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WORKSHOP 1 - FEM REVIEW

Quiz yourself on the FEM:

1. How can preliminary structural analysis improve the design process?

2. Briefly describe the Finite Element Method (FEM).

3. Simple pieces that represent a more complex structure are called

4. The simple pieces mentioned above are connected together at

5. The assembly of #3 and #4 is called a
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WORKSHOP 1 - FEM REVIEW

Quiz yourself on FEA:

1. What are the six main steps in pre-processing a finite element
analysis (FEA)?

2. Name a load type that would be applied in FEA.

3. Name a constraint (restraint) type that would be applied in FEA.
4. What step in FEA comes between pre- and post-processing?

5. What are the two main steps in FEA post-processing?

6. How are FEA results displayed?
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WORKSHOP 1 - FEM REVIEW

Quiz yourself on CATIA structural analysis:

1. What are the 3 types of analysis supported by the CATIA structural
analysis tools?

2. Write the name or sketch at least one linear and one parabolic
element supported by the CATIA structural analysis tools.

3. What is the name of your instructor? (extra credit)
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WORKSHOP 2

FOOT PEG

CAT509, Workshop 2, March 2002 WS2-1 MSC \ SOFTWARE

llllllllll REALITY



CAT509, Workshop 2, March 2002 WS2-2 MSE\Sp_HmnE



WORKSHOP 2 - FOOT PEG

Problem Description

¢ A new All Terrain Vehicle (ATV) is being designed to carry two
people — a driver and a passenger. An area of concern is the Foot
Peg for the passenger on the ATV. The Foot Peg needs to be small
due to limited space on the ATV yet able to handle the force of the
passenger during the ride.

¢ Analyze the Foot Peg as an aluminum part in the preliminary
design phase to check for part failure in a static condition.
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CAT509, Workshop 2, March 2002 WS2-3 MSC }_§9_F}mne



WORKSHOP 2 - FOOT PEG

Suggested Exercise Steps

1. Open the existing CATIA part in the Part Design workbench.
2. Apply aluminum material properties to the part.

3. Create a new CATIA analysis document (.CATAnNalysis).

4. Apply the restraint condition.

5. Apply the load condition.

6. Compute the analysis.

7. Visualize the analysis results.

8. Save the analysis document.

\\
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Step 1. Open the part

Open the Foot Peg
part in the Part Design
workbench.

Steps:

1. Select File and
Open... from the top
pull-down menu.

2. Access the class
workshop directory
using the typical

Windows interface.

3. Open the
ws2footpeg.CATPart
by double-clicking.

By default, the Foot
Peg and any other
CATPart document is
opened in Part Design

workbench. j

\_

CAT509, Workshop 2, March 2002

[$|CATIA VS [_[5]x]
Stat _ TeamEDM Edit “Wiew Inset  Tools
J Mew Clrl+r4 |
Cl+0
1 File Selection EH

Lookjr: | catia =] £

__1Demos

1 Training

File Selection
2 Laak jn: | 1 Wb_data ﬂ g |
J wz1Toutercyl. catpart @ wzipedal catpart
J wz1 Twhlkub. catpart @ widpedal catanalyziz
J wz1 4footpegaluminum,. CAT Part @ widpedal catpart
wz1 4footpegstatic. CAT Analysis E@ wihorankazsy. catpraduct
J wiZfootpeg. CATPart @ wibcrankl catpart
3 J wz3brake. catpart @ wizbBwheel catpart
d | i3
File name: | | Open |
Files of type: [0 Files [+ N Cancel
[ Open as read-only
[ Show Preview
<22 2z = P
|
N
WS2-5 MSC >\ SOFTWARE




Step 2. Apply material properties

[#]CATIA ¥5 - [Foot Peg.CATPart] H=] E3
n Start TeamPDM  File Edit Wiew Insert  Tools  Window  Help == x|
J||_j|1uu"/° =] =] =] [Nore ™ ==t
3 =
ﬁ?i Foot Peg Library [ReadOnly] Mi=] E3
. XY plane
= yzplane Construction I Fabrics | Metal | Other | Stone I Wood |
. ZX plane =
T«—;E Relations \
T— Pad.1 : il
/ #— 7, Sketch.1 Brass Bronze Chroma Copper
Material properties \J Pocket.1
must be applied prior % Sketoh.2
to analysis. | Pocket.2
7 Sketoh.3
Steps: [ T Gold Iron Lead Magnesiurm Nickel
) } RectPattern.1
1. Click the Apply
Material icon. ) ' ' ' ' '
¥y
=
Silver Stesl Titaniurn Tungsten Uraniurm
2. Select the part. J
3. Activate the Metal 4k ) -
tab in the Library q] 45 18
window. [ Lirk: to fike
4. Select Aluminum. = k. | Apply Material | Cloze |
. 1
5. Click Apply Material P
@utton---OK- SyPpBoeR  SHEFLRET  HB4 wTenARL0 6086 2 ' ha 8  Foansr
jracommand | AI
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Step 2. Apply material properties

-

Apply the customized
render mode to view
the Aluminum material
display.

Steps:

1. Click the
Customized View
Parameters @

icon.

2. If material display is
not seen, select
Customize View under
Render Style from the
View pull-down menu.

~

3. Activate the
Materials box in the
Custom View Modes
definition window.

S| CATIA V5 - [Foot Peq.CATPart] = [&]x]
Y Gtat  TesmPDM  File  Edit lnsett  Tools ‘window  Help ;IE_IZI
FootP &
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7 xy plane ‘ -
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T—@ Pad.1 Ground @ Shading 'ith Edges And Hidden Ed. 4 EdHES..F":"”tS .........
T‘@ Pocket.1 q tMagrifier... E Apply Customized YWiew < Shading
a Pocket.? HIdE."’ShDW [ I:l I:Iutlines

ﬁ RectPattern EE i

= )
Bl Material=Aluminium

B Aluminium

Material property seen

KA“ Click OK.

)

Cu

shomize Yiew

] Hidden edges _points

L] Dynamic hidden line removal

/ o M aterialz

[] Facet

[ lzoparametics

i ifi I 2, 0K & Cancel
in the specification tree m | & Cancel |
— ,
it 4 B
S
i
$$§v
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Step 3. Create analysis document

I:ATIA ¥5 - [Foot Peg CATPant]

[ [=] B3
§tart TeamPOM  File Edt View |nset Took ‘Window Help =1

Bl —El[x  [Flvr- E=s

J 1
| =] [rooz =
TeamPDM  File Edt  iew

. Infraztructure »

&
A
Mechanical Design L l n )
Shape » / ?El
Analysis & Simulation ’ ﬁg; Advanced Meshing Tools o,
~ R p o ®
Create a CAT Analysis AELC Plant H S 3 EFET: uctural Analysis
document that will MC Manufacturing H =01 Analysis Connections 3]
contain the information [ &
. A | = Pocket.1 @
for our static analysis
#— 7% Sketch.2 a
of the Foot Peg. A
L = Pocket.2 @
Steps: #— 7% Sketch3 oy
&
1. Select the GSA — 311 RectPatiem.1 b
workbench from the — ® Aluminium 3
Start menu. @
2. Highlight the Static New Analysis Case =l ¢
Analysis case. p
: Static Analpsiz 'v
3. Click OK. Frequency Analpsis ;.
2 Free Frequency Analysiz S,
i
. §E§v
The new CATAnalysis [ Keep as default starting analysis case -
document is now { {
active in the GSA e lnc Help
kworkbemh- ) NERSYEAncR ' SHEFET B4 wHe3QQ25 0606 '8 W88 Uiy
Select an object or a command | AI
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Step 4. Apply restraint condition

~

/Apply a clamp restraint
to the rear face of the
Foot Peg to represent
clamping (no motion)
of the part at that face.

Steps:

1. Select the clamp
icon from the GSA
workbench.

el

2. Be sure Supports
field is highlighted.

3. Select geometry to
clamp (rear face).

[#]CATIA V5 - [Analysicl] [=1
n Stat  TeamPDM  Flle Edit View |nsett Took  Window  Help =1
[—fw J[—F[— < e ==
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| Finite Element Model
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@ Restraints.1
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ﬂ Energy
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Step 4. Apply restraint condition

KI’ he clamp restraint is\
created and seen in
the specification tree.

Symbols appear on
the part showing the
clamp restraint applied

the Foot Peg.

o

to the rear surface of
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I—ﬂl— Clamp.1
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Step 5. Apply load condition

[#]CATIA V5 - [Analysicl] [=1
ngtart TeamPOM  File Edt View |nset Took ‘Window Help =1

= =

=l

jl)( jINOHE j§

@ Analysis Manager %
T-E%; Links Manager N
=— A Finite Element Model =1
T—QE Nodes and Elements §
\ T—ﬁ Properties.1 @'
Apply a force load of _ -
SEglgf to the Foot Peg -_é|& M 1 ;@
top face in a direction T%Jﬂes'“‘“‘” o)
normal to the face A= clamp.1 Distributed Force =] B3 ®
pushing downward. -—\% Loads.1 i 5
S % Distributed Force.1 2 Marne |D|str|buteu:| Faorced @
—g% Static Case Salution.1 3 SUF'F":'“S
1. Select the force icon -—\% Sensors.1 / — fwis System
from the GSA %; ,a Energy / TypeIEIDI:uaI j
workbench. L] Dizplay locally

2. Drag and drop the
compass on to the top
face to establish an
axis system normal to

— Force Yectaor

Mo |55|:|||:||:

mre o @ FPeolFar @,

the face. A (1T
3. The top face is 1
highlighted and force Z _ [55000
vectors shown. 4 |~
4. Key in value -550lbf — | BEE
Select an edge, aface or a virtual part to apply the entity | AI
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Step 5. Apply load condition

[#]CATIA V5 - [Analysicl] [=1
ngtart TeamPOM  File Edt View |nset Took ‘Window Help =1

[ b[—E[—F[x__ - E=
Analysis Manager

E%; Links Manager

[ Finite Element Model

?—g% Nodes and Elements Force Created

T—@’ Propetties.1

=\ Static Case
l-@ Restraints.1

I—ﬁ)- Clamp.1
-—% Loads.1
% Distributed Force.1

K|_|"Ie force load is \ —g% Static Case Solution. 1

created and seen in -—\% Sensors.1
the specification tree. &l Energy

Force direction arrows

The force load is
applied to the top face
in a downward
direction as shown by
the vector arrows.

g B Fre AT Brod0 e hDos! s @]

Hint: Drag and drop
the compass back to
its normal position
away from the part

\ 2fter use. PO TYTITL IS B AEFEYEANY ERPCEETEY LA 1R LA S 22
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Step 6. Compute the analysis

[%]CATIA V5 - [Analysis1] HE R
Start  TeamPDM  Fil=  Edit  Yiew Inset Tools Window Help _|ﬁ' 5[

Analysis Manager
—E-E%; Links Manager
'E Results -> CATEMP\Analysis1_1.CATAnalysisResults
'é Computations -> CATEMPVAnalysis 1_1.CATAnalysisComputations

4

4

A

#—%ﬁ; Link.1 -> CATEMP\Foot Peg.CATPart

A

= Finite Element Model
#—%E Nodes and Elements
5 Properties.1

= A Stlic Case
ad)

4

A

Ll

(A

wBTPre paAY B0 ol poael s el

fter restraint and lo .'.-@ Restraints.1 -
conditions are applied, Lg,. Clamp.1 .
the analysis can be - ?Loa o
g :
CompUted' %- Distributed Force.1
Steps: —#% Static Case Solution.1 X
1. Select the Compute “? Sensors.1 1
icon. & Energy
' Compute M=l E3 i
2. Specify that Al I ~ '
parameters should be / ‘.
: : 2 =
used in the calculation. A
3. Verify that the .
Preview box is not / /
checked. 3 @ ok | @ Cancel | %y
K4' Click OK. JlsdguraocR FhUB AT G844 wHE33QsB 006 AONEEE = [P0
Select an object or a command | AI
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Step 7. Visualize analysis results

E|CATIA V5 - [Analpsis]. CATAnalysis] [_[=]x]
n Start  TeamPDM  File  Edit  Yiew Inset Tools Window Help _|ﬁ' 5[

Analysis Manager

Links Manager k
u

Fé Results -> CATEMPVANalysis1_1.CATAnalysisResults Von Mlses Stress
Computations -> CATEMPVAnalysis1_1.CATAnalysisComputations -
~ —F e Y yeremP image and palette
#—u Link.1 -> D\Temp\Foot Peg. CATPart

To visualize results,
select the desired
image. In this case,

& Finite Element Model
“on Mises Stress (hodal value)

%E Nodes and Elements psi

@ P i 1 34e+003
we want to see the TA roperies. I 3 00+003
Von Mises stress. =~ L1\ Static Case 2.762+003

L ) st Image created | 2 440003
Steps: | Restraints.1 > 1305003

. l—%" Clamp.1 1.812+003
1._Se|ect the _Von ,_%Loadsj I lf?ﬁﬁi
Mises stress image e

% Distributed Force.1

icon.
&' r% Static Case Solution.1

& Von Mises Stress (nodal value)

2. Verify that the #3411 sensors.1
Customized View
Parameters @
icon is active.

il
I 537
220

On Boundary

1

B PP By 20 AT o parasl o 6!

4

Ll

The Von Mises stress
image is displayed 2
with color palette when Q
the custom view mode

\ s active. Y, LhEEexbrocR | SHERRET  ntenqqsmEEE ' hES dossne fauis
Select an object or a command | AI

@ [ = L
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Step 7. Visualize analysis results

For detailed results,
guery the maximum
Von Mises stress
values for the analysis.

Steps:

1. Select the
Informations 2
icon. C.

2. Select the Von
Mises stress image if
necessary.

The information
window shows the
minimum and
maximum Von Mises
stress values as well
as the material yield

Ctrength of aluminum./
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[%]CATIA V5 - [Analysis1.CATAnalysis] HmE R

n Start  TeamPDM  File  Edit  Yiew Inset Tools Window Help

=& |
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E%; Links Manager
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Tf—ﬁ Praperties.1
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L%’- Clamp.1
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%. Distributed Foree 1
a—ﬁ% Static Case Solution.1
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stress is lower
than material
yield strength

Max Von Mises
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Information
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Dizplay On Boundary Ower all the Maodel

E =trema Y alues
Min: 219663 psi
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Frocess List
ELFProcessElementToMode

|lzed materialz
Foot Peg

s

“on Mises Stress (nodal value)

psi

3.4e+003
3.08e+003
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A

Ll
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Step 8. Save analysis document

/Save the analysis \
document.

Steps:

1. Select Save
Management from the
File pull-down menu.

2. Highlight the
CATAnNalysis
document in the list.

3. Click the Save As...

Qautton. j

n4“t TeanEoH iu Edit Wiew Inzet Tools =181 x]
. 1 ]

Analysis M New T+l L , &

T—E&; Links | — . R
Mew from... -

- Finite - —
[~ Open... Chil+0 C @
Bl N -
=] Cloze @‘
E’T P B “Won Mises Stress (nodal value) @v
= =R psi .@v

ﬂls- 3t Save Chl+5 3 40003 i
Save s, 308e+003 @)

T I. : Al 1 2.76e+003 ;_

gy Al 2.44e+003

g / 2 3 2.13e+003 4
T_ Save Management... -2;
1.81e+003 |

aeme x| o= -

1.17e+003 2
State | Marme / | Path | Action 5 EvE J 95 @'
todified wiZfootpeg CATPart 0 D:ATemp Save fiz J 2523”? s}\;
Analpzis1. CAT Analysis = A
Opened Analysis]_d.CAT AnalysisFresults CATEMP Biopagstediectoy ] fowdey &
Opened Analyziz1_4.CATAnalzizComputations  C:ATEMP Feset J j%

(9
Ca,
)
e
a | 5,
[

1 Unzaved File[z] Left [] Enable independent saves

W 0K w Cancel
| | I 3

NEPaynzneR  IHIDRET 03402208606 mBg dosEen WALLY
Manage save of all documents in session | AI
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Step 8. Save analysis document

[S]CATIA V5 - [Analysis1] = [F1x]
EJ Gtst TeanPDM  Fle  Edt Miew Insst ook indow Help =18
Analysis Manager l . ‘&
T—E&; Links Manager 4 . N
5—4& Finite Element Model ==
— = @
Lave As H i1
- - 8 | E | “Won Mises Stress (nodal value) @v
J ﬁ{ - psi .@v
3.4e+003 F—
3.08e+003 €
5 2. 76e+003 B
6 2.44e+003 *
2.13e+003 2.
1.81e+003 .\2*'
I 1.492+003 »
/ \ File narne: IF-:u:ut Pe&g Static) Save I 1.17e+003 ®
Steps: %
=Leps. Save as ype: IE.&TﬂnaIysis j Cancel | I 22: Q@
4. Select the directory 20 1
pa‘th On Boundary %
5. Key in Foot Peg 7 4
Static for the analysis &
Ba
document name. Save Management g
.
. IC ave. Late amnne at chion ave -
6. Click S 5 | M / | Path N\ | act 5 -
] b odified ws2footpeg. CATPat ¥ D\ Temp Y | Cave fs G
7. Notice the new Hew Foot Peqg Static. CATAnalysiz DA\ Temp = e dioct [
name and Action Opened Analysiz1_3.CATAnalyzizResults CATEMP EIgoe QrEC ol B
" " . Opened Analysis1_3.CATARnalzisComputati...  CATEMP Reset J [
Save” for the analysis e
document 0 Unzaved Filelz] Left ] Enable independent saves :
y
8. Click OK to execute & Cancel | Lx
o

Qhe noted Actions. JlDsmEaitioce FHARAFT wEeeAds0 0606 8BS HosEgs o caniar
Select an object or a command | AI
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WORKSHOP 3
BICYCLE PEDAL STATIC ANALYSIS
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WORKSHOP 3 - BICYCLE PEDAL STATIC ANALYSIS

Problem Description

o Your job will be to analyze various components of a mountain
bicycle. We will start with the pedal.

¢ Let's assume a 200 Ib person riding this bike is standing, balanced
evenly on each pedal. Material (Steel) properties as specified
below. Use a rough analysis to determine where the high stress

areas exist that will require additional mesh refinement.

Elastic Modulus, E | 29.0E6 psi
Poisson’s Ratio, v | 0.3 100 Ibs
Density .284 Ib/in3
Yield Strength 36,000 psi

100 Ibs

PN
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WORKSHOP 3 - BICYCLE PEDAL STATIC ANALYSIS

Suggested Exercise Steps

1. Open the existing CATIA part in the Part Design workbench.
2. Apply steel material properties to the part.

3. Create a new CATIA analysis document (.CATAnNalysis).

4. Pre-process initial finite element mesh.

5.  Apply a clamp restraint.

6. Apply a distributed force.

7. Compute the analysis.

8. Visualize the analysis results.

9. Save the analysis document.

\\
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Step 1. Open the existing CATIA part

CATIA VS
Stat TeamPDM E||E-

Open the CATIA part
ws3pedal.CATPart in
the Part Design
workbench.

Steps:

1. Select File and
Open... from the top
pull-down menu.

2. Access the class
workshop directory
using the typical

Windows interface.

3. Open the pedal by
double-clicking.

By default, the pedal
and all other CATPart
documents are
opened in the Part
KDesign workbench.

N 1

E dit

D Hew...

Mew from...

i

Loak i

Inzert

Chrl+M ‘

Toolz

File Selection

I £ catia

= & &l ==

Cloge j
2

Demoz
Training

File Selection

2l

Look in: I ) data

= = & ok E-

l'?}] wedpedal CATARalysis
| wsSCRANK assy. CATProduct
-~.':"' wsScrankL, CATARalysis
wsScrankL.C.ﬁ.TF‘art
wsSwheel.C.ﬁ.TF‘art
wsSwheeI_inder.C.ﬁ.TPart
wsﬁcrankR.C.ﬁ.TPart
wsErearRack.C.ﬁ.TPart
8] ws7halt CATPart
ws?lnwerclamp.c.ﬁ.TPart
ws?pnst.c.ﬁ.TF‘art

-
©

H“ Documents

@l wsTSEATassy CAT
& wsTseatPast, CAT
@ws?seatPOSTassy
@ws?upperclamp.c.
@wsl 1fronk_whesl_
&8l ws1zshaft. CATPar
&8l ws13circular_plate| @
@wslSFender.C.ﬁ.TP.
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g ws?seat.CATF‘art
by Computer I LI
!! File name: I j Open I
My I Files of type: | &1 Files %) | Cancel |
Pla [T Open az read-only
¥ Show Preview v
,a.wzmamw» S EBRET wE e | £ @ o ~ sanar
i =
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Step 2. Apply steel material properties to the part

Tools  Window  Help

Cpkions. .

T~

Before every session
you should verify your
session units.

Steps:

1. Select Tools from
the menu then
Options.

2. Select the General
category then
Parameters.

3. Select “Units” tab,
change all units to the
English system.

Notice there are many
variables accessed by
a scroll bar, verify and
edit until all units are
consistent. You must
change each one
separately, select OK.

\_

)

— — 3
T Options Knowledoe | Parameters Tolerance | Symbols ! Inits
0N E | «——— Units
W Magnitudes Lriks Symbols =
— H|} Display
| O o Angle Dedgree deq
&~ Compatibility Tirne Second 5
- Mass Pound b
L Yolume ubic inch in3
Densit Paund bicinch  |b_in3 -
_ﬁ Devices and Yirtual Re. il L e P o =0 —I
IL-&ngth IInch fir) j
“‘. Infrastruckure

= shape

[ AEC Plank

Dimensions display

T~ Mechanical Design

Analvsis & Simulation

= N Manufacturing

[ pisplay trailing zeros

Exponential notation For walues greater than 1IIIE+| &
Exponential noktation for values lower than 10e- IE‘

— Displaw For the magnitude Length

Decimal places for readfwrite numbers |3
Decimal places for read-only numbers |5

o Same display for readfwrite numbers and read-only numbers

CAT509, Workshop 3, March 2002

Area Square inch ing
Inertia Moment Pound per square ... |b_inZ Linear Acceleration Inch per square 5., in_s2
Energy British thermal unit Btu Angular Accelerstion  Radian per square.,.  rad_s2
Force Pound Force |bF Strain Energy Pound Farce = Inch |BFxin
Inertia Inch ** 4 in4 Yolurmic Force Pound Force per ¢, bF_in3
Massic Flow Pound per minute Ib_min Surfacic mass Pound per square ... |b_in2
. 5 e < — T TWEY B Speed Mile per hour mph
Flornent Pound force x Inch IEF-cin T
Pressure Lb.farce per squa...  psi
Angular stiffness Pound force.inch ... IbFxin_r ;
Temperature Fahrenheit Fdeq @ oK I @ Cancel I
Linear mass Pound per inch lb_in
Linear skiffress Pound Force peri.., 1BF_n Speed Mile: per hour mph
- . . Linear Feed rate Inch per minute in_rnn
YWalurnetric Flows 115 gallon per minute  gal_min .
Angular Feed rate Inch per turn in_kurn
Frequency Hertz Hz . . .
. Linear spindle speed  Foot per minute Ft_rmin
Electric power Wh'akk ! ) )
Angular spindle speed  Turn per minute kurm_man
voltage alt J Surfacic spindle speed  INZ MR inZ_mn
Electric resistance Ohim Ohim = =
Eleckric inkensity arnper i) \\
WS3-6 MSC >\ SOFTWARE
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Step 2. Apply steel material properties to the part

4. Select Steel.

& Lirk to fle < | 5

[#|CATIA V5 - [ws3pedal.CATPart] == %]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
[ 3 @
1+ 5@ Pedal Library (ReadOnly) =10 x| T}
— 7 XY Dl ane Zonstruction | Fabrics @ Other | Store | YWood | Fﬂ
= -
B w ¥ w U @ 2
L7 yz plane o
Aluminiuim Brass Bronze Chroma Copper .
| 90
/ \ <7 7x plane
Steps: P © ¢ 9 §® B
T'__j—' Axis Systems e
1. Select the Pedal W Gold Iron Lead Magnesiuim Mickel i
“Part” representation % Parameters a
in the features tree. ' ' ' ' ' ' oy
. PartBod &
2. Click the Apply T_ Y %
i i = Sil Steel Titani Ti L Urari v
Material icon. % @ OIJEFI bﬂd‘f i ihver . e itanium ungsten FariLim o
3,
, | Steel " ' @
3. Activate the Metal N 7
tab in the Library 6 Yellow Brass Zinc = &
window. « [ =
.
i)

5. Make sure Link to
file is selected, then
select OK.

6. Make certain
material is applied
properly in the
kfeatures tree.

}‘ K | Apply Material | Close I

2 —

oF ¥

ﬁ.
*

)

AL

T~

X

BoyEaoecR B4 “T3e3QQ52 6086 '3 'h88  @L8%g | Aol JLALAR
ck or a command | AI
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Step 2. Apply steel material properties to the part

[#]CATIA ¥5 - [ws3pedal.CATPart]

-

Verify and edit
structural material
properties and activate
material rendering.

Steps:

1. Right click Steel in
the features tree.

2. Select Properties.
3. Select Analysis tab.

4. Verify and edit
structural material
properties here, select
OK.

5. Click the
Customized View
Parameters icon to
activate custom view

=18]x]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =171xl
& pedal 20| ©
— 27 xy plane Current selection ISteeI |- Ev
. Feature Properties | Analysis | Fendering | Inheritance |[§ > L—i
<7 yz plane _ P
—Structural Properties g
L7 zx plane Young Modulus| 2.901e+007psi h i
\ T'_ _J—' Axis Systems Poisson Ratio] 0.3 o)
*'_?;;52 Parameters Der‘lSit\,fl 0.284hb_in3 > +— 4 g
T,_ PartBody Thermal Expansion| 0.0000117 P
. A
Yield Strength] 36000psi ./ po
t@ Open_body .1 1 -
More. .. W,
¥ steel — _] &
Center Graph - @ 0K I GAPF*Y I Close I g.
Beframe On = o
¥ cu Ctrbex i ©
Copy Chrl+C v
% Pazte Chel+4 | ﬁ'ﬁ.
Fazte Special... _ . iy
Delet Del - ° #
Delete [ @ o
2 Properties  Alt+Enter @
{*..-
B

material rendering.

B3 Ea0cR B4 9HeénQAQ 560

b

e '3 '4d8 '@Llns Aot 4CATIA‘P2

/éct or a command

CAT509, Workshop 3, March 2002
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Step 3. Create a new CATIA analysis document

[#]cATIA ¥5 - [Analysisi]

===
=131

Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help
TeamPOM  File  Edt  Wiew

. Infrastructure

Mechanical Design

Shape

Analvziz & Simulation

ﬁ%“ Advanced Meshing Taoaols

menu select the
Analysis & Simulation
then the Generative

workbench.

2. Select Static

3. Your Static Analysis jl,—
document gets |

automatically linked to =—5¥ Properties.1
the CATPart.

4. Note the Material
Property 3D.1 *_LA Static Case
previously specified in

the CATPart document

Analysis, select OK. "ﬂ Finite Element Model

4

MNodes and Elements

A Material Property3D.1

AEC Plant | i, Generative Structural Analysis
MC Manufacturing L4 -'I‘! Analpziz Connections
/" Steps: \@ Analysis Manager
1. From the Start @3 .
T4z Links Manager

I

-E Results - C:\temp'pedal . CATAnalysisResults
Structural Analysis -é Computations -> C:\temp'pedal CATAnalysisComputations
*‘*‘ﬁ} Link.1 -> C:\aaDocs'GSA\Data\pedal CATPart

MNew Analysis Case

g Static Anakysis

Frequency Analysis
Free Frequency Analysis ;mw

LKeep as defallt starting analysis case

@ CK I iICanceII

& |

L

gl

Fres Bl Bs 020 waT i gd

Helr I

showsuphereinyour Ggypaoce LB4 wmesqa 888 'SLE B/ Fovnue T¢ FolLs

CATAn alyS|S t or & command
\_document. J

CAT509, Workshop 3, March 2002
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Step 3. Create a new CATIA analysis document

[#|CATIA V5 - [ws3pedal.CATARalysis] == x]
B <tart TeamPDM  File  Edit Yiew  Insett  Tools  window  Help =& x|

/ Specify the External
Storage directory @ Analysis Manager
locations.

4
S— "_Eal Links Manager / ;

1. Select the Storage b Results - C:\ELFINI'pedal‘pedal CATAnalysisResults
Location icon. ‘@

L

@

1

L

gl

b Computations - > C:\ELFINI'pedalpedal CATAnalysisComputations

S . .
2 In the Current ®—43 Link.1 -> C:\CATIA} Training' data‘\ws3pedal CATPart

Storage Location = -
modity the|Results ‘l Finite Element Model

. |
Data location and T_f%z‘ Nodes and Elements
rename as shown.
&7 i
3. In the Current T_ Properties.1
Storage Location i

mOdify the o M —Resulks Data
Computation Data 2 —  [ClElFNNpedapedal CATAnaysisResUts Modify
location and rename
as shown, select OK.

4. Note the Links
Manager in the
features tree reflects
the paths.

—icompukation Data |
L5 |C:'I,ELFIr'-.II'I,peu:IaI'I,peu:IaI.C.ﬁ.T.ﬁ.naIysisCDmputatiu:uns ity

4@ F &l 4“ l ﬁi%f:gi%@ l 4‘5‘;’5‘42\*? l4@4@4

@ 0K I IlﬂCanu:EII

x|
g
You can create 1 —J".@ T ':E:'

specific directories for 4 ,/i\,
additional B3yt aoeR nB4 aneénqQQsmB 66 BLE v dovpun o foause

x

Korganization. /toracommand | Al

\
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Step 4. Pre-process initial finite element mesh

[#]CATIA ¥5 - [ws3pedal.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
| ®
/ Analysis Manager n
Define the global finite ks
element mesh T‘ @3 Links Manager é
properties. o
ot "‘E Finite Element Model N
eps: <
£
1. Double Click the gﬁ”c‘des and Elements 3
"OCTREE OCTREE Tetrahedron Mesh.1 : Pedal ys
Tetrahedron . g
Mesh.1:Pedal” @ properties 1 1 3
representation in the @
features tree or the I—é Static Case =4
“Mesh” icon on the ‘_@ Q.
art. & Restraints.1 §
> ;@ OCTREE Tetr - o] x| a5
& Loads.1 B
. Global | Local | El
2. Specify the —&i% static Case Solution.1 _ r
recommended rough 2 ——>Size |0.25n
3. Specify the I_ﬂ 3 T zadf T .
recommended Sag = Energy —Element type
10% of Global Size. 4 | @linear &b
4. Specify element O Parabolic 4
type “Linear” (TE4,
means 4 node @ OK @ Cancel | i
tetrahedron) and is — y
good for a rough B3iEnocR nBA nHenQAR LB 066 B8 v dosare ¢ auar
\analy5|s, select OK. /oo , =1

\_
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Step 5. Apply a clamp restraint

[#|CATIA V5 - [ws3pedal.CATARalysis] == x]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =181l
il D@

@ Analysis Manager , N
I R estrain o
T—@; Links Manager Y
. 4]
"‘\_‘; Finite Element Model N

ﬁ Properties.1
-—é Static Case
|
"@ Restraints.1

I—@' Clamp.1
_@ Loads.1

( steps: N

1. Select the Clamp

icon.

2. Select the shaft that
attaches to the crank. ‘ﬂ Energy

3. Select OK.

4. Note the Clamp
object added to the
features tree.

- Sensors.1

"'_ MNodes and Elements

B OCTREE Tetrahec

Restraint [ —3% Static Case Solutic

-1olx|

MName | Clarmp. 1

Supports | pEEeS

3

——_-NI ok | @ cancel |

5 P20 &*«4

4

Eral@ls

A

AL

Baypaoscw pnBs vmen’QAs000 668 BLE b dovpue | ¢ fanar

x

K /éct of a command
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Step 6. Apply a distributed force

ElEATIA V5 - [ws3pedal CATAnalysis] =l&ix]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =171xl
'@
@ Analysis Manager Farce b
T—E'-Ea; Links Manager s,
@v
"‘E Finite Element Model €
| 8
T‘ Modes and Elements =
P
T‘@ Properties.1 2.
b
=—@h Static Case ®
|
. . %'
'_alé Restraints.1 MName |Distributed Force.1
g}' Clamp.1 Supports |8 ¥4
K \ —Axis System &
Steps: "L@ Loads.1 Type |Global =l
1. Select the Force O Display locally —
iCOon. % Distributed Force 4
%" \ &
—éfi Static Case Solution.1 ™ 4 “Fores Vector Ba)
2. Select the 3 outside | =311 sensors.1 Norm | 100bf
foot grip pads. ‘ﬂ. e | Olbf
3. Enter -100 Ibs in the Energy v |Obf
Z-direction, select OK. 4 [ - 100bf
4. Note the Distributed 3 — 3 Cancel | X/E
Force object added to y
e Rl e, BauniocR 5B/ vmenQQs08606 B8 Y/ Fonpne o fanie
/éct ot & cormmand | AI
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Step 7. Compute the analysis

-

Steps:

NI
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =171xl
N o] x| o
Analysis Manager - 10| x = N
I ¥ g ompute Compute N
T—ELE%} Links Manager Al j 1 P
"‘E Finite Element Model 2 — N ]
| Mesh Orily o)
T‘ Modes and Elements Analysis Case Solution Selection Al
- Selection by Restraint —
*‘@ Properties.1 2 i
I _ 3
4 :v_ | ‘_@ o Preview f*v
T—2r! Restraints.1 ®
, w Cancel I

\ ﬁ" Clamp.1 ?
¥ (@ Loads.1 : : ¥4
Preview active &

1. Select the Compute
icon.

2. Compute All Objects
defined, select OK.

3. Notice the estimated
time, memory, disk
requirement and
Warning for decreasing
computation time -
select Yes to continue.

4. This symbol
indicates
computation required.

\_

@ Distributed Force.1
—2'% Static Case Solution.1

-

Sensors.l

Computation Resources Esk

=10l |

‘@F&al@

1 5 af CPU

‘ﬂ Energy

1.26e+003 kilo-bytes of memary

3.09e+003 kilo-bykes of disk

/

Intel MEL(C) Library Found: Inkel{R) MKEL ¥S.1.0

3

Do wiou wank ko cankinue the compukation?

1 _me | I

B EEne R pE4 nfésQALR8EE EL8 b dosspwd ¢

4&4 TIA P2
fsoiuvrions )

x

/déct ar a command

CAT509, Workshop 3, March 2002
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Step 8. Visualize the analysis results

[#]CATIA ¥5 - [ws3pedal.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

_
@ Analysis Manager
IT‘%% Links Manager
"‘E Finite Element Model

L

aels gl

i
| g
T‘% Nodes and Elements ;@'
- h=
Properties.1 2.
| | #]
-—A =latic Case —
| ]
$—1=1 Restraints.1 ﬁg.
(Visualize the finite ) T‘ %] Loads.1 %
element mesh in the . . i
deformed state of the "'ﬁEStatlc Case Solution. o
system as a result of
ySte & Deformed Mesh
loading. T o
S *‘@ Sensors.1 Ba.
1. Select the 2
Deformation Image
Icon. E@:.
2. Note the Deformed )/1
Mesh Image added to y
the features tree. BEypaoce o848 afésQaA s 0 EE BLE b/ @dospna | ¢  Sauar
/d{act of a command | AI

\
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Step 8. Visualize the analysis results

[#|CATIA V5 - [ws3pedal.CATARalysis] == %]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
-
I -
—$i¥ Static Case Solution.1 =
3
_&. Deformed Mesh )
. <]
& VYon Mises Stress (nodal value) / &
'|:F 1 ZF
2 e 2.
“ "2.4;
Yo Mises Stress (nodal waluie) @
psi .,
24
/ . , \ 2 4B +004 &
Visualize the Von I 5 2164004 34
Mises stress which is ' i%
a combination of all Lis RAUOR E)
primary and principal 1.72e+004 -
stresses. 1.4 F7e+004 éﬁb
Steps: . 1.23e+004 La,
1. Select the Stress 2.83e+003
Von Mises icon. 7.38e+003
[, 4.93+003
247e+003
2. Note the Image 19.5
Deactivated symbol for
the Deformed Mesh On Boundary x/iy
Tkl EE H3yubaweR nB4 aneénqQsmB 6 B8 v doupun o foanse
/{act of & command | o

~<
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Step 8. Visualize the analysis results

[#|CATIA V5 - [ws3pedal.CATARalysis] == x]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =181l
I &
=% Static Case Solution.1 R
ﬁ.-, Deformed Mesh :

2 &

ﬁ.-, Yon Mises Stress (nodal value)

/

& Translational displacement vector

Translational displacement magnitude object Cefinition. ..
Translational displacement vector 4
/ ] ] \ i
V!suallze the 0.00407 M Image Edition - o] x|
dls;t)lacement 0.00367 el
vectors. '
0.00376 m L Displa/é Ceformed Mesh
Steps: ) :
SRR 0.00285 \ ,,;M# o | Criteria | Fiters |Select (s
i ' g‘:
1. Selectthe |flg [1@0244 / it AVERAGE-1S0
Displacement bl i
icon.

2. Right mouse click
Transl. displacement
vector in the tree.

3. Select Definition.
4. Select Visu tab.

5. Note by default
SYMBOL is selected,
Kselect OK.

@F o @ Exe20  ¥AT 8o

AR A '
1 o ! I : WYyt .-' .
.}Hl\f::f : t 1‘: :":.'.' ! : 't: Y :\I-‘r'-}.i': - ﬁ- Edition /s
[ i g [y \“ ‘\: ! . -
I |\h Wt :." . o . e lrlsofl:rmg% Sy bl | Sxis System
] i W ' : -
. e a—

P 0K ] Scancel| _Heb

L,

B EEneR pEE nfésQAs@8EE EL8 v dosspwd &

4’&4 TIA P2
fsoiuvrions )

4d{ject or a command |
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Step 8. Visualize the analysis results

[#|CATIA V5 - [ws3pedal.CATARalysis] == %]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
: Bl
=—## Static Case Solution.1 Deformed -
L Display on Deformed Mesh Ev
ﬁ.-, Deformed Mesh 1 - Py
2 3 —>visu | Criteria | Fiters |Selec; 1 e
Fie Von Mises Stress (nodal value) AVERAGE-1SO N
_ _ SYMBOL Py
& Translational displacement vector TEXT e
i h
4 2.
/ #]
B 7 ®
( Vishalize the I l l (Edmm_ _ .,
displacement field ‘ _ [=o/Fring | Syimibe] | fis Systerm @
patterns using the = ocacd| Heb || I
AVERAGE-ISO i%
definition. &
Steps: 8
. . k.,
1. Right click Ba,

Translational
displacement vector in
the features tree.

2. Select Definition.
3. Select Visu tab.
4. Select AVERAGE-

AL

KSO’ select OK. J _
BaypaocR nBa8 wmenQqQs 066 BLE b/ dovpue | ¢ sausr
Select an object or a command | AI

\
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Step 8. Visualize the analysis results

sl
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =181l
I @
7~ 3# Static Case Solution.1 i R
ﬁ.-, Deformed Mesh lu @

‘ 2]

ﬁ.-, Yon Mises Stress (nodal value)

1. In the Image Edition
window, select the
Iso/Fringe button.

Image Iso Fringe E 7 x|

@

[% Translational displacement vector LU A

P

~o| x| ’

/ . . \ Deformed &
Add additional image LD_ | - -
smoothing options to Baires dlle Gl B ®

the AVERAGE-ISO YisU | Criteria | Fiters |Selec; 1 ?‘

visualization definition. Py ——— 4
S TEXT i%

@)

&

(S

B

2. Select the box for 1 Edition
ISO smooth. \L S ——— 150 value
sofFringe | Syvmibo i3 oy SHE -
3. Select OK. | o | 5 Lsotontour J
& Cance Help 4 150 smooth
4. Select OK. . : _
\ L1 Display Element Without Valle

Transitions between 4 ‘ 3 1 @ cancel | i

colors on the image ¥
GiSplayare blended. ESYEEZDoR HpBL/ 9EHenAQ L0686 ELE B/ dospre ¢ Soauar
Jﬁﬁact or a command | AI

PN
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Step 8. Visualize the analysis results

[#]CATIA ¥5 - [ws3pedal.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

/Visualize the \
computation error
which represent scalar
field quantities defined
as the distribution of
energy error norm
estimates for a given
computation.

Steps:

1. Select the
Precision icon.

Pa

w

2. Double click on the
Estimated local error
color map palette.

3. Select Impose Max
for the color map
palette, select OK.

4. Select the
Informations
icon.

E;;

5. Then select in the
features tree

[
¥~ 4% Static Case Solution.1
_rﬁ- Deformed Mesh

_& Yon Mises Stress (nodal value)

_rﬁ- Translational displacement magnitude

EREFREERS N R

_& Estimated local error <— 5
Estimated local error 0
| Color Map Editor x|
|I:I On Boundary ‘
3 Ea-00e Murnber of Colors | 10 E
I 5. de-003 3 Irmposed Max | 6e-008
2 Ly . Ba-008 OImposed Min  |9.24522e-014
4,2e-008 More>> |
3.6e-008 @ fpply | @ cancel |

20| i
PETEY
Informations &
Chbiject Mame : Estimated local errar
Display On all Elements Cwer all the Model ;
Extrema VYalues @,
Min : 5.01744e-014 Bru @
Max : 8.653032-008 Btu @'
Precision Locakion @ Glabal N
Eskimated Precision ; 0.00972939 Bty r
Strain E : b £
| Global Estimated Error Rate : 43.532 % ;‘f;
Ised materials -
Pedal @
Material : Steel.1 =2
Yield Strength @ 36259, 445psi @'
$4
@
&
Other Image x| E
— 27

lwuHmenQa 45208686 B8 % dosErRE ¢

AL

x

4

4CA TIA P2
fsoLuvrions )

KEstimated local error.

CAT509, Workshop 3, March 2002

ﬁct ar a command

WS3-20

=T

MSC X SOFTWARE



Step 8. Visualize the analysis results

Conclusions

¢ You now know where the “hot spots” are but the stress and displacement results are

guestionable with a 43.5% Global Precision Error.

¢ The next step is to refine the mesh in the critical areas. We will go over this in the next

workshop #4.

.25” Linear Mesh

Max Von Mises

24.6 ksi

Translational Displacement | .00407 inch
Error Estimate 8.65e-8
Global % Precision error 43.5 %
Local % Precision error NA %

Recommendation

Error Estimate

1.00e-8 (zero)

CAT509, Workshop 3, March 2002

Global % Precision error 20 %
Local % Precision error 10 %
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MSC X SOFTWARE



Step 9. Save the analysis document

EJ Start  TeamPCM

/ EE#TIA ¥5 - [ws3pedal.CATAnalysis]
Steps: \

SO Edit  Wiew Insert  Tools

1. From the File menu
select Save
Management.

2. Select document
you want to save.

3. Select Save As to
specify name and
path, select OK.

The pedal.CATPart
and .CATAnalysis
should each be saved
under a new name in

Kthe work directory. /

Save Management

D Mew... Chrl+h

Mews From. ..

(% Cpen... Chrl4-0

Close

Save Chrl+5

Save fAs...

Save Al

Stake | Marmne

| pa”

3
\ 2]
| Ackion SaYE

Madified ws3pedal CATPart
Cpened Read Only Zatalog. CATMaterial

wsipedal CATAnalysis
Opened pedal. CATAnalsisResults

1]

Opened pedal CATARalysisCamputat, ..

ACATIAN Training)data
C:\Program FilesiDassaulk SystemesiBOT inkel_alstartupimaterials
CCATIANTrainingdata
CHELFIMIY pedal
CAELFINIY pedal

Save Auto Ysave As, ..

|
|
Propagate direckory I
|

Reset

0 Unsaved File(s) Left

[] Enable independent saves

| @ Cancel I
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WORKSHOP 4

BICYCLE PEDAL MESH REFINEMENT
AND ADAPTIVITY

CAT509, Workshop 4, March 2002 WS4-1 MSC _\ SOFTWARE
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WORKSHOP 4 — PEDAL MESH REFINEMENT AND ADAPTIVITY

Problem Description

¢ Assume the same 200 Ib person riding the bicycle is standing

balanced evenly on each pedal. Material (Steel) properties are as
specified below.

¢ Using the previous rough analysis, refine the mesh until you are
comfortable with the results. Is this steel strong enough?

Steel ASTM A36
Elastic Modulus, E | 29.0EG6 psi

Poisson’s Ratio, v 0.3
Density 284 Ib/in? 100 Ibs
Yield Strength 36,000 psi

100 Ibs

PN
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WORKSHOP 4 -PEDAL MESH REFINEMENT AND ADAPTIVITY

Suggested Exercise Steps

1. Open the existing CATIA analysis in the GSA workbench.
2. Change mesh to parabolic and add local meshing.

3. Compute the more precise analysis.
4. Search for point(s) of maximum Von Mises stress.
5. Search for point(s) of minimum precision.
6. Visualize the refined analysis results.

7. Create an adaptivity box with a 5% target.
8. Adapt and converge.

9. Visualize the adaptive analysis results.
10. Verify reactions.

11. Generate a basic analysis report.

12. Save the analysis document.

PN
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Step 1. Open the existing CATIA analysis

[%|CATIA V5 :
Stat TeamPD E Edlt

D Hew...

Mew from...

/Open the CATIA \
analysis document
ws4pedal. CATAnalysis
in the Generative
Structural Analysis 1
workbench.

Steps:

1. Select File and
Open... from the top
pull-down menu.

Cloge

2. Access the class
workshop directory
using the typical

Windows interface.

