Study Results
& Build Mesh
A Meshl -

= Compute
~oStudy 1 ~
" Add Study

& Windows ~

(@i Add Plot Group ~ [ Reset Deskiop -

Qel - Beecon &N

0.2
0187
0.167
0.147]
0.127]

017
0.08¥
0.067
0.047]
0.027]

o]
0.027]
-0,047]
-0.067
-0.087]

-0.17]

T T T T T T T T T T T

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

Log Messages Progress Table

O & -

807 MB | 947 MB
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|

AF2ES 6742 FO0{
S AF AH A
OO OO

Size(0.1, 0.005)
base(-0.05, 0)

Rec?
Size(0.1, 0.05)
base(-0.05, 0.0075)

Rec3
Size(0.08, 0.04)
base(-0.04, 0.0075)

Rec4d
Size(0.08, 0.005)
base(-0.04, 0.0425)

Size(0.08, 0.005)
base(-0.04, 0.0575)

Size(0.3, 0.3)
base(-0.15, -0.1)
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MATERIAL PROPERTY

@Ampere‘s Law 1 2 &

Home Definitions ~ Geometry Materials  Physics Mesh Study  Results
A "% 9 Component 1 (comp1) - @ = .o | M Magnetic Fields (mf) - | @8 Build Mesh | = Compute [EWindows -
oot & Add Compenent - %% | s Add Physics AMeshl+ | ~&Studyl - | {@Add Plot Group = | [GReset Deskiop -
PBPJiTg El:lﬂ ~ Oeﬁnltions Georpetry Matenals % Add Study
Application Model Physics Mesh Study Results Layout CO n d u Ctivity- O
Model Builder Settings  Properties Graphics -x . TR
JoSEEE L R aa@oE - *e@ock Seay ~EDE° | @8 . Relative permittivity: 1
v . 1 1 1 1 1 1 1 1 1 1 1 I . o .
. o .
4 % Unted i 0p waters e 0] || | Relative permeability: 1
4 () Global Definitions | Nonsolid - i | |
() Materials R 0.18 |
4 9 Component 1 fcompl) ~ Coordinate System Seh 0.167 o | ol
= Definitions ‘ n | = E':i
4 %A\ Geometry 1 Coordinate system: 0.14 | —
£ Rectangle 1 (1) | Global coordinate syster | 0,127 - |
3 Rectangle 2 () |
3 Rectangle 3 73) ~ Conduction Current 0.17] B |
[ Rectangle 4 () - L I
1 Rectangle 5 (15 Electrical conductivity: 0.08
Rectangle 6 (16) & | User defined B 0.067 I :
[EH Form unien (fin) M a |
3 Materials 0 S/m 0.04 |
' Magnetic Fields (m/) [ sotropic  +| 0,02: I I
g Magnetic Insulation 1] «  Electric Field o7 I l
2 Initial Values 1 0.02 -
£\ Mesh 1 D =¢geE ' |
4R [SiUdY 1 Relative permittivity: 0.047] I :
7~ Step 1: Stationary PR T e p— | L
"o Solver Confi v | User defined v 0.06 |
5 Job Configurations 1 1 1 I |
b @ Results ———
| Isotropic BIE 1] I |
— T T T T T T T T T T T |
~ Magnetic Field -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 01 0.15 0.2 0.25 I
Constitutive relation: Log Messages Progress Table |
| Relative permeability | a5 E 5 8 \ EEEC B - |
B = oM :
Relative permeability: I
He | User defined v/ I
1 1 |
| Isotropic ~| ] :
797 MB | 938 MB |
|
|
|
|
|
|
|
|
|
|
|
1




MATERIAL PROPERTY

m Home Definitions Geometry Materials Physics Mesh Study Results

=
G

@Ampere‘s Law 2 A M

792 MB | 932 M8

A "8 €@ Component 1 (compl) - =, o M Magnetic Fields (mf) » @@ Build Mesh = Compute [ Windows ~ )
i & Add Component - = S % Add Physics AMeshl+ | ~»Studyl - | {&Add Plot Group - [GReset Desktop -
"‘pé’l;;ggfﬂ Definltions Genr‘netry Matfrials ~% Add Study
Application Physic Mesh Stud 2 3 I:H E D_” ol A_I EH
! — — -
Maodel Builder Settings _ Properties Graphics T4
- = - aa@a@ - , 8 iy |
: - 1 1 1 1 1 1 1 . .
- T - o | d :
4 % Untitled.mph (ro0t) Material type: 0.2 I CO n U CtIVIty. O
4 () Global Definitions Nonsalid - | N I . . o e .
& waterls , 018 | Relative permittivity: 1
4§ Component 1 (comp1) ¥ Coordinate System Seh 0.167 L | . o
= Definitions L | b | °
§ 8 it | Relative permeability:
1 Rectangle 1 (1) Global coordinate syster « 0.127] - |
ectangle 2 (2) | | 10000
ectangle 3 (r3) + Conduction Current 0.17] |
ectangle 4 () _ il
ectangle 5 ¢5) Electrical conductivity: 0.08 |
=1 Rectangle 6 (76) o | User defined = 0.067 I I Oolgq
[E] Form Union (i) | i | H =
252 Materials 0 Sfm 0.04 |
4 N Magnetic Fields (mf) Isotropic - 0.02') I I
2B Ampére's Law 1 - ——— ] L |
&5 Magnetic Insulation 1 | «  Electric Field o |
Dy
i LS o -0.027] I
@ Ampére's Law 2 D = €ge E |
AT Relative permittivity: -0.04 |
Study 1 . = o -
|7 step 1: Stationary € ikaidfied E 08 :
- Solver Configurations 1 1 -0.087] 1
&, Job Configurations = E ad I~ |
(@ Results Isotropic E 0.1 |
= T T T
* Magnetic Field I-O.ZS I-O.Z I-0.15 ’-0.1 l-(3.05 ‘0 ‘0.05 l0.1 0.15 0.2 0.25 :
Constitutive relation: Log Messages Progress Table |
Relative permeability - D - |
B = jioptH I
Relative permeability: |
Hr | User defined v :
10000 1 |
Isotropic Sl= |
|
|
|
|
|
|
|
|
|
|
|
|
|
1
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CURRENT DENSITY

Definitions Geo

® & Add Component +

Application
Builder

4 @ Untitled.mph (root)
4 (3 Global Definitions
i) Materials
4 § Component 1 (comp1)
= Definitions
4 YA\ Geometry 1
I Rectangle 1 (72)
21 Rectangle 2 (72)
71 Rectangle 3 (r3)
1 Rectangle 4 (=)
I Rectangle 5 (75)
=1 Rectangle 6 (76)
E Form Union (#n)
Materials
" Magnetic Fields (mf)
2 Ampére's Law 1
23 Magnetic Insulation 1
Initial Values 1

& Study 1

) Component 1 (compl) ~ =

metry Materials Physics

Mesh

Definitions Geometry Materials

Settings  Properties

External Current D

Label: External Current Density

Domain Selection

Selection: | Manual -
767 1 -

FE -

Active B W

Override and Contributiol
Equation
w» Coordinate System Selecti
Ceordinate system:

Global coordinate system  «

~ External Current Density

[7 step 1: Stationary

s Solver Configurations

5, Job Configurations
@ Results

External current density:

0 X
Je O b Alm
1*100/4e-4 7

Add contribution of the exte

m ] »

Study

M Magnetic Fields (mf) ~

|

Results
& Build Mesh
AMeshl -

= Compute & Windows ~

[CaReset Desktop -

o

~&Study 1 - | @ Add Plot Group =
" Add Study

tudy

Y BT

Sl - RN
1 1 I L

g Messages

T —
-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

Progress Table

5]

796 MB | 927 M8
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External Current Density 4
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o
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CURRENT DENSITY

&

: Home  Definitions

External Current Density 44
Geometry Materials Physics Mesh Study Results \ <A_|
WS