3. Open the pedal
analysis by double-
clicking.

i

Inzett  Tools

Chrl+M

File Selection

I £ catia

Look, in:

i E3

= & &l = E

Demos
Training

File Selection

Look in: I ) data

| = & ok E-

.. ws3pedal. CATPart

8| wsdpedal. CATARalysis

Eal| wsSCRANE assy  CATProduct
b\ wsScrankL . CATARalsis

.. wsScrankl. CATPart

.. wsSwheel CATPark

.. wsEwheel_slider CATPart
.. wisBcrankR, CATParE

.. wstrearfack, CATPart
8l ws7halt, CATPart

.. ws7lowerClamp, CATParE
.. wsfpost, CATPart

.. wsfseat, CATPart

by Documents

!E

@l ws7SEATassy CAT
&l wsTseatPost, CAT
C@ wsseatPOST assy
:&E wsrupperClamp,
@ wsl1front_wheel_
o8l ws1zshaft. CATPar
@ ws13circular_plake
@ ws13fender CATP,

My Compuiter | ﬂ

By default, the pedal _

and all other e stz | =

CATAnalysis Files af type; I"':"'" Files [~ j Cancel |

documents are opened Cr i ———

in the Generative

Structural Analysis ¥ Show Preview 4

\ymmmm. ERE R AR e el I e R | fo B o5 S SaLLE
| =
MSC S0
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Step 1. Open the existing CATIA analysis

LI
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Ol x| f}
2
T‘ %4 Links Manager i=lobal | Local | =1
= A\ Finite Element Model 1 Size [N ;'
% Nodes and Elements 2 ~ Sag |I:|.I:|25in @:
T 4b OCTREE Tetrahedron Mesh.1 : Pedal MmNt £ ;@v
o " W Linzar p
= Properties.1 il . {j >
¥ i) Parabalic 4 &v
r+ Static Case &
fSummary of ) ¥ #=] Restraints.1 @ ok | Sccel] | g
Workshop 3: the La,_ N . =
estimated percent Sl @
error is not low F%] Loads.1 §
enough (should be % Distributed Force.1 i%
less than 10%).
- 8l% static Case Solution.1 =
Steps: g
. _H:. Deformed Mesh
1. Double click - L
OCTREE... in the —& VYon Mises Stress (nodal value) 25" Linear Mesh (7
features tree. —FLy Translational displacement magnitude Max Von Mises 24.6 Ksi
2. Note the Global — Pk Estimated local error Translational Displacement | ..00407 inch
mesh size of .25, s ) 3 —><
Sag of .025” and Eensors. Error Estimate 8.65e-8
Linear element type. G Energy Global % Precision error 43.5 %
3. Summary of image S Local % Precision error NA %
\ oSt G inEecw wBE wEeaAQ 500,86 55 b SOSEEE o ALY
mbject ot & cormmand | AI
MSC S0
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Step 1. Open the existing CATIA analysis

Tools

Stark  TeamPDM  FEle  Edik  Wiew Window  Help

/'

Insert

Cptions. ..

* L

'y 1{ Options

- m
—H]T Display

—0& o patibiliiy

—Ef* Pararneters

_ﬁ Devices and Yirtual Re.

/ \ "". Infrastructure
You do not want “auto

save” to start while
computing a solution,
best to turn it off.

Steps:

1. Select Tools from
the menu then
Options.

T~ Mechanical Design
= shape

Analvsis & Simulation

2. Select General and
the tab General.

3. Deselect the
Automatic save
Kbutton, select OK.

N+

)

Document | Licensing Petrfarmances

User Interface Style

@ 1 PL

P2 _)P3

Save

S _
[ ] Autamatic save every | 30 En‘nnutes

The new period vou set between bwo saves is taken inko accounk
From the next save on,

Disconneckion

¥ [] Automatic disconnection after | aa Eminutes.

Referenced documents

et

o Load referenced documents

CATIA Documentation Location

Doc installation F'Elthl CH\Program Files\Dassaulk Systemes|BO7

Statistics |

CAT509, Workshop 4, March 2002

= AEZ Plank
o M Manufacturin SR
2 "?Cg Conference driver
"" Digital Mockup 3 @ Microsoft® Windows® MetMeeting® () Backbone
T=  Egquipments & Systems Drag & Drop
o Enable Drag Drop for Cut, Copy, Paste use,

Fr Digital Process Far Manufa g =rop 1 =0y

Wirkual NC

Reset... I
@ Ok I W Cancel I
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Step 2. Change mesh to parabolic and add local meshing

lchria vs- msspedscatanaise] sl

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
13

&

@ Analysis Manager —

type from Linear (4-
nodes) to Parabolic
(10-nodes).

Steps:

1. Select the Change
Element Type
icon. ‘&v

2. Select Parabolic
then OK.

The best results are
achieved using
Parabolic elements
even though your
computation files will
be large. Use Linear to
locate “hot spots” and
to verify a statically
Qeterminate model.

/Change the element \

T‘E{% Links Manager

"'.‘Iﬁ. Finite Element Model

% MNodes and Elements

T @4 QCTREE Tetrahedron Mesh.1 : Pedal
@ Properties.1

"‘g& Static Case

"‘@ Restraints.1

L@' Clamp.1

"@ Loads.1

% Distributed Force.1

#-3% Static Case Solution.1

_ﬁ: Deformed Mesh

_ﬁb Y¥on Mises Stress (nodal value)

_ﬁ:. Translational displacement magnitude

_rilh Estimated local error

"% Sensors.1
‘a Energy

By BEneR B4 nEénQaQsn 0686 BLS

/V

Element T¥p

() Linear

@ oK I IﬁCanu:eII

=101 %]

Mesh Specifica /

le@|°

PonErE &

I

1

4@ F & l 4“ l ﬁi%f:gi%@ l 4‘5;1'42\*

X/LY
4&4 TIA P2
fsoiuvrions )

CAT509, Workshop 4, March 2002
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Step 2. Change mesh to parabolic and add local meshing

[#]CATIA ¥5 - [ws4pedal.CATAnalysis] LGCEI P"IEEh Size ;IEIEI =1=1x]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
MName |Local Mesh Size I
@ Analysis Manager &
Supports ElEE R
T'Eé} Links Manager PP . l}v
L I‘» Firie: Element Madel 4 —  \value[0.125n | Y
. Modes and Elements
/Reflne the local mesh\ %Z @ oKk | @cancel|
size in the high stress "éﬁ OCTREE Tetrahedron Mesh, 1 @ Pedal e
area identified in m x|
Workshop 3. T'@ Propetties., 1 J

Steps: N

1. Select the Apply a
Local Mesh
Size icon. ‘-

\

1

2. Select 4 faces.
3. Select 2 edges.

4. Key in .125” mesh
value, select OK.

5. Green symbol is a

representation of the
mesh element. 5
Local meshing on an
edge creates nodes yj\
along these edges - y
K@mposed edges). YA T B i 0 HeénQQA50 066 BLE b douprr lé fcariap:
ererran object or & command | AI
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Step 2. Change mesh to parabolic and add local meshing

Local Mesh Sag

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Refine the local mesh
sag size in the high
stress area identified
in Workshop 3.

Steps:

1. Select the Apply a
Local Mesh
Sag icon. @7

2. Select 4 faces.
3. Select 2 edges.

4. Key in .013” sag
size (10% of mesh
size), select OK.

5. Blue symbol is a
Krepresentation of sag.

@ analysis Manager

rEé Links Manager

=~ &' Finite Element Model

"% Modes and Elements

"'éﬁ OCTREE Tetrahedron Mesh

‘. Local Mesh Size
& Local Mesh Sag
@ Properties.1

'QA Skatic Case

0| x|

===
=131

MName |Local Mesh Sag

Supports [EER=Eee:

Value[0.013n =

|

@ ok | @cancel|

2

Plcsh Spert
|

Y == N}

2

T

1

A

4(:44 TIA P2
fsoiuvrions )

dﬁ{ject ar a command

CAT509, Workshop 4, March 2002
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Step 3. Compute the more precise analysis

[]CATIA ¥5 - [wsdpedal.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ analysis Manager

T'Eé} Links Manager

=~ & Finite Element Modal

consider before
computing:

* RAM on your PC.

* Disk space for the
computation.

» Paging space.

* Running with Intel
MKL library installed.

See Info Nuggets for
details.

Steps:

1. Select the compute
icon.

2. Compute All
objects, click OK.

3. Note: Intel MKL
library found. Click
Yes to continue
Qomputation.

/Im portant processes to

% Modes and Elements
@ Properties. 1

A ﬁA Static

'_El Restraints, 1

g'- Clamp. 1

r@ Loads.1

%‘f‘ Distributed Force, 1
"Slq' Skatic Case Solukion, 1

-_'1% Defarmed Meash

L Sensors, 1

ﬂ Emergy

-.'ﬁi Yaon Mises Stress (nodal walue)
-_'1% Translational displacement magnitude

& Estimated local error

=181

;I{ILI

=lolxl|
— |al ERE

S Preview

Ol @ Cancel |

\
Preview active

!

Ciofx| |1

le+002 = of CPL

1.32+004 kilo-bytes of memory

B qﬁ B4 9RO PAT HDEP

A

7. 27e+004 kio-bytes of disk
/ Intel MKL{c) Library found: Intel(R) MKL S, 1.0

storage location.

Available disk space required
at your specified external

Cio you want to continue the computation?

A

BayBpaoscw pnBs vmen’QL06068E68 BLE b dovpue | ¢ A

x

~ﬁ{ject or a command
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Step 4. Search for point(s) of maximum Von Mises stress

[#|CATIA V5 - [wsdpedal.CATARalysis] == x]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =181l
| —
' ﬁl‘ Skatic Case Solukion. 1 ~Blxl| &
_-_'1;.; Deformed Mash -Global |
- Vor Misss S dal val / Minimum extrema at most |0 —
% on Mises Stress {nodal value) 3 Maximum extrema at mosy 2 ‘.
Extrema \ @v
a Local &
;alobal Maximum, 1 Minimum exirema at most |0 @'
/ Local Max i Maximum extrema at most] 2 -~
Find the Element with el e I
. . W iCamcel]
the maximum stress Local Maximum. 2 ya ™ 2.
value in the model. .rﬁ e Sl i ises Stress (nodal value bal Maximum.1: 80384.6 psi ;‘b,v
Steps: 'F]L Estimated local error P =~ — ®
1. Clicking on the Von | 3ensars.1 y¢0’ R @
3 R K s o
Mises stress icon e <
activates the existing // Q/ < &
image. < - 1
2 Select the Search on Mises Stress (nodal value) Local Maximum.2: 64247.6 psi * !v
Extrema icon. 4
& - B
3. Select Global and Ba

A4

Local, request 2
maximum at most,
then select OK.

It doesn’t look good for «— 2
our A36 material with )/1
36 ksi yield, but are !
Kthevaluesaccurate’? B paocR B4 vflésQaAsd 8686 BLE & dosEue | ¢ AL

x

46{ject or a command I AI

'\
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Step 5. Search for point(s) of minimum precision

[#/CATIA V5 - [wsdpedal CATAnalysis] =12] x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
1 = »
ﬂq‘ Static Case Solution, 1 =10 x| &
_-_EIL Ceformed Mesh /1 -Global
Minimum extrema at most |0 =
¥ s Von Mises Stress (nodal walug) 3 Vs U e o iR 4
/Find the Element with\ g \ = | ocal e
the |e§St accurate — Py Translational displacement magnituds Minimurm extrema at most [0 ©
value in the model. Maximum extrema at most 2
5’% Estimated local error
Steps: a @ ok | @cancel
=lEps. Extrema . SlLSS ]
1. CI!C_kmg_ on the Glabal Maxirum, 1 -
Precision icon S . stimated local error Global Maximum.1: 1.447882-007 Btu
deactivates the Von oeal Flaximum. s 4 -
Mises and activates Local Maximum, 2
the Estimated local M sensors.1
error image.

2. Select the Search
Extrema icon.

3. Select Global and
Local, request 2

We are looking for

maximum at most, -
then select OK. 7/

Pre @ BoRO vAT =l

b

very small numbers for
the maximum local

[

4—2X/E

error preferably a Estimated local error Local Maximum.1: 1,17917e-007 Btu 7y
\ value of e-8 or lower. BayraocR nBa8 v@mesQQs0066 BLE & JOSBEEEG  SAUAY
object or a command | Al
MSC X S0
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Step 6. Visualize the refined analysis results

[#/CATIA V5 - [wsdpedal CATAnalysis] =12] x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
' -
L ﬂi Skatic Case Solukion. 1 &
Mo Dofomedesh 2l B
“’"1'? Won Mises Stress {nodal walue) ] &
/ \ L] I — Informations i
. &
Find the Global _rﬁ Translational displacement magnitude Ohbject Marme : Estimated local error @v
estimated error rate &I Ectinated local oy
percentage value. % S 7 Display On &l Elements Over al the Model &
& c.trema . el ;_
Steps: xirema Yalues
alobal Maximum, 1 Min : 2.22053e-016 B 2
i Max o 1.447283=-007 B ]
1. Click (.)n the Local Maximurm. 1 4 ’z{
Information icon. » _ —
Local Masimunm. 2 Frecision Location : Global — @
2. Select activated @ Estimated Precision : 0,00382491 B £,
. w Sensars. 1 Stran Energy 00278214 Biu 1
Esltlma.ted local error Global Estimated Error Rate : 25,3922 % € 3 @v
object in the features §.
tree. Used materials &
Pedal F—
3. Note % error rate Material @ Steel 1 &
(global rate should be Yield Strength : 36259 .445psi ?%
20%, 10% locally). L,
4. Note the Estimated By
Precision (this is like
epsilon and should be — _Close_|
close to zero).
el
Review information 4 v
qomtheotherimages. Bay 20 cR  nBd 9EGesQQ5P 086 BLE b @OSBEEG  SAUAL
— object or a command | Al
MSC X SOFTWARE
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Step 7. Create an adaptivity box with a 10% target

["$|CATIA V5 - [ws4pedal CATAnalysis]

B start

TearmPDM

File  Edit Insert  Tools

Wiew

Window  Help

/ Steps: \
1. Activate the Von
Mises Image.

2. Click the Adaptivity

Box icon. @

-

3. Key in 10% for the
Objective Error (this is
used in the interest of
time 5% is best).

4., Select Extremum
button then select
Global Maximum.1
from the features tree
(this centers the
adaptivity box around
the Extrema Maximum
selected).

5. Manipulate box size
and location as shown.
The box should
encompass the
maximum symbols. A
small box is
recommended due to
space and CPU time
Qimits, select OK.

==lsg Exirema

Local Maximurm, 1

Local Maximum, 2

"“_rj‘a Estimated local error

""@ Sensors, 1

""@ Adaptivity Process

@ Adaptivity Convergence, 1

r\% Adaptivities, 1

@ Adaptivity Box, 1

Global Maximum.1 <=—

_rfa Translatonal displacement vector 3

[
‘—[‘a Yo Mises Stress (nodal walue)

4b

da

)ﬂ

By bhEneR mlld nEGeéa3QQ50 8686 BLE B

Adaptivity Box

=10l x|

Mame | Adaptivity Bosx. 1

Objeckive Errar (%) | 10

Salution |Statiu: Case Solution, 1

Local Error (%) |42,543

e ENEER E PRI

@ oK

I ¥ Cancel I

FF&[<EL§4%4®4%@l4%42\\-$l<@[4@4@1@|@l4 l@

L

[ Ny Ry 4::;41':4'?2

S EIET
5| x|
2 | &
i
V\

1

CAT509, Workshop 4, March 2002
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Step 8. Adapt and converge

[#/CATIA V5 - [wsdpedal CATAnalysis] =12] x|

EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|

. &
1. Deactivate all
images. "é@

2. Select the Adapt &
Converge icon. Q
&

w

3. Key in 2 Iterations,
make sure your auto
save is turned off: tools
+ options + general,
select OK.

Note: no warnings on
RAM, CPU time or
space requirements.
1GB of paging space is
recommended. This = %

Steps: 'iﬁ &daptivity Process

1 I Adaptivity Convergence _ o] x|| &
"Sﬁ' Static Case Salution. 1 =
M Deformed Mesh MName | Adaptvity Convergence., 1 E.
. . o
K \ -rﬁ Yon Mises Stress (nodal value) 3 > |Iterations Max Number I 2 @v
Al 2 _|terat|ons_ % Translational displacement magnitude @ Ok I @ Cancel I
attempting to achieve - _ [
the 10% target % Estinnated local ervar
precision. r@ Sensors. 1

Adaptiviky Convergence, 1

Adaptivities, 1

':ﬁ Adapkivity Box. 1

EG
I

PPo m B8x920 va3¥7 ol pd

L

LA R KB UEIRQALPEEE BLE v  dospus  ALAx

Qay take 5-7 minutes. /

CAT509, Workshop 4, March 2002

1 /Adaptivity Process/Analysis Manager selected | =t
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Step 9. Visualize the adaptive analysis results

[]CATIA ¥5 - [wsdpedal.CATAnalysis]

EJ et TeamPDM  File

Edit  Yiew Insett  Tools  ‘Window  Help

===
=131

/Results for Global \
precision error.

Steps:

1. Activate the
Estimated local error
image.

2. Locally update the
extrema.

3. Select the info icon
then the Est. local error.

4. Improved, meets our
suggested 20% max.

Our real interest now is
the adaptive local

N

[SA

precision.

"@ Sensars, 1

?iﬁ Adaptivity Process

|
¥ ﬁq‘ Static Case Solution, 1

ﬁk Deformed Mesh
ﬁL Yaon Mises Stress (nodal value)

rﬁ Translational displacement magnitude

5‘& Estimated local error 2

Lﬁ Extrema /

Local Update

il
E Adaptivity Convergence, 1

5’@ Adaptivities, 1

iﬁ Adaptivity Box.1

Informations
Chbjeck Mame : Eskimated local errar
Display On all Elements Ower all the Model

Extrema Values
Min : 8.39503e-016 Btu
Max : 8.20623e-005 Etu

Precision Location : Glabal

Estimated Precision ; 0.00194529 Bty
Strain Energy @ 002536291 Blu

Global Estimated Error Rate @ 18, 1267 %

Ised materials
Pedal
Material : Steel, 1
¥ield Strength : 36259, 445psi

PPs B %020 27 pdapl el

2113
* )/iy
BayEaocR nB48 vEmesQQ50606868 8L b/ doseEe | ¢ ausr
/éct ar a command I AI
WS4-17 MSC\\SOFTWAHE
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Step 9. Visualize the adaptive analysis results

[#|CATIA V5 - [wsdpedal.CATARalysis] == x]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

=151 x|

Gesults for adaptive
local precision.

Steps:

1. Double click
Adaptivty Box.1.

2. Local Error not below
10%, but for this class
we will continue with
our results.

Time and CPU space
permitting you should
continue to adapt and
converge until you get
less than 10%.

Use the compass to
move the adaptive box
around. Notice the local
error will update relative
to the elements

¥ ﬂq‘ Static Case Solution, 1

-_EIL Deformed Mesh

"'& Estimated lacal error

-
*"E Extrema
"@ Sensors. 1

{ﬁ Adaptivity Process

47
E Adapivity Convergence, 1

"@ Adaptivities. 1

iﬁ Adaptivity Box,1 <€

F% Yon Mises Stress (nodal value)

Ej Translational displacement magnitude

_ioix

15 b0 c R pB8 934 s2086 B8 b doNERE o LauLr

rame |.ﬁ.daptivity Bowx. 1

Chijective Error (950 | 10

it Wyl Shakic Case Salukion, 1

Local Errar {%4) | 12.761

Select Extremum

"1 & Cancel I

Pre masxs20 vyaA7 npopl el

| eclosed by le bex d
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Step 9. Visualize the adaptive analysis results

[]CATIA ¥5 - [wsdpedal.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

¥ ﬂq‘ Skatic Case Solukion, 1
_rﬁ Defarmed Meash
i"% Yon Mises Stress (nodal value)

a Extrema @angl Update

—._'ﬁ. Translational displacement magnitude

r% Estimated local error
i_@ Sensors, 1

rfﬁ Adaptivity Process

E
Adaptivity Convergence, 1
'@ Adaptivities, 1

':ﬁ Adaptivity Box. 1

/Precise maximum Von
Mises stress.

Steps:

1. Select the Von Mises
icon.

2. Locally update the
Extrema object.

3. Double click on
Global Max.1 in the
features tree.

It might be necessary to
delete and recreate
Extrema to bring labels

B EEocR B4 nEéasQAsR0EE L8 b dosegd ¢

% Won Mises Stress (nodal walue)
=& Furrema 3
Global Mazximun, 1 / -
| !
Image Ext

4 Show Label
|'-.-'|:|n Mises Stress (nodal walue) Global Maximum, 1: 172252 psi

=10l x|

@ 0K J ItiCaru:nE!I_]

x

*
PrPs B E4%020 vx7 pdapl el

AL

4‘:4 TIA P2
fsoiuvrions )

out of no show.
K /féct of & command
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Step 9. Visualize the adaptive analysis results

[#|CATIA V5 - [wsdpedal.CATARalysis] == x]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

=151 x|

area stress values.

Steps:

1. With the Von Mises
image active, select the

N

2. De-select Show
cutting plane box.

3. Select the compass
at the red dot, drag and
locate normal to the
shaft as shown.

Analyze various areas
using the compass to
drag and rotate the

thting plane.

Cut Plane analysis icon.

@ Analysis Manager

T"i?&ﬁ?% Links Marager

‘\_\ Finite Element Model

T"%Z] Modes and Elements
T"ﬁ Properties. 1
oA s
/o onal 5 reso
Check cross sectional T" Restrairts.1

T"@ Loads.1

ﬁ% Static Case Solution. 1

rﬁ Deformed Mesh

& Yion Mises Stress (nodal vallie)

[ Wiew section anly [ view section anly

4 Show cutting plane DéShDW cutting plane

lose

PPo m @B4o20 »>7 pdopl el

AL

*
BayBEaocR nB48 wEmesQ4506068868 8L b/ doveage | ¢ anar

/éct or a command
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Step 9. Visualize the adaptive analysis results

[#|CATIA V5 - [wsdpedal.CATARalysis] == x]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
2 —| | Estimated local error o
¥ g'* Skatic Case Solution. 1 |
B
-_'ﬁ Dieformed Mesh g8.21e-008 7
rﬁ Yon Mises Stress {nodal value) I 7. 3920108 ﬁv
-_'1% Translational displacernent rmagnitude &, 55e-0058 @'
"&I Estirnated local error 5, 74e-0035 @:
t—@ Extrama 4,92e-008 ;_
4, 1=-008 2.
3.28e-008 &
2 246008 @
Energy balance value in 164e-008 =%
the adaptive area. I 8.21e-009
e
Steps: 8.4e-016 @
1. Activate the F
Estimated local error _1
image again. &
e,
2. All elements are blue, h « P
indicating a energy -

balance of 1.63e-016
Btu (this is zero).

This Btu energy is a
result of adding the
FEM system forces,

AL

Qimilartoepsilon. B paocR B4 vfésQaQsd 8686 BLE b dosEue | ¢ AL
/féct ar a command I AI

'\
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Step 10. Verify reactions

4

[]CATIA VS - [wsdpedal.CATARalysis] =18
n Start  TeamPDM  Fle Edt  Wew Insert  Tools  ‘Window  E ===l
1oy x| 2
£
E analysis Manager Available Entities )
R
r*f-:; Links Manager 3 e Ev
T' ‘1 Finite Element Model @v
| @v
/ Y & Modes and Elements _ P
Create an analysis B oot t Reference Axis 2
sensor to verify reaction roRerEs. TYPE |Global (global originy | oy
tensors on the clamp. A Static Cace i
Steps: r Restraints. 1 @ ot | @ cancel | G
: . A\ ' e
1. Right click Sensor.1 T—? Loads.1 o
H r . .
in the features tree and ﬂ:i Static Case Sglukion. 1 _ (Ol x| %
select Create Sensor. P, Deformdd Mesh o : )
unckions ————— x
2. Select reaction. B von Mfes stress (nodal value) Lr!isesmax a
ispma ) i
3. Select Clamp.1 then P Trandational displacement magr  ||reaction €——y 2 —% @ <
. . globalerror Axis | Global (global ariging -
OK_ (no';e. ref axis ‘i"-']k Estifnated local error disprmaxongroup - ?%
options). q
- Sensors, 1 . S
1 & Cancel I Gﬂrc;p Marnent | CIrigin | T ,
4. Re-compute. L ﬂ Create Sensor — 4 P

Parameter | Yalue |

5. Right click Reaction- I Fa 4,324e-007Ibf
Clamp.1 in the features =8 sensors.1 5 Ey ?.Utllj:lzljfe-nu?lbf
2
ge? gnd select I:ﬂ Eneray
efinition. [foobr
ﬂ Reaction - Clamp. 1 Marm 100I6F

These values should all

add up to zero and Reaction -= Clamp, 1 object L4 Definition. .. X/L
Qatch our load applied. - y
ugéxra@@w? o B wmenQasD 866 ' BLE b SovpERE | ¢ FLALAX
Select an object ar a command | AI

\_
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Step 11. Generate a basic analysis report

Conclusions
¢ The load set of a 200 Ib man will overstress the pedal made of A36 steel. Use 4340 material
and heat treat to 260-280 BHN for a yield strength equal to 217 ksi. You must change the
material type and characteristics in the .CATPart document.

+ To add a different material to the CATIA material selector ¥ % or to create your own
material catalog see Info Nugget — Materials Catalog.

.25” Linear Mesh, .025 sag | .25”Linear Global Mesh, .025”" sag
.125” Parabolic Local Mesh, .013” sag
Adapt and converge target of 5% locally

Max Von Mises 24.6 ksi 172.3 ksi
Translational Displacement .0047 inch .00562 inch
Error Estimate 8.65e-8 Btu 8.4e-16 Btu local
Global % Precision error 43.5 % 18.1 %

Local % Precision error NA % 12.4 %

\\
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Step 11. Generate a basic analysis report

I8l
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
El Analysis Manager
&4 Links Manager 4 — PEDAL.CATANALYSIS
a
i Resulks -= CVELFINDpedal CATAnalysisResulks
o MIESH:
E: Computations - = C\ELFINDpedal CATARalysisComputations
'3 Enti Size
TR Link.1 -> C\Documents and Settings|Jack KosydariMy DocumentsiMSCiDatalpedal. CATPart o
Nodes | 30913

=)
*"-?3—' Pedal

¥~ A" Finite Element Madel

Elements 19879

ELEMENT TYPE:
r& Modes and Elements
E Connectivity Statistics
Froperties. 1
TE10 19378 ( 100.00% )

rA Static Case

@ Restraints, 1

r@ Loads. 1

After activating each
Image at least once,
generate a report.

Steps:
1. Select the Basic

Analysis Report icon.

2. Select an Output
directory.

3. Key in Title of the
report, select OK.

4. Review the HTML

report that is created.

\ “'%i* Skatic Case Solution, 1

& Deformed Mesh

F-’% Won Mises Stress (nodal value)

Reporting options

Qubput directary | CAELFINTpedal
Title of the repart : [PEDAL cnmmnmm\

Choose the analisis caseisi g

-,F]L Translational displacement magnitude

*'HL Estimated local error

=2 Sensors.1

ﬂ Energy

ﬂ Reackion -= Clamp.1

PP @ 34920 37 pdoel el

ﬁ Adaptivity Process
E

Adaptivity Convergence, 1
"@l Adaptivities. 1

fﬁ Adaptivity Box, 1

* )/iy
BayBEaocR nB48 vEmenQQ50 606868 8L b/ doveEge | ¢ auar
/éct or a command | AI

x
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Step 12. Save the analysis document

/M \

1. From the File menu
select Save
Management.

2. Highlight document
you want to save.

3. Select Save As to
specify name and

ath, select OK.
N J

[%|CATIA ¥5 - [ws4pedal.CATAnalysis]

EJ tart  TeamPDM QWM Edit  View  Insert  Tools
D New, .. Chrl+

M From.,.

(% open... Chrl4+0

Close

Save Chrl+5

Save As...

Save ol

ment. .. 1

Save Management

Ackion
e e : o L
Opened pedal. CATAnalysisResuls CAELFIMI
Opened pedal CATARalysisCamputations  CHELFINI
Cpened ws3pedal CATPart CACATIA Trainingtdata
Cpened Catalog. CATMaterial C:\Program FilesiDassaulk SyskemesiBOTinkel_alstartupimaterials
J |

1 Unsaved File(s) Left

[] Enable independent sawves

Save

Save As...

|
|
Propegste drectary. |
Hesst |

lm wicancelel I
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Info Nugget — Running with the Intel MKL Library

Computation Resources Estimation (=] ]

1= of CPU
872 kilo-bytes of memory
1.69e+003 kilo-bytes of disk

YWarring: Running computation without Intel MKL(c) 5. 1.x Library
Running with MKL(c) Library would decrease CPU-Time

Do yol want to continue the computation?

N\
/Installing the Intel ) ﬁf

Library to increase
computing time.

Steps: wisisee | NttP://intel.com/home/tech/resource_library.htm
1. This Intel Library

should be downloaded : :

and installed. 2 | address ([ CiProgram Files\Inkefplsuite

bin

doc

examples
inchude

lin3z

liba4

mkllic. bt

_1 rklnotes. htm
E] MkLsupport, Exk
UninstMKL isu

2. Example location of
installed MKL51B.exe.

You must also add this
location to your
system “path”. See

next page.
TP /

PN
CAT509, Workshop 4, March 2002 WS4-26 MSC_ A\ SOFTWARE




Info Nugget — Running with the Intel MKL Library

Suztem Restore I

General I Computer Mame

| 5¥stem Properties

Automatic Updates

I Hardware

2l
Advanced

ﬁ o activate library, add\

Intel address to your

system “Path”.

Steps:

1. Select start + Control

Panel + Performance
and Maintenance +
System + Advanced +
Environment Variables.

2. Select “Path” in the
System variables, then
Edit.

3. Add location to the
“path”, select OK, OK,

OK

\4. Result J

CAT509, Workshop 4, March 2002

H H 7
ou mugt be logged on az an Adminigtrator to make most of these changes. Environment Yariables —Iﬂ
i~ Performance
Yisual effects, processzor scheduling, memony uzage, and wittual memory ~User variables For Jack Kosydar
_ Yariable | Yalue |
Settings | TEMP C\Documents and SetkingstJack Kosyd.. .
TMP CADocuments and SektingstJack Koswyd. ..
i~ User Profiles
Desktop settings related to vour logon
Settings |
M Edit | Delete |
r— Startup and Recovery
System startup, spstem failure, and debuaging information .
—Swstem variables
Settings | Variable | Yalue | -
Zom3pec CAMTMDOYY S syskem32tomd exe
( Vm crorhepatng ||| | MOBEROF P |
nwiranment ' ariables ror Reparting o Windows NT 2
S e——— e y |
CiW IO 5
PATHEXT JZOM; L EXE; BAT j
0Ok | Caticel | Aomly
Mew m Delete |
- 3
OF I Zancel |
Edit System ¥ariable i B
Computation PResources Es ~1o x|
le+002 s of CPL Yariable name: I Path v
1.22+004 kio-bytes of memory — —

7. 3724004 kilo-bytes of disk
Intel ML) Library found: Intel(R) MKL ¥5.1.0

Yariable walue:

I 15wskefa CHiPragram FiIes'l,InteI'l,p%b

o ]

Cancel |

Do you want to continue the computaton?

WS4-27
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Info Nugget — Paging Space

System Properties 2=
1 2)x
Syztem Restore I Automatic Updates
General |  ComputerName | Hardware Advanced D Drive [Wolume Label] Paging File Size {ME)
o mugt be logged on az an Adminiztrator bo make most of theze changes. 1000 - 2000
r— Performance
Wisual effects, processor scheduling. memory uzage. and virtual memaorny
‘ Settings i l
Petformance Dptions —Paging file size for selected drive
r— User Profiles Diive: 0
Diesktop settings related ta your logon Wisial EFFect Space available: 49445 ME
Satiings | _ % Cusktom size!
Processor scheduling Initial size (VE): IW 3
~ Startup and Recavery By default, the computer is sel
Syztem startup, system failure, and debugaing infarmation DFIZTIIESSI:II’ ST B (L ST (A7 Masximum size I:MB:I: I ey 1
/ . . \ _ Adjust For best performance o {" System managed size
Increasmg your paging Settings | % Programs " E " Mo paging fil )
space.
Steps: | Errdiranment Y ariables I Error Reporting | ~Memory usage —Tatal paging file size for all drives
=lEPS. : Mirirrorn allowed: 2 ME
By default, the computer is sel
1. Select start + Control oK | caest | e memary ko run your programs, | Fecommendsd: 756 ME
Panel + Performance Adjust For best performance o Currently allocated: 1000 MB
and Maintenance + O Flene <
System + Advanced + oK I Cancel
Performance Settings. :
—Mirtual mernorsy
2. Select Advanced + & paging file is an area on the hard disk that Windows uses as
. if it were RAM.
Virtual memory
Change. Tokal paging File size faor all drives: 1000 ME
- | Coee
3. If you have room set CATIA error note will be 2 Q
paging file size range “not enough memory”
from 1GB to 2GB. oK I Cancel | apply |
Q. Select OK, OK, OK./
MSC X\ SOFTWARE
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Info Nugget — Batch Computing

CATIA WERT

/Batch computing. This\
still seems to use your
entire CPU resource
unless you have a very
powerful PC.

Steps:

1. Copy and Paste a
duplicate of the CATIA
launch icon on the
desktop.

2. Rename to
“CNextBatch”.

3. Add “~batch —e
CATAnalysisBatch” to

target location.
4. Select OK.

5. Result of double
clicking

)

CAT509, Workshop 4, March 2002

CNextBatch Properties

General Shortcut | I:::umpatil:uilityl

| 3 CHexth atch

e

Target type: Application

Target location: bin

Target:

Start in: ||

Shortcut key: IN one

ISystemeskE&TEn%ﬁﬂ.ﬁ.nal}lsiﬁ atch 3

2l xi

Fur: I M ormal window
Comment; I
Find Target. .. | Change lcon.... Advanced... |
4 > k. I Cancel Bpply

_io/x]
File ko Compute
Browse ..,
File to Sawe Computation
r Browse ..,
Carmpuke I

WS4-29
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Info Nugget — Material Catalog

Skate | EN= | Path |
Cpened wsapedal, CATARalsis CACATIANTrainingdata
Cpened pedal CATARalysisResults CAELFINIpedal
Cpened pedal. CATanalvsisComputations CAELFINIpedal
Cpened wsapedal . CATPark CACATIANTrainingdata
1 —> | Zatalog. CATMaterial C:\Program Files\Dassault SystemesiBO7inkel_alstarkupimaterials

EE&TIFA ¥5 - [Catalog.CATMaterial] - IEI XI
n Start  TeamPDM  Fle Edit  iew Insert  Tools  Window  Help IEI XI
| Fabrics | IMetal | Other I Stone | Wiood I

TR =
Edit the existing &~ -
material catalog. ﬁ . @ ’ . ’ Ls -\

Steg S: Concrete Floor Glossy Floor Grate Hexagonal Tiing

LU
LLL

1. Locate the existing

Catalog.CATMaterial ’ . ’ ’

file by Selecting File +
Save man agem ent. Kitchen Floor Marble Paving

The path will show if
“Link to File” was ) S . &
PYC

Mo Skid Pavement Flaster

| &

<
Y
T

¢

selected when applying
material.

2 Open the file in a

CATIA session. The . . .

Material Library

workbench will start. wal of Bricks Wall of Caste wal of Stones Wood Floor

3. Edit this file with the
various tools provided

Qnd save. /

\
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Info Nugget — Personal Material Catalog

[%|CAT"A ¥5 - [ws3pedal.CATAnalysis]

n TeamPDM  File  Edit  Wiew  Insert  Tools  Window
r E.Ercu:luct Skructure
4 Eﬁnuwledge Advisor

L4 E Knowledge Expert
4 E Generative Knowledge

Infrastructure

Mechanical Cesign
Shape
Analysis & Simulation

b L]

AEC Plant Material Library

icon will then launch
your materials. %

\_ =

CAT509, Workshop 4, March 2002

@tegs: \
1. Start Material Library
workbench.
2. Create all your
specific materials with aff- Options
the tools provided. + BN conersl
3. File + Save with the — M Display
name _ Brar o
Catalog.CATMaterial. m il
It must have this exact — B2 parameters
name to work.
_ﬁ Devicas and Yirkual Ry

4. Modify Tools +

. . T Infrastructure
options material catalog
path to match where B Froduct structure
your personal material 5
catalog is filed. This

[%|CATIA ¥5 - [CATMaterial2]

EJ Start  TeamPDM  Fle  Edit  Wew Insert  Toadls

Windo

Help

Help

Mesw Family | \

I Mew Material

.-

-

B 6 &

-
E{{}}

Opkions

R

o Warning when adding new properties to a material

L

kerials

akerial Catalog Path

& |

(catalog will be searched Firsk with this path then with
path defined in CATStartupPath environment wvariable)

5

Material Parameter Creakion
E-

[ ]

-—

ClearCoak Suppark

[ creation of material pararmeter on Product | Part

WS4-31
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WORKSHOP 5

CRANK ANALYSIS
USING VIRTUAL PARTS

CAT509, Workshop 5, March 2002 WS5-1
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WORKSHOP 5 - BICYCLE CRANK

Problem Description

¢ The same 200 Ib person riding this bike, standing balanced evenly
on each peddle. Determine if the Crank material is capable of
carrying this load.

Aluminum
Elastic Modulus, E | 10.15E6 psi

Poisson’s Ratio, v | 0.346
Density .098 Ib/in3 100 Ibs
Yield Strength 13,778 psi

100 Ibs

CAT509, Workshop 5, March 2002 WS5-3 MSC_ A\ SOFTWARE



WORKSHOP 5 - BICYCLE CRANK

Suggested Exercise Steps

10.
11.
12.
13.
14.

15.

Open the existing CATIA part in the Part Design workbench.
Apply aluminum material properties to the part.

Create a new CATIA analysis document (.CATAnNalysis).
Mesh globally with linear elements.

Apply a clamp restraint.

Simulate the pedal using a Smooth Virtual Part.
Apply a force to the Smooth Virtual Part.
Compute the initial analysis.

Visualize “hot spots” in the initial results.
Change mesh to parabolic and add local meshing.
Compute the more precise analysis.

Search for extrema points (max Von Mises, min precision).
Check local precision using adaptivity boxes.

Visualize final results (translations relative to user axis).
Save the analysis document.

\\
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WORKSHOP 5 - BICYCLE CRANK

2D DIAGRAM AND HAND CALCULATIONS

¢ Assume all 6 D.O.F. are restricted (clamped) where the crank
attaches to the shaft.

N

450 in_Ibs

100 lbs

SECTION PROPERTIES
ARES,

& = 05732683
MOEMTS OF IRERTLA,

N = 001630345

[2 = 0.044:55336

M2 =0.001097112
TORSIOMAL COMNST.
ABCUT CEMTROID

J = 0,041 53545
CEMTROID RELATIMVE
T ORIGIM

HORIL. = 0.50821 783

WERT. = 0.3193515
SHEAR CEMTER
REL. T ORI

HORIL = 0.510464 25

WERT. = 0.340343504

CAT509, Workshop 5, March 2002

Mawment = P-L = 100{bzs - 6.75inches = 6751inlbs
S M-c _ 675 ifbs - D.Sﬂiz'nches — 7688psi
1 0.0446 1n
Shear — T-c _ 4530inlbs - ﬂ.34{4mches — 3689ps:
J 0.0416in
a_+a Jd_—de : 52
Combined = xz X+ J( xg y) + ‘szy = Tﬁﬂzﬁ =+ J[?68§ SI] +3689PSI'2 = 9172psi
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Step 1. Open the existing CATIA part

Stat  TeamPDM EI|E‘ Edlt

Wiew  |nzert  Tools

Chrl+M
File Selection

I £ catia

Chil+0 Look in:

wsbcrankL.CATPart in
the Part Design
workbench.

Steps:

1. From the File menu
select Open.

2. Access the class
workshop directory
using the typical

Windows interface.

3. Open the crank by
double-clicking.

By default, the crank
and all other CATPart
documents are

opened in the Part
KDesign workbench.

CAT509, Workshop 5, March 2002

/Open the CATIA part\

A 4

= & & =&

Demoz

/ Trainng

x = ®er E-

| WD anL BAEUR, CATPart
.. wsSwheel CATPart

.. wsSwheel_slider CATPart
.. wstcrankR, CATPart

.. wstrearRack, CATPart

80 wsThalt CATPart

.. ws flowerClamp, CATPart

.. ws fpost, CATPart

Desktop

ty Documents

by Computer

2 File Selection
Look ir: I ) data
.. ws3pedal, CATPart @ws?seat.c.ﬁ.TPart
el wsdpedal, CATARaly sis @ws?SE.ﬁ.Tassy.C.ﬁ.T
3| wsSCRANKassy CATProduct | ws7seatPast, CATS
cn]| wsScrankl . CATAnalysis @ws?seatF‘OSTassy
3 " begl| weScrankl, CATPart @ws?upperclamp.c.

r i

ﬂwsl 1frank_wheel_
48l ws12shaft, CATPar
ﬂwslScircularJIate
@wslSFender.C.ﬁ.TP-

File name: I

Open

Filez af type: I.-’-'-.II File=s [*.7]

[” Open az read-only

¥ Show Preview

L Lo

Cancel

DEayrpaoc ShERaE® [sEd s

| £ B8 o2 4::,4 TIA P2

_/

WS5-6
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Step 2. Apply aluminum material properties to the part

[®|CATIA V5 - [crankL.CATPart] == x|
IE Start  TearmPDM  Fle  Edit  View Insert  Tools  Window Help 3 == x|
Library (ReadOnl _|ol = @
1 [ 83 crankt x|
L4
— <7 xy plane - ‘@
— <7 yz plane TE'
=5
— <7 zx plane 4 — e
i_ PartBnd]r AlLirmiriLim Brass Bronze (]
]
+—
fSte S \ @ Open_body.1 g
1. Click the CrankL — ¥ Aluminum . . ' A
“Part” in the features / - ron e &
tree. %
2. Click the Apply v
Material icon. [ o= . ' 3
= L
Silver Steal Titarium
3. Activate the Metal =
tab in the Library dh A d ¥,
window. d | : :Ei
4. Select Aluminum. < Link to file )
5. Select OK. ) - QK I Apply Material | Close | i-
6. Make certain / —
material is applied ° ¥y | 2 X/Ey 2l
Ay i L Baypsoow wE4 vnenaasese | FF |8 lernvo nng Manas
Qeatu res tree. bject or a command | Al
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Step 2. Apply steel material properties to the part

15|

EJ Start TeamPDM  Fle  Edit  Wiew  Insert  Tools  Window Help 5] x|

& crankd 3 | 2ix @

— <= xy plane Current selection : IAIuminium |« _k'

—.7 yz plane Fendering | Inheritance | Feature Properties |Ar‘|al~,-f5|s ..... |[5 A ?2

—Structural Properties o

— : N -

P Young Modulus| 1.015e+007psi 9

+— : :

/ Verify and edit \ PartBody Poisson Rahol 0.346 Q)

structural material i—@ Open_body.1 Dersity| 0.098b_in3 >+ 4 z
properties and activate 1 .

material rendering. —® Aluminum Thermal Expansion| 0.0000236 2

Steps: Properties Alt+Enter ‘ Yield Strengﬂﬂl 13778.58%si & E

1. Right mouse click /' v

aluminum in the 2 ore: | g

features tree. [@ ok | @appry|  ciose | P

2. Select Properties.
3. Select Analysis tab.

4. Verify and edit
structural material
properties here.

5. Select the
Customized View
Parameters icon to
activate material

Krendering.

w

1

izl

&Lyl

=

S

&

Baynaoew wEg umenqaasms B /s 4ds ' @L8%0 NG WAL

/ébject or a command

CAT509, Workshop 5, March 2002

WS5-8

=
MSC X SOFTWARE



Step 3. Create a new CATIA analysis document

/Ste <. \ 1\_1 Analysis Manager

1. From the Start
menu select Analysis
& Simulation then
Generative Structural
Analysis workbench.

2. Select Static
Analysis, select OK.

3. Your Static Analysis
document gets
automatically linked to
the CATPart.

4. Note the material
property previously

[#/CATIA V5 - [crankL.CATAnalysis] =12] x|
Tools  Wind Hel NE
ﬁ TeamPDM  File  Edit View [ =l
‘&
. Infrastructure L4 )
Mechanical Deszsign L4 E'
&
yzis & Simulation @'
Ll
AEC Plant 8
MC Manufacturing L4 -'I'! Analysis Connections %
b
@-2 Lirks Manager , »
’@ Results -»= CAELFIMNDcrankL\Analysis 1CATANERsisP esLIts &
‘é CompuUtations -» CAELFIMDCrankLianalysis 1LCATANalysisCompLtations é}
‘*"%ﬁ Link. 1 - CACATIANTraining\datalcrankL . CATPart %.
- N ?
== & Finite Element Model - &
I New Analysis Case x|| ¥
T‘Qza Modes and Elements 3 &
@ Properties. 1 Static Analysis :
Py _ Frequency Analysis Y
Material Property3D. 1 Free Frequency Analysis %@W &
l—@ﬁ Static Case ;
&lRestrants.1 | 4 _ : 1
L Keep as defallt starting analysis case
@ Loads. 1
&% Static Case Solution, 1 —— @ oK @ Cancel I Help I

specified in the
CATPart document
shows up here in your
CATAnNalysis
ujocument.

"éﬁj Sensors. 1

'ﬂ Energy Vf\v
Baierocw nls vmeénqq T 888 BLE v Idgosmre  foauar
object or a command | Al

WS5-9 MSE\_\SOFTWAHE
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Step 3. Create a new CATIA analysis document

[#/CATIA V5 - [crankL.CATAnalysis] =12] x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|

=
/ Specify the External \ @ Analysis Manager f}
Storage directory 5 [
._ i b |
locations, results and & Links Manager — L
a | |
computations names. '@ Results -> C\ELFIMIerankLicrankl CATANakysisR.esLlts / ;v
Steps: '@ -é Computatons -» CAELFIMDICrankLycrankl, CATANakysisComputations
1. Select the Storage #~%5 Link. 1 -> CHCATIAVTraining!datalcrankL CATPart '
Location icon.

= ‘\_\. Finite Element Model
2. In the Current

|
Storage Location T" 55 Nodes and Elemerts

modify the Results _
Data and rename as &7 properties. 1

4$ F & l4ﬁ \- §4%4®4%@ |‘4?¥h42\\' % |-4@ l4@4@4

shown. A Material Property3D. 1
3. Modify the o=\ sanic case
Computation Data _ ; s
Storage Location and —@ Restraints. 1 i Current Storage: Location - 0| x|
rename as shown. — &) Loads.1 L ~Resuits Datay
4. Create a new folder 2 — |C:\EIﬁni‘\crankL\crankL.CATAHalysisResultS Modify
' : — &} Static Case Solution. 1 e e e
to keep analysis data p
segregated. & Sersars. 1 3 > |C:\EIﬁni\crankL\crankL.CATAnaIvsisComputaﬁons
5. Note the Links ﬂ Erergy @ Ok I - Cancell
Manager in the =
features tree reflects "é
—
the paths and names. 1 A Xj\
6. Save the analysis 4 y
document as BgipEoe  nB4 vHenqAQL0 806 BLE B /dosprr e
KcrankL.CATAnalySiS. /bject or & command | Al

PN
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Step 4. Mesh globally with linear elements

[#/CATIA V5 - [crankL.CATAnalysis] =12] x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
‘&

F Analysis Manager -
""@9 Links Manager E 1

= X 3
’é Results -= CAELFINDCrankLcrankl ZATANakysisResUlts @‘

element mesh
properties.