A € Component 1 (compl) = E— ., M Magnetic Fields (mf) ~ (@ Build Mesh = Compute [&Windows -
T &>Add Component - / St & Add Physics AMesh1 - ~»Study 1 ~  {@1Add Plot Group ~ FG:Reset Desktop ~
Apgu"fggf” Definitions | Geometry = Materials ~ Add Study
Application A Physics Mesh Study Layou 5 H E D‘” O] MEH =
— —- - 1 T
i'vlode\ Bui der Settings  Properties L ! urap"'cs

LI R External Current Densit L~ | [ @ -
; it — ———5] | z Yk -1%100/4e-4
@ Untitied mph (700) Label: External Current Density 0.2 L o o
4 (2 Global Definitions Domain Selection | L
=2 Materials 0.18
4 ) Component 1 (comp1) Selection: | Manual «|  0.167 I
= Definitions L O|=I E_:||
4 A Geometry 1 5 ) 0.14
= Rectangle 1 (1) B = o121 L
7 Rectangle 2 (22 Active B =
21 Rectangle 3 (r3) ey 0.17] r
= Rectang:e 4 (r4) ) 0.081 L
[ Rectangle 5 (75) :
— | 202 2D Y MM 2y
. & Fo_rm Union i) Override and Contributiol 0.047] L
252 Materials . E_I QI_E
4 M Magnetic Fields (mf) Equation 0.0271 F o 12
? Ampére's Law1 ¥ Coordinate System Selecti = B
&3 Magnetic Insulation 1 YS! Y
2 Initial Values 1 - =
Coordinate system: -0.02
@ Ampére's Law 2 ke "
& . o 2 Global coordinate system .0.047 -
External Current Density 2 = L
E”—‘YI ~ _External Current Densil -0.06
“ T dy 1 ) ernal current density: -0.087 I
[ step 1: Staticnary |
[ Solver Configurations 0.1
5, Job Configurations T =T T T
& Results 14100/4e-4 .25 0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2 0.25
bt ottt b Log ages Progress Table
B & -

794 MB | 926 MB
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FORCE CALCULATION

W Force Calculation M4

Home Definitions Geometry Materials Physics Mesh Study Results
A "% | € Component 1 (compl) - = LJ_] . M Magnetic Fields (mf) - | @ Build Mesh = Compute [ Windows ~ \I'}
=) [ H
. ® | & Add Component ~ = e %1 Add Physics AMeshl - ~Study 1 - {@Add Plot Group ~ G Reset Desktop ~
Apé)LllliCl;gan ~ Deflnitiuns Genr?etry Matsrials ~% Add Study
at Model Bt Mesh Study Layout 2 I:H E I:I_” O|_| A—I E_ll-l =)
— T
Model Builder settings  Properties  ~ & Graphics
e Force aa@aE| - ] @ = |
] 1 1 1 1 1 1
iv | .
: i (& ]
@ Untitled.mph (000 Label: Force Calculation 1 0.2 - | FO rce n a m e. a rm atU re
4 () Global Definitions Domain|Selection 0161 | |
&) Materials ‘ |
4 @ Component 1 compl) Selection: | Manual +| 0167 r
= Definitions | i I OI:I E:|
4 A\ Geometry 1 [onm)| |2 s 0.14 | -
I Rectangle 1 (72) 0.1277 - |
I Rectangle 2 (72) Active i | |
I Rectangle 3 (#3) 01 |
[ Rectangle 4 () . L
I Rectangle 5 (75) 0.08 : I—I = Ol
[ Rectangle 6 (76) 0.067] I TT |- |- | —I—_' B |-
*‘%t:g:; Union (fi} Override and Contributiol 0.047 r : - 7 - 7 El- o El- co re7
4 M Magnetic Fields (mf) Equation 0.0271 F | Xl_-l Xl.&ll gl (21‘ % = % I:[H gl Xl’
& Ampére's Law 1
g _| = L _ -
3 Magnetic Insulation 1 ~ _Force Calculation 0 l 7 | =5 =1 7:|| AI’ O|'7 | Ol OI' XtA
i N L = — T 1 d
2B Initial Values 1 Forca name: 2
W Ampére's Law 2 I |
@ txternal Current Density 1 armature] ,047] i |
Torque axis. | L |
@ Force Calculation 1 0 z .06 |
= Lz -0,087] I
rudy 1 rax 0 y | | |
[~ step 1: Stationary : = 0.1 |
= Solver Configurations Torque rotation point: To.25 o2 = To1s To1 To.05 T 1.05 0.1 .15 .2 Ty.25 |
2, Job Configurations 0 % 5 5 - g s 5 = . |
& Results " o y | ™ Log Messages Progress Table |
|
Advanced Settings = B - |
|
|
|
|
2 ; |
|
790 MB | 924 M8 |
|
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|
|
|
|
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MESH CREATION

—e
7|2 AFZEO 4] MM S
— O I1Tl oo T
Home Definitions ~ Geometry Materials Physics Mesh Study Results
A ~& | € Component 1 (compl) ~ = =} o N Magnetic Fields (mf) - @ Build Mesh | = Compute [ Windows ~ )
RS & Add Component ~ u ogs % Add Physics AMeshl ~ ~Study 1 » | @ Add Plot Group - [G:Reset Desktop = .6H A'l Al -<I5H
Pguiclg elron S Definitinns Georl'\enry Matsnais ~% Add Study -1 2o

Mesh Study Results

Application

Model Builder Propetties.  ~ #|| Graphics

- * Free Triangulat aaqe@ ’ > @ = [5)

P~ =, Build Selected [ Build Al : : - : : = . ° - : o
@ Untitled.mph (ro0t) : - 0.27] I
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= Definitions 2 > E Vi
| Rer L
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ectangle 2 (72) /N - ]
3 Rectangle 3 (73) Active 0.17 I
I Rectangle 4 (7<) 0.087 r
Rectangle 5 (75) Scale Geometry ' .
ectangle 6 (76) = 0.067] I
&) Form Union (fin) Control Entities el L
152 Materials Tessellation ' \
4 M Magnetic Fields (mf) 0.02 g I
& Ampére’s Law 1 | 1
25 Magnetic Insulation 1 0
B Initial Values 1 - r
-0.02
@ Ampére's Law 2 B s
@ External Current Density 1 -0.047] P r
@ £xternal Current Density 2 0.061 N/ =
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] - T T T T T T T T T T T
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pouEI der | > Deflnitmns Gecr.netry Materials "% Add Study
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Point 1 : (0, 0.00625)
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CAE

HOMEWORK: HEAT TRANSFER

Steady State Temperature Distribution in a Plate

A rectangular plate (0.6m x 0.4m) is subjected to (a) prescribed temperature

distribution, and (b) internal heat generation. Determine the steady state

temperature distribution in the plate at predefined locations A (x= 0.2m, y=0.2m) and

B (x=0.3m, y=0.2m).

» For Study1, the temperature at one edge of the plate is maintained at 1000°C,
while the temperature at the other three edges is 0°C. Dimensions are shown in
m.

« For Study 2, the temperature at all four edges is 0°C. Heat generation of 10°
W/m?3 is applied to the whole plate.

Thickness: 0.1m
y y Heat generation = 10e6 W/m3 Mesh size: 1 cm
T=1000 ¢ | T=0 C on other three edges T=0 C on all four edges Specific heat(C): 460J/Kg°K
Thermal conductivity(K): 52W/m°K
Density(p): 7850 kg/m3

NAFEMS

Target point
Study 1 (x= 0.2m, y=0.2m) 260.5 °C
Study 2 (x= 0.3m, y=0.2m) 310.1°C
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HOMEWORK: MAGNETIC

~N
1

SUIONONO

X XX

Find attractive force of armature A.

Geometry Property

z=0.1m
y=0.2m
i=10A
N = 50 turns
Ig=005m

2
, Nj £
1 Bg 1 g
fo==—9

yz==— =2y
2 1y 2 Mo

Az %1077
0.05

50x10
1

2 Az %1077

Convriaht © 2013 Computational Desian Lab. All riahts reserved.

jZ
== x0.1x0.2=1.2566 N

CAE

79