Steps:

1. Double Click the
“OCTREE
Tetrahedron
Mesh.1:CrankL” in the
features tree or the
“Mesh” icon centered

on the part. !

2. Specify the
recommended rough
Global Size = .25” (1/2
thinnest section).

3. Specify the
recommended Sag =
10% of Global Size.

4. Specify element

/Define the global finite\

= .‘Il Firite Elerment Model

""ﬁ Froperties. 1

= A Static Case

h Computations - CAELFIMDGrankLcrankL CATANalysisComputations
L. {1@ Lirk, 1 - CACATIANTraining\datalcrank L CATPart

"%Nodes and EIeM 1

@4 OCTREE Tefrahedron Mesh, 1 CrankL

4 Material Property 3D, 1

Bayrioecw B4 uEmeén3QQ20 0686 BL8 &

OCTREE Tetr

Global | Local |

=Tk

& Restraints. 1 _»  [size [0.25n
vl Loads. 1 -
&l _»| [Sag | 0.025in
53‘ Static Case Solution. 1 3 ~Element type
"@ Sensors, 1 |_» [®Linear @
4 :
‘ﬂ Energy 2 Parabolic {L

FPo @ B43920 wa¥ ol pd

1 < Cancel I

L,

| > s B2 G w((:m"m.ivz

Q/pe Linear, select OK'/ébject P ——
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Step 5. Apply a clamp restraint

[#/CATIA V5 - [crankL.CATAnalysis] =12] x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
@
@ Analysis Manager
T‘EE; Links Manager o
"‘l Finite Element Model @

|

T‘% Modes and Elements
T‘@ Properties.1

= static case

| .
2] Restraints.1 3

; e
L%" Clamp.1
_@ Loads.1

—&% Static Case Solution.1
"‘{ﬁj Sensors.1

fSter:

Restraint
icon.

\_

1. Select the Clamp

-

2. Select the 4 inner
faces where the crank
attaches to the shaft,
select OK.

3. Note the Clamp.1
object added to the
features tree.

T
T

_lofx|

MName

Clamp. 1

Preo@ @vs20 vA37 ol nd o,

Supports |GREEeES

e 1 @ Cancel |

L

BayraocR nB48 v@menQQs0 066 BLE b /dospmno  SAusr

//object or a command |
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Step 6. Simulate the pedal using a Contact Virtual Part

=18 x|
B Sttt TeamPDM  Fle  Edit  Wiew W =12 x|
& T x| |2~ b
221 CrankL - —
Tile Horizonkally Point type: ICDDrdinates j l}v
<~ Xy plane Tile Yertically % = |6.75in g
—<7 yz plane el | R = @
¥YZp z = |0in = . B - il
| 1 crankL. CATARalysis - /v
vy X plane [ Coordinates in absoluke axis system
/“We first must create a ) |; S ot 1 REfIEr e =4
virtual “Part Handler” 71 Axis Systems poin; |EE gv
that is simply a point.
Pyap _/T—' Absolute Global Axis System.1 D cpply | S cancel| 21
Steps: @)
3 partBod y
1. Change the current ' Y f‘
document to -—@ Open_body.1 A
ws5crankL.CATPart. - I | -
2. Start the Wireframe | ¥ Auminium |
and Surfacing Design F ?
workbench. 4+ ] &
:‘F—:—Y =)
3. Select the point icon , i 2
and create a point at 4 i n g,%
the coordinates / -
shown. Reference to : A
pOInt2 Click OK. x_ ........................................................... 1 EEE ‘ﬁ):
4. This is the point of |< 4.5 inches )
load relative to crank | N f
centerline (Part Y
Handler forour Virtual @& Y EBoac R #BA 02HeénQQ 20686 '8 4388  2LaEvg © fgariar:

KPart) . / bject or a command [ 3

\
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Step 6. Simulate the pedal using a Smooth Virtual Part

[®|CATIA V5 - [ws5crankl.CATAnalysis] _ =] x|

EJ Start  TeamPDM  Fle  Edit  View window IR Agl x|
@ Analysis Manager || Hew Window @
Eg; . Tile Horizontally Ulrtual Part _I [
T‘ Links Manager L e
Tile Wertically 2 > é
/ ‘T‘E Finite Element Mode @ ﬁ] E] @ﬁ] ﬁﬁ )
Steps: | Cascade ol
-_ 1 N
1. Change the current gg] Nodes and Elem |? 1 crankL.CATAnalysis «— ] ?\ )
document back to — &P OCTREE Tet 2 cankt.catpart BRI |
crankL.CATAnNalysis. _ Name [Smooth V. Part. 1 s
—ﬁ Smooth Yirtual Mesh.1 : : -
2. Select the smooth . Supports [1 Face Y
virtual part icon. ﬁ] T—5¥ Properties.1 4 R ;
- _Ci Material Property3D.1 ® ok | @cancell é)
3. Select the face — 4 smooth V. Part.1 / ¥
where the pedal ?,
attaches. *‘LA Static Case X . ; 4
n 7
4. Activate by clicking 3 ., -
in the Part Handler WUy, 8
input box. o ey, 8
ay Yy B
5. Select the Part i L B
0 [ 3
Handler point Sl
previously created, .
select OK.
This smooth virtual 3 j\y
D oA I L s now pEs nEteaas®0.Ee BLE % | dossus  Jaus
the crank without - o B o =0 8 BB B! 1 ; ey
Ka.dd”’lg StiffneSS. Jn object or a command | AI
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Step 7. Apply a force to the Smooth Virtual Part

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
Analysis Manager @
o =
T‘ E‘% Links Manager MNarme [Distrbuted Force 1 —
== &\ Finite Element Model Supports BIGTE Rl o]
—Axis System @'
759 Nodes and Elements Type [Giobal Bl p
—@_4 OCTREE Tetrahedron Mesh, 1 CrankL [ Display locally -, 1
—3@ Smooth Yirtual Mesh, 1 ;_v
._@ Properties. 1 —Force Vector < 1 y2
| 4‘/’ ) Morm | 100bf l by
/S — \ Material Property3D. 1 . [ObF ~@
1. Select the force — 4 Smooth V. Part.1 2 il [Olbf g}'
icon. - - -
#- A statc cace z _ [-100bF =
2. Select the smooth Tl R / o ok | @cance| &
virtual part symbol or an 3 _2 B
. . » ™ [
object in the features ~ . 7
tree (the force will be o Yuy, &
applied at the “Part T, "wy, . E.
Handler” - the point). N %y Ba
~
3. Key in the force as “u \
shown, select OK. »
The \tllrttual par_tt |tsr,] a X/EY
way to transmit this !
o BSyEEocR B4 vBénqQ20 8686 B8 ¥ | @B W SALAL
Qorce into your part. : > — = =
//object or a command | Al
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Step 8. Compute the initial analysis

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
Fpa— SETEY o
T_EE; Links Maﬂager 2 —> I_jv Ev
- ‘|1 Finite Element Model . ;-
T_%Z] Modes and Elemen _ @'
- 4 Preview @'
& Fropertes. 1 9
@ oK & Cancel | ‘%
e 1‘ =fatic Caze 3
- i
¥ @ Restraints. 1 s
< oo
KSte . \ %Clampl s i
_L -
- I ®
1. Select the Compute e Loads. 1 RIS £
. %‘ L "N M ‘ e
icon. Distributes AR Q.
b
2. Compute All —53 Static Case Sol S g 4
Objects defined, select & =
Sensors, 1
OK. « &
‘ﬂ Energy -
3. Always be aware of Computation Resources Estimati o =13 &
:?ese values, select e ol g
=2 2.29e+003 kilo-bytes of memary T
3 6.93e+003 kio-bytes of disk
] Intel MKL(e) Library found: Intel(R) MKL Y5, 1.0
Note: the virtual part
turns black, loads turn Do you want to continue the computation?
yellow and restraints No_| X/E
turn blue. - y
Save often Bei2z0cR KB4 nBenqa w886 B8 foveue oLy
K ) __Aobiect or a comimand f j=1|
MSC X\ SOFTWARE
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Step 9. Visualize “hot spots” in the initial analysis

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
jl_i Analysis Manager @
rg‘s Lirks Manager _ [s
. Yon Mises Stress (nodal value) =7
== M Finite Element Model
[ psi . o
§g:| Modes and Elements &7
rﬁ Properties.1 EES 0.0 @'
LA 3— I 7.47e+003 &
| - —
F== pestraints. 1 £.65¢+003 &
= clamp. 1 L.83e+003 —
o Ee+003 o
T~ Loads.1 = p
"ﬁﬂ Diskributed Farce. 1 4.18e+003 ,2—1:
T 41% Static Case Solution. 1 I 3.36e+003 é)
B. von Mises Stress (nodal value) 2.54e+003 £
"ﬂ-I;Sensurs.l 1.71e+003 Q.
/ Visualize Von Mises \ D erergy I 530 %
stress field patterns. EE.E =
Steps: L" LT OnBoundary g .
N :
1. Select the Stress Nty by
V . . N L n & < &
on Mises icon. Ny Ya . Ba
L] [ )
2. Note these areas “ . " t
requires local refined “ 1
meshing.
3. Note these values,
but they may not be X/EY
precise enough for _ _ | ~ — [— | ——— —
design BEi2z0cR 684 ' nEBenqasr8EE 'EL8 % fovee ol
K ) ,((object or a command f =il

\
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Step 9. Visualize “hot spots” in the initial analysis

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
1_1: Analysis Manager Estimated local error Color Map Editor x| f"
r'if's Links Manager L1On Boundary
- .f"\ ;i‘;ite Elerment Model Mumber of Colars 12 E ;_
21 Modes and Elements b 16-007 ]1_?— &7
T"E; Properties. 1 Qa-(05 g .ImpOSEd Max. - @'
A g 4a ¢ Ollmposed Mn | [5.63625¢-013 P
. . “ Se-00s | 7
/VISU&“ZG the X 'I?"EE Restraints. 1 Hore2> %
: ' Fe-003 L
fnoarngtanon error 3 Clamp.1 £6-008 @ oK | @ apply | @ cancel | ;_
T- 4 Loads. 1 »
. SE-003 f Al
Steps: L'*E: Distribuked Force, 1 46-008 i
1. Select the ¥4 Static Case Salution. 1 3e-008 4b é
Precision icon. &a YWon Mises Stress (nodal walue) £
B, e 2e-003 7
2 Select on the Estimated local error g— 3 e Q.
information icon. =& sensors.1 : 3
I—ﬂ . Precision Location @ Gl G &da-013 2
3. Select the nergy Estlrpated Preclsu:un 0.171 Btu -
Estimated local error “u 1 '
object in the features v. Ve Tn, 1! g
tree. Note the global “aa E.
- - NS Pa |
estimated error rate is “u . “w, < B
to high (recommend Ny Ty
max 20%). “\ .
4. Double click the Est.
local error color map, 2 |07
impose le-7 to clearly X/EY
visualize low precision _ J ~ L e | .
locations. select OK. BAYEEoc R  fBL umenaa sz 0686 818 5 PONEE G AL
k ' ) __hject or a command f Al
PN
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Step 10. Change mesh to parabolic and add local meshing

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|

) Analysis Manager
|

% Links Manager

= .fx Finite Elernent Model 1

w1 Modes and Elements
.Q' QCTREE Tetrahedron Mesh,1 : CrankL

4

1

gl leg!

@,
&% Smaooth Yirtual Mesh, 1 i
.ﬂ Properties, 1 %
Fre €]
'-Elﬁ Static Case [~ : ~y .
@“_ Restraints. 1 n - : ", . »
& Loads. 1 "'n.... kS
# Static Case Solution, 1 n w ‘®
/Redeﬁne e glObaI \ ﬁ; YWon Mises Stress (nodal value) OCTREE Tetrs o ﬁl %v
finite element mesh R Estimated local error Q.
type. "%Sensnrsd Global | Local | g A
Steps: D ereray Size [0.25in
1. Double Click the Sag |0.025n ?%'
“OCTREE” —Elerment type ———— B
representatlon in the Olifes 4 %v
features tree or the e
“Mesh” icon centered 2 —> [@Parabolic
on the part.
@ ok | @cance|
-
2. Change element X/EY
type to Parabolic, : | ~ o = i
\_select OK Baunzoow pnB4 umeéndQ s 086 SLE v #dovsre HoalLr
’ ﬁbject or a command | Al
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Step 10. Change mesh to parabolic and add local meshing

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
A Analysis Manager OCTREE Tetrahiis =13 ‘&
| 2 —
r% Links Manager Gobal | Local | (3
o {' ' Finite: Elernent Model 1 \ i : ;

-] Wodes and Elements
A% OCTREE Tetrahedron Mesh.1 @ CrankL
EE‘ Local Mesh Size
& | ocal Mesh Sag
'EE; Srnooth Yirtual Mesh, 1
3 Properties.1

#=A Sharic Cace

fLocaIIy refine the
mesh size in a hot
spot identified earlier.

Steps:

1. Double Click the
“OCTREE
Tetrahedron
Mesh.1:CrankL” in the
features tree.

2. Select the Local tab,
Local size then Add.

3. Key in .125” for the
value, select 9 faces
and 3 edges as shown

FrRas @ Be2@  vay olyda

Value 0. 12500

=)
@ ok | @cancel |

highlighted, select OK. i
K /(BaY 2R fwBd 0wH3QQAL5@ B 6 BB & | B o smplm ~f SALAFR?
Select an object or & command | =t
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Step 10. Change mesh to parabolic and add local meshing

[#|CATIA V5 - [wsScrankL.CATAnalysis] =1=] x|

EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help =] x|
.1_:: Analysis Manager =laxl| &

&5 Links Manager Hobal | Local | T}v

S ‘I\ Finite Elernent Model 2valable specs : ;

w1 Modes and Elements
EEOCTREE Tetrahedron Mesh, 1 CrankL

|Loca| size

@ ok | @cancel
-

4 Local Mesh Size
& | ocal Mesh Sag 4dd
'EE; Smooth Yirtual Mesh, 1

3 Properties.1
#=A st Cace

ﬁocally refine the
mesh sag in a hot
spot identified earlier.

Steps:

1. Select Local sag
then Add.

2. Key in .013in for the
value, select 9 faces

and 3 edges as shown
highlighted, select OK

Local Mesh Sag

FrRas @ Be2@  vay olyda

Marme |Local Mesh Sag

valuehoolgln%

@ K ] ﬁCancelI

Edge

 and OK. EaypEoeR nB4 2PenAs0 088 BLE v  /dospre  Soanar
//object or a command | Al
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Step 10. Change mesh to parabolic and add local meshing

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
@ Analysis Manager OCTREE Tetra =] _1O|xl| ‘&
T_EE? Links Manager Global | Local k Mame | Local Mesh Size [
= ‘Il Finite Element Model 1 Avalable specs Supports ;
Kl_ocally refine the \ T2 Nodes and Elements / Local size e =
mesh size and sag in ré‘ OCTREE Tetrahedron Mesh.1 : CrankL
.anOth?r hot SPOt " Local Mesh Size ad
identified earlier. Add ] e |
SteQS' @ Local Mesh Sag
. ‘ Local Mesh Size
1. Double Click the @ ok | ecancel
“OCTREE @ Local Mesh Sag
Tetrahedron —&0 smooth Virtual Mesh.1

Mesh.1:CrankL” in the T-ﬁﬁmpertiesl

feat tree. o
eatures tree A st

2. Select the Local tab,
Local size then Add.

3. Key in .125in for the LY

OCTREE Tetrahis =]

1ol x|

Local Mesh Sag

FrRas @ Be2@  vay olyda

value, select 1 face as Glo_bal | Loca | hame |Local Mesh Sag
shown highlighted, Avaleble specs / Ey—
select OK. Value [0.013in =
4. Select Local sag
then Add. 9 oK
5. Key in .013in for the c /
value, select the 1
T @ ok [ @cancel|
face again, select OK [~ %Ey
\ 2nd oK /fBgsprocw KB4 wEes220088 58 #essue o
Select an object or a command | Al
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Step 11. Compute the more precise analysis

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
. ‘&
@ Analysis Manager N [=] 1 —
. R
T"E%; Links Manager 2 | [ai ] |-
= ‘|1 Firite Element Model - ;-
T"@Z} Modes and Elements @'
T‘ = Froperties. 1 4 Preview ;@.
. A . : @ ok | @cancell f,
— - -
L @ Restraints. 1 »
5 T 4
= Clamp. 1 ¥ 'l‘.:,‘ &
. : .y i
r@Loads.l LRI ®
L] L] N %‘
% Distributed Force, 1 NN \ “u Q
‘ -
_53 Stafic Case Solution. 1 ) l ;v
- Sensors. 1 =
/Steps: \ % a : <« @
1. Select the Compute e =10fx] = &
icon. Be+002 s of CPU ;
3.11e+004 kilo-bytes of memory -
Z'b(.:omp(l;t?. A"d | 3— 2, 18e+005 kilo-bvtes of disk
8KjeCtS efined, select Inkel MEL(C) Library Found: Inkel(R) MEL ¥S.1.0
3 Always be aware of Do you want ko conkinue the computation?
these values, select ves | Mo | X/E
EEHS L EEoeR KBS wHSQALBBEE  BLE b dosmrn  ALAr
Select an object or & command | Al
\_
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Step 12. Visualize extremas

["$]CATIA V5 - [wsS5crankl .CATAnalysis]

Insert Tools  Window  Help

EJ Start TearrPDM  Fle  Edit  View

E Analysis Manager

%b::s Links Manager
o -f'\ Finite Element Model

%1 Nodes and Elemertts

r ZF Properties. 1
I :‘E Restraints. 1

$_; Loads.1
*"'Fili Skatic Case Solution. 1

Eii Won Mises Stress (nodal value)
"'E Extrema

Global Maxirm, 1

/Find the element with \
the highest Von Mises

& Estimated local error
"'ﬂ- Sensors, 1

stress.
Steps: I x|

1. Activate the Von
Mises stress image by
selecting the icon.

2. Select the Search
Image Extrema icon.

3. Select Global and 2
maximum extrema at
@ost, select OK.

o Global
Minirmur extrema at mosk | g

Mazximur extrema at mosk| 2

[ Local

Minirnurn extremna ak mosk | g

Maximur extrema at mask| 2

@ ok | @ cancel |

I
== x|

Yon Mises Stress (nodal value) g
s ‘Q
1.53e+004 -
I 1.38e+004 ;'
1.23e+004
1.07e+004 &)
9,2e+003 &
766e+003 —

b

I ., 13e+003 y2
4.6e+003 &
3.07e+003 g
I 1.54e+003 £
9,64 Q.
og

On Boundary @
L

@

<« L

6]

ggﬁﬁxaﬁmﬁmJﬁmﬁJ%@@@%%@ﬁaﬁaJE&EJh

Select an object or & command
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Step 12. Visualize extremas

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
& Analysis Manager Estimated local error Color Map Editor x|| &
' a
s ™
T-.a:s Links Manager (1 QOn Boundary 2
-— ‘;\ Finite Element Model N 16-008 Mumber of Colars [10 E ;
T‘Q_»J Modes and Elements Se-009 @'
a _ 4 Imposed Max | 1e-008 -
ZZF Properties, 1 Se-009 : FEFIE @v
Ao O Irmposed Min : = &
== A gtatic Cace Fe-003 ¢
L.~ More =2 | —
#= Restraints, 1 te-00% &
ﬁind the element with \ & Loads 1 Se-00% @ ok | @ apoly | Scancel| [
the highest Estimated $-41% static Case Solution. 1 4e-009 »
error. - 7
&a YWon Mises Skress (nodal valug) FeL0z ey
. 2e-003 =1
Steps: =—B, Estimated local error
. 1le-009 ®
1. Activate the =B extrema 1.27a-015 %,
Estimated local error labal Maximum, 1 @
image by selecting the | #-&1 sensars.1 3 33
Precision icon. s
2 Select the Search Extrema Creation \ ngﬂ .
Image Extrema icon. 2 Gobal *
3. Select Global and 2 Minimum extrema at most o &
maximum extrema at Maximum exirema at most] 2 E
1| P

most, select OK. OLocal

Minimum exfrema at most

L]

4. Double click color
map and impose a
max 1e-008 (Btu

Qalue). j -

Maximum extrema at most

9 0K | 3 Cancel |

-

NegayibzacR B8 0a834é4nQa50 8686 8LE8 b

Select an object or & command
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Step 13. Specify adaptivity boxes

/Determine global and
local error %.

Steps:

4
1. Select the
information icon then
select Estimated local
error object in the
features tree to see
that global precision is
below 20%.

2. Select the adaptivity

box icon. @

b

3. First select the
“Select Extremum”
button then Global
Maximum.1 in the
features tree to locate
box. Use the compass
and green dots to
locate and size box
around meshed areas.

4. Since local error is
below 10% we have a
precise model. No
need to compute using
Qdapt and converge.

CAT509, Workshop 5, March 2002

NTA V5 - [wsScrankL.CATAnalysis] =
TeamPOlM  Fle  Edit  View Insert  Tools  Window Hep 2 == x|
@ Analysis Manager ;IEIEI ;IEIEI l
T,_%;‘?} Lirtks Manager Mame |.ﬁ.daptivity B, 1 Mame | Adaptivity Box.2
‘_‘F‘ Finite Elementt Mode Chjective Error (%) |5 Chijective Error () |5 @ <
T_E% Nodes and Eler =t alalpl Static Case Solukion, 1 =ta Wty W Static Case Solution, 1 k-

& Froperties. 1 Local Errar (%) | 7.5915

Seleck Extreh\
\ @ OK J\ancelj
AN
N\

Lacal Error {550 | 3.7461

PA Static Case Select Extrermum

| |
@ Restraints. 1
T‘@ Loads. 1 —

ﬁP Stafic Case Solution. 1

@ oK J iCanceIJ

4

3

T‘fs% Yo Mises Stress (nodal value)
= & Estimated local error

1 L‘% Extrema /

| Global Maximum, 1
*""ﬁj Sensors, 1

= '@ Adaptivity Process S

B B0 vav i elpaapls gl

@ Adaptivity Convergence. 1
""@ Adaptivities, 1
@ Adaptivity Box. 1
@ Adaptivity Box.2

Precision Location : Global
Estimated Precision : 0.00555142 Bty

R

4

21

‘ Global Estirmated Error Rate @ 7.31057 %%

CINE

e

(B EzooR  mnBg wEenaqsneEE /B8 /FosEgE ASaLx
€ an object or a command | AI
WS5-26 MSE\\SOFTWAHE
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Step 14. Visualize final results

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
.1_1: Analysis Manager Animate Window 2| x| e
% Links Manager 7 K
' {'\ Finite Elerment Model : J.I m T@
rﬁﬂ Modes and Elements H | ‘ | H | ] | H | b | H @-
aF Properties. 1
r . 3 |Steps Numl:uerl 10 -
o A siahic coce =
| - | Speed
i Restraints, 1
5‘;—; Loads.1

'ﬂ:i Skakic Case Solukion, 1 ]
I 0se

ﬁi Won Mises Stress (nodal value)
P Estimated local error
B, Deformed Mesh

=4l sensors. 1

“'"%L Adaptivity Process

4“ l ﬁ:’%{@(%@ l 4%42\\- % |-4@ l4@4§1

[es s\ {
iy
~ L -

— & |-s
Visualize exaggerated [
Deformation. Pa_
Steps:
1. Select the

Deformation icon. 2 @ X/E
t y

2. Animate the
kdeformationimage_ %M@@@Q?meﬁvﬁj%@@@@%(}%a@,@vJvI\_J. J"@v FouBBBG 4.‘;':.?_&1?
o obiect or a commmand f =t

\
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Step 14. Visualize final results

[#|CATIA V5 - [wsScrankL.CATAnalysis] =12]x|
EJ Start TeamPDM  Fle  Edit  Wiew Imsert Tooks  Window  Help == x|
. ‘&
@ Analysis Manager iy =
A % L3
T‘w’z Links Manager RESES -
w . .
""‘\_\ Finite Element Model “ &7

T" fg“ MWodes and Elements gv
T‘@ Properties, 1 -, 1
- A . 0000288 =X 1
| 0.00328 = 2’;
T" dml Restrain | -0.09139 = ; 4
T‘@ Loads. 1 ttn Q@ ‘ o =
Yy “ N 1 £
¥ ﬁ% Static Case Soluton. 1 w N N . A 2 3 @v
» Wy ) i 4
T_rfi Von Mises Stress (nodal V.ﬂ.li\l | N » ‘*.r' ; ranslational dlsri:acement vector 5
N i &
Pie Estimated local error T 0.092 |
{ I 0,0828 &,
P Deformed Mesh 0,073
. : 0.0644
rb Translatonal displacement vector a.0552
& ‘ﬁj Sersors. 1 I 0.046
" 0.0368
KAdd the displacement \%‘ Adaptivity Process 0.0276

image I 0.0154
0.0092

Steps: 0 X/E
1. Select the On Boundary ’

add thls image. biect or a command | =t
/

N
MSC X S0
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Step 14.

Visualize final results

/\/isualize the Von
Mises design stress.

Steps:

1. Activate the Von
Mises stress image by
selecting the icon.

[]CATIA ¥5 - [ws5crankL.CATAnalysis] =l&ix]
n Start  TeamPDM  Ele  Edit  Yew Insert  Tools  Window  Help =18 x|
[ _ —
/E Analysis Manager Yo Mises Stress (nodal value) | g
T"é}/unks Manager \ = [
-’ 1.53e+004 | 7
A Finite Element Model @&
' 1.38e+004 v
“Nodes and EIemenUs | 2564004 @.
= N e+ @
3 P rti 1/ \ 4
9< Pl & 107e+004 | &,
‘.\ Statlc Case v 3 264003 ;_
)"'!i Restralnw 17 é 7 66e+003 s
'ﬁ mLm. 1; 15319.8 pei 2;
Loads 1 &, 13e+003 4
==i Statlc Case Solution.1 4.68+003 @
./
a5 von Mises Stress (nodal value) " 3.07e+003 ?.
=& \4.( 1.542+003 &
9,64 %'
!’?: Estimated |local en S| rarh Gn Boundary .
Ref o] -
ﬁ;. Deformed [Mesh " g
#-) Sensors.1 Hide/Show 1 b B <t
27

2. Right click on
Global Maximum.1 in
the features tree then
select Focus on.

Material yield strength

@ust exceed 15.3 ksi g

‘I;, Adaptivity Process

FEYAE X R

Global Maximum, 1 object

ﬂ.\ Focus On

&

O/ deosmue o oauLr

‘BB

' HénQ Q460 8 66

To Focus ©n Extremum
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Step 14. Visualize final results

Conclusions
o New material is required with a yield strength higher than 15.3 ksi.

.25” Linear Mesh, .025 sag | .25” Parabolic Global Mesh, .025” sag.
Hand Calc’s: .125” Parabolic Local Mesh, .013” sag.
9.17 ksi Combined Stress Adapt and converge not necessary.
Max Von Mises 8.30 ksi 15.3 ksi
Translational Displacement ? inch -.0916” Z - direction at point of load
Error Estimate 1.01e-6 Btu 5.7e-8 Btu local
Global % Precision error 42.5 % 7.3 %
Local % Precision error NA % 7.9 % and 3.7%

\\
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Step 15. Save the analysis document

[%]CATIA ¥5 - [wsScrankL.CATAnalysis]
] Start  TeamPCr WS Edit  view Insert  Tools

| e, Crl+
/Stegs: \ Mew Frarm. ..,

1. Select Save [=F open... Chr0
Management from the Close
File menu.

| Save Chrl+5
2. Highlight document N
you want to save. e

Save &l

3. Select Save As to
specify name and

Kpath, select, OK j

Save Management

Shate | Mame | Fath / | Ackion | :

Cpened Read Only Catalog. CATMaterial Save As. .. |
Modified | Save -

Opened crankL. CATAnalysisResulks Propagate directary I
Cpened crankl. CATAnalysisComputations CAELFIMINcrankL Reset I
Maodified wsScrankl , CATPark CACATIANTrainingdata Save Auko

0 Unsaved File(s) Left ] Enable independant saves %

@ ot | @cancel |

\
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WORKSHOP 6
REAR RACK (MODAL) ANALYSIS

g
e 3 "
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WORKSHOP 6 — REAR RACK

Problem Description

¢ Assume the dynamic characteristics of this bike with a 200 Ib person
traveling at 40 mph down a cobble stone road is: Mode 1=95 Hz, Mode 2
= 100 Hz, Mode 3 =110 Hz, Mode 4 = 120 Hz, Mode 5 = 135 Hz.

¢ A rear rack accessory capable of supporting 150 Ibs may be attached to
the frame. You are asked to analyze this rack under dynamic loading.

¢ Perform a normal modes analysis to determine if the frequency of the
bike is close to one of the natural frequencies of the rack. This is to avoid

excessive vibrations and find “soft spots” (smooth, comfortable ride).

Aluminum
Elastic Modulus, E | 10.15E6 psi

Poisson’s Ratio, v 0.346
Density .098 Ib/in®
Yield Strength 13,778 psi

\\
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WORKSHOP 6 — REAR RACK

Suggested Exercise Steps

1. Open the existing CATIA part in the Part Design workbench.
2. Apply aluminum material properties to the part.

3. Create a Frequency analysis document (.CATAnNalysis).

4. Pre-process initial finite element mesh.

5.  Apply a clamp restraint.

6. Apply a mass equipment load.

7. Compute the analysis.

8. Visualize the analysis results.

9. Generate a report of the results.

10. Save the analysis document.

\\
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Step 1. Open the existing CATIA part

U Edit View  Insert  Tool: I =18l
Stark  TeamPD |
D MHew. .. Chrl+M | .
L [ |
Mew from... File Selection [ 7]

Laak jr: B catia j ﬁl
Lloss Demoz
| _—> Training
N 1 2 E

Open the CATIA part

ws6rearRack.CATPart _

in the Part Design Look in: | 3 data x| = & eF B
workbench. wsSCR.ﬁ.NKassy.C.ﬁ.TPdeuct @wslScircularJIate

SteQS' cird|vesSorankL, CATARalysis @wslSFender.C.ﬁ.TF‘-

.. wsScrankl, CATPark
B0 wwsScrankl_BACKUP, CATPart
.. wsSwheel CATPark

wsSwheeI _slider CATPart

1. Select File and
Open... from the top
pull-down menu.

=P

2. Access the class 3
workshop directory
using the typical

Windows interface.

.. ws?seatjust CATPart
ws?SE.ﬁ.Tassy.C.ﬁ.TPrnduct
.. wsl1front_wheel_hub, CATPart

by Documents

3. Open the rearRack 9: 51| ws 1 2shaft. CATPart
by double-clicking. My Computer B
File name: stErearH ack.CATPart j | Open I
By default, the |
' Filez of type: All Files [** - Cancel
rearRack and all other I 7 =
CATPart documents [ Open as read-anly
are opened in the Part | - ¥ 3 [ Show Preview 4| eanae:
ningldatalwstrearRack. CATPart saved | =i |

KDesign workbench.

\
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Step 2. Apply aluminum material properties to the part

[#]CATIA ¥5 - [wsbrearRack.CATPart] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

Library (ReadOnly) _|_|- O il
1 _’@ rearRack
Construction | Fabrics Qther I Skone I Wiood |

@
— 7 | .
Xy plane = =
Yp = =
— <~ yz plane 5
— < 7x plane 4 rm “ @w'
*_ PartBndy AlLirminiim Brass Bronze
[ Steps: O\ #-£¥ open_body.1 z
1. Click the “Part” — @ Aluminium . . 2
representation in the / -
features tree. e el = =
. 6 W,
2. Click the Apply g
Material icon. " . ' | Iy
&+ 1
=
Sikver Steel Titarium
3. Activate the Metal @
tab in the Library N | L|LI =
window. 3 Link to file Eﬁ
4. Select Aluminum. . /‘# Ok, I Apply Material I Close I %v
5. Select OK. 5 / #
6. Make certain the Iy 2 X/ﬂy &

material is applied ﬁ _
ct or a command | AI

PN
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Step 3. Create a Frequency analysis document

[#]cATIA ¥5 - [Analysisi]

. Infrastructure

MC k anufacturing

1. Start a GSA
workbench.

2. Select Frequency
Analysis, select OK.

3. Your Frequency
Analysis document
gets automatically

4. Note: your previous
results and
computations storage
location defaults to
your last path used.

( Steps: N

linked to the CATPart.

%. Advanced Meshing Taoaols

ienerative Stuctural Analyziz

=l Analysiz Connections

@ Analysis Manager

E&} Links Manager

-é Results -= CAELFIMDcrankLAnalysis 1.CAT AnalysisResults ] 4

= A Finite Element Model

T‘Q‘g} Modes and Elements
@ Froperties, 1
4 Material Property 301

"QA Freguency Case

@ Festraints. 1
@ Masses, 1

= Sensors, 1

ﬂ Frequency 1

@I' Frequency Case Solution. 1

-‘@ Computations -= CAELFIMDycrankLyAnalysis 1.CATAREly sisComputations

F iy
- Yz Link, 1 -= CACATIANTrainingdata\wstrearRack, CATRart

f

3

B ikrdonoR B4 amésQQsmBEE B8

=1=1x]

Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =171xl
gﬁ TeamPDM  File  Edit  View E
fl

R

Mechanical Design —

/ : :

4]

Free Frequency Analysis

[ keep as default starting analysis case

@ oK I 3 Cancel | Help |

PRl @leasosrelnayiygd

A

| s B Bl j%v 4CATIA‘P2

tor a command
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Step 3. Create a Frequency analysis document

[$|CATIA V5 - [Analysis1] ===
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
. ‘&
@ Analysis Manager -
Lo
\"'E%; Links Manager 4 —
Specify unique = — | . 4.
Results -» CAELFINDearRackyearRack CATANAsisResUlts 0y
External Storage s v v v / N
directory locations. -é Computations -> C\ELFINIyearR.ack rearRack. CATANalysisComputations @:
: F 3 -
SlEge. L Witz Link. 1 -= CACATIANTraning\datawssrearRack CATPart 5’;
1. Select the Storage i
o =F =Y B[]
Location icon. ‘IB Firite Elerment Model =10 x| &
.@ % —Results Data é)
T— Nodes and Elements 2 —» [[CHELFINIrearRackirearRack, CATARalysisResuls Madify %
2. Modify the Results @ Froperties, 1 Eealibitoton Bty @v
Storage Location and 3 — |C:'I,ELFINI'I,rearRau:k'l,rearRack.C.ﬂ.T.ﬁ.naIysisCDmputatiuns | Modify §;
rename as shown. "@A Freduency Case ] @ cancel | o
: - B
3. Modify the ]
Computation Storage j%
Location and rename B,
as shown. Pa
4. Note the Links
Manager in the
specification tree
reflects the paths.
5. Use Save 1 -é
Management to save hd X/E
CATAnalysis doc. as 4 ¥
I |

!rearRack”. BagipiweR pB4 w@meésQa 200686 B8

FOmEE & fSariarz
Jéct of a command |

al
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Step 4. Pre-process initial finite element mesh

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager

T‘E%; Lirks Manager

ﬁ/leasure to determine
initial mesh and sag
size.

Steps:

1. Double Click the
“OCTREE” in the
features tree.

2. Measure part by
right clicking in the
Size box + measure.

3. Select two parallel
lines, note the
distance = 0.25in,
select Close.

4. Note the
measurement, select
NO.

Recommended rough

- ‘5 Firite Element Madel

%Nodes and Elerments
/

&P ocmREE Teffahedron Mesh. 1

-
r@ Froperties, 1

b Erequency case

OCTREE Tetr

Global | Local |

— Definition

Measure Between

x| | x|
5| x|

Measure bype:

Measure Dialogs

Feference mode

Target mode:

Between j

| Ary geometry j

any geomekry j

a Main Axis [ other axis

Jrio selection

angle: Odeqg
Exit Measure Companents:  %|0.236in V| i z| 0,08 3in
Reference point:  %|9.741in #IND. 932N z|6.353in
Target point:  %[9.977in ¥]-0432in z|6.436in
;Iglﬂ [l Keep Measure Cuskomize, .. I

2| —Resulks
1 =1 T Selection 1: Line on Pad.4...
F—-I Selection 2: Ling on Pad.2...

rack Minirmurn diskance: IIII.ESin

@ Linear

2 — Size [0.987in % | e
Sag ID.ISBin

—Element type

Measure. ..

Add Range. ..

b

() Parabolic &

@ oK l 'ﬁCancell
L -

Measure command ended

\3) Do wou wank bo copy the resulk of this measure in this parameter?®

CAT509, Workshop 6, March 2002

Global Size = % the Yes m | «— 4
) ) e J 55 |
@lnnest section. /éEl- = Md ) IR e B o S84
ck or & comman: T

Fereolplasosde »axT pdosl-lil

X
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Step 4. Pre-process initial finite element mesh

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

element mesh
properties.

Steps:

1. Key in 0.125in
global mesh size.

2. Recommended Sag
= 10% of Global Size,
key in 0.013in.

3. Specify element
type Linear, select OK.

Parabolic elements
yield better results with
fewer elements, but in
the interest of time and
chu space use Linear.

/Define the global finite\

@ Analysis Manager

T‘E%; Lirks Manager

- ‘5 Firite Element Madel

|
-_% Modes and Elements

é OCTREE Tetrahedron Mesh. 1 : rack
-
*‘@ Froperties. 1

¥\ Erequency case

JRI=TEY

>
>

Global | Local I

Size ID.125in
Sag IEI.EIlSin

—Element bype

i) Parabalic é

o CK o Cancel l

Frasl @l aso20  pav i pdaslale!

AL

Baypaocw pnBs vmen’QL0006E68 BLE @ Fovpue | §  Hansr

-

/éct or a command
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Step 5. Apply a clamp restraint

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

o,

*45 Firite Element Model

fStEQSZ

Restraint
icon.

\_

1. Select the Clamp

2. Select the inner
face where the rack
attaches to the frame,
select OK.

3. Note the Clamp
object added to the
specification tree.

Mame | Clamp. 1

Supports

—> @ oK I ﬂCanceIl 1

;

Frolplesoo pay poos -l &l

AL

or a co !

CAT509, Workshop 6, March 2002 WS6-11
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Step 6. Apply a mass equipment load

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

4 & I
Steps: il
1. Select the Mass icon.

2. Select the 2 faces as
shown.

3. Enter 150 Ibs as the
mass, select OK.

4. Note the Distributed
Mass object added to
the specification tree.

English Mass Units:
19=386.1 in/sec2

Length=in
Time=sec
Density=Ib/in3

@ Analysis Manager

T‘E%a Links Manager

- ‘B Finite Element Madel

|

T‘%@] Modes and Elements
T‘@ Froperties, 1

= Erequency Caze

|
"é_@ Restraints. 1

Lﬁ" Clamp.1
"@ Masses, 1

*‘@ Sensors. 1

B m2oeR B4 aHesQQ 5068606 ' 8.8 @ dosprd

@ Distributed Mass, 1

_é@) Frequency Case Solution, 1

RI=TEY

Mame | Distributed Mass, 1

Supporks

Mass I 150k

- - Ok l ﬂCanceIl

Frasl @l aso20  pav i pdaslale!

Mass T
N

1

-

AL

4(:44 TIA P2
fsoiuvrions )

Mass=lb
k j{act or a command
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Step 7. Compute the analysis

[]CATIA ¥5 - [wsbrearRack.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
o - A\ @ Analysis Manager =loix| ‘@
Specify the number of — Nurber of modes N
vibration modes to T‘@; Links Manager 2 [ = i
compute & . —Method a
=~ &~ Finite Element Model 7
Steps: | % () gauss @
. @ )
1. Double click on the T‘ Nodes and Elements 3> DIancz-.:ns t 8
= . —LDwnamic parameters ———— ‘
Freql'_lenc_:y Case @ Properties.1 maximun ikeration number 50 = b
Solution in the spec. 4 > laceuracy 0.001 1 it
tree. l'—@‘& Freguency Case : &
2. Key in 5 vibration _@ i — | Scancel] | &
modes to compute. estraints. 1 a7
[ @
3. Select lanczos as tfﬁ Masses.1 1
the compute method. | . 2]
éﬁ‘} Frequency Case Solution.1 i
4. Specify maximum @,
number of iterations "‘% Sensors.] |
and accuracy. %
y ‘ﬂ Frequency 1 [
5. Select OK. Ea)
The Lanczos method
is most efficient for
computing a few
Eigenvalues of large, ,
sparce problems (most «K
structural models fit ’
kintothiscategory). BgiBpzoo  pB4 umHénqasmBEE B8 @ dosgrr ¢ fSariarz
/d{act ar a command I AI
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Step 7. Compute the analysis

[]CATIA ¥5 - [wsbrearRack.CATAnalysis] 1= x|
EJ et TeamPDM  File

Edit  Yiew Insett  Tools  ‘Window  Help 81|

(" steps: N
1. Select the Compute
icon.

2. Compute the
Frequency Case
Solution.1, select OK.

3. Notice the est. time,
memory and disk

space requirement,

TR
@ Analysis Manager B =10l
T‘EE} Links Manager

e | Firite: Blement Model 3 5,27e+004 kilo-bytes of disk
T% Modes and Elements
= Fropertes, 1 -
il o]

-‘ﬁ Freqguency Case

==

_
[t
—18t

-

Qe+001 s of CPU
1.91e+004 kilo-bykes of memory:

Inkel MEL(C) Library Found: Inkel(R) MEL ¥S.1.0

D Lk L th Lation?
CCTREE Tetrabedron Mesh. 1 rearRack s oLl el

I.ﬁ.nalysis Case Solution Selection j
Rastrants. 1 rSDIutiDn{sj ko Compute

- Frequency Case Solukion, 1
2" Clamp. 1
o Preview
Masses, 1 I I
- oK & Cancel
B Distributed Mass. 1l 1 N
4 -

Freguency Case Solution, 1

2

Sensors. 1

PFPo @ asodel wa3T pdoslale!

‘ﬂ Frequency 1

AL

Bayupaoew ! mhB4slamenqa st 8 Es 8L @ / dospre o Soauar

-

Qelect Yes.

/déct ar a command
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Step 8. Visualize the analysis results

I8l
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Inmage Edition B |=] 3 | il image Iso Fringe id |
T‘ %'} Links Manager Deformed 150 walue
= “}. Finite Element Model ’: Display on Defarmed Mesh IISDCDntDur j

o 15

[l kala';.f Element Withaut Yalue

Ka (0] 4 | dCanceIJ
-

/\/isualize T rEsdTL T %Zl Nodes and Elements i i Criteria I Filters | Selections I

displacements to locate EF propertes.1
the areas of max strain (A rreqiency case

energy. |
9y “B Restraints. 1

<@F&l<m|-ﬁi%f:gi%@l4‘5‘;’5‘42\*?[4@4@4@4%[4 l@l

X
Steps. - Clamp.1 Edition Ab
1.. SE|eCt the - ‘_@ Maszes, 1 4a ~> ’7 ISl:IlllFril'lgE-' J S':.l'l'l'll:ll:ll J Lzis SYStEITI
Displacement Image © Distributed Mass. 1
Icon @ oK J Wi Cancel J Help J
: =—ich Frequency Case Solution. 1 ..
2. Double click to edit By Transiational displacement magrituice Translational displacement magnituide
image parameters. L\ N
| ) ? €.08 1
3. Select Average-Iso & Frequency 1
in Visu tab to switch 2 I =47 7
display. .86
play 4,26
4. Select Iso/Fringe 365 >
then select ISO 3.04
smooth, select OK, OK. I 2.43
182

1.22

I 0,605
0]

Strain energy is helpful
in finding the area that

is most affected by the On Boundary ,/1\;
vibration pattern from a oy Rancw  fmEd wamenad s s ELE @ FdovERE & fSALAP
Qatural frequency. y . — § g | = =0

\\
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Step 8. Visualize the analysis results

81
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Translational displacement Magnitude ‘g

Mode 1 Primary Bending —

T‘%E} Links Manager 2
6.08 inch

== ‘5. Finite Elerment Model

{@ZJ Modes and Elements §'
ﬁ)isplay all 5 dynamic & properties.1 N
modes. A Mode 2 Primary Bending -
R 10.1 inch e

Steps: T‘@ Restraints. 1 -
1. Double click T’_@ DS 1 2,
Translational i Frequency Case Solution. 1 ’?v
displacement T & Translational displacement magnitude Mode 3 Torsion é}
magnitude to edit & sensors.1 8.28 inch £}
2. View the displayed B / %
frequency under tab - ’: Display ogAeformed Mesh : =
Frequencies. Mode 4 Secondary Bending @

13.3inch

Frequencies

visu | Crite [ ]

3. Select and examine —_— T%
each mode. Muriber of mades | Frequency (Hz N N B,
Ea
z 9, 70803 -
3 3 31,663 . '
Note the Translational : nsat Mode 5 Secondary Bending
- 15.8 inch

displacement
magnitude values are ’—Editiun

LN /N N\
N S

-3 CanceIJ Help J )/1
¥

_want Baiezoecw B4 nEeénaqAQsT 0868 BLE @ / Fosprn & WALAE
' /}{ct ar a command I AI

arbitrary. The
displacement
distribution and
Frequency is what we

Iscu,l'FringeJ S';.fml:u:uIJ Axis Syskbem

\\
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Step 8. Visualize the analysis results

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

@ Analysis Manager
i
T‘%?g Links Manager

L ‘\l\. Finite Element Model

(A

an Analysis Image

icon. @

3. Select Current
Occurrence to know
what mode you are
animating.

4. Select different
mode numbers and
select OK.

5. Use the controls in
the Animate Window
Kto animate the image

nimate all 5 dynamic

|
\ T"%Zl Modes and Elements

= Froperties, 1
modes.
oA Feqency case
Steps: |,
T"B Restraints. 1
1. The Translational &
. T" Masses, 1
displacement &
m agnitude image must Frequency Case Soluton, 1
be active. 1 Ei Translational displacement magnitude
. *—
2. Select the Animate & sersors 1

[Tumber of modes | Frequency (Hz) |
1

z

3 31.663

4 4 40,501
5 61,3551
@ OKE wancels| J
.

PPs' @l aso20  paxT i pdaslale!

\l‘ Fj'

M« || [pi | M

B |Steps Murnber |10 hd

| Speed m
> | Current Qccurrence Jl |

Close I
2 | |g?
)/iy

Y

BaipaweR  nB 4 9uEGenQQ5D 086 BLE 6O/ doSBEE & WSALAL

-

/{Rt or a command
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Step 8. Visualize the analysis results

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]

BT et

TeamPDM  Fle  Edit  Yiew Insert  Tools

Wwindow  Help

===
=131

/Mode 5 has the

locate the element of
maximum strain
energy.

Steps:

1. The Translational
displacement
magnitude image must
be active. Then double
clicked.

2. Select mode
number 5 to make it
the current
occurrence, select OK.

3. Select the Search
Image Extrema icon.

2

4. Select Global and 2
maximum extrema at
most, select OK.

5. Location and value
vﬂre displayed.

@ Analysis Manager

Y%@ Lirks Manager
greatest displacement, A\ Firite Element Mode

+'%Zl Modes and Elements
T‘ﬁ Properties. 1
oA Frequency case
+’_B Restraints, 1
T" @ Masses, 1

ﬁ:‘ Frequency Case
L
1 Ei Translational

*‘_‘ﬂj s e sl Image Edition

|7.| Display on Deformed Mesh

5”_"-'"

Solution. 1

displacement magnitude

Ceformed

Frequencies | veu | criel [

Murmber af modes | Frequency (Hz) |

1 9.47206
Z 9,70803
3 31.663
4 40,501
5

61.3551

:

Edition

=10l x|

Extrema Creakio

=101 x|

a 5lobal

Minirmum exkrema ak mosk
Mazirnurn extrema ak rmosk

[ Local

Minirmum exkrema ak mosk
Maxirmumn extrema ak mask

PPs' @l aso20  paxT i pdaslale!

W Cancel J

Isu:u,l'FringeJ Syml:u:ul_] fis Sstem

- Ok J IuﬂCanl:EIJ
o

Help J

3

=

Y

B REocR B4 nE@éasQaAsdHEE ELE @ dosegd ¢

AL

4‘:4 TIA P2
fsoiuvrions )

-

/{Rt or a command
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Step 9. Generate a report

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

ﬂfter activating each \
mode image at least
once, generate a

report.

Steps:

1. Select the Basic
Analysis Report icon.

2. Select an Output
directory.

3. Key in Title of the
report, select OK.

4. Review the HTML
report that is created.

If a structure has N
dynamic degrees of
freedom there are N

4

A
B REocR B4 nEéasQaAsR0EE ELE @ dosegd ¢

‘&

REAR RACK &

MESH: u 3.

@V

Entity = Size @

Nodes | 97374 @v

EEE b

STRUGTURE GCOMPUTATION B

Mumber of nodes - 8734 ’zyv
Tumb et of elesaans 54000 : é}
luaber of DOF. 2s2122_><+—| If parabolic elements were used | -
MNumber of Confact ClEments 0 @v
MNumber of Emnematic relations : ] §;
_lnjx a,

Output directory : | ;| ELFINT|rearRack o] 2 4

k.,

[,

Title of the report |Rear Eike Rack, \
Choose the anal;sis caseisi g

@ ok | @ cancel|

\]
w

]

1 —

w
=

-

AL

4’::,4 TIA P2
fsoiuvrions )

Qatural frequencies.

CAT509, Workshop 6, March 2002

fack or a command

=T

WS6-19 MSE\_\SO_FTW{«HE



Step 9. Generate a report

Conclusions

o Comparing the natural frequency of the first 5 dynamic mode shapes shows a large

difference. This verifies that we will have smooth ride “soft spots” during this load case.

Mode Bike Frequency Rack Frequency Hz
Number | Hz (cycles/sec) Parabolic Elements
1 95 9.47
2 100 9.71
3 110 31.66
4 120 40.50
5 135 61.36
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Step 10. Save the analysis document

[%]CATIA ¥5 - [rearRack.CATAnalysis]

] Start  TeamPDM  JECWM Edit  Yiew Insert  Toaols

/ \ D Mew. . Chrl+h
Steps: Mews From. ..
1. Select Save [F Cpen... Chrl+0
Management from the Elec
File menu.
. . _H Save Chrl+5
2. Highlight document. N
] Save As...
3. Click Save As to
. Save Al
specify name and
Kpath...OK. j 2 3
save Management 7] x|
Stake | mMarme 1 Path | action | vE
Cpened wstrearRack, CATPart CACATIANTrainingdata Save fe. ..

rearRack. CATAnalysis A CATIA Training!data Propagate directar
Cpened rearRack, CATARalysisResulks CAELFINIrearRack, Save pad i
Cpened rearRack, CATAnalysisComputations  CAELFIMI rearRack, Save Reset

0 Unsaved File(s) Left [] Enable independent saves

@ Ok I ﬂCanceIeII
-

\
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WORKSHOP 7
SEAT POST ASSEMBLY ANALYSIS
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WORKSHOP 7 — SEAT POST

Problem Description

¢ The sales department has informed engineering that the seat post
keeps breaking.

¢ Perform an assembled static analysis to determine why and
recommend a solution. Be conservative by using a design case of
200 Ibs forward on the seat.

200 Ibs

Post is Aluminum
Elastic Modulus, E | 10.15E6 psi

Poisson’s Ratio, v 0.346
Density .098 Ib_in3
Yield Strength 13,778 psi

Lower and Upper clamp is Steel
Elastic Modulus, E | 29.0E6 psi

Poisson’s Ratio, v 0.3
Density .284 Ib_in3
Yield Strength 36,000 psi

CAT509, Workshop 7, March 2002



WORKSHOP 7 — SEAT POST

Suggested Exercise Steps

1. Open the existing CATIA product in the Assembly Design workbench.
2. Apply material properties to all parts.

3. Examine and verify assembly constraints.

4. Create an assembly static analysis document (.CATAnNalysis).

5. Pre-process initial finite element mesh.
6. Apply Property Connections.

7. Apply a clamp restraint.

8. Apply a moment load.

9. Compute the analysis.

10. Visualize the analysis results.

11. Compute a Frequency (Modal) analysis for the assembly.
12. Generate a report.

13. Save the analysis document.

14. Appendix showing precise results.

\
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Step 1. Open the existing CATIA product (assembly)

[$]CATIAYS [z
Statk  Teampr

T D Mew...

/Open the CATIA
product

ws7seatPostassy.CAT
Product in the Close
Assembly Design
workbench. 1

Steps:

1. Select File and
Open... from the top
pull-down menu.

Mew from...

2. Access the class
workshop directory
using the typical

Windows interface.

3. Open the
ws7seatPOSTassy by
double-clicking.

By default, the POST
assy and all other
CATProduct
documents are
opened in the
Assembly Design
Kworkbench.

Look, in: I ) data

x| « & cF E-

Edit  Wiew [nsert  Tools I =10l x|
|
Cirl+M -
ile Selection K E -
Look ir: Ia catia j gl
EDEI‘HDS
_—¥ Training

Documents
©

[Diezktol Ju]

.. ws7upperClamp, CATPart
.. w1 1front_wheel_hub, CATPart
B0 wws12shaft, CATPart
wslScircuIau:uIate.CP.TF‘arI:
.. ws13fender, CATPart

by Documents

ty Compuiter LI

[

File name: I

Filez of type: I.-'E-.II Files [*.7)

[~ Open as read-only

v Show Preview

Open

Cancel

i

A

Jgggxﬁﬁﬂﬁmeﬁﬁlﬁﬂé@

&
4::;4 TIA PZ
fioLlorions)

CACATIA TrainingldatalwstrearRack . CATPart saved

=

CAT509, Workshop 7, March 2002

WS7-5

MSC X SOFTWARE



Step 2. Apply material properties to all parts

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct] =l&ix]
b TeawmPDM  Fle Edit  View Insett  Tools  Window  Help ===l
& Steps: \ 3 A=Y ]

1. Double click the @ seatpOSTassy | 6 o e
pOSt Part . ) Conskruckion | Fabrics Okher I Skone I Wiood | [
representation in the L ost {post.1) R 3
features tree (it should — [#
turn blue). This makes r@ y 1 ?EI
the pOSt “Defined in — 7 Xy plane 4 | @v
work” and launches | Y
you into the Part — <7 yz plane -
design workbench. Alirmirim Brass Bronze &)
2. Click the Apply e &
. _ “f
Material icon. *_./T" Axis Systems . . 2
3. Activate the Metal *‘ PartBody g

tab in the Library s Gold Iron Lead &
window. V% Open_body.‘l/ 5 Y,
: . - @

4. Select Aluminum, ® Aluminium " . ' | s
select OK. ]
T lowerClamp (lowerClamp.1)

5. Make certain Sihver Steal Titanium
material is applied *_ lowerClamp & @
properly in the tree. - upperClamp (upperClamp.1) «| | L|_I E!,
Apply Steel to the e e L,
lower and upper clamp *_ upperCIamp =] O I &pply Material I Close I T
parts. L ﬁl Constraints #
6. Double click L - “ 2 L)

seatPOSTassy to e ’/i"

accesstheassembly [EBS Y ER0 R KB4 wHb3QAR260 6656 48 '@L8%G NNE I ALLr
Kworkbench. itk or a cormmand I AI

\
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Step 3. Examine and verify assembly constraints

EJ et TeawPDM  Fle  Edi

- [ws7seatPOSTassy.CAl 2
etk Tools  Analvee  Window  Help

===
=131

/Stegs:

1. You should be in
the Assembly design
workbench.

2. The seatPOSTassy
object in the features

considered “Defined in
work” when blue.

3. Notice the small
differences in icons.

4. These are your
main assembly tools.

5. Examine the Fix.1
constraint. Assembly
constraints should

start with an anchor.

If highlighting is not
working check Tools +
Options + General +
Parameters +
Symbols.

\_

tree is the Product and

Assembly (product).
Part Instance.
Actual Part.

|Cu:uinu:iu:|enu:e Cu:unstraint|

vl lowerClamp (lowerClamp.1)

*‘ lowerClamp J ﬁ @' .E!E

Zids 7 [ 5

1
2
;

g
BN
x
e

T~ E2 upperClamp (upperClamp.1) [contact constraint] 1
*_ IJ[J[JEI’C'EII’HD [ Offset Constraint|

S8

| Angle Cu:unstraint|

"ﬁl Constraints

|Fix Cl:ump-:unent|

(B HRAE O

CAT509, Workshop 7, March 2002 WS7-7

B Fix Together
—al FRIPosE) «— 5
_ﬁ Coincidence .93 {post.1 lowerClamp.1)
- ay:
@ Surface contact.94 (post.1 lowerClamp.1) -
— &9 Offset.98 (post.1 lowerClamp.1) 2
_ﬁ Coincidence.99 (lowerClamp.1,upperClamp.1) 4 "E/j
_@ Surface contact.100 (lowerClamp.1 upperClamp.1)
_@ Surface contact.101 {lowerClamp.1 upperClamp.1) 2
\_ &
— Applications ¥
pp = Xiy o
BSEr0eR mB4 wFfeésQQAL060686 3 ' 488 '@ /¢ 8 Aol WALAR
m aﬁgject or a command | AI
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Step 3. Examine and verify assembly constraints

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct] 1= x|

EJ et TeawPDM  Ele  Edit  View Insert  Tools  Analvee  Window  Help

F

%

/Examine constraints \ = - §é
between the post and "@ post (post. 1) -~ RN —
lower clamp. #-33) —_— ' 0 SN &
Steps: : H ¢ *‘
21EPS. T3 lowerClamp (owerClamp., 1) o I I 2
1. Select the R Y
Wireframe (NHR) =23 lowerclamp o 4 e :
visualization option. ;._ﬁj upperClamp (upperclamp, 1) \/V-..\. . gﬁ
2. Highlight each ) RN NN
constraint separately. S22 2 &< i
L ﬁ] Constraints 2 ' E
Basically all 6 degrees _QE‘ Fix.1{postl)  § / S
o freed.om sl o _ﬁ Coincidence, 20 (post, 1 JowerClamp, 1) / ?v
constrained. A good 5
check is to move parts _@ Surface contact.21 (post. 1 jowerClamp. 1) S . @
around arbitrarily with N . &2
the compass and then g Offset. 38 (post. 1 lowerClamp. 1) — > P
Upeie. _ﬁ Coincidence. 32 (post. 1 upperClamp. 1) o ' §§.
Also, stress anaI)_/S|s _@ Surface contact.40 (owerClamp. 1,upperClamp. 1) | ol &
property connections ' T ' i < =
are applied to these — & Coircidence.41 (lowerClamp. 1,upperClamp. 1) =
assembly constraints. 2
The goal is to setup a — Applications 1 > 'u'u'lj g
statically determinate - ;‘
model. il
N uﬁ/éxfxg@@w B & nE@enqasPBEE 2 ' nd8 '@ /08 Ao Sauar
Select an object or a command | AI

\\
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Step 3. Examine and verify assembly constraints

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct]

EJ et TeamfDM

File  Edit ‘Yiew Insett  Tools  Analvee  Window  Help

=181

L

v

e

Examine upper clamp
constraints.

Steps:

1. Highlight each
\constralnt separatel;: Y,

@ FeatPOSTassy

post {post.1)
*f‘ post

lowerClamp (lowerClamp.1)
*'_ lowerClamp

upperClamp (upperClamp.1)
L 'ﬁﬁ upperClamp

i“ﬁl Consiraints

_ Fix.1 {post.1)

%

s

S

_5.; Offset.98 {post.1 lowerClamp.1)

_ﬁ Coincidence 93 (post.1 lowerClamp.1)
_ﬁ Surface contact.94 (post.1,lowerClamp.1)

sgEe el

(B HRAE O

_ﬁ Coincidence.99 (lowerClamp.1,upperClamp.1)

/

_@ Surface contact.100 (lowerClamp.1,upperClamp.1)
_@ Surface contact.101 (lowerClamp.1,upperClamp.1)

— Applications

it

el

B REocR pmhB4 nBméslQaAsTBEE 2 488 '€ 10

i

Xl BO dES @3S 8% |l

AL

| s i 4CAT.'A'P2

Select an object or a command
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Step 4. Create an assembly static analysis document

[#]cATIA ¥5 - [Analysisi]

=1
Start  TeamPDM  File  Edit  Yiew Insett  Tools  window  Help ===l
gﬁ TeamPDM  File  Edit  View E
fl
Infrastracture L R
P . i
Mechanical Design L4 —
sh b / ﬁ] é
ape
P LY -~ i3
Analyzis & Simulation ﬁ@; Advanced Mezhing Tools 4 Nl >
AEC Plant L4 :..-'ﬁ;af'- Generative Stuctural Analyzsiz | @
-

MC Manufacturing L4 -=-'|‘! Analpziz Connections

KJust like before.

Steps:

1. From Start menu
select a Generative
Structural Analysis
workbench.

2. Select Static
Analysis, select OK.

3. Your Static Analysis
document gets
automatically linked to
the CATProduct.

4. One difference to
notice is the available
kConnection icons.

@ Anakysis Manager

T\'E{% Lirks Manager

-é Results -= CAELFIMNDIGeatFosthanalysis 1 1.CATANAlysisResUIts

*"ﬁ; Link. 1 -= CANCATIANTraining \datatws 7seatPOSTassy CATProdUCt

% Computations -= CAELFIMNDseatPostianalysis 1_ 1. CATANalysisComputations

‘IE Firite Element Model T
T"gzq MNodes and Elements 3|2
'r'ﬁ Properties. 1
=\ static Case
— i Restraints. 1

—@ Loads. 1

_53 Static Case Soluton. 1
"‘@ Sensors, 1

Mew Analysis Case X|

Frequency Analysis
Free Frequency Analysis

[l keep as default starting analysis case

W Cancel I Help I

Fres BB 2020 2T  85d

&

AL

BaymEneR  wB8 wuHesqQSMBEE BLE b/ dovEwe ¢ Hoanar

x

ElEct an object or a command
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Step 4. Create an assembly static analysis document

/Specify unique
External Storage

Steps:

Location icon.

rename as shown
3. Modify the

as shown.
4. Good idea to Fi

specify where all
documents will be

\\§aved.

directory locations.

1. Select the Storage

2. Modify the Results
Storage Location and

Computation Storage
Location and rename

Save Management to

SE
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
Analysis Manager &
&% Links Manager T}
.é Results -> CAELFIMND\seatPostiAnalysis1_ 1. CATANalysisResUlts =7
.é Computations -» CHELFINDseatFostiAnalysis 1_1.CATANakysisComputations - ‘v
L Qﬁ Link. 1 -» CNCATIANTrainingydatahws 7seatPOSTassy CATProduct g'
"‘I\_\ Finite Element Model Current Storage Location = |EI|£| @'
@J Modes and Elements — Resulks Data ;-
\ T—ﬁ Properties. 1 2 — | CAELFINT|seatPost!seatPost, CATARalysisResults Modify P
A static cace — Compukation Data P
@ Restraints, 1 3 — |C:'I,ELFINI'I,seatPn:nst'l,seatPn:nst.C.ﬁ.T.ﬁ.naI';.fsian:-mputatin:nns 7
@ Loads.1 3 I I @
(a4 w Cancel
5% Stafic Case Solution. 1 ‘_ %v
4 Q.
*‘éﬁj Sensors. 1 -
Save Management ilil
State | Mame | Path | &ction SayE |
Opened Read Only Catalog, CATMaterial Ci\Program Files\Dassaulk Systemes\BOTiintel_alstartupimaterials Save As... |
Opened ws7seatPOSTassy, CATProduct CACATIATrainingdata P e drect l
Opened ws7upperClamp, CATPart CACATIATrainingdata ropagats drasiury
' Cpened ws7lowerClamp, CATPart CACATIATrainingldata Reset |
Opened ws7post, CATPart CA\CATIATraining data

CACATIA Trainingldata
C\ELFIMDseatPaost
C\ELFIMDseatPaost

ws 7 seatPastassy AT Analysis
Analysisl_1 CATARalvsisResults
Analysisl_1 CATARalvsisComputations

Opened
Opened

a

0 Unsaved File(s) Left

[

[] Enable independent saves

le +

IMTI wCancele| I

—

&

1 w

/gEyraoeR  pBs afesQQsE 808 BLE b FosERE

CAT509, Workshop 7, March 2002
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Step 5. Pre-process initial finite element mesh

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager =loix|| @
. : Global | Local b
ﬁ)efine Linear global T@} Links Manager i | 2| ;
ni Si ID.125in -
L% el_ement JIEE ‘l Finite Element Model = : &7
properties for all parts. | 1 Sag [0.013in &
Steps: T MNodes and EIEV / e @:
¢ @ Linear f
1. Edit each part mesh 4 OCTREE Tetrahedron Mesh.1 : post.1 2 e 3 2’;
individually by double v
clicking OCTREE in ‘_4 OCTREE Tetrahedron Mesh.2 : lowerClamp.1 2 | e &
< : ance I =
the features tree. ‘_4 OCTREE Tetrahedron Mesh.3 : upperClamp.1 @
2. Specify global mesh o _ V.
and sag as shown for 55 properties.1 =101 x| g»'
the post, select OK. & cﬁ ) bl | Locd | -
3. Specify global mesh _ S
and sag as shown for _@ Restraints.1 foooen— ] —
the clamps, select OK. i -006n 4
_@ Loads.1 —Element type (&
_gg ] ] @ Lincar d )
Each part can have Static Case Solution.1 O parabolic
unique element types. *_éij Sensors. 1
The Linear element is ' @ ok | @cancel|
suggested for .
computational speed
until we achieve a
statically determinate Xj\y
model. _
T ugﬁM@@@w B & 9@ enqQ s 8 EE  BELE B/ donpre | ¢ fauar
Select an object or a command | AI

\
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Step 6. Apply Property Connections

Fastened Connection|

EEATIA ¥5 - [wsTseatPostASSY.CATAnalysis]
EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help

== x|

Slider Connection [Rigid Connection|  Z(s( x|

|_ 1 Contack Connection| [Smonth Connection|
/ - \k r@ seatPOSTassy EI / &
Define a_ Fastener T,_ st (i ) T}
Connection. lowerClamp (owerclinp. 1) 1
] T BE@ S|
Steps: \ T‘ upperclamp (UpperClamp. 1) -«— @'
1. In the features tree T constraints + &,
open the assembly —al Fix. 1 (post. 1) 2 )
constraints by — & Coincidence 93 {post. L lowerClamp. 1) * ;_
i +
selecting the (/7 Surface contact 94 (post. LowerClarp. 1) <—— 3 1ol x| 12
symbol. | Es
%" Offset. 58 (post. 1jowerclamp. 1) Mame | Fastened Connection, 1 1
2. Select the Fastened — & Coincidence. 99 dowerClamp. 1upperclamp. 1) - NI ®
PR Walels de 1 Conskraint
Connection icon. _@ Surface contact, 100 JowerClamp. 1,upperClamp. 1) %,
3. From the tree select —(P srface contact. 101 (owerclamp. 1,upperclamp. 1) _‘w Q.
the surface contact — npplications %
(?OSt'llto Iovlver OK " ‘I\_\ Finite Element Model iy
clamp.l1), select . E]
p-1) T&l4 Modes and Elements !‘
4. Note the mesh — b CCTREE Tetrahedron Mesh. 1 - post, 1 4
connection created _@4 OCTREE Tetrahedron Mesh.2 @ lowerClamp. 1 : &
between parts and a | 00 ()
@4 OCTREE Tetrahedron Mesh.3 : upperclamp. 1 ;
contact property. u S
—&F Fastened Connection Mesh.1 «—| /| L
T-5F Properties. 1
For assemblies with — &b Material PropertyaD. 1 I
many parts, — b Materia Property3D, 2 o
connections can be — &b Material Property3D. 3 i
meaningful. % .
N SESYEEoeR  eBs luEes’qq 208686 ' BLE v/ Eosmrn |6 fgauar
Select an ohject or a command | L_II

\_
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Step 7. Apply a clamp restraint

We only want to clamp
the bottom 4 inches of
the post. Modification
of the post.CATPart is
required.

Steps:

1. Select Window +
ws7seatPost.CATProd
uct.

This changes your
active document and
launches you into the
Assembly Design
Workbench.

k /éct of a command |

ﬁ_ [ Constraints

upperClamp {(upperClamp.1)
*‘ upperClamp

@l Fix.1 (post.1)

_ﬁ Coincidence .93 (post.1 lowerClamp.1)

_@ Surface contact.94 {post.1 lowerClamp.1)

—;ﬁ Offset.98 {post.1,lowerClamp.1)

_ﬁ Coincidence .99 (lowerClamp.1,upperClamp.1)
_@ Surface contact.100 (lowerClamp.1 upperClamp.1)

_@ Surface contact.101 {lowerClamp.1 upperClamp.1)

ypplications

Clamping
requirement

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct] =l&ix]
EJ et TeawPDM  Fle  Edit  View Insert  Toos  Analves ﬂindl:ll.-'-.l HE||:| =181l
Rl Wind P
@ seatPOSTassy W |
Tile Horizonkally S
73 post(post1) . =
Tile Wertically T &
*_ [JDEt Cascade -
L lowerClamp (lowerClam IF 1 ws7seatP0s, Product 1 g
2 wsrseatPos, . Analvsis i
*‘ lowerClamp
-

\

|

|

(B HRAE O

BOFELHBS R 2

] -

BairaiveoR nB 4 uEesaa s 0868 53 /0d8 /e 05~y Hoauar
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Step 7. Apply a clamp restraint

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct]

2 > EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Infrastructure

Mechanical Design

@ seatPOSTassy

=32 Wireframe and Surface Design

L nost (post, 1)
KWe will create a \ @ '
=—fa <—
surface that matches f}jm 1
your clamping <7 xyplane < 3b
requirements, then [~ <7 vz plane
“sew” it onto the part. — & 2x plane
Steps: T"}' Axis Systems
1. Double clicking r PartBody
“post” in the features 1"@ Pad.1
tree will launch you T-El Pocket.2
into the Part Design T_@ Pad.2
workbench. 2 R
T" Rib.1
2. From Start menu T—E] Fockat 1
select Mechanical ] ot
Design + Wireframe © -
and Surfacing Design W Edgeflet.2
workbench. % open_body. 1
3. Select the sketcher | B wmrio
icon and the xy plane. i:: lowerClamp (cwerClamp. 1)
4. Activate the custom 'f“* L2 R 2o STy -
display mode. 1 constraints l " ' )/1 gjﬂv
Continued on next M J - — o J J J : .
_page BayuPpaoer B4/ usena’5@ 8868 5 088 85 'a2 e AL
’ /éct ar a command I AI
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Step 7. Apply a clamp restraint

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct] 1= x|

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

| g1 o 9

_£ ﬂm ; 2

1
VEVEN]
&

*

R
H2ODLe - NOR O NE AE

K Sketch a shape. I- ; -Plan dib
7 el =
Steps: - f'@ el o
1. Select the normal i
view icon to see the
bottom if necessary. .
) 1 = &
2. Select the circle = ||
icon and create a ERSEERREIE _
B pRaocR  nB4 nEesQaQsa0686 M ' 4d —f cariar:

circle as shown.
K /éct ar a command I AI
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Step 7. Apply a clamp restraint

i8]
EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help =1
)] o 9p
I —
bt
4 B
Center Graph : a E’
i Reframe On 1 g <l--
1T g L
Reference il N
&1
Horizontal Measure Direction EB
R Wertical Measure Direckion I:Iv
N - . _ ®,
/ Constrain circle. \ | Swap Location D
] o '®)
Steps: | / Concentricity /‘
1. Select the constraint || ] g Cojncidence i
icon. e | Tangenc R EER T EERE R AR -
——"’T\ T e j ; ok
2. Select the circle 5 ¢ L ey e ;
previously created, ) | ol
then the post outside ) Position Dimension i ;D'
diameter. Right click + : -t
Coincidence. - |4
3. Result it -
3 P
4. Select the exit ¥
sketcher icon, this
takes you back to the
Part Design _ L P
Kworkbench B i EE &R | fo B o | wWiHP R LSO 6 e b | Jp @ 4%
) /{ject or & cormand | L_II
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Step 7. Apply a clamp restraint

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
@ seathOsTassy

[ <7 xy plane
[ &7 w2 plane
— < 7x plane
T‘}' Axis Systems
T' FartBody

|
o2 cpen bodv1 15 <
I
/ T‘E Flane. 1
Create a surface that 7 Plare 2 Extruded Surface Defi o [m] ot

exactly represents

your clamping area.. T‘@ Bketenie «— 2a
*_ kz

\ 4

Profile:  |Sketch.16

Direction: |ESE=EyE

. = Extrude. 1
Steps: o — 3 Extrusian Lirnits
1. Select the Extrude — & wuminium ob | | |Hmit: [ 4in =
Icon. % lowerClamp (JowerClamp, 1) Limit 2: | Oin =
2. Select the sketch Upperclamp (Upperclarmp. 1 \ Reverss Direction |

you previously created
as the Profile. Key in jl Constraints

@ Ok I l‘.ﬁ.ppl';.fl 4Cancell
-

limits as shown, select o e k3
OK. pplications x)\y mv
ES Y 2@ voci? ! o BB oz | 54 (H 3 QR L6 @B | = | PR | BiEl a2 e L 4CATIA‘P2

3. Result ==
K /éct ar a command I AI
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Step 7. Apply a clamp restraint

[#]CATIA ¥5 - [ws7seatPOSTassy.CATProduct] 1= x|
1 EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

Infrastructure

Mechanical Design

/ _ \ [~ <7 oy plane
Sewing the Extrude.1 N
surface onto the post &7 yzplane
part. [~ <" x plane
Steps: T‘}’ Axis Systems 2
Chject b B Extrude. 1
1. From Start menu T‘ PartBody s LR
select Mechanical

@ Ok I ﬁCanceIl

-—% Open_body. 1

Design + Part Design =

workbench. T‘E Flane. 1

2. Select the sewing T‘E Plane. 2 3 2a

icon, then select the @ Sketch. 16

Extrude.1 object. a =
- EXEEEN < O =

3. Make sure arrows

are pointing in, select — B wuminium

OK. T— £

"™ oRee0s RDVARANSBR Bl Bl

11? lowrerZlamp dowerClamp., 1)

4

¥ 9 9(E)

T' 1J"nu:r upperclamp upperclamp, 1) 5 : 2 g
Finally no-show the I corsmants Incorrect Correct o
Extrude.1 surface and . .|
activate your analysis Applcations !
d BoipdocR B4 o@enaA’ 360686 54638 '@L8%0 ANE sy
ocument.
K /éct ar a command | AI
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Step 7. Apply a clamp restraint

[]CATIA ¥5 - [wsbrearRack.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager ;@
T‘E%; Links Manager i3
3,
= | Finite Element Model 7
<]
T‘% Nodes and Elements &)
T‘@ Properties.1 ﬂ" 4—2;
. .
=dh Static Case “loix| =
| _ @
"‘_@ Restraints.1 3 Name [ Clamp. 1 =
’ - Supports if
@' Clamp .1 e
- CK I o Cancel l %v
fsﬁlﬁ N _@ Loads.1 L
1. Select the Clamp [ \ \ Y
Restraint ﬂl- 5% Static Case Solution.1 i
con. "@ Sensors.1 ;
2. Select the post area |
that we just sewed a
surface on, select OK.
The clamp only
applies to the bottom 4
inches.
3. Note the Clamp ,/1\,«
object added to the
f J BiEEocR  nB4 9menQAQA2R06E ' SLE 0 #ovprn ¢ Soanaz
keatures tree. P - : 5= i - | - =
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Step 8. Apply a moment load

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] 1= x|

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
- 13

@ Analysis Manager &

T‘Eé%‘a Links Manager
| 200 Ib "'.&. Finite Element Model
T‘gg Nodes and Elements

T‘@ Properties.1

o i Static Case 2

"""L@ Restraints.1

L%" Clamp.1

Image to show
The —y moment 4

"@ Loads.1
> @ Moment.1

(steps: h

1. Select the Moment
icon.

2. Select the 4 faces
where the seat
attaches.

3. Enter -1400 inch Ibs
about the y-axis (200 Ib
X 7 inches).

4. Note the Moment.1
object added to the

— &% static Case Solution.1
""_éij Sensors.1

Marm | 1400IbFxin
# |IIIII:|F><in
3 |x [-14000bFxin
z f Dlbfxin
& K & Cancel
- l | A
EayprocR nB4 n@enaAQ @066 B8 b Fovere | foanar

Mame | Moment. 1

Supporks BN

— hxis Syskem

Type IGI:::I:uaI
] Display locally

—Moment Veckor

4

Feo B @spo0 yaT op3,

@atures tree.

/d{ect of & command
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Step 9. Compute the analysis

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

singularities.

Steps:

1. Double click on the
Static Case Solution.1
in the features tree
and verify the gauss
solution type is
selected.

2. Select the compute
icon.

3. Compute All, select
OK.

4. Note the resources
estimation, select Yes.

5. Singularity detected,
Kselect OK.

Analysis Manager

T" E"-E%; Links Manager

".‘5 Finite Element Model

*‘% Nodes and Elements

- GF Properties.1

/Debugging \-A Static Case

]
"@ Restraints.1

L%‘ Clamp.1

-—@ Loads.1

Static solution Paran

—Method

=10l x|

iZ) autn

@ gauss
(1 gradient
] gauss R&

SCCLFACY

—iaradient parameters
rasimun ikeration number

0

1e-008

1 & Cancel l

@ Moment.1

+- @ Sensors.1

v

@ Singularity detected { relative pivot too small )

5 |- o]

— &% Static Case Solution.1

x|

33— ||

a Preview

=10l x|

-

@ K I & Cancel |
-

4

Computation Resources EsE

2
v

g

=10l x|

4
PFPo @ asodel wa3T pdoslale!

FEEE

Se+001 s af CPU

9,93e+003 kilo-bytes of memory

4, 71e+004 kilo-bytes of disk

Inkel MEL(C) Library Found: Inkel(R) MEL ¥S.1.0

Do you want ko conkinue the computation?

d _te |

Bayupaoew ! mhB4slamenqa st s 88 @ dovprn o Soauar

-

/déct ar a command
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Step 9. Compute the analysis

=8|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager @
e T
T‘w”; Links Manager E 1
= Finite Element Model é'
T‘%@ Nodes and Elements 8,
Zal @v
= Properties.1 —
4
= A static case ’.
| . 2 i,
F—=] Restraints.1 ~@
K \ T‘@ Loads.1 8,
. . @
Vlsua_l 12€ Wh.a.t causes "ﬂ% Static Case Solution.1 §
the singularities so 1 &
you can properly E:. Deformed Mesh T iy
restrain your system. ; ;
y y ‘_@ Sensors 1 { ) Image Activate/Deackivate =
Steps: % ol
1. Select the 3 g
Deformation icon. 1
2. Note the upper
clamp part requires a
restraint.
3. In the features tree
right click Deformed )/1
Mesh object then y
select Inactivate. By EiocR B4 0MenQQA2R66E BLE 3 #ovprn ¢ Soanaz
/d{act ar a command I AI

\\
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Step 9. Compute the analysis

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
i . : = . . -
= @ seatPOSTassy 1 @
o Fastened C ] 5 RN
/o ¥4 post (post. 1) =101 T N
Define the SECOI’ld. s Marne |Fastened Connection. 2 :
Fastener Connection T_ _ —— [ﬁ] 4
making our model =aateli el 1 Constraint o« ﬁ'
statically determinate. =1 constraints 1 @cace | =
Steps: —aln Fix. 1 (post. 1) F
1. Select the Fastened — & Coincidence.93 (post. 1jowerClamp. 1) 2.
Connection icon. _@ Surface contact.94 (post. 1 JowerClamp. 1) ’Et
2. From the tree select —5% Offset.98 (post. 1 JowerClamp. 1) ®
the surface contact L@ o %
Coincidence. 29 (owerClamp. 1,upperClamp. 1) @
(lower clamp.1 to -
upper clamp.l), select —& ‘ 2 f?‘”.
OK. _@ Surface contact. 101 JowerClamp. 1 upperClamp. 1) i%
3. Note the mesh — Applications ]
connection created ‘ﬁ Finite Element Model (] &
b d I
etween parts an %
ot Gho fesEsgmaEREE ~— 3 o 5
contact properties. - )
“% Froperties. 1 %
=
. _4 Material Property 30, 1
Fastened part bodies L st
are fastened to IMaterial Property 30, 2
behave as a single — & Waterial PropertyaD. 3 ¢
body, hovyc_—:‘ver the _lﬁ Fastened Connection. 1
deformability of the | B L,
\ConSidered' Baypaoce o848 vafésQaQsB0E8E BLE b/ @dospra | ¢  Sauar
ﬁct ar & cammand | AI
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Step 9. Compute the analysis

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =l&ix]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l

@ Analysis Manager =10l x|} @
e _

T" w4 Links Manager 2 — & - E‘

- &

- ‘1\. Finite Element Model o

o Preview

@ oK I IﬂlCaru:nE!II

|
T'%E Modes and Elements
e \T'ﬁ Properties. 1

Show the Deformed

- otafic Case

@,
@v
]
¥
Mesh. | ;;
o~ =] Restraints. 1 —
Steps: ) ' ®
1. Select the compute M= ciamp.1 ?.
2. Compute All, select B Moment.1 v @y
OK. =
7~ &% static Case Solution. 1 3 « &
3. Note the resources \ -
estimation, select Yes. & Deformed Mesh 4
X %

\

4. Note all images are =R Senzors. 1
available. 5 Qe+001 5 of CPU 4
. ﬂ Erergy 1.5e+004 kilo-bytes of memary
5. Activate the 6.07e+004 kilo-bytes of disk
Deformed Mesh Inkel MEL(C) Library found: InteliR) MEL ¥S.1.0
image.
Do o wank bo continue the computation?
Animate to visualize - ,/i\,
behavior. Baibioon nBL umenqdsP08E 58 % dovmre o oLy
/d{act or a command | E

\\
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Step 10. Visualize the analysis results

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Yor Mises Stresst (nodal value) g
s s —
T"w’} Links Manager 7.28e+004 %
= &\ Firite Elernent Model I 6.55e+004 4
| 5.83e+004 &
T" Bk Nodes and Elements s 1er004 BN
=] 4
(¥ Properties. 1 4.37e+004
_ 164e+004  fm
"% =talic Case | IR
T‘@ Restraints. 1 2.18e+004
1.4Ee+00
()]
T'_@ e I 7.20e+003 &
L ﬁ% Static Case Solution. 1 2.77e-008 @
On Boundary 4
KVisuaIize the assembled\ Ple Deformed Mesh &
Von Mises stress image =l vvon Mises Stress (nodal value)
and Maximum Eﬁ Y
- Extrema
Extremas. C 1o/ &
Steps: Global Maximum, 1 & Bl
=leps: o Global &v
1. Select the Von Mises *’_@ Sensors. 1 3 —> Minirnurn extrerna ak mosk | g ?
Icon. Maxirmur extrema at mosk| 2 2 1
[ Local
|2' Seleg[ ?n the .SearCh Minirmur extrema at mosk | o *
e Mazxirurn exktrema at mosk| 2
3. Select Global and & Corcel | E
request 2 maximum == - i\,
extrema at most, select |
— BaimaveR B8 9uBenaa s 886 '8L8 v/ dosmrn ¢ Woausr
k ’ jgct ar a command | E
MSC O\ SOFTWARE
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Step 10. Visualize the analysis results

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

=181

Visualize Section Cuts
of the assembled Von
Mises stress image.

Steps:

1. Select Cut Plane
Analysis Icon.

2. Use the compass to
locate the cutting plane
as shown.

3. Modify the cut plane
options to your liking,
select close.

@eview other areas.

Analysis Managear
gty Links Manager
e A Firite Element Model

T'@Z Modes and Elements

@ Propertdes. 1

- A Static Case

I @ Restraints. 1
@ Loads. 1
“‘ﬁ& Static Case Solution. 1
ri‘a Dreformed Mesh
= % Won Mises Stress (nodal walue)
"@ Extrema

Global Maximurm, 1

@ Sensars, 1

=181x]

[ wiew section only

[] shows cutting plane

3

PPe 8 852020 237 8d.

— 1 )/1

7Y

BaimiocR  H#nBA «uBeénQas0 0686 818 '3 osggld ¢

x

4’::,4 TIA P2
fsoiuvrions )
=1

ct or a command
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Step 10. Visualize the analysis results

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
. = : o , ‘&

vor Mises Stress (nodal walue) Global Maxdimum. 1: 72 N
- N

. ®

&y

[? Yon Mises Stress (nodal walue)

"%Extrema

Global Maximum, 1

/Focus on the

stress.

Steps

On.

this is the precise
Qesign stress.

assembled Von Mises
Maximum Extrema

1. Right click + Focus

Next we will verify the
estimated error to know

Yo Mises Stress (nodal value)

Lacked
psi
7.28e+004
5. 55e+004
5.83e+004
5, 1le+004
4,37e+004
J.ede+004

I 2.91e+004
2.18e+004
1.46e+004
I 7.2Be+003
2.77e-008

2N Boundary

PPe 8 852020 237 8d.

BaimtiocR B4 «wE5énQasm 0686 8.8 '8 ' dosgr

5 | & 4CATJA'P2

jféct or a command |
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Step 10. Visualize the analysis results

[#]CATIA ¥5 - [ws7seatPost.CATAnalysis] =laixi
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager _|O|x||
T'%\'} Links Manager 3 —p 2 clobal
="‘i\ Finite Element Model Minirum extrema ak mosk [ ;
T—%m Modes and Elements Mazxirurn extrema at mosk| 2 @'
T‘ﬁ Froperties. 1 [ Local o,
"A ) Minirurm extrema at most | o @v
= I Eﬂg&ﬁg Mazirmur extrema at mosk| 2 ;_
Vi ] \ T Restraints. 1 *
isualize the wr & Cancel | -
. T Sid Loads. 1 . 5
assembled Estimated | | _ _ v
Error image and T~ 8 static Case Soltion. 1 Estimated local error ‘®
Maximum Extremas. fle Deformed Mesh - 5
— ' &.5a-007 1
Steps: T Fla vor ses stres I 5.94e-007 :g'
. 7’& Estimated local 4 t 28e-007 Reat
1. Select the display [ ' &
. =& B - —
stress estimated % xrema 4626007 1
precision Icon. Global Maximum. 1 3.96e-007 * 7
3.3e-007
= 5 1 %
2. Select on the Search B senors 2.64e-007 6,
Image Extrema icon. 1.98¢-007 h L, B
1.32e-007 1
3. Select Global and £ Ee-000 =
. . e_
request 2 maximum 676031
extrema at most, select '
OK.
SIeE
If you do not see the 7 /1\,
Extrema symbol look in .
\ 1o show y BoibiacR B4 9umenqa s 8686 BLE @ dovpus ¢ AU
’ jaéct of & command | AI

~<
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Step 10. Visualize the analysis results

[]CATIA ¥5 - [wsbrearRack.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

i bl

|
I
Informations

i
T_i‘.ﬁ.{?} Lirks Manager
. A Firite Elerment Model

|
T"% Modes and Elements

CObject Mame @ Estimated local error

Display Cn all Elements Owver all the Maodel

& Properties.1
T:A ) Extrema Values
. =tafic Case Min : 1.67462-031 Bty
I_B . Mazx : 6,60403-007 Bty
Restraints, 1

- Precision Location @ Global
T' %] Loack.1 Estimated Precision ; 0.418719 Btu

- . . Straj :
/Find the Global % \ 4k stane case sobon.1 —» [Global Estimated Error Rate : 29,5527 % >

rﬁ Deformed Mesh

Error. Used materials
T"&a Yor Mises Stress (nod post, 1
StEQS: Makerial : Aluminiurn, 1

5‘& Estimated local ermor e

|
1. Select the ="%Extrema
Informations icon.

¥ield Strength @ 13775.559psi
lovwerClamp. 1

Material : Steel.1.1

Yield Strength : 36259, 445psi
upperClamp. 1

Material : Steel.1.1

Yield Strength : 36259.445ps]

Global Maximum. 1

2. Select Estimated & sersors.1
local error in the
features tree.

<@F&l<m|-ﬁi%f:gi%@l4‘5‘;’5‘42\*?[4@4@4@4%[4 l@l

3. Note the error %,

Close |

select close. -
It is important to note
that the estimated ?
maximum global error 1 )/1
is not near the critical L) ¥
Qlamping area. B piocR B4 9menQQsR066 BLE © #ovprnr ¢ Soauar
S —— I Al

~<
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Step 10. Visualize the analysis results

Box to determine
Local % Estimated
Error.

Steps:

1. Verify that the
Estimated Error image
is active, and select the
Adaptivity box Icon.

2. Locate and size the
adaptivity box as
shown.

3. Note the Local Error
45.7%.

Global error of 30%
and local error of 45%
IS unacceptable.
Recommend max of
20% and 10%
respectively.

Changing to a
Parabolic element type
mesh will yield the
precise values, but
computational time is
approx. 1 hour.

In the interest of time,
stay with linear

\.elements for this class. /

( Create an Adaptivity 18

FeamPDM  File  Edic  Wiew Insert  Tools  Window  Help ;IEIEI
.@ Analysis Manager AdaptiviiEEy =10l x| Estimated local error 1b
. i B v
T,—%}?e Links Manager Mame | Adaptivity Bowx, 1 & Ge-007
"""’_‘E-. Firite Element Madel Chijective Error () |5 I 5.94e-007 @ <«
| . . 5.28e-007 -
a=tal W a el oW Stakic Case Solukion. 1
T—% Modes and Elements ?_F 4.62e-007
&5 local Error (%) [44.576 D+ 3 3.96e-007
T_ Properties. 1 Select Extremum 3.3e-007
- _ I 2.64e-007
| 2tac Case @ ok | & cancel| 1.98e-007
T‘B Restraints. 1 I L3ze-007
&.62-008
1.67e-031

T" @ Loads. 1

""ﬁ% Static Case Solution. 1

51.-. Deformed Mesh
T_& Yo Mises Stress (nodal value)

"""E; Estimated local error <— 1a

-
“%Extrema

Elobal Maximum, 1

“@ Sensors. 1

""_@: Adaptivity Process

PPes' @ 84920 vV bdapl @

@ Adaptivity Convergence. 1
o @ Adaptivities, 1
@ Adaptivity Bow. 1

BaiEaoncR mnBd wmenaqQsd8B8E BB b doOSBEEE | o WAL

>

ck or & command | EI

'\
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Step 10. Visualize the analysis results

[]CATIA ¥5 - [wsbrearRack.CATAnalysis]

BT et

TeamPDM  Fle Edit  Yiew Insert  Tools  ‘window  Help

===
=131

/\/isualize the
assembled
Displacement image.

Steps:

1. Select the
Displacement Image
Icon.

2. Double click
Translational
displacement object in
the features tree to edit
image parameters.

3. Click on Average-Iso
in Visu tab to switch
Qisplay, select OK.

@ Analysis Manager
T"i*a.s}} Links Manager

¥ ‘5. Finite Element Model

\ ¥ ﬁ% Static Case Solution. 1

ol

Ceformed
1 L Display on Deformed Mesh

T‘ ik Properties. 1

riteria | Filters | Selections |

| |
T"@ Restraints. 1

Edition

T" @ Loads. 1

Iso/Fringe I

Syl I fis Syskem

@

(8] 4 I ﬂCanceII Help I

rila Deformed Meash
T"rfb Won Mises Stress (nodal value)

rfb Estimated local error

& Translational displacement magnitLide

"'@ Sensors. 1 T

. Adaptvity Process 2

Translational displacement magnituide

in
00766
0059
0013 *
0.0537
0.04e
0.0383
0.0307
0.023
0.0153
000785

PPl @l asos20 w37 pdoslole!l

v

0
On Boundary )/1\’

BaybiacR B4 9umenqa s 8686 BLE @ dovpun & fauar

-

/d{ect ar a command
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Step 10. Visualize the analysis results

il
n Skart  TeamPDM  File  Edit  Wiew Insert  Tools  Window  Help
@ Analysis Manager Image Extremum Editor 5b _ |EI|5| ‘&
. . g —
K/llsuallze the Von \ T"ﬁ&ﬁ}} Lirks Manager & <how Label [
Mises stress for the I—A Firite Elerment Model | Yon Mises Stress {nodal value) Global Maximum, 1: 56012.9 psi T@
post. | -
T"% Modes and Elements @,
Steps: g &
T" G Properties, 1 ’@'
1. Select the Von . _ =9
Mises icon (this e— i
deactivates the active T‘@ Restraints. 1 2.
image and actives Von £ | s 1 el
Mises). -
) l"'ﬁ’% Static Case Soluton, 1 2 ¢ ] ®
2. Double click Von Ly 3 Lefoie 53
Mises in the features Deformedest 4D gformed Mesh 2
tree to edit the image_ ¥ Yon Mises Stress (nodal value) \ Erfikenhe m; f?\b.
. 8 1 %
3. Select the Selections Extrema +— 4 _TFEE b U
OCTREE Tetrahedron Mesh.1 : post,
tab then OCTREE rj% Estimats ! OCTREE Tetrahedron Mesh, 2  lowerClamp, 1 l 1
Tetrahedron rfla @ Local Update QCTREE Tetrahedron Mesh. 3 @ upperclamp. 1 8
. c Translamor e oS e T T it Conkact Connection Mesh, 1
MESh.l.pOSt.l ObJeCt’ = Contact Connection Mesh. 2 & —> &
select OK. | Yirkual Bolt Connection Mesh, 1 Ba
% Von Mises Stress (nodal value) slider Connection Mesh, 1 )
i i . Slider Connection Mesh.2
_4. Right click Extrema & Extroma )
in features tree then Clamp. 1
select Local update. Global Maximum.1
. . X Q Focus On Edition
S. Rl_ght click Global ’7 Iso)Fringe I Syt I Axis Swskem
Maximum.1 then select oa
Focus on. Double click — @ ok | Scancel| Hep | i
to see the image !
thremumeditor. BEYPEncR B4 amensqQsd i EE ELE b / doseEre | ¢ WSauar
%ject or a command | AI
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Step 10. Visualize the analysis results

[#]CATIA ¥5 - [wsTseatPostASSY.CATAnalysis] ===l
n Skart  TeamPDM  File  Edit  Wiew Insert  Tools  Window  Help ;IEIEI
@ Anahysis Manager Image Extremum Editor 4b -0 %] .
i ™
T"i%m?} Links Mariager e g
‘S Finite Elament Model |'-.-'|:|n Mises Stress (nodal walue) Global Maximum. 1: 725822 psi T@%
I -
By ] @ o] o
Modes and Elements i W& Cancel o
T_ - L3
T" G Properties.1 &)
K/l_suahze the Von \_A Stafic Case -
Mises stress for the | »
o= . 24
lower Clamp T'_ RS EL S ]
. @ .,2-_1;
Steps: T_;J Loads.1 T e — SSTE et
. T~ %* Static Case Solution. 1
1. Double click Von * Eefinned 5.2
Mises in the features —& Dieformed Mesh W 1 d Display on Deformed Mesh @v
tree to edit the image. "'% won Mises Stress (nodal value) Wisu | Criteria | Filters (Selectinns) ;v
i n Al il
Ze SEIESH s SECElas & exrema «— 3 OCTREE Tetrahedron Mesh. 1 : post.1
tab then OCTREE i OCTREE Tetrahedron Mesh, 2 ¢ lowerClamp, 1 1
rj% Estimated loc -
Tetrahedron @ Local Update QCTREE Tetrahedron Mesh, 3 1 uppearClamp. 1 8
. & Translational Contact Connection Mesh. 1
Mesh.2.|owerCIamp.1 ranslational JEprECeTTer 0 gt T rontact Conneckion Mash, 2 L,
object, select OK. | Yirtual Bolt Connection Mesh, 1 Ba
% Von Mises Stress (nodal value) 2 slider Connection Mesh, 1 )
: i g - Slider Connection Mesh.2
3. Right click Extrema =1IE Exrema o]
in features tree then Clamp. 1
select Local update. Global Maximum.1
. i X Q Focus On Edition
4. Rl_ght click Global 4 ’7 IsofFringe | Svmbol | Awis Sustem
Maximum.1 then select a
Focus on. Double click e @ ok | Scacel| Heip |
to see the image ‘
thremum editor. gM @@@-"Q‘? J)(‘(X) @vﬂﬂg J%E@@@&Qév@v@ | vI\_u—“'. J-évj§® %t@&"& | %v
A«ﬁgject or a command | AI

PN
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Step 10. Visualize the analysis results

EEATIA ¥5 - [ws7seatPostASSY.CATAnalysis]

E7 atart

===
===

TeamPDM  File  Edit  Wiew Insert  Tools  Window  Help

K/isualize the Von
Mises stress for the
upper Clamp.

Steps:

1. Double click Von
Mises in the features
tree to edit the image.

2. Select the Selections
tab then OCTREE
Tetrahedron
Mesh.3:upperClamp.1
object, select OK.

3. Right click Extrema
in features tree then
select Local update.

4. Right click Global
Maximum.1 then select
Focus on. Double click
to see the image
thremum editor.

CAT509, Workshop 7, March 2002

§

T"i%ﬁ.é} Links Manager

=10l x|

Image Extremum Editor 4b

d Show Label
|'-.-'|:|n Mises Stress (nodal value) Global Maximum. 1: 41603.3 psi

Analysis Manager

4

‘5. Finite Elerment Model

1

W Cancel

L

4

.......

T" Lar Properties.l
+ Static C

T"@ Restraints. 1

T" @ Loads. 1

L *"% Static Case Solution. 1

4

4

4

1

e,
O I 8 Ry

NP s
wmammm_:«_

[y

Deformed
BB DR | o oo otomet e :
oL oy A Display on Deformed Mes
—My Deformed Mesh / 1 L 4 R LEE L B 4
Wisu Criteria Filkers (Selectiana
"'% won Mises Stress (nodal value) S | | it N
. e Tl e ||:'|" B
& Extrema «— 3 QCTREE Tetrahedron Mesh, 1 : post, 1
QCTREE Tetrahedron Mesh. 2 : lowerClamp, 1 o

QCTREE Tetrabedron Mesh. 3 | upperClamp, 1
ontact Connection Mesh, 1

Conkact Conneckion Mesh, 2

Wirtual Bolk Connection Mesh, 1

Slider Connection Mesh. 1

Slider Connection Mesh, 2

Mament, 1

Clamp.1

rj% Estimated log @ Lacal Update

I=plac e e 10T ich

rjla Translational

Fre @ 89020 »AY pdoapl | &

A4

|
% Yon Mises Stress (nodal value)

"% Extrema

Global Maximum.1

X Q Focus On

Axis Sysbem

Edition
(Isu,l'Fringe I Swmbol I

4a

@ oK I ' Cancel I Help I
-
Baymzoow nB4 umenQQs0066 868 dovpre o Soanar
A«ﬁgject or a command I AI
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Step 10. Visualize the analysis results

EEATIA ¥5 - [ws7seatPostASSY.CATAnalysis]

E7 atart

===
===

TeamPDM  File  Edit  Wiew Insert  Tools  Window  Help

T‘% Modes and Elements :
{'ﬁ Properties.1
/\/isualize the Von - A\ st care
Mises stress localized 1';-@ Restrants. 1 2a
at the clamp. T_@ Londe 1
—LSte S: ?f% Static Case Solution. 1 1 ;IEIEI

1. Verify the Von Mises
Stress image is active.
Then double click to
edit the image in the
features tree.

2. Select the Selections
tab, then the Clamp.1,
select OK.

3. Right click on Global
Maximum.1 then select
Local update to find
max stress on this
selection.

Also examine the
Qﬂoment.l.

CAT509, Workshop 7, March 2002

Analysis Manager

{

i
s Links Manager

T,—;

2 A Firite Element Model

_”b Deformed Mesi/

*& Yon Mises Stress (nodal value)
?@- Exirema

Global Maximurm. 1 3
@ Local Update
=_”b Estimated locarerrer

='@ Sensors. 1

Deforrmed
’: Display on Deformed Mesh v

Wisu | Criteria | Filkers | Selections |

all

QCTREE Tetrahedron Mesh.1 : post.1
QCTREE Tetrabhedron Mesh.2 : lowerClamp, 1
QCTREE Tetrabhedron Mesh.3 : upperclamp. 1
Conkack Connection Mesh, 1

Conkact Connection Mesh. 2

YWirkual Bolk Conneckion Mesh, 1

Slider Connection Mesh, 1

Slider Conneckion Mesh, 2

Mament, 1
Clamp, 1] €

_Eb Translational g

PPes' @ 84920 vV bdapl @

. Adaptivity Process

Edition
’7150,1'Fringe J Swmbol ] Bis Swskem

Wil Cancel J Help ]
-
BaynEncoR mB4 uFfena’s8EBE ' BLE /b / dossrs | o WAL
4¢6€ject or a command I AI
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Step 10. Visualize the analysis results

I
n Skart  TeamPDM  File  Edit  Wiew Insert  Tools  Window  Help ;IEIEI

JRI=TEY Lioixi| '

Analysis Manager ) . . RN

@; —Functions &vailable Entities

Lirks Manager misesmax B
T_ d dispraz Fastened Conneckion, 1 Y
. . . - o 2 »(|reaction Fastened Connection. 2 @v
Find the Reactions in ] UGS e o globalerror | @&
dispraaxangroup | 1] LI ]
the clamped area. T" % Modes and Elements | Reference Axis )

e W Cancel -~ =

Steps: T—;;{fjjf Properties. 1 |;‘fF'E | Global (giobal origing ¥ | | -
»
1. Right click the .
fSensor.l object in the i LAl Case @ ok | @cancel] | =7

+ - ,

Se:rt]légers tree + Create T_@ Restraints. 1 2
. Loads. 1 .

2. Select reaction. T_@ 1 21xl| ¢
4. Note you must re- =8l sersors. 1 ] bt o [EEEIEEEEN ), &,
compute to update this c ‘ﬂ Create Sensor a

o ner ——— o

sensor (it's fast). 4 el | orian | B,

E ﬂ Reaction -> Clamp. 1 Parameter | Value | s
e Pl -3, 728e-007IbFxin
5. Double click =%, Adaptivity Process My 1400lbfxin
Reaction-Clamp.1 in oa e #.736e-008bHdn

the features tree to
review the values.
Select the Moment tab,
verify that it equals the

Morm I 1400lbFin
Close |

induced moment,
Qelectclose. YPEoe R hBg wEenQQAsm0EE Bk dosBErG | AL
4¢6€ject or a command I AI

\\
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Step 10. Visualize the analysis results

-8l x]
E™ start_ TeamPDM  File  Edit  View Insert Tools  Window  Help == %]
i T - P
Find the Bolt Loads. ) @;Stp(::‘t D (ol REﬂttln Se . =] @
St md Xy plane [ IHmEtans F:::!::nljelf;l::::tinn 1 o
1. Right click the et vz plane ;r;;s;;rg:x 3 — Fastened l::-:nnnectin:nnE T@
Sensor.1 object in the w2 plare 2 | [reaction «—
features tree then e asis systems globalerror J | 2]
select Create Sensor. - oo system. 1 dispmaxongroup [Pt
2 Sel . ,; Construction_Axis System, 2 - Cancell 4 —> (TP |User j
. Select reaction. ot s e Name [Balt_fixis System.
3. In Reaction sensor T- PatBody T 3 cancel |
select Fastened T—-W Qpen body.1 S
Connection.2. ® auminum

-8 lowerClamp fowerClamp. 1)

4. Change Reference
Axis Type to User.

%

LpperClamp {upperClamp. 1)

Constraints

/|I§/

PP® @ BYot0 %57 508

Marme |Fastened Connection, 2

5. Select user Bolt_axis
System.3 in the

— Applicatons

ite Elerment Model

features tree, click OK. fxis | User
Modes and Elements
’ Mame | Bolt_#xis System,3
6. Re-compute to * Properties. 1 — ,
update newly created | static case FDrEE| moment | Origin |
sensors. 4] Restraints. 1 1 Parameter | Value |
-4 Loads. 1 Fi -276.94albf
i ) ' Fy 1.237Ibf
_ ~ 4 Static Cagd/sc e Fz -23,677IbF
7. Double click Sensors.1
Reaction-Fastened 8 e &l create Sensor Norm  [277.oellbr
Connection.2 in the & reaction > damp.1 |
i Z
features tree to reVIeW ﬂ Reaction -»= Fastened Connection. 2 / ‘ ﬁ
the Forces and : J - — o [ ] i
 Moments BaumrwoR oBswmesqasDiEE Bas v/ doverE | o (SALAR
) jétt of a command | AI

\
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Step 11. Frequency (Modal) analysis for the assembly

E7 atart

/Start by inserting a
new frequency
analysis with restraints.

Steps:

1. From the Insert
menu select
Frequency Case.

2. Select Restrains,
Masses and Hide
existing Analysis
Cases to define
frequency parameters.

3. Select reference to
use static case
restraints.

4. Select static
restraints from features

@ Masses.1

é‘%} Frequency Case Solution.1
*‘@ Sensors.2

;. Adaptivity Process

[%]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =]
TeanfOM Fie Edt vew |[ENSSSCSNN Tools  Window 3 4 ;Iilﬂ
@ ﬂnahrsis Manag Dhject —I—I' 0 ﬂ iﬁ
T—E%; Links Manag % itic _._"_ d Restrains: i) Mew ¥ Reference IRestraints.l Ev
3 Frequency Case |‘— a Masses: @ [ew O peference &,
% Finite Elem' f ELIEHiI‘lg Case / D Skatic Case Sﬂlutinn: @_
S ) e
*—% Nodes and Elements o Hide Existing Analysis Cases @'

@ OK & Cancel B

r - | S| |
24

T- Restraints.l <« 4 ()
5x

T‘ @ Loads.1 Q

. . §
T"ﬂ% Static Case Solution.1 a

| -
*—811 sensors.1 =]

P~ Frequency case 4
i | -
Restraints.1 G,

tree to specify
Kreference select OK.

CAT509, Workshop 7, March 2002
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Step 11. Frequency (Modal) analysis for the assembly

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Distributed Mas _|Ojx|| =
EZ; Links Manager N
chﬁ Mame | Distributed Mass. 1 R
"A Finite Element Model : - =
| ¢ Supports GRS @
% Nodes and Elements 3 1
Mass I Z00lb L
T‘iilééﬁ Properties.1
T- "= Static Case Z @ ok | @ cancel |
I—@i& Freguency Case /
I=1 Restraints.1 3
T Lg)_ Clamp.1
@ Masses.1 2
@ Distributed Mass.1 7

é@f Frequency Case Solution.1
*—éi_lj Sensors.?

#—0% Adaptivity Process

/Create mass
equipment.

Steps:

1. Select the mass
icon.

2. Select four inner

kmass, select OK.

faces as the supports.
3. Key in 200 Ib as the

~

B EEne R pEL nflésQa sl 8EE 8.8 b Fsspun

PRl @leassrelnayiygd

4&4 TIA P2
fsoiuvrions )

/éct or a command

CAT509, Workshop 7,

March 2002

WS7-40 MSb\SOFrw;}nE

&



Step 11. Frequency (Modal) analysis for the assembly

[#]CATIA ¥5 - [ws7seatPostASSY.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Frequency solution P2 _ O] x| @
T_EEB Links Manager —Murnber of modes L
"ﬂ Finite Element Model |5 E m é

—Method @'

T"% Modes and Elements
T‘mﬁ Properties.1

Static Case

I'—‘.-_ﬁ Frequency Case
'l'_@ Restraints.1

2" Clamp.1

/ \ "@ Masses.1
Specify solution ¥l Distributed Mass.1
parameters.
_ém' Frequency Case Solution.1
Steps:
*‘&ﬁj Sensors.2
1. Double click

Adaptivity Process
Frequency Case e

Solution.1 in the
features tree.

2. Key in 5 number of
modes. Select the
lanczos method, select
OK

3. Select the compute
icon and specify All,

—
\ () gauss
@ |anczos

—Dwnamic parameters

maximun iteration number {50

=

accuracy 0,001

=

1 & Cancel l

3

!
[
T

/

PRl @leassrelnayigd

[

o Preview

ﬂCancell )/1
¥

B EEneR pE4 nfésQALR86E EL8 % dosspwd &

4&4 TIA P2
fsoiuvrions )

QG'ECt O K " /éct of a command

CAT509, Workshop 7, March 2002

WS7-41

=T

MSC X SOFTWARE



Step 11. Frequency (Modal) analysis for the assembly

[#]CATIA ¥5 - [ws7seatPost.CATAnalysis]
EJ et TeawPDM  Fle  Edit  View Insert  Tools  window

@ Analysis Manager
S Links Manager

(&
Froperties, 1

| Finite Elemeant Model
\t%@ Mades and Elements
/\/isualize the results.

3. Click the i—@ Sensors, ?

Steps:
Al Frequency Case
1. Select the ﬂs
Displacement image ¥ Restrants 1
icon. L%,_ Clamp. 1
2. Double click == &7 Masses. 1
Translational &
displacement in the BEiLtetireel Esid,
features tree to edit 7-43F Frequency Case Solution. 1
image parameters.
gep & Translational displacement magnitude

=1
Help | 3a =181x]
Image Edition | _ Ol x| &
Deformed R
’: Display an Defofmed Mesh 3
: ] ‘v
__________________ | visu | Criteria | Filkers | Selections | &5
Mumber of modes | Frequency (Hz @,
— 3b || &
2 18,1157 £
3 47,781 -
4 104,561 2
5 117,411 };
Edition ©®
’7 Iso/Fringe J Swmnbol J Bis Swstem =
i/
@ Ok J & Cancel J Help J 1
- 7

2

Frequencies tab and
select mode numbers
to view each image.

To view displacement
at any calculated
mode, animate. @

Repeat with other

PEe @l &

T

A4

A,

BaybEaoncR nB48 vEmenQQ50606868 8L b/ doseage | § ausr

-

\ [nodes. forero s
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Step 12. Generate a report

/After activating each \
Image at least once,
generate a report.

Steps:

LR
EJ stat  TeamPDM  Flle  Edit  View Insert  Tools  Window  Help ===l
. '@
Conclusions: —
Maximum stress exceeds material yield. Select new material with yield values that ks
exceed the analyzed Von Mises extrema using the parabolic element results. Y
&7
Von Mises extrema Von Mises extrema @
Linear elements, 44.5% precision Parabolic elements, 9.8% precision i

Post 58.0 ksi 98.2 ksi 2}-
Lower Clamp 72.8 ksi 144 Ksi EA
Upper Clamp 41.6 ksi 101 ksi @
.
Q)
g

Reporting options =] | =

)
Qubput directary © | C;\ELFINI|seatPast el e 2 ]

Title: of the report : | SEAT POST ASSEMELY \ 4

Zhoose the analysis casels) — 3 (S
By

1. Select the Basic
Analysis Report icon.

2. Select an Output
directory.

3. Key in Title of the
report.

4. Choose both

analysis cases, select

- CK I ﬂCanceII

/

1

b

7y

A,

Baimaoow Bl vHenadasn B  BLE t dosped | o SanAr

>

w K- /éct o a command
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Step 12. Generate a report

& (- ELFINI'seatPost - O] x|
File Edit Miew Favorites Tools  Help ;1.'

G Back - \_.)l x le 7 ) Search - Folders v
1 | Address | C:\ELFINTIseatPost  SEAT POST ASSEMBLY - Microsoft Internet Explorer - [Working Offline]

Name = I Jize I T File Edit Wiew Favorites  Tools Help

@navigatinn.html 3KB H|— - = — =

@Dagel.html 4KB H \J Back - “_J - \ﬂ \ELI _ l\‘J 7 | Sgarch H;:(‘ Favarites @Me

&) pagez html 10KE H _ '

@page&html \7KE H Address @ | ELFIMI\seatPastnavigation, bl

2 » | SEATPOST ASSEMBLY
Freguency Case
MESH:
ﬁ?eport features \ ELELENT TYFE: Boundary Conditions
Stens: ELEMENT QUALITY: ATRUOCTURE Compatation
miatos. | FESTEAINT Computation
L your report does STREUCTURAL MIASE Computation
not automatically Static Case .
launch locate the .html Bt Coni MASS Computation
g g oo QL o1l 0115 .
files in your specified = _ Wame: hassdet4
output directory, then ST TR Seripeii o STIFFNESS Computation
double click AT Gz SINGULARITY Computation
navigation.htmi. LOAD Computation CONSTRAINT Computation
2. The text is “hot STIFFNESS Computation NUMEERING Computation
linked” to your report. FACTORIZED Computation
Selecting a topic, will .
FREQUENCY Computation

launch the report
specifically locating
your area of interest.

3. It may launch
Qninimized.

/
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Step 12. Generate a report

T) SLAT POST ASSEMBLY - Microsoft Intemet Explorer - [Working Offline] =10l x|
Flo E&t Vew Favokbes Took  Help | &
Q- O - [x] [F] (D] s rrmens G @) (2B P B |
addess [ AN seate ostipage L bk Bl [
SEAT POST ASSEMBLY
MIZSH:
2 static Case - Microsolt Intemet Explorer - [Working Offline] =10l x|
Flo E&t Vew Favokbes Took  Help | &
| Faity  Size Qua- O [x) (3] O] Dstr oo B @] - LB DB _
Wodes | 13152 Addess [ i1 JELFIsmotPostipoge2 hemled =] oo | s ®
[ Biemes [ 53232 =
ELEMENT TYPE: | ST B
BOUNDARY CORDITIONS |
oy st

SPIDER S06 { 0.95% )

TEA 52726 ( 99.05% )

ELEMENT QUALITY:
Critorion | Good | Poor | Bad Wi
Skewness | 51875 (%8 39% ) '343(1.51%3'3:001%)'05
. - - - - r ave - Microsoft Internet Explorer - [Working Offline] =10l x|
@] pore. Fio Edt View Favrtes Took  Help | a*
Quis - O+ 1 [3) (| PDswer Jorosan et €[ - LB - DB _
address [ Flecilic:JELF I oot PostIooge ). bl =l Bl s ®
FREQUENCY CASE |
BOUNDARY CONDITIONS
STRUCTURE COMi
@] pore.
)
Results by selecting
SEAT POST
ASSEMBLY, Static
Case and Frequency
Case in the
knavigation .html. ) STRUCTURE COMPUTATION
|&] Do |11 [ My Computer 4
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Step 13. Save the analysis document

[%]CATIA ¥5 - [rearRack.CATAnalysis]

EJ Stat  TeamPCM

(st

eps:

1. From File menu
select Save
Management.

3. Click Save As to
specify name and
Kpath, select OK.

2. Highlight document.

~

)

5O Edit Miew Insert  Tools

D Mew. . Chrl+h

Mews From. ..

[F Cpen... Chrl4-0

Close

Save Chrl+5

Save As...

Save Al

Save Management |

Save I

Modified w5 7seatPostASsY  CATANS ATLANTrainingdata Save iz, 3

Opened seatPost. CATARalysisResul SELFINIYseatPost -

Cpened seatPaosk, CATARalysisCampukations  CHELFIMIYseakPaost Propagate directary I

Modified ws7seatPOSTassy  CATProduck CACATIANTrainingdata Save Auto Reset I

Cpened ws7upperClamp, CATPart CACATIANTrainingdata

Opened vas FlowerClamp  CATPart CACATIANTrainingdata

Madified ws7posk, CATPark CACATIANTrainingdata Save Auto

Cpened Catalog. CATMaterial C:AProgram FilesiDassault SystemesiBOFinkel_alstartupimaterials

ol | |

0 Unsaved Filels) Left

-

[] Enable independent saves

& Cancel I
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Step 14. Precise Results

i Parabolic elements Name | Adaptivty Bax 1

I
Informations
Chijective Error (960 | 5

Object Mame : Estimated local error

it Wl o ol Skakic Case Salukion, 1

Eu:u:al Error (%) I q, 7583 ;
T ———

Select Extremum

Display On all Elements Cver all the Model

Extrema Yalues
Min: 1.60111e-036 Bty
Max : 1.3416e-007 Bru

@ Ok I iCanceI]

Precision Location ; Global
Estimated Precision : 0.0244247 Btu
Strain Eperoy 2 45008 Bk

Eztimated local arror

<@timated Error Rate : ?.D42® B
Lsed materials 1, 34e-007
posk. 1
Makerial : &luminium. 1 1.21e-007
Yield Strength ; 13778, 589psi 1.07a-007
lowerClarnp. 1 '
Material ; Skeel 1.1 9, 39e-005
Yield Strength ; 36259, 445psi
upperClamp. 1 g8.05=-005
Material : Steel.1.1
Yield Strength : 35259, 445psi .7 1e-005
5, 37e-008
4.02e-008
2.e8e-003

Close |

I 1.34e-008
1.6e-036

~
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Step 14. Precise Results

VO n M | Ses Wlth Yon Mises Stress (nodal value)

Parabolic elements psi
1.44de+005

1,3e+005
1.15e+005
1.01e+005
8.64e+004
7.28+004
I 5, 762+004
4.32e+004
2 58e+004
I 1.442+004
2.1e-010

On Boundary

\\
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Step 14. Precise Results

‘ Yon Mises Stress (nodal value)

Von Mises “Post” Extrema s

. . 9.82e+004
with Parabolic elements & B30 004

7.85e+004
G.87e+004
S.83%e+004
4.91e+004
3.93e+004
2.94e+004
1.96e+004
I 9.82e+003
2. 1e-010
2N Boundary

w\:ﬂ Mises Stress (nodal value) Global Maximum, 1; $8151.4 psi

=55 (nodal value) Global Maximum. 1 98151.4 psi I

A S o

\:::
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Step 14. Precise Results

Yo Mises Stress (nodal value)
Von Mises Stress (hodal value) Global Maximum, 1 143928 psi psi
1.44e+005
1.3e+005
1.152+005
1.01e+005
8.e5a+004
7.22e+004
I 5. 79e+004
4, 35e+004
2.92e+004
I 1.492+004
512
N Boundary

7y X
VO N M | ses “ |_ ower Cl am p n Yon Mises Stress (nodal value) Global Maximum, 1; 143928 psi

Extrema with Parabolic !"l "\
N

elements

\
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Step 14. Precise Results

Von Mises “Upper Clamp”
Extrema with Parabolic
elements

Yon Mises Stress (nodal value)
5]
1.01e+005
2.11e+004
g8.11e+004
F.le+004
&, le+004
5092+ 004

I 4.05e+0044
3.08e+004

2.07e+004
I 1.072+004
=)

29 Won Mises Stress (nodal value) Global Maximum, 1; 101174 psi

On Boundary ~
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WORKSHOP 8

RECTANGULAR SECTION
CANTILEVER BEAM
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||||||||||||||||||



CAT509, Workshop 8, March 2002 WS8-2 MSE\Sp_HmnE



WORKSHOP 8 - RECTANGULAR CANTILEVER BEAM

Problem Description
¢ Load case.

12 inches

Material: Heat Treated 4340 Steel 4000 Ibs
Young Modulus = 29.0e6 psi (2 ton)
Poisson Ratio = .266
Density =.284 Ib_in3
Yield Strength = 75000 psi

CAT509, Workshop 8, March 2002 WS8-3 MSC m§gfrmnf



WORKSHOP 8 - RECTANGULAR CANTILEVER BEAM

Problem Description
¢ Hand Calculations

+ Displacement: . s
p Moment of Inertia = f, = b d” _ linch- 2" inch

— 0.667 inch”
T 12

3 3.
Displacement = & = £ L 40001bs 12" inch = 0.11% 1nch

(3- 20 3.290% psi - 0.667 inch™

¢ Bending Stress

Bending Moment = i’l}i‘fy = FL =40001bs: 12 inch = 48000 in lbs

M i 5 , 5
Mazimum Bending Stress = g, = y Y _ 48000inlbs 10inch _ F2000 pa

I, 0.667 inch”

¢ Horizontal shear stress

Froay

fy'.ﬁ

Mamimum horizontal shear stress at the neutral ass = ¢ =

. _ 4000 1bs- 1.0 e
e e

= 3000 psi
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WORKSHOP 8 - RECTANGULAR CANTILEVER BEAM

Suggested Exercise Steps

1. Create a new CATIA analysis document (.CATAnNalysis).
2. Mesh globally with linear elements.

3. Apply a clamp restraint.

4. Apply a distributed force.

5. Compute the initial analysis.

6. Check global and local precision (animate deformation, adaptive
boxes and extremas).

7. Change mesh to parabolic.

8. Compute the precise analysis.
9. Visualize final results.

10. Save the analysis document.

\\
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Step 1. Create a new CATIA analysis document

[s]caTiavs

(‘Steps: I

1. Open the existing
ws8rectangularBeam.C
ATPart from the training
directory.

2. Apply steel material
properties to the part as
required.

- [wsBrectangularBeam.CATAnalysis] ;Iilﬂ
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help A{lﬂ
@ Analysis Manager 3 ®
4 o

"@3 Links Manager / :
-é Results - C:\ELFINI'cantilever'rectangular CATAnalysisResults / g:

-é Computations - > C\ELFINI'cantileverirectangular CATAnalysisComputations @:

*‘%} Link.1 -= C:HCATIA Training'data‘,ws8rectangularBeam .CATPart «— ] 2’;

r(v

"“IE Finite Element Model &
T‘% Nodes and Elements fi

¥ Properties.1 Q]

4

4 Material Property3D.1 <« 2 &

#A static case -

|9

et

3. Launch the
Generative Structural
Analysis workbench.

4. Specify the
Computations and
Results storage

A4

AL

Boumzocw nBL/ umeénQs088E b /BLE Fonpre ¢ auir

x

Q)cations as shown.

/éct ar a command | oy

\
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Step 2. Mesh globally with linear elements

5] x]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
| @ Analysis Manager OCTREE Tetr O]l x|| =

sy R

/" Define the global finite\T_"‘*@ Links Manager Global | Local | ks

element mesh '—ll‘_\. Finite Element Model 025 Y'Y
. (5 L2 1
RIS "% Nodes and Elements 2 i gv
. 00251 4
s 4 OCTREE Tetrahedron Mesh.1 : rectangularBeam 3 | >4 I - &8
1. Double Click the L Properties.1 \ —Elemer‘lt fype ;_
“OCTREE 1 @l
Tetrahedron 4 material Property3D.1 4 Y| =R = 2.
O Parabolic & 2
Mesh.1:Pedal” #-A static Case 7
representation in the @
features tree or the - 9@ K | Scancel| | 4
“Mesh” icon on the .
part. ¥
2. Specify the —
recommended rough %
Global Size = .25". g
3. Specify the .
recommended Sag = 1
10% of Global Size.
4. Specify element
type “Linear” (TE4,
means 4 corner nodes X/E
tetrahedron) and is y
good for a rough gypebiedr oms smenaasahBylic 58 govrnue o Sauar
Kana|y5|sl SeleCt OK' /éctoracommand TE4 TElO I AI

\
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Step 2. Mesh globally with linear elements

the mesh only

/Compute and visualize\

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] ;Iilﬂ

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l

@ Analysis Manager f}
Sk

T‘ﬁf@ Links Manager / 7 E 1

= 4\ Finite Element Model l - s,

= L

L o MNodes and E% Mesh Yisualization @'

4 OCTREE Tetrahedron Mesh.1 : rectangularBeam 8]

& Mesh <— 3 Z;

L} "/

¥-EF properties.1 N

#- A\ static case B

&4

.

4

Steps:

1. Select the compute
icon and compute
mesh only, select OK

2. Right click Finite
element Model in the
features tree then
select Mesh
Visualization.

3. Note the image that
get added to the
Qeatures tree.

=10l x|

L4

|Mesh iy <

@ K I i'Caru:eII

A

@l PRl

A4

B -
*

BayeaocR pnBs vmenQAL0068E68 v 8.8  dovpue | & fanar

x

/éct or a command
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Step 2. Mesh globally with linear elements

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]

EJ Gtart  TeamPDM  File  Edic [

Insert  Tools

-

Better visualize the

material rendering.

Steps:

1. From the menu
select View, Render
Style and Customize
View.

2. Click the Facet box,
select OK (this will turn
off the Materials
rendering).

3. This icon shows
your customized view
parameters.

4. The dynamic hidden

line removal image

shows only the outside
Kelements.

@ Analysis Manag
T‘ﬁfg Links Manager \
""‘\_\ Finite Element Model| 1

mesh by turning off th]

Render Style

Window

Help

|

Cuskormize Yiew

/V

& Mesh
L g Properties.1
#- A static case
A il
AFEE N AT
e A Gp i
g“"“ﬂ"ﬂ""‘%] [
RFS 4@4&4
SN ’*ﬂ”“ﬂﬂf”
S dal
SCal grysesl
R A7 SE
VA s /5N
USSR B N
RN = e

¥~ =3 MNodes and Elements
A OCTREE Tetrahedron Mesh.1 : rectangularBeam

4
v

[«

ol

4 Edges points &

< Shading s

a Outlines &

[ ] Hidden edges painks @v

[ ovnamic hidden line remasal g'

L] Materials — 1

o Facet 2;

O] Isoparamekrics ;}i:
@ Ok I W Cancel I é}

— <

2

EAVEN L
S 8
=70 |
e
‘ﬂ’ 3

/1ﬂﬂ Eaf
Bz

/o

N

W
AVAVAN

I
on

N/

A4

AL

/féct oF & Col

CAT509, Workshop 8, March 2002

/!
BaypaoscR nBa vmenQAL0 606868 % L8  Fovpue | & fcansr
mmand | AI
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Step 2. Mesh globally with linear elements

@ Analysis Manager
T‘ 25 Links Manager
""E Finite Element Model

L J Nodes and Elements
A OCTREE Tetrahedron Mesh.1 : rectan

& Mesh <+— 1
+-[F properties.1
#- A staric case
i
— Deformed
KBetter visualize by \ [ pisplay on Defarmed Mesh

shrinking the mesh Mesh | Selections |
elements. chrink
Steps: |;hrinkCn:|eFFicient =
1. Double click the 2 It
Mesh object in the
features tree. | Scancel|  Hep |
2. Slide the Shrink

Coefficient bar to .
0 90% HaynaocR B4 ufésQa P 0EE b BLE dospre | ¢ Sausr
K. 0 SeIeCt OK. /féctoracommand - o - ) | = AI

\\
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Step 3. Apply a clamp restraint

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager

MNodes and Elements

4 OCTREE Tetralfedron Mesh.1 : rectangularBeam

ﬁa Mesh

T—@ prop &) Image Activate/Defckivate

/ Steps: ‘Y%&ﬂﬂm
_ %) Restraints.1
1. Inactivate the Mesh .
image in the features Clamp.1
tree by right clicking —40] Loads.1 S
then select Image — &% Static Case Solution.1
activate/deactivate.

*’(ﬁj Sensors.1
2. Change your .
display mode to

Shading with Edges.

Mame |Clamp. 1
3. Select the Clamp supports [T

ace

Restraint |:
con. L2 o ok 173 Corcel|

4. Select the face at
the origin, select OK.

2

5. Note the Clamp
object added to the

By EE00R B4 9EdnQA260 6

Restrain

@3 Links Manager -
I‘li Finite Element Model 1 3 %&T Jj_',:r

©

7,

#

@

%

?)

7,

- f{ %
£ g
| ©

B

A4

#l

J"@,J,Igj§®%t@&?r&l% fSariarz

x

features tree.
K /éct of a command |

CAT509, Workshop 8, March 2002 WS8-11
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Step 3. Apply a clamp restraint

El AAAAAAA - [wsBrectangul larBeam.CATAnal lysis]

EJ et TeawPDM  Ele Edit View

Insett  Tools  Window  Help

"‘IE Finite Element Model

Examine the details of
what this clamp
feature is doing at the
nodes.

Steps:

1. Re-compute Mesh
only.

2. Display geometry
with the Dynamic
Hidden Line Removal
icon.

3. Activate the Mesh
image in the features
tree by right clicking
then select Image
activate/deactivate.

4. Right click the
Clamp.1 object in the
features tree then
select Restraint
Qisualization on mesh.

@ Analysis Manager
T—”’i’} Links Manager

E Mesh

HEF Prop () Image Activate/Defctivate

A Static Case

|
““E Restraints.1 4

{ Modes and Elements 3
4’ OCTREE Tetzatiedron Mesh.1 : rectangularBeam

i_g)- Clamp.1 % Reskraint vizualization on mesh

& Restraint symbol
_@ Loads.1
—3i% static Case Solution.1
*‘@ Sensors.1

[«

ol

(

<4

2

e [
= A
peunis il

NIRRT
ANV g =
M 3
oot e
“"AV};“\ | %
;;
Comput ol i
[Mesh only  <— —] 1 f
T
B

@ ok | & cancel |

T
BoumEocw nB4 vmeénAsPeEE B /BLE Fovpgs ¢ SauLr
/éct ar a command I AI
WS8-12 MSE\\SOFTWME
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Step 3. Apply a clamp restraint

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] ;Iilﬂ
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Analysis Manager Image Fem Editor —|Ol x| &
T |
T‘ﬁf@ Links Manager —Deformed [
"‘IB. Finite Element Model [ pisplay on Deformed Mesh ;
Nodes and Elements = ﬂ@: I:ED @v
4 OCTREE Tetrahedron M /)"q'" @v
[, Mesh < 1 _@hedmn Mesh.1 1 rectanqularBeann &
. = Clarnp. 1 1
& Properties.1 ™ .
i
i—A Static Case £
| _ 4
7= Restraints.1 & Cancel | Help | &
|, o |
'—@- Clamp.1 ®
{4 Restraint symbol £
_@ Loads.1 @-
—&% Static Case Solution.1 ¥4
%

“‘@ Sensors.1

ﬁurther examine the \

details of what this

at the nodes.

Steps:

1. Double click the
Mesh object in the
features tree.

2. Select the
Selections tab and

Gditor, select OK.

clamp feature is doing

Clamp.1 in the Fem

Symbol indicates clamped,
or all 6 degrees of freedom restricted.

B8 EEocR hBE nfésQALsReEE B ELE dospgd ¢

A

@l PRl

x

/éct or a command

CAT509, Workshop 8, March 2002
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Step 4. Apply a distributed force

c ve':t UIaamTAn] Tools  Window  Help ;IEIEI jﬁg
@ Analysis Manager 2 Eelomed @
e L QDisplay on Deformed Mesh T}
T‘f-se’} Links Manager \ mﬂctm@ :'
p— |
rﬂ Finite Element Model Al ) ]
| TREE Tetrahedron Mesh.1 : rectangularBeam -
Modes and Elements Clamp. 1 Ev
= Jii OCTREE Tetrahedron Mesh.1 : rectangularBeam ;_ |
& cancel | Hep |
/Steps: \ L Mesh - gv
1. Double click the T‘ﬁ Prope () Imagsigtivate/DeActivate -
Mesh object in the A _ ®
features tree. = i Static Case &4
; Q@
2. Select the r@ Restraints.1 . i
Selections tab and j a5
= %
“All” in the Fem Editor, 2’- Sl R /
select OK.. & Restraint symbol =
3. DeActivate the —@ Loads.1 { ) Image &ctivate/Dedctivate f
“Restraint symbol” and B
T R —&1¥ Static Case Solution.1 ol
]
the features tree by # 41 sensors.1 =l
right clicking then
select Image
activate/deactivate.
4. Display geometry
with the Dynamic ,/1\,«
Hidden Line Removal : _ | ~ — t Pr—— J j _
\_icon BairaveR  nBE4 uEesQAQsD 886 % BLE FosmEn & Hauar
: %ject ar a command I AI

\:::
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Step 4. Apply a distributed force

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

KSter: \
1. Select the Force

icon.

2. Select end face as
shown.

3. Enter -4000 Ibs in
the Z-direction, select

@ Analysis Manager

T‘EE; Links Manager

"‘IE\. Finite Element Model
Nodes and Elements

& OCTREE Tetrahedron Mesh.1 : rectangularBeam

rﬁ Mesh

E Properties.1

= Static Case

|
""dla Restraints.1
'_@' Clamp.1

"@ Loads.1

*‘@ Sensors.1

rﬁ Restraint symbol

% Distributed Force.1
—3% Static Case Solution.1

2

7

=

rame | Distributed Force, 1

Supports
—Axis Syskem
Type IGII:uI:uaI j

[ pisplay locally

—Farce Yeckar

Morm | 400016f

¥ | ol

¥ | 0l
3> | -4000Lf

@ OK l ﬂCancell

L

@

1

o

§1%1®4% @ l 4‘5;1'42\* % l 4@4@46:

A

@l PRl

A4

AL

4(:44 TIA P2
fsoiuvrions )

OK.
K jdgject ot & cormmand

CAT509, Workshop 8, March 2002
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Step 4. Apply a distributed force

what this Distributed
Force.1 feature is
doing at the nodes.

Steps:

1. Re-compute Mesh
only.

/Examine the details oh

==l
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager ‘&
_— .
T"’%’} Links Manager -
“‘I\_\. Finite Element Model é
T = Modes and Elements 3 gv
A OCTREE Tetpatiedron Mesh.1 : rectangularBeam &
& Mesh ;_
EF Prope () Image &ctivate/Delctivate 2
i,
ali Static Case 2
- ®
5‘@ Restraints.1 £
| . .
=4 Clamp.1 Q.
§
&. Restraint symbol %'

2. Display geometry
with the Wireframe
(NHR) icon.

3. Activate the Mesh
image in the features
tree by right clicking
then select Image
activate/deactivate.

4. Right click
Distributed Force.1
object in the features
tree then select

on mesh.

o

Restraint visualization

i‘@ Loads.1

*"Lﬁj Sensors.1

4

— 3% tatic Case Solution.1

?% Distributed Force.1 % Reskraint wizualization on mesh
& Point force vector

2

it

ol

T

T L5

IMesh Only 4 _‘:j

o oK J iCanceIJ

A

@l PRl

G-
*

A4

B EEocR pmhB4 n@ésQALs@0EE % ELE Jdosugd &

A,

4(:»4 TIA P2
fsoLuvrions )

ct or a command

)
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Step 4. Apply a distributed force

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]

Image Fem Editor 10 >
EJ et TeawPDM  Fle  Edit  View Insert  Tools  window del —I—I_I

/Further examine the \
details of what this
Distributed Force.1
feature is doing at the
nodes.

Steps:

1. Double click the
Mesh object in the
features tree.

2. Select the
Selections tab and
Distributed Force.1 in

@ Analysis Manager 2
H

T‘ﬁ’} Links Manager
"‘I\_\ Finite Element Model

—Deformed

\ [ pisplay on Defarmed Mesh

—
Mesh Selections

Modes and Elements
4 OCTREE Tetrahedron Mes!

etrahedron Mesh, 1 ; rectangularBeam

Diskributed Force, 1

[ Mesh <«— 1

T‘E Properties.1 .

@ Ok I ﬂCanceII Help I

= A static Case

L—@ Restraints.1
L’ @' Clamp.1
&. Restraint symbol
¥ @ Loads.1
L’% Distributed Force.1
B4 Point force vector

— &% Static Case Solution.1
*"Lﬁj Sensors.1

B EEocR B4 n@ésQAs@0E8E % BELE Jdovegd ¢

Point force vechor

It
a9

I a9
a9
089
g88.9
889

I 88,9
ge.8
oa.g

I g85.8
g8.0

§1%1®4%@l 4%‘;’5‘42\*?[4@4@4@4‘[4 l @’l

A

@l PRl

4&4 TIA P2
fsoiuvrions )

the Fem Editor, select

KOK. /

CAT509, Workshop 8, March 2002

ct or a command

WS8-17

=T

MSC X SOFTWARE



Step 5. Compute the initial analysis

c ve':t UIaamTAn] Tools  Window  Help ;IEIEI jﬁg
— Dief d g
@ Analysis Manager 2 B @
e L QDisplay on Deformed Mesh ‘
ra%s;g; Links Manager \ g
mectiuab —
"‘\_\. Finite Element Model - é,
| F'.||_) &
Nod dEl ts TREE Tetrahedron Mesh.1 : rectangularBeam =
odes and Elemen Clamp.1 @
1 A OCTREE Tetrahedron Mesh.1 : rectangularBeam &
LU & cancel | Hep | Z;
/Steps: \ T‘ﬁ Proper () e Activate/Dedctivate . ; -
1. Double click the = A static C _
Mesh object in the | B &
features tree. T~ % Restraints.1 &4
: Q
2. Select the =i Clamp.1 &
Selections tab and P Restraint symbol 3 a5
“All” in the Fem Editor
’ ¥ Loads.1
select OK.. @ oads |
_ ==5%> Distributed Force.1 &
3. DeActivate the
Bt Saiee il & Point () Image Activate/Dedctivate g
and the “Mesh” image — &% Static Case Solution.1 — 1
in the features tree by ) =l
right clicking then SRR
select Image
activate/deactivate.
4. Change your 4
display mode to \éj
Shading with Edges. : _ — _ J _
BaipaveR  nBE4 uEesQQsT686 % BLE Fosman & Sgauar

x

K %ject ar a command I AI

\:::
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Step 5. Compute the initial analysis

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] ;Iilﬂ
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =171xl
@ Analysis Manager B *
E% : 5 — [ - | N
T‘ Links Manager N
4]
= 4\ Finite Element Model . @
o Preview 8
*‘%3 Nodes and Elements o [BEX | @ cancel| e
= _ 1,
$-[2F Properties.1 #
I—A Static Case fi
_ _ i)
#~ =] Restraints. 1 5
/Stegs; \ h_@ LDadS.l
1. Select the Compute —%H. Static Case Se 1] =
ST I
2. Compute Al *’"ﬁj Sensors 35 of CPU =
Objects defined, select 1.42e+003 kilo-bytes of memary B + &
OK. 4, 42e+003 kilo-bytes of disk
3 Always be aware of Inkel MEL(C) Library found: InkelfR) MEL w5, 1.0
these values, select Do you warlk bo continue the computation?
Yes.
. Yes l Mo l J
o i BaipaveR  nBE4 9EesQAQsT686 % BLE Fosman & Sgauar
K /d{act ar a command I AI
\'
CAT509, Workshop 8, March 2002 WS8-19 MSC_ A\ SOFTWARE



Step 6. Check global and local precision

—[olx|
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilil
@ Analvsis Manager Estimated local error D@
£ Links M o L
T“ﬁ.‘?; in anager 2.610-006 :
“‘l'_\ Finite Element Model I 3.25¢-006 g
. 2.89e-006
%3 Nodes and Elements )
~ 2.53e-006 4
_E? PerEl'tiES. 1 F're_-:isiu:un Lu:u:at?u:u_n : Global 2 1 7e-008 ;_
Estimated Precision : 1.8258 Bty *
. Skrai 26 1.51e-00¢ 4
o A static Case Global Estimated Error Rate @ 18,3299 % 3
| 1.44e-006 *~
#~ =1 Restraints.1 1.08e-006 @
/\/isualize the ) T—@ Loads. 1 7.22e-007 ﬁg
computation error 3.61e-007 &
map. T ﬂa' Static Case Solution.1 3.48:-010 gy
Steps: B, Estimated local error 1
1. Select the g—-ﬁj Sensors.1 1] &
Precision icon. B,
Pa
2. Select on the L. Eﬂ.
information icon. &l
3. Select the
Estimated local error
object in the features 5
tree. Note the global 2 |
estimated error rate is ? x/ﬂy
good (recommend _ _
_max 20%). BoipzooR lumenqa s 6686 #8s /3 /88 @donprge | o sz
/éct or a command | =l

'\
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Step 6. Check global and local precision

=lolx|
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilil
@ Analysis Manager @
R —
T'"%‘; Links Manager L3
"“lﬁ Finite Element Model ;-
T‘%E Nodes and Elements @:
- ) A
= Properties.1 Estimated local error Global Maximum, 1; 3.6 10 1e-008 Bl —
I
I'-A Static Case \F 2.
| B2
= i ]
f \ T" Restraints.1 =
Find the global & ®
. Loads.1
element with the T_ﬁ' g
highest estimated "%la' Static Case Solution.1 :g-
error. - -iol q
=&, Estimated local error ExtremaiEtE Ol x| @
Steps: -
=280S. = E.-'i Extrema 3 ".G.lc'bal
1. Select the Search / Mlnlr.num extrema at moskt | T%
Image Extrema icon. Global Maximum.1 Maxirnur extrema ak most| 2 — 2 -
[ - Q Focus on [ Laocal P
2. S_eleCt GlObal and 2 lﬁj Sensors. 1 Minimurn extrema at moskt | g |
maximum extrema at Maximum extrema ak most) 2
most, select OK. "
. . @ oK Cancel
3. Right click the S 2 | BEE]
Global Maximum.1
object in the features N
tree then select Focus E X/E
o 4 : "
SRS EE0cR nTenQRQALTEEE MBS e ' BLE goSBEG | ¢ fSALAR
Select an ohject or a command | =l

\_
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Step 6. Check global and local precision

percentage (%).

Steps:

1. Select the adaptivity
box icon.

2. Select the “Select
Extremum” button then
Global Maximum.1 in
the features tree to
locate box.

3. Use the compass
and green dots to
locate and size box
around meshed areas.

fDetermine local error A Static Case

=181 x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager IR 1 f}

e ! adaptivity Box. 1
T"g;”; Links Manager ame | Adaptiity m; v Ev
o Cbjective Errar (%) |5 @ — @
"l Finite Element Model 4 Salution IStatic Case Solukion, 1 - @:
T" %}3} Nodes and Elements Local Error (%) [20,174 @
S @v
& Properties.] | Lo Seleck Exbremum. <« 2a ;-

& oK & Cancel
I I ance I ;{:v
T"@ Restraints.1 _
(]
T‘@ Loads.1 4
. . Q
"%la' Static Case Solution.1 oy
== E:, Estimated local error i%
= @ Extrema 2b f
Global Maximum.1 Pa,
- @ Sensors.1 =l
% Adaptivity Process
— @ Adaptivity Convergence.1 3
0 gy w \
"@ Adaptivities.1 \

4. Since local error is
above 10% try
changing the mesh
Qlement to Parabolic.

@, Adaptivity Box.1

By EE0e R aElénq Q506

4’::,4 TIA P2
fsoiuvrions )

B BLE SONBEREE &

x

object ar a command

CAT509, Workshop 8, March 2002
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Step 7. Change mesh to parabolic

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

¥ ‘5. Finite Element Maodel

@ Analysis Manager

T‘E‘E} Links Manager

Nodes and Elements /

t_@ OCTREE Tetrahedron Mesh. 1 @ rectangularBeam

H}; Mesh
T'ﬁ Properties. 1

"—@A Static Case

/ Redefine the global
finite element mesh

type.
Steps:

1. Double Click the
“OCTREE
Tetrahedron Mesh.1”
representation in the
features tree or the
“Mesh” icon centered
on the part.

2. Change element
type to Parabolic,
select OK.

I
{_@ Restraints. 1
\ F(@ Loads. 1

3]3 Stafic Case Solubon. 1
"H:. Estimated local error l ]

L&}m Extrema

*‘@ Sernsors. 1

Adaptivity Process
) @ Adaptivity Convergence, 1
@ Adaptivities. 1

@, Adaptivity Box, 1

BaipaweR @b QL0 E

OCTREE Tetrahe (=11

Global | Local |

Size |0.25
Sag |0.025n

—Elernent type
O Linear 4

B P BoR0 AT pdapls el

’W] S Caricel |
-

AL

Jf@;@éﬁgjbvj);k_Jﬁgﬁ@&?@ | &  fGAria Pz

/ét or a command
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Step 8. Compute the precise analysis

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] ;Iilﬂ
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =171xl
@ Analysis Manager (=1 @
. 2 — [ - | s
T"E% Links Manager P
- )
"‘.‘l Finite Element Model o
| 4 Preview @'
T‘%E Nodes and Elements (@ o ] @casl 9
- b
S
T‘@ Properties. 1 ,ﬁ'
-—A Static Case ®
I %
*"@ Restraints.1 @
4
*’_@ Loads.1 s
/ Steps: \ %B‘ |
[ Static Case Solution.1 —
1. Select the Compute - &
#~8] sensors.1 I -
2. Compute All . ]
. . 2e+002 5 of CPU @ <«
8:2]60118 defmed' select 1.38e+004 kila-bytes of menmary: - T
: 3 1.03e+005 kilo-bytes of disk
3. A|Ways be aware of Intel MEL(C) Library Found: Intel(R) MEL ¥5.1.0
L V3.|U€‘S, selee Do o wank ko conkinue the computation?
Yes.
Yes I Mo I J
\_Save often B 2200R mBE wHE3QAQAS0 6 B8 'dommre ¢ AL
) /d{act ot & cormmand | AI
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Step 8. Compute the precise analysis

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]

n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help

@ Analysis Manager
T"i} Links Manager
‘\_\ Finite Element Model

e T‘E? Properties.1
Check how much the 1_
r

global estimated erro A Static Case
has improved |
T‘@ Restraints.1

Steps:
1. Right click the T_@ Loads.1

Estimated local error
object in the features
tree then select Image
Activate/DeActivate to

activate the image. & Extrema

2. Select on the #—@ Sensors.1

information icon.

3. Select the
Estimated local error
object in the features
tree. Note the global
estimated error rate is
very good.

T‘% Nodes and Elements

ﬁlfi Static Case Solution.1
- Estimated local ermr/

1

{ ) Image Activate Dedctivate

=l x|

=l x|

Estimated local errar - @

Bt RN

2.5e-007

3

2, 25e-007 @'

2e-007 ey

1.75e-007 4

1.5e-007 2

1.25e-007 4,

I le-007 2

7.51e-008 @

5.01e-008 %%

05e-008 %

F°

2.26e-013 %'

Precision Location : Global %
Estimated Precision ; 0,008%9852 Bty k.
Skrain Epernw + 272213 Bt Py
Global Estirmated Error Rate @ 1.25436 %% 7

4

% Adaptivity Process 3
o
2 |
? X/Ey
B bzoecR arénaQsDiBE  mBs 3/ 8L8 dosmre | o WSALAX
/éct or a command | o
WS8-25 MSE\\SOFTWAHE
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Step 8. Compute the precise analysis

~

Check how much the
local estimated error
has improved.

Steps:

1. Right click Extrema
object in the features

tree then select Local
Update.

2. Double click the
Adaptivity Box.1 object
in the features tree.

SE
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager =10 ] bf}
T_%E} Links Manager Mame | Adaptivity Box. 1 s
‘;_\ Chjective Error (%) |5 @v
T I Finite Element Model o] Wafelgl Static Case Solukion, 1 gv
T‘% Nodes and Elements = |Local Errer (%) [2.9285 + 3 8
- Select Extremum 1
= Properties.1 P
2.
i‘—A Static Case = &
| -
#~I=] Restraints.1 ®
5
\ T‘@ Loads.1 @
§
i—ﬂlﬁ Static Case Solution.1 s
L Estimated local error 1 T%
m (9
T Extrema — Pa,
#-81) gensors.y (& Lecal Lpste o
ﬁ Adaptivity Process [
@ Adaptivity Convergence.1
n—‘i@ Adaptivities.1 L 2

3. Since local error is
below 10% we have a
kprecise model.

@ Adaptivity Box.1

BEiBE2ocR afeéaQQ 606

* CATIA P2
feoiorion:]

x

Aﬂébject or a command
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Step 9. Visualize final results

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] — Iﬂlﬂ

@dd the displacement\ "‘@ Sensors. 1 1
image.

4

#— adaptivity Process rd
Steps: HidejShaw |

1. Put the adaptivity box
into no show by right
clicking Adaptivity
Process in the features
tree then select

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Translational displacement wector @
n in In
% Links Manager Lo
0,122 —
¥ ‘lk_\ Firite Elernent Model I 0.11 &,
&y
T‘@z] Modes and Elements oA @'
0.0852 ~
T‘% Froperties. 1 0.0731 d
. 0.0609 :
oA stanc cace b
| 0.0487 2.
T‘B Restraints. 1 0.0365 2y
0.0244 -
@ Loads. 1 &
00122 %
ﬁ% Static Case Solution. 1 0 @'
i on Bound 1
Eb Estimated local errar founaary §
Eb Translatonal displacement vector =
&
(9
B
=

Hide/Show.
)/iy
2. Select the - - | PO | o | | & =ml o mn m? | 4c,qrm‘ Pz
displacement icon to %M @@@\—1%? %Eﬁ‘%’@@%%@v _ f(’f) ﬁvﬂ‘ég q@v -I\—‘>' @ﬁﬁ&&@ %v nmu;l
\ add this image. Vi | =
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Step 9. Visualize final results

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

ﬁind the element with \
maximum displacement.

Steps:

1. Select the search
image extrema icon
then select Global and
key in 2 Maximum
extrema at most.

2. Right click Global
Maximum.1 in the
features tree then select |

@ Analysis Manager

B34 EE0cR afénq Q50600

T‘%E Links Manager

7 A Finite Element Model

+‘% Nodes and Elements
= Properties.1

'—A Static Case

rarslatonal displacement vector Global Maximum. 1: ©.121914 in

+‘@ Restraints.1
T‘@ Loads.1
rﬁlﬁ Static Case Solution.1
T_rjl.-. Estimated local error

"% Translational displacement vector

Extrema Creaktion

A
1b

=& Extrema

2

Global Maximum.1 re

*‘@ Sensors.1 QEDEUS =

*‘”\i‘f?:u Adaptivity Process

=10l x|

d Global

Minirnun extrema ak most | o
Mairmurn extrema at mosk| =

[ Lacal

Minirmur extrema ak most | g
Maximumm extrema at mosk| 2

E FPPa Buo20 FA¥ popap s

1 & Cancel I

la

AL

L BE B e B FosBEE ¢ AALAR

x

tor & command
KFocus On. j
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Step 9. Visualize final results

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

ETEY
ETEY
@ Analysis Manager 0014 =V1=X '”
% -2,24e-005 =V2=Y
T‘w} Links Manager 0 1;1 =V3=2Z E
: &
7~ 4\ Finite Element Model L
I 3 @v
T‘% Nodes and Elements N P
= Properties.1 2’-
/Find X, Y, Z \ A _ a2
displacements for the =—al Static Case i,
element with maximum | @ ] ®
displacement. T_ Restraints.1 ob |1 %
< £ Loads 1 o
eps: oads. :
_ _ T_ﬁl Deformed y/4 §
1. Right click Global 4% Static Case Solution.1 L e o Bt Mesh// &
Maximum.1 in the _ — _ : P
features tree then select T_rj% Estimated local error 2a Yisu | Criteria @ers Selections I Ky
Hide/Show. | | dico) Position :  |rjnde =l B
L Translational displacement vector ; 1
2. Double click % ) g Compenent - fall -
Translational =& Extrema «—— 1 Larnina : L
displacement vector in —_—— | Sup-Mid-Inf : ::é =]
the features tree then Glob™=" Repeat v 7]
select the filters tab. —
o *‘@ Sensors.1 Edition —353 e
3. By positioning the s ’7 lsofFringe | Swmbal | Asxis System J
cursor on a *—: Adaptivity Process :
displacement symbol - S Cancel | _Heip_|
the component values .
POl B paocR a@mésqQaAst 6686 mBa !t BLE SosBRE | ¢ LA
show relative to the : - > > > - : - =

Qurrent Filter. /

\
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Step 9. Visualize final results

1. From the menu select #4) sensors.1
View, Render Style then [Adaptivity Process
Customize View.

Deformed
’: Display on Defarmed Mesh

Criteria | Filkers H ﬂL

4b

2. Click on the Materials
box so we can render
our image with solid
colors.

SYMBOL
TERT

(3] x|
K stort TeamPDM Fle Bt Insett  Tools  Window  Help Custom Yiew Mod 2| x|palx

- 3 | ‘&

;Palyms Manager Render Style 3 Edges paits a
T_WE} Links Manager \ / Cuskamize Wieww ‘ - Shadmg .
‘IE\. ghi;ite Element Model 1 d Outines @v
T‘ Modes and Elements 2 W) ook s =)}
= Properties.1 ] ovnamic hidden line remaval E‘
=—+ Static Case 3 iMaterials ~1

i) i

Restraints.1

/Change the \ T" estrain [ Facet 2
displacement image % Loads 1 [ tsoparametrics &

from symbols to Static Case Solution.1 —
A y S0 3 ic Case Solution 4a @ ok | @cancell @
verage- T‘ﬁa Estimated local error £,
Steps: #-f&, Translational displacement vector Image Edition _ 1Ol x| @v
4

g

(9
B
=l

3. Display customized
view parameters.

4. Double click
Translational
displacement vector in

the features tree then " — - )
=Y o N | & = = 5 aa | grLyg ! sl cill oY | ‘CAT!APZ
lect tf AVER/ GE‘)%]a‘c_;mi% e W@ wHPaRQ S - 6v f ﬁv 5 "@, ,I_. & I B %v mﬂ_

kISO in the Visu tab.

Editicn
(Isu,l'Fringe I Swmnbol I Ayis Syskem

- @ ot | @cancel|  Hep |
-

\\
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Step 9. Visualize final results

/ \ & Yon Mises Stress (nodal value)

Visualize Von Mises
stress field patterns.

Steps:

On Boundar
& @ Sensors.1 ¥

Adaptivity Process

.
4

4

=181 %]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =&l
Analysis Manager Yon Mises Stress (nodal value) g
T‘ £ Links Manager psi 4
"‘IE Finite Element Model 8.62¢+004 T@
T Te+004d 1
Bl Nodes and Elements £ 92es004 =)}
-~ HAe+

G Properties.1 @.
A &, 07e+004 &

- i Static Case 5 276+004 ;_
T-@ Restraints.1 4.30e+004 4,
T'@ Loads.1 I 3.53+004 %

ﬂlﬁ Static Case Solution.1 268e+004 @

T‘ M Estimated local error 1.83e+004 ﬁv

ﬁa Translational displacement magnitude I 2.842+003 §;

1.38e+003 %'

€

(W

B,

@,

1. Select the Stress
Von Mises icon.

This automatically
deactivates the
Translational
displacement image
and activates the Von
Mises image.

AL

B pa0cR amésqQaQsd 8686 mBa !t BLE SosBRe | ¢ aLAr

x

/{act or a command I EI

\\
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Step 9. Visualize final results

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] — Iﬂlﬂ
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =18 x|

@ Analysis Manager

T—%;‘f} Links Manager o iz =55 (nodal value) Global Maximum, 1 854276 pai

"‘5 Finite Element Model

T‘% Nodes and Elements
& Properties.1

-‘A Static Case

|
#— e Restraints .1

T‘@ Loads.1
-ﬁlﬁ Static Case Solution.1 -
=10l x

fFind the element with \ T_ril"' Estimated local error -
o global

maximum Von Mises T‘ril.-, Translational displacement magnitude " | winimum extrema at mast [

4“ l 4@ F &[ §1%1®4%@l 4‘5‘;’5‘42\*? l4@4@4@<®[<y l @l-

Stress. ] 1b Lp | Maxirurn extremna ak rmosk| 2
_ =Lty VYon Mises Stress (nodal value)
Stegs. _ [ Local
._%M Extrema Minimurn extrema at most [
1. Select the search 2 Maximumm extrema at mosk| 2

image extrema icon Global Maximum.1

then select Global and
key in 2 Maximum *‘@ Sensors.1 @&E”E”S on

extrema at most.

1 & Cancel I

< Adaptivity Process
2. Right click Global la X/E
Maximum.1 in the §
features tree thenselect @& i 2B 0 =12 laH e Q] & & @, B J foo BB_% J $o | B LS I Y A A & fcariap:
Focus On. jmmmnd : mﬂl

\_
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Step 9. Visualize final results

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] ;Iilﬂ
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
. 2b 3 e
@ Analysis Manager . |
i Ceformed Deformed N
T_*";)} Links MEIHEIQEI’ L Display on Deformed M/ L Display on Deformed Mesh =
: . &,
A Finite Element Model iters | Selections | visu | Criteria [ Filters | 7}
Position : INDdE [ 4 j e
. h’_% Nﬂdes and Elements DISCOMTINUOUS-ISO @'
Find exact recommend TEXT Component : =l
design stress. F—EF properties.1 Lamina : 1 [ Min-Max] -
5 Sup-Mid-Inf <)oy j 2.
m I‘_A Statlc CEISE Repeat g j ,,2."’"
1. Right click Global I - B L
Maximum.1 in the T— Restraints.1 ’7 teofFrings | Svmbal | éis System ’7Editinn f‘z
features tree then select g.a Isoffringe | Svmbol f  Ais System 3
Hide/Show. T_ﬁ' Loads.1 ] =& Cancel I Help I Q.
- @ ok | @cancel |  Hep | e
5. Double click Van '—ﬁlﬁ Static Case Solufion.1 -Z &
Mises Stress object in E
i &
the features tree. Note T_& Estimated local error B,
e F Translational displacement magnitude x| g
values averaged across RS -
elements. =L Von Mises Stress (nodal value) <« 2a |1s0contour =] 4
3. Also by selecting the i—%}g Extrema «— 1 4 P> 150 smaoth
Filters tab notice the — [ Display Element ‘Without Yalue
stress output is *‘@ Sensors.1 LTy :
calculated at the nodes. |. | 3 cancel|
_ . Adaptivity Process
4. Select Iso/Fringe and
select the ISO smooth ,/1\,
box to turn it off select gxﬁm@w‘,J%Eﬂ@@@%%gy"meﬁvﬂégj-w@vjvEJ@@%t@&?@J%v  cariar:

@ K tWICe o ct or a command I AI

\
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Step 9. Visualize final results

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis] — Iﬂlﬂ
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =18 x|

1

/Find exact recommend\ 2
design stress.

Steps:

1. By positioning the
cursor on a element the
stress values show 3
relative to the current
Filter (in this case at the
nodes).

B PPe B5o28 AT boop e

2. The maximum
extrema stress is
uninfluenced by poisson
effects yielding higher
than expected stresses

3. The design stress is
found at the

intermediate nodes of
the bottom elements. BaipaweR 'nHeésQAQA560.6,

Q9400 _ m ps| jt of a command
CAT509, Workshop 8, March 2002 WS8-34 s R
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Step 9. Visualize final results

BT et

ElEATIA ¥5 - [wsBrectangularBeam.CATAnalysis]
TearmPDM

File  Edit ‘Yiew Insert  Tools

LY Image Edition

/Find horizontal shear
stress.

Steps:

1. Select the Principal
Stress icon.

This automatically
deactivates the Von
Mises stress image and
activates the Principal
Stress image.

2. Double click Stress
principal tensor symbol
object in the features
tree.

3. Select the Criteria tab
and then select
MATRIX-COLUMN.

4. Select the Filters tab
and with the arrow
select the Col3
Component, select OK.

\_

CAT509, Workshop 8, March 2002

@ Analysis Manager
e
T—’ﬁ} Links Manager

T‘ ‘I\:. Finite Element Model

Deformed

[ Display on Deformed Mesh

/

visu ({ Criteria

Filte?/r Selections I

PRIMCIPAL-MALUE
AES-PRIMCIFAL-VALL
MATR.Ix-COLLIMMY

% MNodes and Elements
- Properties.1

-\ static case

|
T-@ Restraints.1

T‘ @ Loads.1

Edition
(ISD,I'FHI'II;IE I Syrbal I

Axis Svskem

rﬁlﬁ Static Case Solution.1

@ ok | @ cancel |

Help I

T_& Estimated local error .

rs‘E. Translational displacement magnitude

tﬁ.‘. Yon Mises Stress (nodal value)

& Stress full tensor symbol {column) <
L ﬁj Sensors.1

Adaptivity Process

B EEnecR ameésQQAL60 0686 i

tor & command

WS8-35

Image Edition

Deformed

[ Display on Deformed Mesh

Wisu | Criceria ((§

Posikion : INDdE j
Component © |5 ¥ j
Lamina : 1_E[Min-r'-“lax]

Sup-Mid-Inf : j
Repeat ; j

Edition
rISDIFringe I Symbal I Bis Svstem

1

L

asl; e

Fal B4od®! »AT 80

@ ok | @ cancel| Help | & 4CATIA‘P2
Al
MSC\.;\SOFTWAHE
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Step 9. Visualize final results

=181
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager ‘ @
S
T—’ﬁ} Links Manager 2 _’ L5
7~ 4 Finite Element Model el I " L S
| N RSP ey o S 2
T‘% Nodes and Elements Py
T‘@ Properties.1 %x \:f** T e e 4
=A static Case e g b=
T-@ Restraints.1 % o
e e B =
T‘@ Loads.1 % B e e B b e . ®
rﬁlﬁ Static Case Solution.1 931 _ %
—+ i
/Find horizontal shear \ T_E'i"' Estimated local error S mﬂ:‘ e > 556 - 5.
stress. rs‘E. Translational displacem - %
s & —_ = _~—D|:'=~ .
Hold the cursor on the Fl, Von Mises Stress (noda e, -3.248+003 — &
tensor symbols will 17.1 8
show the values. Hold B Stress full tensor symb s o —- .
. S :E: — =
select multiple values. e S 1
Adaptivity Process 1 =25, PO 00 3 = =
StEQSZ 212 . —_
—I=
1. Highest value should 3l L. T
occur at the neutral " e
axis. This model shows e =B — - .. " _
3290 psi K_F
2. Lowest value should _
Occurontheouter %M@@@Q?J%EEQ@G%%§EL@vmeﬁvﬁgjvaijﬁﬁﬁ@g@J%v 4&%
b or & cormmand | AI

Kedges. /

\
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Step 9. Visualize final results

Conclusions

o CATIA V5 GSA workbench is validated for a rectangular
cantilever beam scenario. To be conservative, increase
material strength to a minimum yield of 77000 psi for the
described load case.

Hand Calculations

.25” Parabolic Global Mesh, .025” sag

Global % Precision error NA 1.25 %

Local % Precision error NA 2.93 %

Error Estimate NA 2.5e-7 Btu global
Translational Displacement | -0.119 inch -0.121 inch (Z - direction)
Max Von Mises Stress 72000 psi 69400 - 76800 psi
Horizontal Shear Stress 3000 psi 3290 psi

CAT509, Workshop 8, March 2002
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Step 10. Save the analysis document

[%|CATIA ¥5 - [wsBrectangularBeam.CATAnalysis]

B Start  TeamPDM QS Edit  Wisw  Insert  Tools
D M, . Chrl+M

/Stegs: \ Meswt From, ..
1. Select Save [ZF Cpen... Chrl+0
Management from the 1 Close
File menu. . oy
2. Highlight document -
you want to save.
Save All

3. Select Save As to

specify name and 3
Kpath, select, OK. j 2
Save Management |
Skate Mame v Fath Action Save
wsSrectangularBeam. CATAnalysis CCATIANTraininghdata 5 Save As...

Cpened rectangular . ZATAnalysisResulks CAELFIMD cantilever - — I
Cpened rectangular CATARalysisComputations  CHELFIMD cantilever ropagate crectory
odified wedrectangularBeam. CATPark CACATIANTrainingldata Save fuko Resek I

0 Unsaved File(s) Left [] Enable independent saves

i & Cancel I
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ALL WORKSHOPS

List of Symbols and Definitions
¢ Greek letters.

¢ = Angular acceleration (radians/sec/sec); included angle of beam curvature (degrees); form factor.

¢ = Perpendicular deflection (in.), bending (b) or shear (s).

£ = Unit strain, elongation or contraction (in./in.)
g2 = Unit shear strain (in./in.).

¥ = Poisson’s ratio (aluminum = .346 usually, steel = .266 usually); unit shear force.
¢ = Unitangular twist (radians/linear inch); included angle; angle of rotation.

g =

= Normal stress, tensile or compressive (psi); strength (psi).
Bending stress (psi).
Cly = Yield strength (psi).

7 = Shear stress (psi); shear strength (psi).

8 = Angle of twist (radians; 1 radian = 57.3 degrees); angle of rotation (radians); slope of tapered beam; any specified angle.

CAT509, Workshop 8, March 2002 WS8-39
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ALL WORKSHOPS

CAT509, Workshop 8, March 2002

List of Symbols and Definitions

¢ Letters.

a = area of section where stress is desired or applied (in2)
b = width of section (in)

¢ = distance from neutral axis to extreme fiber (in)

d = depth of section (in)

e = eccentricity of applied load (in)

f = force per linear inch (in)

g = acceleration of gravity (386.4 inch/sec2)

h = height (in)

k = any specified constant or amplification factor

m = mass

n = distance of section’s neutral axis from ref axis (in)

p = internal pressure (psi)

r = radius (in); radius of gyration

t = thickness of section (in)

w = uniformly distributed load (lbs/linear inch)

y = distance of area’s center of gravity to neutral axis of
entire section (in)

WS8-40

A = area (in2); total area of cross-section
E = modulus of elasticity, tension (psi)
F = total force (Ibs); radial force (Ibs)

I = moment of inertia (in4)

J = polar moment of inertia (in4)

L = length of member (in)

M = bending moment (in-1bs)

P = concentrated load (Ibs)

Q = shear center

R = reaction (Ibs)

S = section modulus (in3) = I/c

T = torque or twisting moment (in-lbs
V = vertical shear load (Ibs)

W = total load (Ibs); weight (lbs)

C.G. = center of gravity

D.O.F = degrees of freedom
N.A. = neutral axis

MSC X SOFTWARE



WORKSHOP 8b
Z-SECTION CANTILEVER BEAM
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WORKSHOP 8b — Z-SECTION CANTILEVER BEAM

Problem Description

¢ Load case.

Material: Aluminum

Young Modulus = 10.15e6 psi
Shear Modulus = 3.77e6 psi
Poisson Ratio = .346

Density =.098 Ib_in3

Yield Strength = 13778 psi

CAT509, Workshop 8b, March 2002

1000 Ibs

WS8b-3
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WORKSHOP 8b — Z-SECTION CANTILEVER BEAM

Problem Description
¢ Bending and shear displacement

B D —((D-(2- 1Y% A) _ 0.5 1.0t = ({1.0in = (2.0 0.1im))*
12 12

] 3 ] H
P L 1000 Ibs' 6 inch - 0.288 iach

(3:B'D  (3.10.15¢° pui* 0.0246 inch )

' 04im) _ 0.0246 inch

Moment of Inertia = I, -

Bending Displacernent = § =

Shoar Displacement = 3 = AL _10001be Sinch — oo 01spinch  appyipy = 0.288in +0.0155m = 03041
(F2'4)  (3.774° pai 0.1 inch?)

¢ Bending stress

Bending Motment = M;J = FL = 10001bs 6inch = 6000 in lbs

MWamimuim Bending Stress = dyp = ? 7 = 6000 in Ibs * 0.5 inch =

7 — 122000 ps
Y 0.0244 inch

~
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WORKSHOP 8b — Z-SECTION CANTILEVER BEAM

Suggested Exercise Steps

O OTEN R O R

7.
8.
9.

Create a new CATIA analysis document (.CATAnNalysis).
Mesh globally with linear elements.

Apply a clamp restraint.

Apply a distributed force.

Compute the initial analysis.

Check global and local precision (animate deformation, adaptive
boxes and extremas).

Change mesh to parabolic, possibly add local meshing.
Compute the precise analysis.
Visualize final results.

10. Save the analysis document.

CAT509, Workshop 8b, March 2002 WS8b-5

MSC X SOFTWARE



Step 1. Create a new CATIA analysis document

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis]

n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help

@ Analysis Manager
""EE} Links Manager

1. Open the existing
ws8bZsection.CATPart
from the training
directory.

2. Apply aluminum
material properties to
the part as required.

3. Launch the
Generative Structural
Analysis workbench.

4. Specify the
Computations and
Results storage
Q)cations as shown.

/Steps: I

"@ Zsection
...~ ¥y plane
... YZ plane

... Z¥ plane

"_ PartBody
I—@ Pad.1

|
&

_@ Open_body.1

— ®  Aluminium

"_ﬂ Finite Element Model
T‘gg MNodes and Elements
@ Properties.1

ﬁ—é& Static Case

T‘_J—' Axis Systems

w,i Sketch.1

A Material Property3D.1

-é Results - > C:\ELFINI',cantilever', Zsection CATAnalysisResults «

N '—ﬁi@ Link.1 -= C:ACATIA\Training\data'ws3bZsection . CATPart

4

v

-é Computations - > C:\ELFINI\cantilever' Zsection.CATAnalysisComputations

By pEocw ameésQQAL0 066 B4 b BLE dovmunr | §  WSALLR

4

4

gl

BLEFs Bod®! vAT B

4

L,

ect or a command

2l
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Step 2. Mesh globally with linear elements

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis] =] ]
EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help =18 x|

L

=3

Analysis Manager

T‘EE; Links Manager

"‘IE. Finite Element Model

T% MNodes and Elements

OCTREE Tetrahedron Mesh.1 : Zsection
. OCTREE Tetrahedron
@ Properties.1

@ . \T‘_A Static Case :
. Size IEI.?Sin 'Y
1. Double Click the e W Measure. .
“Mesh” icon on the :
part. —Element type — fddRange. .
. L @ Linear @
2. Right click in the o &
Global Size box and 3
select Measure.

OCTREE Tetrahedron - O] x|

Glabal | Local I

Size IEI.lin ||

3. Note measure
between is current,
select the two edges

L |

indicated. sag [0.07n <— Change to .01in

4. Click Yes, you do —Element tvpe

want to copy result of ] x4

this measure in this _ ) parabulic &

parameter_ $ Do wou wank bo copy the resulk of this measure in this parameter?®

5. Result, also edit the @ ok | @ cancel|

Sag, key in the 4 ’ Ves wo | = iy

recommended 10% of _ J — J peT—— J | )
ect or a command | o

CAT509, Workshop 8b, March 2002 WS8b-7 MSC \ SOFTWARE
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Step 3. Apply a clamp restraint

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis] =] ]
EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help =18 x|

@ Analysis Manager ;@'
T‘EE} Links Manager [
*“l\ Finite Element Model ;
T‘%z] Nodes and Elements @.
T‘ﬁ Properties.1 -
= static Case
! @ Restraints.1
Z" Clamp.1

_@ Loads.1

— 3% Static Case Solution 1
*‘éij Sensors.1

Supports | pgEEles

@ oK I llCancel]

FrolBsod®! A% b

fSter: \
1. Select the Clamp
Restraint
icon. J
2. Select the face at : _ | - | S —— = | B | CATIA P
\the origin, select OK. E wEEocR nmes’As086E KBS SLE Fossue | S
ct or a command | o

CAT509, Workshop 8b, March 2002 WS8b-8 MSC \ SOFTWARE
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Step 4. Apply a distributed force

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis] =] ]

EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help =18 x|

L

=3

@ Analysis Manager
@3 Links Manager

"“i Finite Element Model
IT‘ Nodes and Elements
T‘ﬁ Properties.1
= static Case

'I"L@ Resiraints.1

L a1
\ r@ Loads.1

4

g

gl

Mame | Diskributed Force, 1

Load only on the web =53 Distributed Force.1 supports [
Steps: —3i% static Case Solution.1 — Audis System

Tvpe IGIDI:uaI j
[ Cisplay locally

1. Select the Force *_Q_j Sensors.1

icon.

2. Select two edges as
shown.

—Farce Yeckar

BLEFs Bod® vAT B

. 100016F -
3. Enter -1000 Ibs in Morm |
the Z-direction, select % | olbF
oK ¥ [alf
B | -1000ikf < 3

If you try selecting the =1 & carcel
face the whole cross ; ancel |

Sselin il SiEet HBaypEocw umesaqsp8EE wBa v /BLE dovpre o SanL
causing Inaccurate

@ading on the flanges.

lect or a command | o

\:::
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Step 4. Apply a distributed force

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis] =] ]

n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help _Iﬂlﬂ
. 13

@ Analysis Manager &

T‘EE} Links Manager
"‘I\_\. Finite Element Model
T‘% Modes and Elements

T‘@ Properties.1
#ch static Case

|
r@ Restraints.1

Z" Clamp.1

. $ Surface Slider.1
Klt iS necessary to add\

a boundary condition 78] Loads 1
that forces all bending ég Distributed Force.1

N
ﬁl1$?&l §1%1®4%@|- QE‘Q%%L(@GQQQ(‘[<W|-

L?a(;c;cur In the x-z — &% Static Case Solution.1
' *"éij Sensors.1
Steps: SET
1. Select the Surface Mame | Surface Slider,1
Slider icon. Supports -

2. Select the face as @ ok | @cancel |

shown. i

Unsymmetrical

sections will deflect i

laterally without this ’

Surface Slider BN pEarR wu@esQQAsP0EE 6B a 2 SLE dovnue | ¢ Sanar
lect or a command | =l

Qestraint.

\'
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Step 5. Compute the initial analysis

RI=E

n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help _Iﬂlﬂ
13

@ Analysis Manager =12 x| »

€5 Links Manager o — [ | 3

"‘IE Finite Element Model &

]

T‘ Nodes and Elements
T‘@ Properties.1
=—@l Static Case

l"‘_@ Restraints.1
%— Clamp.1
$ Surface Slider .1
"@ Loads.1

@ Distributed Force.1

— 3% Static Case Solution.1

*‘éij Sensors.1

1. Select the Compute
icon.

2. Compute All
Objects defined, select
OK.

3. Always be aware of
these values, select

d Preview

-]

)8

@ Cancel |

Computation Resources Esk

Fra B%9od0 » A7 pa

L |

=10l x|

[
A
& |

4 5 of CPU

4

2.06e+003 kilo-bykes of menmary:

6. 22e+003 kilo-bykes of disk

Intel MEL(C) Library Found: Inkel{R) MEL ¥S. 1.0

Do o wank ko conkinue the computation?

Yes.
Mo | X/L
e ¥
S Baipzoew amésqQQiliEE mBS v /8L @dvupre | & Sanar
K ave often. Y s | =
MSC A S0
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Step 6. Check global and local precision

-
[$]CATIA ¥5 - [wsBbZsection.CATAnalysis] [ o [l S
EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help 1 =18 x|

=3

L

@ Analysis Manager
T—”’i’} Links Manager

4

=— 4 Finite Element Model ;.
T‘%g] MNodes and Elements g'
T‘@ Properties.1 @'
i—+ Static Case ;-
T—@ Restraints 1 i
T‘@ Loads.1 -
ﬂE Static Case Solution. 1 %
/Visualize the N\ T & Deformed Mesh 2.
Deformation and *‘ﬂj Sensors.1 §
animate. &
Steps: %
2] .
1. Select the = s
Deformation icon. : It
2. Select on the ARSI ’
Animate icon. B | Steps Mumber |10 - Front View
| Speed r M | /
Verify that you have
no deflection in the @ @ “2
y-direction by — 7 _ ) x/iy
animating the front .
J By pEocR ameénqQsl 86 MBS 6 /BLE dosare | ¢ Sanar

wlew /féct or a command I -

\\
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Step 6. Check global and local precision

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis] I =] 3]
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilil
@ Analysis Manager Estimated local error - g
T—ﬁ\:} Links Manager Eitl J
= - » : 3262008 —
-_‘\_\. Finite Element Model Precision Lacation : Global I é
Estimaked Precision : 0.687878 Etu 2.93a-008 1
T_% Nodes and Elements Styai i L
=5 _ Global Estimated Error Rate : 14,1439 % 26e-006 g
T Properties.1 2.286-006 &)
=—A|l Static Case 1.95e-0086 ;_
~=] Restraints.1 163006 &,
T_@ Loads.1 3 1.3e-006 ¥
s ~ 4% Static Case Solution.1 3776007 @
Visualize the & Deformed Mesh ©.51e-007 ?‘
computation error ) 3.26e-007 O
E. Estimated local error F
map. 6.96e-011 gl
*_@ Sensors.1 &
Steps: T%
1. Select the L
Precision icon. 1 Eil_r‘—!ﬂ.
2. Select on the &,
information icon.
3. Select the
Estimated local error
object in the features 5
tree. Note the global 2 |l
estimated error rate is ? x/ﬂy
good (recommend _
_max 20%). BoipzooR lumenqa s 0686 B8t/ BLE @donprge | o Az
/éct or a command | =l

~
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Step 6. Check global and local precision

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis] I =] 3]
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilil
@ Analysis Manager ;@
s

T—a@@.{} Links Manager \ \ b

: IS B
"“IZ\. Finite Element Model g N &

k &P

element with the
highest estimated
error.

Steps:

1. Select the Search
Image Extrema icon.

2. Select Global and 2
maximum extrema at
most, select OK.

3. Right click the
Global Maximum.1
object in the features
tree then select Focus

@n.

KFind the global \

T‘@g Modes and Elements
T‘ﬁ Properties.1

=A static Case

|
E Restraints.1

T‘ @ Loads.1

""'ﬂ Static Case Solution.1
ﬁ& Deformed Mesh

"% Estimated local error

"% Extrema

Global Maximum.1

*‘ﬂj Sensors.1

<~

Q Focus On

Extrema Creakion

=10l |

Estimated local error Global Maximum, 1; 3.25528e-006 Bl

o Global

Minimum extrema at most | g

Maximum extrema ak most| 2

[ Laocal

Minimurn extrema at moskt | g

Maximum extrema ak most) 2

@ K I ﬁCanceII

1P

=

4
ugéxfa@@%ﬂ%@@@@%@%&@vﬁ,@ B2 e BB @OISBEEE ¢ SSALAr

B FPra» BLoRX0! ¥ANT b

4

L

Select an ohject or a command

2l
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Step 6. Check global and local precision

o]
n Skart  TeamPDM  File Edit  View Insert Tools ‘Wndow  Help ;Iilﬂ
Adaptivity Box _ ol x| .
Analysis Manager 1
o Mame | Adaptivity Box, 1
i . v
w2 Links Manager i
Ohbjective Errar (%) |5 @ ——
A
| o H=T e ——————
| Finite Element Model 4 T Wt gl Static Case Solukion, 1 -

T‘ Bk Nodes and Elements ™~ Local Error (%) [21,458
T_@ Properties. 1 Select Extremun = 2a

f i“A . ] & Cancel I
Determine local error | _M =

percentage (%). T-@ Restraints.1

Steps: T‘@ Loads.1

1. Select the adaptivity 4% static Case Solution.1

box icon.

& Deformed Mesh

2 clleeting ke "‘% Estimated local error

Extremum” button then

ﬁl‘FF&l@‘%f@‘%@l 4‘%1‘4%—?{4@4@4@4@[4 l@

Global Maximum.1 in “%Extrema
the features tree to Global Maximum.1
locate box. @ %
*,_ v
3. Use the compass and Sensors.1 2h
green dots to locate and @ Adaptivity Process

size box around meshed @ Adaptivity Convergence..1

areas. @
; . = Adaptivities.1

4. Since local error is aptiviies

above 10% try changing @ Adaptivity Box.1 g

the mesh element to

PR LR R wHenQALP B EE Balt  BLE dosErE | ¢ WSALLR
44ﬁ/nhject o a command | =i |

Qarabolic.

\\
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Step 7. Change mesh to parabolic

RI=E
EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help =&l x|
@ Analysis Manager &
T‘Ea; Links Manager
"jll Finite Element Model 1

OCTREE Tetrahedron Mesh.1 : Zsection
T‘ﬁ Properties.1
=—g/A Static Case
IT‘L@ Restraints.1
Loads.1
1"53 Static Case Solution.1
*‘éﬂ_j Sensors.1l

Tgﬁ Nodes and EIemAe;tB/

B FrF» B80! AT 5dapl-|

/ \ *‘@ Adaptivity Process _ Ol x|
Redefine the global S—
finite element mesh G"3'35"' Local |
e Size IEI.lin
Steps: sag [0.01in
1. Double Click the et
“OCTREE D Linear d
Tetrahedron Mesh.1” 2 > [@Pparaboic
representation in the
features tree. @ ok | @ cancel |
-
2. Change element y
type to Parabolic, BaypE0eY w@menqQst 8606 #8485 BLE dossre & JSariarz

Qelect OK.

ct or a command | o
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Step 8. Compute the precise analysis

RI=E
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilll
@ Analysis Manager =18l x| ?
T—E%; Links Manager 2 — [ - | [
"‘IE Finite Element Model &
T‘% Nodes and Elements gv
T—ﬁ Properties.1 sy 8
. @ 0K @ Cancel | y
LA staric Case - | P
| 2
b= Restraints.1 ; 4
4] Loads.1 -
T‘*ﬁ% Static Case Solution. 1 ?@
*“ﬁj Sensors.1 @'
*‘@ Adaptivity Process *?\b .
(" Steps: R 1] -
teps: &
1. Select the Compute l é
i o
«
2. Compute All 2e-+002 5 of CPU o 5
ObJeCtS defined, select 1.662+004 kilo-bytes of memory
OK. 111005 Kio-bytes of disk
3 Always be aware of Inkel MEL(C) Library found: InteliR) MEL ¥S.1.0
these values, select Do o wank bo continue the computation?
Yes.
Yes Mo I xi
. v
\_Save often BEyp2ocR ubenqasn 886 B4 508 Fovpue o Sanae
’ //ject or a command | =l
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Step 8. Compute the precise analysis

[%]CATIA ¥5 - [wsBbZsection.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Anal}'sis Manager Estimated local error f}
T‘w} Links Manager 3.11e-007 ;
- 2. 79e-007 y
‘\_x Finite Element Model I © &7
| 2.48e-007 ©
T3 Nodes and Elements 2.17e-007 &)
1.86e-007 n
4 OCTREE Tetrahedron b i -
f \ 1.55e-007 P
Check hoyv much the o5 Properties.1 1.24e-007 B
global estimated error . 9.376-008 3
has improved F‘A Static C £ 716-008 ?@
Steps: | P _ 3,11e-008 @
. _ Restraints.1 3.998-014 -
1. Right click the e 4
Estimated local error T—@ Loads.1 &
object in the features f%
tree then select Image T %+ Static Case Solution.1 e
Activate/DeActivate to By
activate the image. M Deformed Mesh 1 1
2. Select on the - Estimated local error e 1
information icon. EE Extr { 3/ Image Activate/Defckivate ‘
¥xtrema
3. Select the Precision Location ¢ Global
Estimated local error *‘@ Sensors.1 3 Estimated Precision : 0,019525 Etu
object in the features Skrain Energy - 17 2517 _Bh - )
tree. Note the global % Adaptivit}‘ Process obal Estimated Error Rate : Z.S?SIE-D 2 > =
estimated error rate is 4 >)
very good. Baikzoew wEenaa s 088 #BE' e BLE JoNBEE & WALAX
/éct or a command | AI

'\
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Step 8. Compute the precise analysis

[%]CATIA ¥5 - [wsBbZsection.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Adaptivity Box I =] @
2 o
T—ﬁ'} Links Manager Mame | Adaptivity Box. 1
Obijective Error (%) |5

"‘ﬁ Finite Element Model

=t Wil gl Skatic Case Solukion, 1

I
Nodes and Eleme |Local Error (%) [5, 7693 + 3
Select Extremum

4 OCTREE Tetr. | J
@ oK W Cancel
T‘ ¥ properties.1 -

= static Case

@4@464‘ [4 l

1

4

L g

4

/ N g
Check how much the L_@ _ a1
local estimated error Restraints.1 g.
has improved. T_@ Loads 1 i
Steps:

¥ % Static Case Solution.1 &
1. Right click Extrema 8
object in the features ril.-. Deformed Mesh Pa,

tree then select Local

Update. e % Estimated local error | 1 El
2. Double click the “_% Extrema
Adaptivity Process Clobal M @ Lo Lipdate
object in the features obal Maximum.
tree. L @ Sensors.1 2
3. Since local error is o
below 10% we have a #_@ Adaptivity Process
Qrecise model. By Eaoac R amesqQa sl 8806  mBa b BLE JosERSE &
Aﬂébject or a command | AI

\\
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Step 9. Visualize final results

[%]CATIA ¥5 - [wsBbZsection.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager
T_%\:} Links Manager
"“\_\. Finite Element Model
T‘%g] MNodes and Elements
& Properties.1
A static case
@ Restraints.1

T_J'a Loads.1

rﬂ Static Case Solution.1
ri% Deformed Mesh

r;l.-, Estimated local error

E Translational displacement vector

0,308

0
N Boundary

*‘@ Sensors.1
/'Add the displacement\_wg

1

. ‘2 Adaptivity Proces!
image.

HideShow
Steps:

1. Put the adaptivity box
into no show by right
clicking Adaptivity
Process in the features
tree then select
Hide/Show.

2. Select the

Translational displacement vector

0.277
0.246
0.216
0.185
0.154 TR S |
0.123 Al il
0.0924
0.0616
0.0308

!H |'1*l "o ﬁ

A

B, HTI l '! ':u“ A T
4‘ l||11i .ﬁ:b ‘Mi ':. .
LﬂJhﬂ '-H' p o N

1

L

4
E PFPe Bro20! #2375 D

)/iy
4&4 TIA P2
fsoiuvrions )

tor & command

Qdd this image. /

CAT509, Workshop 8b, March 2002
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Step 9. Visualize final results

=131
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =181l
@ Analysis Manager Yo Mizes Stress (hodal value) &
T‘ﬁf@ Links Manager . X
‘1\‘ 1.51e+005 L
— .
| Finite Element Model 13684005 4.
T‘% Nodes and Elements 1.21e+005 7
EF properties.1 1.05e+003
=A static Case 9.04e+004
| 0 7.54e+004
T_ Resfraints.1 I &.03a+ 00
T—@ Loads.1 4.53e+004
3% Static Case Solution.1 3.02e+004

4 N

Visualize Von Mises
stress field patterns.

Steps:

1. Select the Stress
Von Mises icon.

This automatically
deactivates the
Translational
displacement image
and activates the Von
Mises image.

ri% Deformed Mesh

L ‘ﬁj Sensors.1

Adaptivity Process

By EE0cR uEénqQAs@ 8686 mBd 6 BLE dospBrEe o

ri% Estimated local error
& Translational displacement vector

& Yon Mises Stress (nodal value)

I 1.52e+004
151

N Boundary

E PFPe Bro20! #2375 D

NN
4

AL

4’::,4 TIA P2
fsoiuvrions )

/{Rt or a command
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i =1

MSC X SOFTWARE

SIMELATING RERLITY

WS8b-21



Step 9. Visualize final results

[%]CATIA ¥5 - [wsBbZsection.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

@ Analysis Manager
T‘@«E} Links Manager
"‘Il\. Finite Element Model

Gy Properties.1
= A static case
|
1 Restraints.1

{0

*"ﬂ Static Case Solution.1

T_@E Nodes and Elements  FAslill

then select Global and
key in 2 Maximum
extrema at most.

2. Right click Global
Maximum.1 in the

r;l.-, Deformed Mesh
ﬁa Estimated local error
. . ﬂa Translational displacement vector
fFlnd the element with \
maximum Von Mises "‘% Yon Mises Stress (nodal value)
Stress. "%Extrema 2
Steps: Global Maximum.1 e
1. Select the search ) sensors.1 & Foeus on
image extrema icon Adaptivity Process

Exttrema Creation _ O] x|

' Global

1b

/ Minimurm extrema ak most | o
Lp | Maxirurn extremna ak rmosk| 2

[ Lacal

Minirmur extrema ak most | g
Maximumm extrema at mosk| 2

B FPs Bx®20 ¥a7 paasl &l

1 & Cancel I

la

2l

features tree then select [@ & ¥ & @ 9 & 02 s
\FOCUS On jtoracommand

CAT509, Workshop 8b, March 2002
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Step 9. Visualize final results

[$|CATIA V5 - [wsBb2Zsection.CATAnalysis] == x]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help 2b =& x|
@ P i}l image Edition | 3 | e
e T Deformed Deformed T}

e Lin anager : 1

T_ & 49 ’7.1 Display on Deformed M/ ’il Display on Deformed Mesh =
. 7 §

‘IE. Finite Element Model ilkers | Selections I WisLl I Criteria @'

T‘%@ MNodes and Elements

/ \t'% Properties.1
Find exact recommend _
design stress. —al Static Case

TERT

DISCOMNTIMNUOUS-TSO

(Fitrs_}/Selections |
INu:ude ¥ j

Position :

Component ; j
Lamina : 1_E[Min-Max]
Sup-Mid-Inf Upper j
Repeat j

|
Steps: T‘@ Restraints.1

Edition
(Isu,l'Fringe I Swmbol I Axis Sysbem

1. Right click Extrema in T‘@ Loads.1
the features tree then . . .
¥ % Static Case Solutior -

W Cancel I Help I

Edition
lilsn,l'Fringe I Swmbol I Axis Syskem

/ @ oK I iCanceII Help

select Hide/Show.
2. Double click Von _rila Deformed Mesh
*_Ea Estimated local error

Mises Stress object in

the features tree. Note
you are looking at stress
values averaged across
elements.

_&. Translational

f%ﬁ% Extrema+—1] 1
*’_@ Sensors.1 HidejShow

3. Also by selecting the
Filters tab notice the

acement vector

"% Von Mises Stress {nodal value)

=
Image Iso Fringe E ed |
150 value
IzoZonkaur j
(1150 smoakh <— 4
[ Display Element Without Yalue

W Cancel I

stress output is

calculated at the nodes. . Adaptivity Process

4. Select Iso/Fringe and
select the 1ISO smooth
box to turn it off, select

B EEocR w@eés3QQ50 0686 B4 b/ BLE SosEgl ¢

x

E PFPe Bro20! #2375 D

2l

4’::,4 TIA P2
fsoiuvrions )

tor & command

OK twice.

" )
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Step 9. Visualize final results

5] x]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l

‘&

1 Iy

s,

&7

)

2 8

. A 3

Find exact recommend &
design stress. —
3 ®

Steps: 45

1. By positioning the g;

cursor on a element the %-
stress values show g
relative to the current g

Filter (in this case at the e

nodes). B

2. The maximum &

extrema stress is
uninfluenced by poisson
effects yielding higher
than expected stresses

3. The design stress is
found at the
intermediate nodes of PSL

the bottom elements. [ES LB E0 R  u@eé3AQL@ 066 mBE '3 BLE donpre o ausz

tor & command | o
\ 123000 - 134000 psi ) 2!
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Step 9. Visualize final results

Conclusions

¢ CATIA V5 GSA workbench is validated for a Z-section
cantilever beam scenario. To be conservative, increase
material strength to a minimum yield of 134000 psi for
the described load case.

Hand Calculations .1 inch Parabolic Global Mesh, .01 inch sag
Global % Precision error NA 2.38 %
Local % Precision error NA 5.77 %
Error Estimate NA 3.11e-7 Btu global
Translational Displacement -0.304 inch -0.308 inch (Z - direction)
Max Von Mises Stress 122000 psi 123000 - 134000 psi

P
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Step 10. Save the analysis document

[%|CATIA ¥5 - [wsBbZsection.CATAnalysis]

B ctart  TeawPDM Q[N Edit  Wiew Insert  Tools
D MNew,.. Chrl+R

/Ste S \ % Mew From. .,
_ = Open... Crl+o

1. From the file menu |

select Save 1 -

Management. Sea Ch4S

2. Highlight document Save AS...

you want to save. e ave Al

3. Select Save As to ave Man:

specify name and 3
Kpath, select, OK j 2

Save Managemenk ilil

Ackion Save
Modified kion. CATARnalysis CCATIANTraining!data S Save A, ..
Cpened Zsection, CATAnalysisResults COELFINIY cantilewver - — I
Cpenad Zsection, CATARalysisCompukations  CHELFIND cantilever ropagate directory
odified wsSbZsection. CATPart CHCATIANTraining!data Save Auko Reset I
0 Unsaved File(s) Left [] Enable independent saves
& Cancel I
-

o, 5
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WORKSHOP 9

STRESS CONCENTRATION FOR A
STEPPED FLAT TENSION BAR

CAT509, Workshop 9, March 2002 WS9-1 MSC \ SOFTWARE
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WORKSHOP 9 — STEPPED FLAT TENSION BAR

= Problem Description

¢ Load case. 10,000 Ibs

1.00
Z
£

o @6\

S -

"’ y
Material: Steel
Young Modulus = 29¢6 psi 1.50

Poisson Ratio = .266
Density =.284 Ib_in3
Yield Strength = 36259 psi

CAT509, Workshop 9, March 2002 WS9-3 MSC ,..§QETH5“E



WORKSHOP 9 — STEPPED FLAT TENSION BAR

Problem Description
& Approximate axial displacement

Awial Deformation = & = 10000 1bs - 3 inch

oo L ~ = 00083 inch
E'4 296 psi- 0.125 inch
+ Stress configuration factor and axial stress
: _ _ Tmax _F
stress Configuration Factor = X, = . O o = .
Hom
L 15mch _ ro_ 025mch _ _ :
7~ 10mm 1.5 3 0 inch 0.25 £, = 174 (BE. Petersen1%74 Figure 63)
Mazimum normal tensile stress = o, . = 0, . K = Uy o 174

t 0125 inch - 1.0 inch
0,0y = 80000 psi - 1.74 = 139200 psi

'\
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WORKSHOP 9 — STEPPED FLAT TENSION BAR

Suggested Exercise Steps

1. Create a new CATIA analysis document (.CATAnNalysis).
2. Mesh globally with parabolic elements.

3. Apply a clamp restraint.

4. Apply a pressure force.

5. Compute the initial analysis.

6. Check global and local precision (animate deformation, adaptive
boxes and extremas).

7. Change mesh size and add local meshing.
8. Compute the precise analysis.

9. Visualize final results.

10. Save the analysis document.

\\
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Step 1. Create a new CATIA analysis document

[]CATIA ¥5 - [ws9stepped.CATAnalysis]

BT et

TeamPDM  Fle Edit  Yiew Insert  Tools  ‘window  Help

@ Analysis Manager

"@3 Links Manager A

h Results - = C:\ELFINI'concentration'stepped CATAnalysisR esults |

1. Open the existing
ws9stepped.CATPart
from the training
directory.

2. Apply steel material
properties to the part as
required.

3. Launch the
Generative Structural
Analysis workbench.

4. Specify the
Computations and
Results storage
Q)cations as shown.

@tegs: \ T‘} Axis Systems

> "‘&9 Link.1 -= C:\CATIA\ Training'data'ws9stepped CATPart

'I‘“f@ ws9stepped
../ Xy plane
..~ ¥Z plane

.. Zx plane

-'_ PartBody
#-7) pad.1
— ¥ Steel

"'_4& Finite Element Model 2

T‘%gl Nodes and Elements
ﬁ Properties.1

4 Material Property3D.1
#-A Static Case

-é Computations - > C:\ELFINI\concentration'stepped.CATAnalysisComputations

G/QM EEEE] A : %)EH}Q}@@%%‘&"'// Jﬂ??@gﬂég | q@_g | -I\—‘>' J@ o = ol el o | %v 4&%

B EPaBao20 AT pDos ol ® l%%

AL

/éct or a command
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Step 2. Mesh globally with parabolic elements

[]CATIA ¥5 - [ws9stepped.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

an
b L

Analysis Manager

; EE; Links Manager

—5F Properties.1
' @ﬁ Static Case

OCTREE Tetrahedron

/StEQSZ

1. Double Click the
“Mesh” icon on the
part.

2. Key in 0.125in for

the Global Size and

0.013in for the Global

sag, change element

type to Parabolic,
Qelect OK.

N LA

; ‘E\. Finite Element Model

' QﬁNodes and Elements

é OCTREE Tetrahedron Mesh.1 : ws9stepped

1

Size IEI.125iI'|
Saq IEI.EIlSin

—Element bype

) Linear A

@ Parabolic <;L

@ 0K I iCanceIl

=101 %

(PP a Baox0 Fav pdasl s

AL

CAT509, Workshop 9, March 2002

yEzoeR anen’QsR066  mBs 't ' BLE F#ovprn s foanar
| oJ
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Step 3. Apply a clamp restraint

[]CATIA ¥5 - [ws9stepped.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager
EE} Links Manager
‘E\ Finite Element Model
52] Nodes and Elements
ﬁ Properties.1
A static Case
@ Restraints.1
l—%?- Clamp.1
@ Loads.1

2% Static Case Solution 1

éij Sensors.1

KSIEQSI

1. Select the Clamp
Restraint
icon.

2. Select the face as
shown, select OK.
\_

~

18y EE0c R nEHesQASmE,

@

7.

Supports | pYEEES i%
o ok | Scacel] | &

Ok Cancel E,

. B
AN

96 mBL ' BLE dovmre o SLausn
I

2
=)
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Step 4. Apply a pressure force

[]CATIA ¥5 - [ws9stepped.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

2

@ Analysis Manager
€5 Links Manager
*‘ﬂ Finite Element Model
+‘% Nodes and Elements

T‘@ Properties.1
=~ static Case 1
l‘@ Restraints.1 *
g" Clamp.1
"@ Loads.1

@ Distributed Force.1

Pressure M [a /b

Mame |F‘ressure.1

Supports

—&¥ static Case Solution.1
ﬁ_oad only on the web\ #-40 sensors.1

A
B ER BRo20 FAT po2oe o8

Steps:

=LePS. 3 —>  |Pressure | -80000psi
1. Select the Pressure —Optional Elerments
icon. [] pata Mapping

2. Select top face as
shown.

3. Enter -80000psi
(100001bs/0.125in2).
Pressure is always
normal to the surface

and negative directs _ _ J L J S F—— | J = ’ )
force outward1 Select E' 5 @ M @ @3@ Ij\uz’ %eﬂé’“@b% % @% ; 'v @i @ f)@ %Dﬁg 'b} /'I\_=>a @ $ rka?t @ g @ %' 4”

\() K J ct o a command | oy

CAT509, Workshop 9, March 2002 WS9-9 MSC \ SOFTWARE
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Step 5. Compute the initial analysis

[]CATIA ¥5 - [ws9stepped.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

@ Analysis Manager

T‘EE; Links Manager

'_‘l\. Finite Element Model

% Nodes and Elements
(i Properties.1

~1o| x|
2 — [ |

'—A Static Case
+-@ Restraints.1
@ Loads.1
4% Static Case Solution.1
*‘@ Sensors.1

G Preview

@ Ok 3 Cancel |

1. Select the Compute

B ECH Bro2@ ¥A¥ p2ae o &)

_laix
<

2. C':ompute. All 1e+001 5 of CPI hd

Objects defined, select 3.98e+003 kilo-bytes of memary

OK. 1.59e+004 kilo-bykes of disk

Intel MEL(C) Library Found: Inkel{R) MEL ¥S. 1.0

3. Always be aware of
these values, select

Do o wank ko conkinue the computation?

Yes. =
R
- e | ,/1\,«
\_Save often. ‘- LPE0cR wmenqAsREHE kBs v/ BLE Fospwe ¢ Aoz
eck or a command | o
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Step 6. Check global and local precision

[]CATIA ¥5 - [ws9stepped.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

@ Analysis Manager
T—"’i\:} Links Manager
"‘1\ Finite Element Model
T‘@g MNodes and Elements
T‘ﬁ Properties.1
=4 static case
+—@ Restraints.1
T‘@ Loads.1

K/isualize the
Deformation and
animate.

Steps:

1. Select the
Deformation icon.

2. Select on the
Animate icon.

x-direction by

Qide view.

Verify that you have
no deflection in the

animating the Right

& Deformed Mesh
*‘ﬂj Sensors.1l

Tﬂﬁ Static Case Solution.1

~

Animate Window

2%

7

- !
M| €| p1] » |

B |Steps MNumber |10

-

| Speed ; h

-

<=

RS

P I P Y
LT =T SR

i P e
[ P

s

ISO View

Right Side View

E‘F
?

T

BaypaveR afésqQsd 0606 B4/ v ELE dISEEE  ©

B PP 85020 43TV propl el

AL

4(:44 TIA P2
fsoiuvrions )

x

jjéct of & command
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Step 6. Check global and local precision

[]CATIA ¥5 - [ws9stepped.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

L

@

@ Analysis Manager
£ Links Manager Estimated local error

Bol

Precision Location @ Global [
Estimated Precision ; 0.00126126 Btu 2 23a-008

Skt
2.01e-005
1.78e-008

“‘_‘\i\. Finite Element Model
T‘% MNodes and Elements
T‘ & Properties.1

Global Estimated Error Rate : 126256 %

‘"ﬂi Slatic Case . 1.566-008

@ Restraints.1 1.3de-0035

T—@ Loads.1 3 1.12e-008

ﬁ Static Case Solution.1 I 8.92e-003

/\/isualize the \ FL, Deformed Mesh £.69e-009

computation error 4.462-003

E. Estimated local error
map. 2. 23e-009
L @ Sensors.1
Ster: 2.4ea-015
1. Select the

H
}
b
t

EL‘PF&lﬁ‘%‘Q‘%@I 4642%?[4@4@4@4@[4 l

Precision icon.

1

2. Select on the
information icon.

3. Select the
Estimated local error
object in the features

tree. Note the global 2 > B3
estimated error rate is 3 )/1
great (recommend ’
\_max 20%). /E%@@@M‘ 4 m e QLD 066  mBA B BLE SONBEEE i 4._._.2
Gt or a command | o

\\
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Step 6. Check global and local precision

[]CATIA ¥5 - [ws9stepped.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

~

KFind the global
element with the
highest estimated
error.

Steps:

1. Select the Search
Image Extrema icon.

2. Select Global and 2
maximum extrema at
most, select OK.

3. Right click the
Global Maximum.1
object in the features
tree then select Focus

@n.

@ Analysis Manager

T—”ig:’} Links Manager

“_‘l\. Finite Element Model
IT‘@B Nodes and Elements
T‘ﬁ Properties.1

= static case

|
E Restraints.1

T‘@ Loads.1

‘_'ﬂ Static Case Solution.1
ﬁ& Deformed Mesh

‘”% Estimated local error

‘_% Extrema

Global Maximum.1
*‘ﬁj Sensors.1

L

@

Extrema Creakio

<~

Q Focus On

o Global
Minirmur extrema at mosk | g

Mazximur extrema at mosk| 2

u‘gM@@@M‘J%Eﬂ@'@Q@a@,@, B

[ Local

Minirnurn extremna ak mosk | g

EL‘PF&lﬁ‘%‘Q‘%@I 4642%?[4@4@4@4@[4 l

1

Maximur extrema at mask| 2

- Ok ] iCanceIJ

& 1,

BLE fovBREG ¢  cariap:

1P

Select an object or a command

CAT509, Workshop 9, March 2002
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Step 6. Check global and local precision

[]CATIA ¥5 - [ws9stepped.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager

T—’%‘:} Links Manager

"ﬁ Finite Element Model
IT‘%&;} Nodes and Elements
T‘ﬁ Properties.1

= static Case
/Determine maximum +—@ Restraints.1

local error %.
T‘@ Loads.1

Steps:
sl "ﬂ Static Case Solutic
1. Select the adaptivity
B - & Deformed Mes.,

& .
2 Select the “Select % Estimated local error
Extremum” button then "%Extrema
Global Maximum.1 in Global Maxi :
the features tree to oba ,\ax'mum'
locate box. *’@ Sensors.1

2b

3. Use the compass and @ Adaptivity Process
green dots to locate and

=12 x|

=171xl
1 »
v

I
T

o o e o o
pEr S

g
r

3

Adaptivity Box

———

=10l x|

rame |.ﬁ.daptivity Bowx. 1

4 Solukion

Chijective Error (950 | 5

Skatic Case Solukion, 1

Local Errar {%4) |3,5|55

EL‘PF&lﬁ‘%‘Q‘%@I 4642%?[4@4@4@4@[4 l

1

CAT509, Workshop 9, March 2002

7 .
size box around meshed | Adaptivity Convergence.1 el ATETm 1+ 2a
areas. ==& Adaptivites.1 ot 8 cancel|
4. Local error is good, @ Adaptivity Box.1 i
well below the )
\ recommended 10%. B 2a0cR umeénaqQ T 0686 mBa b BLE dosERE | ¢  WSALAN
Aﬂébject ar a command I AI
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Step 6. Check global and local precision

[]CATIA ¥5 - [ws9stepped.CATAnalysis] 1= x|

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Adaptivity Box _ Ol x| "&
Analysis Manager 1
o Mame | Adaptivity Box.2
0 v
w2 Links Manager T
Objeckive Errar (%) |5 @ —
A
& . e —
| Finite Element Model 3 Salution &5 -

T‘%&;} Nodes and Elements
T‘ﬁ Properties.1
=A static case
|
T—@ Restraints.1
T‘@ Loads.1

"ﬂ Static Case Solution.1

Local Error {%%) |2, 1772

Select Exkremum

@ oK J IﬂCanceIJ

KDetermine local error % r;g, Deformed Mesh
at stress concentration & .
area. % Estimated local error
=
Steps: % Extrema

Global Maximum.1

EL‘PF&lﬁ‘%‘Q‘%@I 4642%?[4@4@4@4@[4 l

1. Select the adaptivity
bOX ICOﬂ t‘_@ Sensors.1

2. Use the compass @ Adaptivity Process
and green dots to locate

and size box around the

1

@ Adaptivity Convergence.1

notch area. 5—@ Adaptivities.1
3. Local error is good, @ Adaptivity Box.1
well below the I
krecommendele%. B irinec® w@leésQQ50 8686 B4 6 BLE SOoNBERE ¢ fEATIA P2
Aﬂébject ar a command I AI

'\
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Step 7. Change mesh size and add local meshing

e L =] el =
@ Analysis Manager Glnhall Lacal I ‘&
T—EE; Links Manager Size W [
74\ Finite Element Model la 1b Sag [0.006n ;

QﬁNOdes and Elements /

OCTREE Tetrahedron Mesh.1 : ;

—Element kype

(21 Linear gj

T‘ﬁ Properties.1 W parsbolic <}
-—‘# Static Case
/Globally change mesm T_@ S R ~ @ ok | @ cancel |
Size to Y2 the bar Loads.1 -

JRI=TEY

thickness and locally T‘éﬁ Static Case Solution 1
refine the mesh in the

stress concentration &) sensors. [ Iame [Local Mesh Size
areas. Adaptivity Process Supporks

Steps: Value [ 0.04in Sk
1 Double Click the a o | @cacall
OCTREE

@ FraslBrox®! »5¥ b o

T\ ool miesh sag SU[=TEY

Mame | Local Mesh Sag

Tetrahedron Mesh.1”
representation in the
features tree, change
Global mesh size as

Supporks

shown Yalue | 0.004in hame
2. Select the Local tab © ok | & cancel|
and add local mesh e —
size and sag as shown i
’ Baiezorw umenq’sa 066 wEs v B8 dovmee ¢ e
QeIeCt OK. /é/ct ot & cormmand — = = I = AI
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Step 8. Compute the precise analysis

[]CATIA ¥5 - [ws9stepped.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
_ o] x l
@ Analysis Manager x| f}
T‘@; Links Manager > & T ‘\ Ev
""‘IE Finite Element Model 2 3
T‘% MNodes and Elements
o I Previ
T_%’ Properties.1 e
-_A . : @ K I GCanceIl
|
=) Restraints.1
@ Loads.1

T‘*ﬁ% Static Case Solution.1
*“ﬁj Sensors.1

*‘@ Adaptivity Process

1. Select the Compute
icon.

2. Compute All
Objects defined, select
OK.

3. Always be aware of
these values, select
Yes.

Computation Resources EsEl

@ FraslBraor®! »5¥ b o

4

;IEIEI

4e+00z2 s of CPL

2,3e+004 kilo-bytes aof memary

1.63e+005 kilo-bytes of disk

Inkel MEL(C) Library found: InteliR) MEL ¥5,1.0

Do ol wank to continue the computation?

1 1

Save often.
K /d{act ar a command
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MSC X SOFTWARE

SIMELATING REALITY



Step 8. Compute the precise analysis

[]CATIA ¥5 - [ws9stepped.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager f}
i
T—w} Links Manager —
. &
‘\_\ Finite Element Model _ 7
| Estimated local error @
5’% Modes and Elements B @:
Fode-009
/ ~ 4 OCTREE Tetrahedron Mesh.1 : Zsection I £ 346000 5’;
. ) Ed
Check how much the } B . 3
“a B
global estimated error Properties.1 2538003 f‘
has improved. F‘A : 4.93e-003 g
SO, I Slafic Case 4.22¢-009 4
_ _ el Restraints.1 3.52¢-009 @
1. Right click the 28%-000 Ye
Estimated local error T—@ Loads.1 5 116-000 &
object in the features e f%
tree then select Image T %+ Static Case Solution.1 L4le009 o
Activate/DeActivate to I 7.04e-010 g
activate the image. M Deformed Mesh 1 3.41e-018 '
2. Select on the - Estimated local error +~ 1
information icon. E Extr { )/ Image Activate/Dedctivate
¥trema
3. Select the ool
: Precision Location @ Globa
E;.tlmfl.te?hloial ;error t_@ Sensors.1 3 Estimated Precision : 0,000287743 Btu
object in the features i ERergy——Sra56o2—Hh P
tree. Note the global % Adapnwt}t Process Global Estimated Errar Rate D.E@ 2 Ly | [z
estimated error rate is 1 ,/1\;
very good. Baikzoew wEenaa s 088 #BE' e BLE JoNBEE & WALAX
/éct or a command | AI

'\
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Step 8. Compute the precise analysis

: )

Check how much the
local estimated error
has improved.

Steps:
1. Right click Extrema

[]CATIA ¥5 - [ws9stepped.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager =10l x| b
T—ﬁ% Links MEIHEIQEI’ Marme I.ﬁ.daptivit';.f B, 2 -
Cbjective Errar (9] |5 @v

"‘ﬁ Finite Element Model ——- &y

| ol Wfalel Static Case Solukion, 1 @v

Nodes and Elements Local Error (%) [0.4722 &

Select Exkrernum < 3 1

ffi OCTREE Tefrahedron Mesh.1 : Zsection J G

. i Cancel 2

T‘E? Properties.1 s 1

Ir—+ Stati; Lase ®

. 2

#—= Restraints.1 Q.

e

T‘ %] Loads.1 a5

TF¥# Static Case Solution.1 &

(W

Fi Deformed Mesh Pa,

object in the features
tree then select Local
Update.

2. Double click the
Adaptivity Box.1 object
in the features tree.

3. Since local error is
below 10% we have a
Kprecise model.

*“@ Sensors.1

*“@ Adaptivity Process

B EEocR w@eésQQ20 0686 B4 b/ BLE SosEgld ¢

“% Estimated local error

=& Extrema
@ Local Update

1

Global Maximum.1

2

1

AL

4‘:4 TIA P2
fsoiuvrions )

x

Aﬂébject or a command
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Step 9. Visualize final results

==X
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =171xl
@ Analysis Manager Translational displacement wector ;
T—’g\;’} Links Manager " T}
000702 —
"“\_\. Finite Element Model
| 0.00632 &
T‘%g] Nodes and Elements 0.00581 =)}
5 - ' @
Properties.1 0.00491 P
-—+ Static Case 000421 ;_ |
i) Restraints.1 0.00351 »
r@ Loads 1 0.00251 T
¥ static Case Solution.1 il QR0 2L @
P\ Deformed Mesh f”aa# b ; I i CHE UL, B
Rl f 0000702 il
r;l.-, Estimated local error ':':’fE"r!.’-{i.i ?}.}I;} o &
E Translational displacement vector : W\'}F"’f %
b On Boundary -
L @ Sensors.1 1 ' &
/'Add the displacement \} ;. . e E
. ., Adaptivity Proces 2
image. 4 il -t
HideShow | b —
Steps: &

‘Iv:.t':lllt_:"' 3
g Ll y
iR
) Y,
h

1. Put the adaptivity box
into no show by right
clicking Adaptivity
Process in the features
tree then select
Hide/Show.

2. Select the Y_
displacementiconto EEYEEDCR umss’Q R 0606 KBS S ELE dospel o Fonas

.. t or a command | Al
Qdd this image. /
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Help

findow

Tools

Insert

Step 9. Visualize final results

Wiew

Edit

File

TearmPDM

[]CATIA ¥5 - [ws9stepped.CATAnalysis]

BT et

B eFYYE ol B
¥

e

L
&
&
<
&
r
24

1.25e+005
1.12e+005
9.7 7e+004
8.37e+004

£.95a+004
1.412+004

231

5.59a+004
N Boundary

1.3%2+005
4, 2e+004
2.81e+004

psi

Yo Mises Stress (hodal valueg) g

AR
i

A P
s e FT )

h‘ﬁjj‘j‘.“j‘j‘hﬁ-ﬂ-‘.ﬂa-l... ._.!Lll..l
A 0 W g g W W A
A R A NN A Bk AV e
NV ey e P s O 1 e Wy Y 2k oy N
i ol PN W i o W o TN Wy ST e VYl MV VS
AN g o o N o o 2 i
;1&&F1hﬂﬁﬂﬁﬁ§§%1 4“.-...1\“&%1
v AT
AT by ot e
Ty o
. A Tk
: PV VP g Ve o W 3 2 ot
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& Translational displacement vector
& Yon Mises Stress (nodal value)

ri% Estimated local error

@ Loads.1
L ‘ﬁj Sensors.1

ri% Deformed Mesh

@ Restraints.1

IT__
T_

% Nodes and Elements

& Properties.1

"ﬁj Static Case Solution.1
Adaptivity Process

=T
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x

MSC X SOFTWARE
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 BLE SdosBEREG ¢

o

o3 |

-

b

-

866 | fm®

A

LT
WS9-21

By BEaincR sadmeésq

o

Analysis Manager

¥
-

“+3 Links Manager

= A static case

IT_
T_
\

""‘1\. Finite Element Model

and activates the Von

Visualize Von Mises
stress field patterns.
Mises ima:

Steps:

1. Select the Stress

Von Mises icon.
This automatically
deactivates the
displacement image

Translational

-

/{Bct or a command

ge.
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Step 9. Visualize final results

[]CATIA ¥5 - [ws9stepped.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

@ Analysis Manager

T‘”’ih} Links Manager

"‘l\. Finite Element Model

IT‘@E MNodes and Elements
Gy Properties.1

= A static case

|
1 Restraints.1

/Find the element with "\ T'@ Loads.1

maximum Von Mises 3% Static Case Solution.1
Stress.

r;l.-, Deformed Mesh

Steps: ﬁa Estimated local error |
_lolx

' -
"‘% Yon Mises Stress (nodal value) | 4 Global

1. Select the search
image extrema icon
then select Global and

ﬂa Translational displacement vector

B FPs Bxo20 d4x7 paap el

i Minimurm extrema at mosk
key in 2 Maximum "%E){trema 2 Maximum extrema at maost
extrema at most. Global Maximum.1 4 o
2. Right click Global #~& sensors.1  (F Focus On Minimum extrema at mast

i i Maximum extrema at mosk
Maximum.1 in the Adaptivity Process
features tree then select
Focus On.

Since the local error %
in this area is .477% )
(virtually zero) thisisour B2 L 220 [am+nQ Q230686 B4 5 BLE dovere ¢  Foanar
\design stress. A =

I =i
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Step 9. Visualize final results

[]CATIA ¥5 - [ws9stepped.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 2 b ===l
@ ﬁtnalvsﬁ Manager J Image Edition I 3 _I

s Deformed Deformed
T_%f} Links Manager L Display on Deformed M/ L Display on Deformed Mesh

‘IE. Finite Element Model ilkers | Selections I Wisu I Criteria : |
Position : Maode [ 4 -
T_%‘g Nodes and Elements DISCOMNTINUOUS-ISO I J
14 . TERT Camponent -
/ \t‘& Properties.1 i A [
Find exact recommend _ Eat ! = L
design stress. B I Static Case Sup-MideInf :  fujpper =l
, Repeat : -
Steps: T‘E Restraints.1 B 4
. . . . . Editi
1. Right click Extrema in @ Loads.1 (ISDIF““'JE | ool ) i ssten il
Iso/Fringe I Swmbol I Axis Syskem
the features tree then
- w Cancel I Help I

% Static Case Solutior -

select Hide/Show.

=

/ @ ok | @ cancel| Help |

4“ l 4@ F &[ §1%1®4%@l ‘6‘2%?3 l4@4@4@<®[<y l Qfl-

2. Double click Von % Deformed Mesh 5 2%
Mises Stress object in +-T& Estimated local error 150 value
the features tree. Note E—— <]
you are looking at stress _&. Translational acement vector F e p—— 4
\éiﬂ;ejn?;/ eraged across "% Von Mises Stress (nodal value) (] Display Element Without Yalue

. — «— :
3. Also by selecting the 1 Extrema 1 | 9 cancel |

Filters tab notice the #—0) sensors 1 Hide/Show
stress output is :
calculated at the nodes. | Adaptivity Process

4. Select Iso/Fringe and X/L
select the ISO smooth v
box totumnitoff, select @Y EE0c R 9wHe3QAA52 0606 ' mB4 %  BLE FoSBEEG ¢  WALAZ

x

O K tWICE . tor & command | AI

\_ )

PN
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Step 9. Visualize final results

[]CATIA ¥5 - [ws9stepped.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Peak Stress

Visualize peak and g0 Remote Stress
remote stress to verify

the stress configuration
factor K.

Steps:

1. By positioning the
cursor on a element the
stress values show.

Peak stress/Remote
stress = Kt B0 o R s G Bk e BLE fONBEG ¢

1.39e5/7.99e4=1.74
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Step 9. Visualize final results

Conclusions

¢ CATIA V5 GSA workbench is validated for a stepped flat
tension bar with shoulder fillets scenario.

Hand Calculations .1 inch Parabolic Global Mesh, .01 inch sag
Global % Precision error NA 0.6 %
Local % Precision error NA 0.47 %
Error Estimate NA 7.04e-9 Btu global
Translational Displacement 0.0083 inch 0.00702 inch
Max Von Mises Stress 139200 psi 139407 psi

\_
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Step 10. Save the analysis document

"%|CATIA ¥5 - [ws9stepped.CATAnalysis]
B Start  TeamPDM  WSE[MM Edit  Wiew Insert  Tools

D New, .. Chrl4+h

/Stegs: \ Mew frorm, ..

1. Select Save [ open... B
Management from the 1 Clase
File menu. .

Save Zkrl+5
2. Highlight document -
you want to save.

Save Al

3. Select Save As to
specify name and

Kpath, select, OK j

Save Management

3

Skate Marne v Path Action
Modified ws9stepped, CATARAlsis CWCATIANTrainingtdata S

Opened stepped. CATARalysisResults CAELFINIY concentration
Opened stepped, CATARalvsis Compukations CAELFIMIcancentrakion
Modified ws9skepped, CATPart CACATIANTrainingdata Save Auto

0 Unsaved File(s) Left [] Enable independent saves

21x]
Save

Save As...

Propagake directory I
Reset I

& cancel I
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WORKSHOP 9b

TORSION OF A SHAFT WITH A
SHOULDER FILLET

CAT509, Workshop 9b, March 2002 WS9b-1 MSC \ SOFTWARE
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WORKSHOP 9b — SHOULDERED FILLET

Problem Description
¢ Load case: Assume only pure torsion

100 Ibs

100 Ibs

Z
5.00
A
. 25 25 =t
@ .75 b |
|| § < J

Material: Steel R .50

: R .63 .38
Young Modulus = 29e6 psi /Q ? 50 2
Modulus of Rigidity = 12e6 psi R .05 '
Poisson Ratio = .266 -— 5.75 N
Density =.284 Ib_in3
Yield Strength = 36259 psi

\
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WORKSHOP 9b — SHOULDERED FILLET

Hand calculations
¢ Maximum shear stress at the surface
_ 16 T= 16+ 15350 Ib4anch

0 314 063
K, =142 Fray = 27502 psi- 142 = 39053 psi

Mazimum Shear Stress = 7, = 7 . = 27302 pa

nom

& nom

¢ Maximum angle of twist

Angle of twist (radisns) = § = % Jm2 fm2 ;-‘-x“ - 2-3%-0.3?5'%“& = 0.031iach*

§ m 1350 %-inch'50linch _ 40107 ragians (1.04 degrass)
C.03" inch?+ 124 pi

~
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WORKSHOP 9b — SHOULDERED FILLET

Suggested Exercise Steps

1. Create a new CATIA analysis document (.CATAnNalysis).
2. Mesh globally with linear elements.

3. Apply a clamp restraint.

4. Apply a moment force.

5. Compute the initial analysis.

6. Check global and local precision (animate deformation, adaptive
boxes and extremas).

7. Change global and local mesh size.
8. Compute the precise analysis.

9. Visualize final results.

10. Save the analysis document.

\\
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Step 1. Create a new CATIA analysis document

[%]CATIA ¥5 - [wsabShaft.CATAnalysis] I =] 3]
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilll
@ Analysis Manager 3 . "B
EE} Links Manager / £ ‘\ Ts
-E Results - = C:\ELFINI\concentration'\shaft.CATAnalysisResults ‘ :
.E Computations - C:\ELFINI'concentration'shaft.CATAnalysisComputations @,
1 | > *-99 Link.1 -> C:\CATIA'\ Training'data'\ws9bShaft.CATPart E‘
"‘l\. Finite Element Model ;_ g
f \t‘ Nodes and Elements 2 &
Steps: _5 Properties.1 b -
1. Open the existing A Material Property3D.1 ()
ws9bShaft. CATPart £
from the training - static Case @
directory. i) Restraints.1 )
2. Apply steel material 4] Loads.1 i%
properties to the part as % Static Case Solution.1 %
required (remember E.
modulus of rigidity for #=4]) sensors.1 el
torsion).
3. Launch the
Generative Structural
Analysis workbench for
a Static Analysis.
4. Specify the
Computations and /1
Results storage )
Q)(;ationsasshown_ 5%@@@Q?J%BH“P@QQW@@v@,Ejfmﬁvﬂ‘:ﬁgjbvjvkJ§@@@E@J%v 4.%“.&1.‘.’3
ect or a command | =l
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Step 2. Mesh globally with linear elements

[$]CATIA V5 - [ws3bshaft.CATAnalysis] =]

EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help =18 x|

@ Analysis Manager

T‘@; Links Manager ‘\
=4\ Finite Element Model 1 i
L—% MNodes and Elements
4 OCTREE Tetrahedron Mesh.1 : shaft ‘;“Q\h
S—5F properties.1 S
4 Material Property3D.1
= static Case

@ Restraints.1

Q@ Loads.1

2% Static Case Solution 1
*‘éij Sensors.1

il
/ \ iElobal | Local |

B s B30 ¥A3Y bdoel -~ e

Stegs Size ID-IEEiI‘I
1. Double Click the 2 |» o [ooian
“Mesh” icon on the [ Sz Gt
part. *i Linear 4
. . () Parabalic <}
2. Key in 0.125in for
the Global Size and @ o | @caal
0.013in for the Global T~ — ,/Ey

sag, select OK. BaubEncR uPesQS@ 0606 mBA4 'Y BLE FovBEl |8 A

\ Jact or a command | =l
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Step 3. Apply a clamp restraint

[%]CATIA ¥5 - [wsabShaft.CATAnalysis] =] ]
EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help =18 x|

Analysis Manager

_io/x]
EE} Links Manager
A Finite Element Model Name | Clamp. 1 B
2 Supports SRR
52] Nodes and Elements 1

1 & Cancel I

ﬁ Properties.1

v
A static case % B
i) Restraints.1 =
Z" Clamp.1

@ Loads.1

2% Static Case Solution 1

éij Sensors.1

B FrelBixeod® vav noasl-lg!

(SIGQSI \

1. Select the Clamp
restraint icon.

2. Select the 4 faces X/E
as shown, select OK. "_
JgupBocw umeénqasD0EE mBs/ e 88 dovmrr |6 falLis

g }
ect or a command | =l
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Step 4. Apply a moment force

=lolx|
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilll
[ — oment B ’@
T_Ea? Links Manager Mame |Moment. 1 ‘\ (o3
=— 4\ Finite Element Model supparts T Py ;
"% Nodes and Elements [~ Axis System L
T Global hd

OCTREE Tetrahedron Mesh.1 : shaft WEI ...... e = J )
. [IDisplay Incally : 4.

-‘@ Properties.1 ;_

4 Material Property3D.1 *
-_mﬁ Static C —Moment Vector 1 _,2‘-):

_ Morm | 13S0Ibfin v _ -

—A=] Restraints.1 | @

b1 OlbFxin il §
==& Loads.1 @;« -
v > [T3500hin Q.

@ Moment.1 §
z |IIIII:-F:<in et

—21% Static Case Solution. 1 &

*“L‘ﬁj Sensors.1 @ ok | @ cancel| &)

5
o
2 a,

Load only one end.

Steps:

1. Select the Moment
icon.

2. Select four faces as
shown.

3. Enter 1350Ibfxin in
Qhe positive y-direction.

Baimaoacw wumenqasn0EE HBS e B8 Sovpur | FanLn

ect or a command

2l
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Step 5. Compute the initial analysis

=
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilil
@ Analysis Manager @
T‘@; Links Manager ‘\ (3
*_IIE Finite Element Model B '3
T‘@g} MNodes and Elements @-
e &
Z properties.1 8
e
= A static Case 5
T‘@ Restraints.1 *,;
. e
@ Loads.1 Y
4% static Case Solution.1 (2}
*‘@ Sensors.1 %
1 &
|
1o/ o
<+ [
4 5 of CPU E "
1.81e+003 kilo-bykes of memory
5.6e+003 kilo-bytes of disk
Inkel MEL(C) Library Found: Inkel(R) MEL ¥S.1.0
cave f D
ave first. _ _
Do you want ko conkinue the computation?
Mo I xi
Steps: =N i
1C All DS eE0cR nEesRL0006 684 B B8 dospre | ¢ Aanss
K ' OmpUte }ict_nracnmmand — - | =l
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Step 6. Check global and local precision

=1of x|
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilil
@ Analysis Manager ;@
T—”’i% Links Manager (o3
‘—‘1\ Finite Element Model m &
T‘%g] MNodes and Elements @-
Eee') @.
T‘@’ Properties.1 A
i—+ Static Case ;-
T—@ Restraints.1 ﬁ 4
T‘@ Loads.1 -
% Static Case Solution.1 @
8.
/ \ f%, Deformed Mesh 1 @
Visualize the 4] sensors.1 7 *’\»
Deformation and i%
animate. % — &
21 e
Steps: By
? -
1. Select the - i
Deformation icon. ARSI X
2. Select on the B | Steps Mumber |10 =
Animate icon. N I |
. @ 2
Verify that X/Q
deformation is what = ) y
you expect. B ez aienqQAsr 8686 B4 b BLE dgosBrEr | ¢ fSAuAr
/'éct or a command | =l

\
CAT509, Workshop 9b, March 2002 WS9b-11 MSC }_§gftmne



Step 6. Check global and local precision

/\/isualize the

map.

Steps:
1. Select the

3. Select the

Kmax 20%).

computation error

Precision icon.

2. Select on the
information icon.

Estimated local error
object in the features
tree. Note the global 2 >
estimated error rate is
not good (recommend

[S]CATIA ¥5 - [ws3bshaft.CATAnalysis] =lolx|
EJ st TeamPDM  Eie Edt View Insert Took Window Help =18 ]
@ Analysis Manager Estimated local error @
ﬁx’} Links Manager B I 4
r‘l\-\ Finite Element Model Frecision Location : Global 1.533e-006 :.
T_% Nodes and Elements Estlmated F‘recllsufun » 0.473102 Bty I 1, I8e-005 @-
T_E Properties.1 lobal Estimated Error Rate @ 36,755 % 1,2 2e-00E E_
1.07e-008 -

r+ Slatic Lase 9, 17e-007 ;-
=] Restraints.1 3 7 E4a-007 ot
T‘@ Loads.1 6.17e-007 ’j’.

4% static Case Solution.1 4.5%e-007 @
\ Fi Deformed Mesh 3.06e-007 Sv
& Estimated local error 1538007 o
*’_@ Sensors.1 2.94e-019 @

E:
P len

-l

w3

—

BoypEoeR afleénslQsR 0686  nBE/3 BLE dovpin

4

L

3 4::,4 TIA P2

/féct or a command |

=0

\\
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Step 6. Check global and local precision

[%]CATIA ¥5 - [wsabShaft.CATAnalysis] =] ]
EJ start  TeamPDM  Fle  Edit  Wiew Insert  Took  Window  Help =18 x|

@ Analysis Manager
T—”’i’} Links Manager

4

“_% Estimated local error

‘_% Extrema

/Find the global
element with the
highest estimated
error.

Steps:

element.
N

1. Select the Search
Image Extrema icon.

2. Focus On the worst 1P E é

\ Global Maximum.1
*‘_ﬁj Sensors.1 Q Facus On

4

— ‘Il\. Finite Element Model ¢,
T‘ @3 Modes and Elements g.
T‘ a Properties.1 iﬂ:
rali Static Case .

T-@ Restraints.1 ﬁ
T‘@ Loads.1 .
$—4¥ Static Case Solution.1 @
8.

r;% Deformed Mesh Q@

§;

&

&

k.,

™

4

4
._réXE%@@%?J%EE@@QQ&@v&E B2 e BLE @OISEBE | ¢ SSALAr

Select an object or a command | o

'\
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Step 6. Check global and local precision

[%]cATIA ¥5 - [wsabshaft.CATAnalysis] o =] ]

K] start

TeamPDM  Fle  Edit  Wew Insert  Tools  ‘Window  Help ;Iilil

/Determine maximum
local error %.

Steps:

1. Select the adaptivity
box icon.

2. Select the “Select
Extremum” button then
Global Maximum.1 in
the features tree to
locate box.

3. Use the compass and
green dots to locate and
size box around meshed
areas.

4. Local error is bad,
recommended 10%.

K Abject or a command | i=A | |

@ Analysis Manager

S

T"%’} Links Manager

¥ ‘IE Finite Element Model

T‘%@ Nodes and Elements
T‘ﬁ Properties.1
= Static Case

|

T—@ Restraints.1

T‘ @ Loads.1

‘_ﬂ Static Case Solution.1

& Deformed Mesh
"‘% Estimated local error

B Prs @000 YAY wdapl s le!l

badll %Extrema Adaptivity Box
Global Maximum.1 Mame | Adaptivity Box, 1
t—@ Sensors.1 \ Ohbjective Error (45 | 10
L . 4 Solution IStatic Case Solution, 1
@ Adaptivity Process 2b Nd
ou Local Errar [ | 46, 604
Q Adaptivity Convergence.1 | celect Exbremum «— 2a

‘_@ Adaptivities.1
@ Adaptivity Box.1

] ¥ Cancel J
= ¢

S EGY DE0 R wEeRQAASMEEE  6BE/Y BLE dosErE | o WSALAY

\\
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Step 6. Check global and local precision

[%]cATIA ¥5 - [wsabshaft.CATAnalysis]

n Skart  TeamPDM  Fle Edit  Yiew Insert  Tools  Window  Help

KDetermine local error %
at stress concentration
area.

Steps:

1. Select the adaptivity
box icon.

2. Use the compass
and green dots to locate
and size box around the
shoulder area.

3. Local error is just as
bad, recommended

@ Analysis Manager

S

T"%’} Links Manager

¥ ‘IE Finite Element Model

T‘%@ Nodes and Elements
T‘ﬁ Properties.1
= Static Case

|

T—@ Restraints.1

T‘ @ Loads.1

‘_ﬂ Static Case Solution.1

=& Extrema

*’ﬁj Sensors.1

@ Adaptivity Process

@ Adaptivity Convergence.1

‘_@ Adaptivities.1
@ Adaptivity Box.1

QO%.
Abject or a command

& Deformed Mesh
"‘% Estimated local error

Global Maximum.1 *

Adaptivity Box

=lol=|

Mame | Adaptivity Bosx. 1

B Prs @000 YAY wdapl s le!l

Objeckive Errar (%) | 10

i=tu Wt Static Case Solukion, 1

— [Local Errar (%) [ 35,512

Select Exkremum

@ oK J IﬂCanceIJ T}\j

CAT509, Workshop 9b, March 2002
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Step 7. Change global and local mesh size

[%]cATIA ¥5 - [wsabshaft.CATAnalysis] o =] ]
n Skart  TeamPDM  Fle Edit  Yiew Insert  Tools  Window  Help = | = Iil
=

SI=3
@ Analysis Manager

T_EE; Links Manager Global | Local I

I Mode 1 i ||:| 0&in
‘l‘h inite Element Model Size .
by Ll (<] . Sa I 0.006in
M des and Elem nts d
Element t':."l:IE

"‘_4 OCTREE Tetrahedron Mesh.1 : shaft
‘. Local Mesh Size

@ Linear d
() Parabalic é

ﬂCancell
_ipix]

Mame |L|:u:a| Mesh Size

@ Local Mesh Sag
T‘ﬁ Properties.1

= static Case

lT‘@ Restraints.1

T‘Q@ Loads.1

T-&% Static Case Solution.1
*‘éﬁj Sensors.1

*‘@ Adaptivity Process

( Steps: )

1. Change global
mesh as shown.

Supporks ey aElEE

value [0.03in =

2 JRI=TEY

Mame |L|:u:a| Mesh Sag

1ﬁl<$?&l§1%1®1m@\- 1¥<%$11Q1§<@<®|‘1W|-@fl

Supporks PEEgRElEEE

2 ————" laefo.00sn Sk

@ OK l 'ﬁCancell

2. Select the Local tab
and add local mesh o
size and sag in the

shoulder areas as y

shown select OK. ,5,%@@.@3'3? J%EE,Q’@QG%W%'@'@ JJ%?;@‘D‘QE J-évj'v&; J@@@:@&?@ | %v 4CATM'P2

K ct or a command | =K

\:::
CAT509, Workshop 9b, March 2002 WS9b-16 MSC_ A\ SOFTWARE




Step 8. Compute the precise analysis

[S]CATIA ¥5 - [wsabshaft.CATAnalysis] =lol=|
n Skart  TeamPDM  Fle Edit  Yiew Insert  Tools  Window  Help ;Iilil

@ Analysis Manager

T‘@; Links Manager

=~ A\ Finite Element Model
lT_% Nodes and Elements
T‘ﬁ Properties.1

-aliatatis_c;ase

b= Restraints.1

@ Loads.1

T‘*ﬁ% Static Case Solution. 1
*‘ﬁj Sensors.1

*‘@ Adaptivity Process

B FPFe Beo20 ¥AT 2250 7 &

Computation Resources EsEirm — |I:I|£|

3e+002 s of CPU - =
2.16e+004 kilo-bytes of memory

1.21e+005 kilo-bytes of disk

Inkel MEL(C) Library Found: Inkel(R) MEL ¥S.1.0

4

4

Do you want ko conkinue the computation?

Save first.

: Mo I g
Steps: -
1. Compute Al BouBEs-? nEeésQALR0EE wBs ' Ehs dovund o AL

ck or a command | =K
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Step 8. Compute the precise analysis

[%]cATIA ¥5 - [wsabshaft.CATAnalysis]
n Skart  TeamPDM  Fle Edit  Yiew Insert  Tools  Window  Help

@ Analysis Manager

T'%:} Links Manager
‘3 Finite Element Model
+‘ %2] Nodes and Elements

KCheck how much the \t_'A Static Case

global and local
estimated error has
improved.

Steps:

1. Select on the
information icon then
Estimated local error
in the features tree.

2. Double click the
Adaptivity Box.1 object
in the features tree.

Still not per the
recommended
minimums, you could
try parabolic elements
if you have time (2.7
Khours and 1.9 gig).

=lol=|
=l=1x|

Adaptivity Box

=10l x|

Mame | Adaptivity Box. 1

Cbjective Errar (%) | 10

=t W latwl Static Case Solukion, 1

(e Properties.1

Local Errar {%%) | 18,906

Select Extremum

W Ok J ﬂCanceIJ

+-@ Restraints.1 =

T‘@ Loads.1

T ﬁ Static Case Solution.1
Py Deformed Mesh

‘”% Estimated local error

“% Extrema

Global Maximum.1
L ‘ﬁj Sensors.1

Adaptivity Process

'@ Adaptivity Convergence.1

2

'{@ Adaptivities.1
/
@ Adaptivity Box.1

Precision Location : Glabal
Estimated Precision : 0,198525 Btu

Global Estimated Error Rake @ 24,135 %

BayEEocR umesqQsm0E6 mBE b BLE dosERE | o WSALLY

Estimated local error
B
4,93e-007
I 4. 44e-007
3.95e-007
3.45e-007
2.9ca-007
2.47a-007
I 1.97e-007
1.48e-007
2.687e-008

I 4,33e-005
23d4e-022

B Pre B%990 vHT woapl el

e
?
H

o

—

/éct or a command

| |
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Step 9. Visualize final results

[%]cATIA ¥5 - [wsabshaft.CATAnalysis]

n Skart  TeamPDM  Fle Edit  Yiew Insert  Tools  Window  Help
=

4 N

Add the Rotational
displacement images.

Steps:

1. Right click the Static
Case Solution.1 in the
features tree then select
the Rotational

displacement images.

@ Analysis Manager

T‘ 25 Links Manager

=— 41 Finite Element Model

+‘ % Modes and Elements
E Properties.1

'—A Static Case

|

T‘@ Restraints.1 1
T‘@ Loads.1 l

L 2 % Static Case Solutinn.l\

_ﬁa Dreforme @l Generate Image

—51‘.. Estimated local error

_& Rotational displacement magnitude

_& Rotational displacement vector

- @ Sensors.1

L Adaptivity Process

Image Choice

=loix
ETE

=18l x|

—Image Names

Deformed Mesh

Stress principal kensor symbol

Stress principal kensar swmbaol {absoluke)

Stress Full kensor component (nodal values)
Stress full tensor bext

Translational displacement magnitude
Translational displacement component
Translational displacement weckar

Yon Mises Stress (nodal value)

Yon Mises Stress (element's nodes values)
Estimated local error

Strain principal tensor compaonent (nodal values)
Strain full kensor component (nodal values)
Skrai =TS

Rotational displacement: magnitude
Rotational displacement wvectar
[
Poink Force kext

Momenk veckor

Local strain energy

Local strain energy density

Stress principal kensor component (element's nodes walles)

W Cancel I Help I

B Pre B%990 vHT woapl el

BayEEaocR uiesqQsmBE6  mBE b BLE dosERE | ¢ SALLX

o

K /{ject or a command

=
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Step 9. Visualize final results

[%]cATIA ¥5 - [wsabshaft.CATAnalysis] o =] ]
n Skart  TeamPDM  Fle Edit  Yiew Insert  Tools  Window  Help = | = Iil

@ Analysis Manager &
T‘ “ig\;? Links Manager A Té
‘— . . F
‘IE Finite Element Model| T &
T‘% Nodes and Elements L
i Properties.1 2‘
i“A Static Case . i
| -
b= Restraints.1 &
T_%éi* Loads.1 }*,
7—4# Static Case Solution.1 Yon Mises Stress (nodal value) &)
_ﬁa Deformed Mesh psi Sv
_rﬁ Estimated local error 1.27e+003 @J
_& Rotational displacement magnitude I LollihAt0s &
. . 1.02e+005 e
_r;l.-, Rotational displacement vector S &
B9+ -«
_& Yon Mises Stress (nodal value) 7 £284004 E‘: év
*_ L
@ Sensors.1 £, 35a+004
*—40 Adaptivity Process I C (Sa+00d 1 |
3.81e+004
Visualize Von Mises 2.54e+004
stress field patterns. I 1 5704+ 004
Steps: 000923
1. Select the Stress Cn Boundary g
Von Mises icon. By PEwc R wmes3QQAsD 088 fBd b/ 8L FoNERE | ¢ FALLZ
\ fectk or a command | AI

\
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Step 9. Visualize final results

[%]cATIA ¥5 - [wsabshaft.CATAnalysis] o =] ]
n Skart  TeamPDM  Fle Edit  Yiew Insert  Tools  Window  Help = | = Iil

|
7—4¥ Static Case Solution.1 _[Of x|

_& Deformed Mesh Mame |.ﬁ.daptivity B, 1

_& Estimated local error T e (5 Il':'

—FL Rotational displacement magnitude W
_& Rotational displacement vector Lacal Errar (%) |32.I:|9E-

"% Von Mises Stress (nodal value) | Seleck Extremum

="[¢; Extrema

2

i @ Cancel I

Global Maximum.1 e

Find the element with
maximum Von Mises
Stress.

Steps:

1. Select the search
image extrema icon.

2. Right click Global
Maximum.1 in the
features tree then select
Focus On.

B Pre @490 vHTY noapl el

Since the local error %
in this area is 32%
design stress is

questionable. BaLpEo R wEe3AQALT0EE HEE Y BLE dosuee | o SauLy
/{ject or a command I =1

\'
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Step 9. Visualize final results

=181
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
i =
4% static Case Solution.1 Image Edition _|of x| ‘@
_r;l.-, Deformed Mesh Deformed [
—FL Estimated local error L ‘Display on Deformed Mesh ¢ ;
—F Rotational displacement magnitude Wil | Criteria | Filters H ] | &
_ . . DISCOMTINUOUS-ISO
r;l.-, Rotational displacement vector SYMEOL
trﬁ Von Mises Stress (nodal value) '!'H':’E'I':":':'

& Stress principal tensor component (nodal values)

[l H{ S

ST-TE N
is Sysken

Fine tune your max

stress (component C1).

Fa' Bxo0® AT bd

Deformed
'.?1. L Display on Deformed Mesh H;Ipl

Gsplay Principal I i} visu | Criteria [} Filters |§ |
Stresses to verify : Pasition : {hode =l
maximum shear. f Comporent : [~ |
St eps: Lamina : 1_E[Min-Max]

_ Sup-Mid-Inf : j ? 1
1. Select the display Repeat = 1
principal stress icon.
2. Edit image to show (Edim”
onIy hOOp or shear Iso/Fringe I Syl I Bxis Syskem

o K I ﬂCanceII Help I

BayPaocw amensdl sl 0686 mBL 't BLE SdoNBRE | ¢ SanAr

x

Qhear Image next pagej”“"‘”“’“""“d E [=7]

\
CAT509, Workshop 9b, March 2002 WS9b-22 MSC >\ SOFTWARE

SIMELATING RERLITY



Step 9. Visualize final results

=181
n Start  TeamPDM  Ele  Edit  Yew Insert  Tools  Window  Help =171xl
| —
7% static Case Solution.1 P '@
_r;l‘.' Deformed Mesh | l E'
_rﬁ- Estimated local error -, &
_ﬁa Rotational displacement magnitude @,
_r;l.-, Rotational displacement vector g'
ﬂz Yon Mises Stress (nodal value) ;_ |
& Stress principal tensor component (nodal values) 2
i,
®
B,
.
P 39e+004 |
I 3.48e+004 | 5
/Hand calculations N 307e+004 | g
indicate max shear of 2.65e+004 B
39,000 psi at the 2.23e+004 &
shoulder, so... < On Boundary 1.82e+004
Steps: Mumber of Calars |10 E /I © der004 .
1. Double click color i | 1 9.832+003
max 39,000 (this_will Mare>> | I 1.49e+0073
color_eleme_nts with @ ot | @ apply | o cancel | -Z.68e+003
39ksi and higher red). [ -

2N Boundary

B paocR amésqQasd 8686 mBa! b B8 dosprae | ¢ AL
Dig deeper, next page. Jroracman B [=7]

\_ )

%
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Step 9. Visualize final results

[#]CATIA ¥5 - [wsabShaft.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

(Visualize peak and
remote stress to verify
the stress configuration
factor Kt=1.42 (from
Peterson).

Steps:

1. By positioning the
cursor on a element the
stress values show.

Peak stress/Remote
stress = K.

3.27e4/2.25e4=1.45

\We have a match.

CAT509, Workshop 9b, March 2002

WS9b-24
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Do ®

1

Remote Stress
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Step 9. Visualize final results

[#]CATIA ¥5 - [wsabShaft.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
NN\ g
= NN SN N \l»x_
1) 7
- -
i Y %
= L o
& reh E
2 s A
Zad) —
=] L! -
A -
o 2
AN 2;
% i -
(]
5
Q.
§4
4 .
. . L i ion. €
Find gIobaI maximum ﬁ% Static Case Solution.1 Ay
shear stress. —F% Deformed Mesh
Steps: _& Estimated local error : :~ : : N
i Emlam ihe seerdn _& Rotational displacement magnitude 1
Image extrema then —T% Rotational displacement vector
focus on the element. T‘& Yon Mises Stress (nodal value)
2. This design stress i—% Stress principal tensor component {nodal values)
occurs at the smaller I Extrema 1 | &
cross section as would
be expected. Global Maximum.1 4
\ JM@@@%?J%EE@'@@%Q&,&meﬁvn‘ééj"@ﬂv]gjﬁﬁﬁtggalgv f cATIA P2
Select an object or a command | AI
MSC X SOFTWARE
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Step 9. Visualize final results

Conclusions

¢ CATIA V5 GSA workbench is validated for a shaft with a
shouldered fillet scenario.

Hand Calculations .06 inch Linear Global Mesh, .006 inch sag
.03 inch Linear Local Mesh, .003 inch sag

Global % Precision error NA 19 %

Local % Precision error NA 24.1 %

Error Estimate NA 4.93e7 Btu global

Translational Displacement 0.0182 radians ??

Stress Concentration Factor | 1.42 1.45

Max Principal Shear Stress 39,053 psi (at 34,800 — 35,600 psi at shoulder radius
shoulder radius) (design stress 88,500 psi)

CAT509, Workshop 9b, March 2002 WS9b-26 MSC_ A\ SOFTWARE



Step 10. Save the analysis document

"%|CATIA ¥5 - [ws9bShaft.CATAnalysis]
B Start  TeameDM WM Edit  view Insert  Todls

D BEw, . Chrl+h

/Stegs: \ Mew Frarm. ..

1. Select Save [ open.. Ctrh0
Management from the 1 Close
File menu. -

Save Chrl+5
2. Highlight document -
you want to save.

Save All

3. Select Save As to

specify name and 3
Kpath, select, OK. j 2

Save Management 7] x|

State Marne v Path Actic Save
ws2hshaft, CAaTanalysis CCATIANTrainingldata 3 Save s, .,
Opened shaft.CATanalyvsisResults A ELFIMIVconcentration P ke diract I
Opened shaft, CaTanalysisCamputations CAELFIMIY concentratian ropagate directory
Cpened wsabshaft, CATPark CACATIANTrainingdata Reset I
Cpened Catalog, CATMaterial CProgram FilesiDassaulk SystemesiBO7inkel_a)skartupimaterials
1 |
0 Unsaved File(s) Left [] Enable independent saves
d W Cancel I
-

\
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WORKSHOP 10
ANNULAR PLATE
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WORKSHOP 10 - ANNULAR PLATE

Problem Description

¢ Shown below is a 2-D representation of the annular plate shown on the
title page. The outer edge of the plate is simply supported and a
uniform line load of 85 Ib/in is applied a distance r, from the center of

the plate.
w w

simply supported b+

simply supported

= a -

@ 3.00

Material: Aluminum
Young Modulus = 10e6 psi
Poisson Ratio = .3

Density =.098 Ib_in3
Yield Strength = 13778 psi

@ .75

Design requirements:

Thickness, t = 0.125 inch
Annular Line Load Radius, ro = 0.75 inch
Line Load, w = 85 Ib/inch

'\
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WORKSHOP 10 - ANNULAR PLATE

Hand calculations

_ y:—wa3 Cng—L
¢ Displacement: D (c,
D=
¢ Plate constant: 1201-v?)

¢ Plate constants dependent on the ratio a/b:
1+vbI a 1—v(a bj

b a

C,=— it

2 a b 4

+ Loading constants dependent upon the ratio a/r:

2 2
Ls_r_o{[(r_oj q.na(r_oj ] }
ajllla r, \a

2
LRty e tov 1_(r_oj
aj| 2 r, 4 a

CAT509, Workshop 10, March 2002 WS10-4

MSC X SOFTWARE



WORKSHOP 10 - ANNULAR PLATE

Hand calculations (cont.)

¢ Plate constant:
D =1788.576

¢ Plate constants dependent on the ratio a/b:
C,=0.8815 C,=1.7062

+ Loading constants dependent upon the ratio a/r:
L,=0.0582 L, = 0.3346

¢ Maximum vertical displacement:
y =-0.018
¢ Maximum bending stress:
Mazisnum banding straps = o = %‘ MwuX, wiam05501 85bafin' 1.5 iach = 70.14 Ibs

g = § 70.14 lbs - 26934pli
0.12; inch

'\
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WORKSHOP 10 - ANNULAR PLATE

Suggested Exercise Steps

7.

8.
9.

Create a new CATIA analysis document (.CATAnNalysis).
Mesh globally with parabolic elements.

Apply an advanced and isostatic restraint (simply supported).
Apply a line force density load.

Compute the initial analysis.

Check global and local precision (animate deformation, adaptive
boxes and extremas).

Refine the mesh locally.
Compute the precise analysis.
Visualize final results.

10. Save the analysis document.

CAT509, Workshop 10, March 2002 WS10-6
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Step 1. Create a new CATIA analysis document

==X
B et TeamEDM  Fle  Edt View Insert  Iods  Window  Help =18 x]
@ Analysis Manager G ‘&
5 Links Manager 4 ‘\ &v

-@ Results -> C\ELFINI\plates'ws10annularPlate .CATAnaIysisResults/ ¢ . ;

.E Computations - > C\ELFINI'plates'ws10annularPlate CATAnalysisComputations

1 i *—_Dﬁl@ Link.1 - ws10annularPlate CATPart

"‘Ik Finite Element Model
T‘% Nodes and Elements
T‘@ Properties.] <*+— 2
fSter: \_ .M
L. @ Restraints.1
1. Open the existing
wsl0annularPlate & Loads 1
.CATPart from the &% Static Case Solution.1
training directory. *—@ SR

2. Apply aluminum
material properties to
the part as required.

3. Launch the
Generative Structural
Analysis workbench for
a Static Analysis.

4. Specify the
Computations and X/E
Y

Results storage _
Q)cations as shown. BaypaoecR amesqQQsd 0688 mEa!t 8L  dovpre | ¢ Soauar

@ FraslBrox®! »5¥ b o

x

/éct ar a command I AI

CAT509, Workshop 10, March 2002 WS10-7 MSC\%SOFTWAHE
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Step 2. Mesh globally with parabolic elements

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =18 x|
@

@tegs:

1. Double Click the
“Mesh” icon on the
part.

2. Key in 0.125in for
the Global Size and
0.013in for the Global
sag, change element
type to Parabolic,
select OK.

As plates typically are
large using one mesh
element through the
thickness is a good
way to start. Then use
localized adaptive
meshing for precise

Qesults.

@ Analysis Manager
T‘@; Links Manager

"_ﬁ Finite Element Model

[
Tglgl MNodes and Elements

OCTREE Tetrahedron Mesh.1 : ws10annularPlate

T~

5 Properties.1

\@ﬁ Static Case

@ Restraints.1

@ Loads.1

2% static Case Solution 1
*‘éﬁ Sensors.1

OCTREE Tekr3

L

1

=101 %]

Global | Local |

Size ID.lZSin
5ag IEI.EIlSin

—Element tvpe

() Linear 4
@ Parabolic 4}

@ Ok I ﬂCanceIl
[ -

AL

4(:44 TIA P2
fsoiuvrions )

/éct or a command

CAT509, Workshop 10, March 2002
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Step 3. Apply an advanced restraint

sl

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
13

Advanced Restraink 1Ol x| @

@ Analysis Manager

T‘EE; Links Manager

"‘1\. Finite Element Model

IT‘;@.E Nodes and Elements
@ Properties.1

ré& Static Case

"l"_@ Restraints.1

.‘j"' Restraint.1

_@ Loads.1

—3% Static Case Solution.1

/Stegs:

1. Select the
Advanced Restraint
icon and restrain only
translation 3.

2. Select the outer

OK.

The advanced
restraint allows you to
fix any combination of
available nodal
Qegrees of freedom.

edge as shown, select

\ *—@ Sensors.1l

MNarme | Restraint, 1

Supparts
— Axis Syskern
Tywpe IGI-::I::aI j

[ Display locally

[ Restrain Translation 1
[ Restrain Translation 2
a Restrain Translation 3
o Restrain Rotation 1
3 Restrain Rotation 2

o Restrain Rotation 3

1 & Cancel I

L

4

@ Fra»Br0x®! »5x¥ Doy

AL

BaypaoecR amesqQast068E mEa!t 8L  dovpre | ¢ Soauar

x

/éct or a command

CAT509, Workshop 10, March 2002
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Step 3. Apply an isostatic restraint

[%]caTIA ¥5 - [ws10annularPlate.CATAnalysis] _ =] x|

EJ stat  TeamPDM  Flle  Edit  View Insert  Tools  Window  Help =l
. 1]

@ Analysis Manager fe)

4

T‘EE; Links Manager
"‘IE Finite Element Model
T‘%} Nodes and Elements
G Properties.1

B Prs BrxoR0 a7 . poo,

-'—@A Static Case

|
"@ Restraints.1
Jj"' Restraint.1

EL'- Isostatic.1
"@ Loads.1

i?\b Line Force Density.1
—&% static Case Solution.1

= Sensors.l

Apply an Isostatic
restraint. ﬂ Energy

Steps:

1. Select the Isostatic
Restraint icon, select
OK.

_ialx]

|Name | Isostatic. 1 |

@ K I iCanceIl

4

This will restrain the
remaining degrees of X/iy

freedom required to GaynEory amesqast0EE  wEs b ELE dovEre ¢ fcariar
make our part — - = =

) . ot or & cammand |
Kstatlcally determlnate./

CAT509, Workshop 10, March 2002 WS10-10 MSC \ SOFTWARE
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Step 4. Apply aline force density load

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis] 1= x|

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager
T_E'-E%; Links Manager
== 4\ Finite Element Model
5@ Nodes and Elements
5 Properties.1
'—gﬁ Static Case

|
T‘@ Restraints.1
éa Loads.1

Ly
Line Force Density.1
(st N

eps:
% Static Case Solution.1

1. Select the Line #-81 sensors.1
Force Density icon. '

2. Select the 0.75 inch
radius line as shown.

3. Enter -85Ibf_in as

Line Force Density _ 10O x| ‘&

Marme |Line Force Density.1 ‘\
=

g
/'/ \“\\ P
Supports . 'y
— Axis Syskern
Type IGIu:ul:uaI j

[ Display locally

—Farce Yeckar

Marm | B5lbf_in 1
by | 0IbF _in !
Y | 0bF _im ._\?';';.
4_
3 z |-5ibf_in -

— Optional Elements

[ Data Mapping

1 & Cancel l

@ FraslBrox®! »5¥ b o

shown in the z- =

direction, select OK.

Special part

construction techniques

are necessary to

enable Line Force i

Density application. ’
\ See next page. BaypaveR amensqa sl 8686  mBE v BLE FosErn & Sgauar

[ rpmp—— [ =
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Step 4. Apply aline force density load

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

J ﬁ‘ o U t’t‘
@ Ana*-lu Manager ‘ -
ka8 Uhhlgduuﬁer 11 '_’_51
B Results -> C:\FLFINNplates\we10anmuarPlats CATANaIysiR st : =
il Computations -> C:\ELFINT\plates\ws10annuiarPlate CATAnalysisComputztions =il
== Link.L -> C:\CATIA\Training\data llarPlate CATPar .
1 ; : .
/ : : =23 walOannularPlate o1
Review the special — 1.5 -
part construction = Xy plane &
techniques that enable yz plane L]
Line Force Density | __;___“_ph e 0,75 Sl 0F
application. i )
T A Systare 5 . =
73 PertBody - leae—0.375 _m <
Steps: = shaft.1 V | )
1. Launch the Part L@ Sketch 1 EE % T H 0.125 "E """ -
Design workbench and . i l| | -
enter Sketch.1. 0 Auminium A * » 4 DAy
2. This sketch has a | Finibe Element Modet | = |
line broken specifically 0.083 2
at the point where your
force will be applied.
When this sketch is
rotated 360 degrees it
gives us the edge xj
element on the part _
\_that we select. B8 ERoco uFmenaA’ s 06868 ' mBs ' M 4d S sanar
4«4ject of a command | AI
MSC X S0
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Step 5. Compute the initial analysis

181

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
13

@ Analysis Manager g

T‘E'-Ea; Links Manager (54

"‘IE Finite Element Model &

%Nodes and Elements

4 OCTREE Tetrahedron Mesh.1
G Properties.1

'—A Static Case
$=) Restraints 1

Jj“‘ Restraint.1

;.F Isostatic.1

"@ Loads.1

i?"' Line Force Density.1
— 4% Static Case Solution.1
*"@ Sensors.l

4
B PP Byxo20 Sa7 bdo;

Computation Resources ESEir — |EI|1|

1e+002 s of CPU -
1.012+004 kila-bytes of menmary:
6. 13e+004 kilo-bykes of disk

/Ste S' \ Inkel MEL(C) Library Found: Intel{R) MEL ¥5.1.0
Do o wank ko conkinue the computation?
1. Compute All
Yes ] Mo l X/i
. ¥
Save often. BoumEocR uwmeéna’asn0@E mBs' L8 dovpre ¢ Sauir
j!ct ot & cormmand | AI
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Step 6. Check global and local precision

N8 17 $E¢R® ANH OFCYE o8 B : B

= e |

i

o 9
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ORI I &

SR ;

ORI By =

SRR

iz gl "
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5 J.

| hi Wi 3

AN

i ArAvi _wAF_EZv q iy

a0y ..%EEEB:. B
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Rarayel At -
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g 3 E -~ © % =13 %
f 23 222 dagesle H| | xm” ‘_x
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Step 6. Check global and local precision

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l

@ Analysis Manager Estimated local error ‘g
2 Links Manager Bl 4

. &, 12e-0032 —

F—“_\. Finite Element Model Precision Location : Global &
| Estimated Precision : 0.00106225 Etu 5.51e-009 @'
T‘% Nodes and Elements ; —r 4
. _ Global Estimated Error Rate : 393079 % 4.5e-008 &
T‘ Properties.1 4.286-009 A0

=—A|l Static Case 367e-009  p
b= Restraints.1 3.06e-009 2,
b
15 Loads.1 3 I 245e-009 ™
/ \ ﬁ Static Case Solution.1 184e-003 @
V|Sua|lze the & Deformed Mesh 1.22e-009 %"
. Q@
Computatlon error . &, 13e-010

E. Estimated local error §“"

map. 5.9ce-013 @
*’@ Sensors.1 i

Steps: a
1. Select the E
Precision icon. 1 Eil_r‘—a :

2. Select on the
information icon.

3. Select the

Estimated local error
object in the features
tree. Note the global
estimated error rate is
good (recommend
Kmax 20%).

2

1

BaunaocR aBenqQsh 8686  mB4 6 BLE PONBEEEG | o WAL

/éct of a command
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Step 6. Check global and local precision

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager

T—”ig:’} Links Manager

“_‘l\. Finite Element Model
IT‘@B Nodes and Elements
T‘ﬁ Properties.1

=—r.‘|l Static Case
@ Restraints.1
T—@ Loads.1
il global N s~ Static Case Solution.1

element with the P, Deformed Mesh
highest estimated
error. ‘”% Estimated local error
Steps: “%Extrema

1. Select the Search
Image Extrema icon.

2. Select Global and 2
maximum extrema at
most, select OK.

3. Right click the
Global Maximum.1
object in the features
tree then select Focus

@n.

Global Maximum.1

*‘ﬁj Sensors.1

<~

Q Focus On

u‘gM@@@M‘J%Eﬂ@'@Q@a@,@, B

==l
=181
'@
‘v
&
<]
@v
P
24
T,
®
Q.
¥4
Extrema Creakid -0l x| 5
o Global &
Minirmur extrema at mosk | g (™
Maxirmurm extrema at mosk| = [
[ Local
Minirnurn extremna ak mosk | g 1
Maximur extrema at mask| 2

- Ok ] iCanceIJ

Select an object or a command

CAT509, Workshop 10, March 2002

-
Sy 1
4 y
BLE fonBrE ¢  cariap:
' =1
WS10-16 MO SoFTwaRe



Step 6. Check global and local precision

[]CATIA ¥5 - [ws9stepped.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

/Determine maximum
local error %.

Steps:

1. Select the adaptivity
box icon.

2. Select the “Select
Extremum” button then
Global Maximum.1 in
the features tree to
locate box.

3. Use the compass and
green dots to locate and
size box around meshed
areas.

4. Local error is good,
well below the
Qecommended 10%.

@ Analysis Manager

S

T"%’} Links Manager

¥ ‘IE Finite Element Model

T‘%@ Nodes and Elements
T‘ﬁ Properties.1
= Static Case

|

T—@ Restraints.1

T‘ @ Loads.1

‘_% Extrema

*’ﬁj Sensors.1 a\

‘_ﬂ Static Case Solution.1
& Deformed Mesh
"‘% Estimated local error

Global Maximum.1

@ Adaptivity Process

2b

@ Adaptivity Convergence.1

‘_@ Adaptivities.1
@ Adaptivity Box.1

N

Adaptivity Box

===
=131

L

@

I
T

=10l x|

Mame | Adaptivity Box. 1

Ohjective Ervar (%) | 5

Saolution |Statiu: Case Solukion, 1

Local Error {%) |5,525E:

| Select Extremnum

Wil Cancel J

EL‘PF&lﬁ‘%‘Q‘%@I 4642%?[4@4@4@4@[4 l

1

2a

BSyEE0cR nEénqQAs@ 8686 mBd 6 BLE dospBrEd o

AL

4‘:4 TIA P2
fsoiuvrions )

Aﬂébject or a command
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Step 7. Refine the mesh locally

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis] 1= x|

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
13

@ Analysis Manager g

T—EE; Links Manager [

"jll Finite Element Model &

QﬁNOdes and Elements
OCTREE Tetrahedron Mesh.1
T‘ﬁ Properties.1
= static Case
lT‘@ Restraints.1
Loads.1
T‘éﬁ Static Case Solution. 1
*‘@ Sensors.1l

*‘@ Adaptivity Process

~

(w

efine the mesh by Y2
on the inside radiu)s/ =] 5 o [m] Y
. Mame |L|:u:a| Mesh Size Mame |L|:u:a| Mesh Sag
Steps:
1. Double Click th supports IS Suppotts
. Double Click the
“OCTREE alue [0.08in ot value [0.006in s

Tetrahedron Mesh.1”
representation in the

-

@ OK I ﬂCanceIl

features tree, change
and apply local mesh
size and sag as

AL

4 CATIA P2
fooor on:]

Q hown. Ao a command
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Step 8. Compute the precise analysis

LI
Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =& x
== x|

‘&

@ Analysis Manager -
T‘@; Links Manager L
"ﬁ Finite Element Model 2 3

|
T‘% MNodes and Elements
T‘ﬁ Properties.1

= A static Case
b8 Restainis.

@ Loads.1

T‘*ﬁ% Static Case Solution.1
*‘ﬁj Sensors.1

*‘@ Adaptivity Process

4
B PPs Bod® FAT D,

Computation Resources Eskin — | I:Ilil

1e+002 = of CPL

1.31e+004 kilo-bytes of memaory

7 d4e+004 kilo-bytes of disk

Inkel MEL(C) Library found: InteliR) MEL ¥S.1.0

Do o wank bo continue the computation?

Yes Mo I
, - L
Steps: 1 ¥
= | : 2 @ z B ! e | lgihe  Seosprm | CATIA PZ
1. Compute All. B3t aocR umenaq s 66 B4 0 BLE donmRe ¢ Wanar

Jt of & command | o
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Step 9. Visualize final results

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =18 x|

@ Analysis Manager
T—’i} Links Manager
"‘\_\ Finite Element Model

Estimated local error

|
Nodes and Elements B
3.02e-009

4 OCTREE Tetrahedron I 5 1600
T‘E? Properties.1 2.41e-009

<ﬁl4@Fﬁ[§1%|®<%@l 4‘5;1'42\*%[4@4@4@4‘[4 l@l

A 2. 11e-009
= i Static Case 1.81e-009
T—@ Restraints.1 . I 1.51e-003
1.2 1=-009
/ \ T_@ Loads.1 9 06a-010
Check how much the
- ; ; &, 0de-010
global estimated error Static Case Solution.1 I 2036010
has improved. '
P FL. Deformed Mesh e
Steps: .
== Estimated local error e
1. Select on the .
information icon. & Extrema
Precision Lacation ¢ Glabal
2. Select the t_@ Sensors.1 Estimated Precision : 0.000633323 Bty
Estimated local error Strai : o
object in the features % Adaptivit}‘ Process Global Estimated Error Rate @ 3.03467 %% 1 sl ="
tree. Note the global 4 x/iy
estimated error rate is .
BaunaocR aBenqQsh 8686  mB4 6 BLE PONBEEEG | o WAL

Q/e ry g OOd ) /éct ar a command I - AI

'\
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Step 9. Visualize final results

[]CATIA ¥5 - [ws9stepped.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
o '@
) naysis Menager o :
T_t&,} Links Manager harne |.ﬁ.daptivity Box. 1 T@v
=~ A Finite Element Model Objective Errar (%) |5 e
I Nodes and Elements Solukion IStatiu: Case Solukion. 1 @v
Local Error (%) |3,?5? — 3 @v
&b OCTREE Tetrahedron Mesh 1 | Select Extremun: -
- — - »
f \ g Properties.1 - Wk ] @ cancel | '_:; -
Check how much the ]
local estimated error i‘—+ Static Case &
has improved. _ &4
#—j=] Restraints.1 Q@
Steps: J@ §;
1. Right click Extrema T_“ﬁ Loads.1 2
object in the features =%} Static Case Solution.1 a
tree then select Local B,
Update. r;l.-, Deformed Mesh Pa_
2. Double click the - =1, Estimated local error | 1 &,
Adaptivity Box.1 object _
in the features tree. =& Extrema
Relocate the adaptivity & Local Update
box to the new Global Maximum.1
Extrema.
h—@ Sensnrs.i/ 2
3. Since local error is
below 10% we have a *‘_@ Adaptivity Process x/iy
Q’feuse model. By iwcR wuEmesQaAs0.066 mBai b BLE SoSBERE ¢ WSALA
Aﬂébject ar a command I AI

'\
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Step 9. Visualize final results

Rotational displacement veckar
/ \ & Tra @l Generate Image Fuint Force vectar
(= : ink F
Clear Solution Storage Point Faroe ek
*_ﬂj Sensors Maorment veckar
Local strain energy
Local skrain energy densiky

A new way to add
images. #—45 Adaptivity Process
Steps:

1. Right click Static
Case Solution.1 object

15l
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Image Choice (=] "
g =
T‘z.@é} Links Manager —Image Names L
3—d Finite Element Model Deformed Mesh ;
Stress principal tensor component {element's nodes values) <
T‘%&] Nodes and Elements Skress principal bensar symbal &y
& ) Stress principal kensor symbol (absolute) @
Properties.1 Skress full kensor component (nodal values) @'
A ) Stress Full tensor bext =
=—ah Static Case Translational displacement magritude =
| @ . Translational displacement component r
T_ Restraints.1 1 2 | Translational displacement vectar 2.
Jl_a Loads.1 Yon M?ses Stress {nodal velnlue]l .,2'-1;
Yan Mises Stress (element's nodes values)
Static Case Solution.1 Estimated local error )
Skrain principal tensar component (nodal values)
r;% Def Skatic Case/Solution. 1 object L4 Strain Full tensor component (nodal walues) %,
— Skrain principal tensar symbal @
ril.'. Est Report F.otational displacement magnitude §;
&
(9
B
=l

Help I

in the features tree, .
select Generate Image.
2. From the list of Image
Choices select the . i et
. gl SRR
Translational N ‘”’f**ﬁff’lfﬁ., ﬁﬁ e x/iv
displacement vector. GybEincR uEHesQQA 00686 wBE !t BLE JONERE |6 f CATIA P2
~ﬁ{ject ar a command I AI

\
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Step 9. Visualize final results

=181
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
@ Analysis Manager ‘&
T‘EE; Links Manager [
ﬁ Finite Element Model Y

2% Nodes and Elements L]

ﬁl’rick of the trade” to
filter image data.

Steps:

1. Create an advanced
restraint in the specific
area with nothing
restrained.

2. Rename the dummy
restraint as shown.

3. Compute All

4. This is then used in
the Image Editor under
the Selections tab.

Sensors and this
technique can be used
with knowledgeware

F Properties.1
-—A Static Case
4B Restranis.1
.‘j'" Restraint.1
$ Isostatic.1

.‘j“ Inside edge Dummy restraint

7

O oo cacon LTS

T—ﬂg Static [~ Deformed
Lgonl B

Display on Deformed Mesh
Sensc e

Filters Selections |
‘ﬂ E |

Al

Line Force Density. 1
Adaptivity Prc  |restraint.1
Isoskatic, 1
4 S Inside edge Dummy Festraint

all
ﬂ Ri OCTREE Tetrahedron Mesh. 1 1 wsil0annularPlate

Edition
’7 IsojFringe l Symbol l Bxis Syskem i

& cancel | Help |

_ioixi| |s%

A

Marne | Restraint. 2

Supports
— Axis Syskem
Tvpe IGI-::I::aI j

[ pisplay locally

T~

[] restrain Translation 1

[ Restrain Translakion 2

[] Restrain Translation 3

.

Everything unselected

J Restrain Rotation 3

@ 0K l IﬁCancell

w

E PFPe Bro20! %37 5D

[
A

AL

B EZooR uEHenQQALE 0806 mBE 0 BLE doNBEG ¢  WoALAE

x

Qnd optimization tools./4orc_,cm_,nd
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Step 9. Visualize final results

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
. ‘&
@ Analysis Manager =
i o
T_%/} Links Manager B
&

Nisualize two images
once.

Steps:

1. Create an additional
Translational
displacement image the
old way.

Limit the images to
show only text and
vectors on the dummy
restraint and the z-
direction.

2. Focus on Global
Maximum.1.

All active images are

\of each other.

HA Static Case

‘Ik Finite Element Model

(¥ Properties.1

Modes and Elements

rarsladonal dis

+—@ Restraints.1

T‘@ Loads.1

T—4l¥ Static Case Solution.1
rjla Deformed Mesh

T‘r&. Estimated local error

% Translational displacement vector

2
Global Maximum.1 Q F;:us =

=& Extrema

Slacement vector Global Maximum, 1; 0.02 19658 in

V

& Translational displacement text
*“ﬁj Sensors.1

- Adaptivity Process

1

V

8 PrelBio®! »5F oo

seenover-layedontop B EEoc R umésQaA LR 0686 nB4 v BLE SouBBE ¢ f CATIA P2

/ of & command
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Step 9. Visualize final results

[ lraT1a ¥5 - [wslDannularPlate CATAnalysis] 1= x|
TeamPDM  Fle  Edit  Yiew Insert  Tools  ‘Wwindow  Help 81|

VlsuaI|Z(_a Vil billses Yon Mises Stress (nodal value) ;
stress field patterns. _ a
Sl
P N
@ Analysis Manager 3.07e+004 :
T 2.7 7e+004 -
T‘m} Links Manager 7
=~ 4\ Finite Element Model @:47er 00 @
I s 2. 16e+004 iy
22 Modes and Elements i
” X - 1.58e+004 -
& Properties.1 T ’_ 1.55e+004 2
-—AI. Static Case ?*ﬁ,-;* 1.25e+004 %
b= Restraints.1 = 9.44e+003 —@)
T‘@ Loads. 1 6.4e+003 %
_ _ 3.36e+003 0
"ﬂ% Static Case Solution.1 §
320 el
_rﬁ Deformed Mesh #
on Boundary —
T_& Estimated local error g
*_rﬁ Translational displacement vector E'-" “ é
_rﬁ Translational displacement text |

_& Yon Mises Stress (nodal value)
*‘@ Sensors.1

= Adaptivity Process

AL

DEESUEE0 R wEERARLH0.06 BE %/ BLE Fosprl o Aausl

Select an object or a command | o
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Step 9. Visualize final results

[%]CATIA ¥5 - [ws10annularPlate.CATAnalysis]

Find the element with
maximum Von Mises
Stress.

4% static Case Solution.1
_rﬁ Deformed Mesh

B PP&s 84920 »37 pdosl o le!

rﬂ Estimated local error

*‘rﬂ Translational displacement vector

_rﬁ- Translational displacement text

"% Yon Mises Stress (nodal value)

"% Extrema E
)/iy

Global Maximum.1 ry

x

Select an object or a command | o

@8 PA0cR wEenQAQA20 066 mBEAE e BLE dOSERE | ¢ AL

P
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Step 9. Visualize final results

Conclusions

¢ CATIA V5 GSA workbench is validated for a annular flat
circular plate scenario.

Hand Calculations .125 inch Parabolic Global Mesh, .013 inch sag
.06 inch Local Mesh, .006 inch sag
Global % Precision error NA 3.03 %
Local % Precision error NA 3.76 %
Error Estimate NA 3.02e-9 Btu global
Translational Displacement -0.018 inch -0.021 inch
Max Von Mises Stress 26934 psi 30736 psi

CAT509, Workshop 10, March 2002 WS10-27 MSC_ A\ SOFTWARE



Step 10. Save the analysis document

"%|CATIA ¥5 - [ws1DannularPlate.CATAnalysis]

B Start  TeameDM WM Edit  view Insert  Todls

Save your documents Mew From. ..

D BEw, . Chrl+HM

[ Cpen... Chrl4+-0

Close

Save Chrl+5

Save As...

Save All

Save Management

Stake Ackion
Modified ws10annularPlate CATAnalysis CACATIANTraining!data
Cpened ws10annularPlate, CATARalysisResults CAELFIMIYplates
Cpened ws10annularPlate, CATARalysisComputations  CHELFIMD plakes
Modified ws10annularPlate, CATPart CCATIAN Trainingldata Save Auko
0 Unsaved File(s) Left ] Enable independent saves
.

Save I

I AR

Propagate direckory I

Resek I

@ ok | @ cancel |
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WORKSHOP 10...

OUTER EDGE SIMPLY SUPPORTED, INNER EDGE GUIDED
OUTER EDGE SIMPLY SUPPORTED, INNER SIMPLE SUPPORTED
OUTER EDGE SIMPLY SUPPORTED, INNER EDGE FIXED
OUTER EDGE FIXED, INNER EDGE FREE

CAT509, Workshop 10, March 2002 WS10-29 MSC \ SOFTWARE
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WORKSHOP 10b

RECTANGULAR PLATE
SMALL CONCENTRIC CIRCLE LOAD

CAT509, Workshop 10b, March 2002 WS10b-1 MSC \ SOFTWARE
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WORKSHOP 10b - RECTANGULAR PLATE

Problem Description

+ All edges are simply supported.
¢ Uniform load over small concentric circle applied at the center.

Material: Aluminum
Young Modulus = 29e6 psi
Poisson Ratio = .3

Density =.283 Ib_in3
Yield Strength = 36000 psi

Design requirements:

Thickness, t = 0.1 inch
Radius of contact, ro = 0.1inch
Vertical Load, W = 500 Ibs

CAT509, Workshop 10b, March 2002

.1 inch radius

500 Ibs

WS10b-3

.00

- 2.00
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WORKSHOP 10b - RECTANGULAR PLATE

Hand calculations

¢ Maximum Bending Stress:

Mazimum Bending Stress (at center) = o, . = . Wz' {(1+Iﬁj'1ﬂ2lb +.'3}
PR T,
Oay = — 200 1bs . [(1+D.3)'1n%+0.958] = 80317 psi
2w 0.1 inch oL me

¢ Maximum Vertical Deflection:

2
Mazimum Vertical Deflection = y = a W&

_ —0.1805 - 500 Ibs * 1.0°

E 590° 0,12

CAT509, Workshop 10b, March 2002 WS10b-4

= 0.00311 inch
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WORKSHOP 10b — RECTANGULAR PLATE

Suggested Exercise Steps

1. Create a new CATIA analysis document (.CATAnNalysis).

2. Mesh globally with parabolic elements.

3. Apply an advanced and isostatic restraint (simply supported).
4. Apply a force.

5. Compute the initial analysis.

6. Check global and local precision (animate deformation, adaptive
boxes and extremas).

7. Refine the mesh locally with an adaptivity box.
8. Visualize final results.
9. Save the analysis document.

\\
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Step 1. Create a new CATIA analysis document

[#]CATIA ¥5 - [ws10aRectPlate.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager

@3 Links Manager 4
4«
h Results - CELFINI\plates'\ws10aRectPlate CATAnalysisResults J

b Computations - > C:\ELFINI\plates‘wsi0aRectPlate CATAnalysisComputations

1 l_ Link.1 -= C:\CATIA' Training'data‘,ws10aRectPlate CATPart

Finite Element Model
%Nodes and Elements
d‘ OCTREE Tetrahedron Mesh.1 : rectangularPlate

/Stegs; ﬁ Properties.] q—— 2
1. Open the existing A Slallc Lase
ws10bRectPlate 4] Restraints.1
.CATPart from the £ Loads 1

training directory.
9 Y 4% static Case Solution 1

2. Apply steel material

properties to the part as a
required. Energy

Sensors.l

3. Launch the
Generative Structural
Analysis workbench for
a Static Analysis.

4. Specify the
Computations and X/E
Y
Results storage
Q)cations as shown.

4(:44 TIA P.
fsoiorions]
—

=]

CAT509, Workshop 10b, March 2002 WS10b-6 MSC \ SOFTWARE
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Step 2. Mesh globally with parabolic elements

[#]CATIA ¥5 - [ws10aRectPlate.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager

E'-EE} Links Manager

(steps: A

1. Globally mesh as
shown.

As plates typically are
large using one mesh
element through the

‘\_\ Finite Element Model

EﬁNodes and Elements

d OCTREE Tefrahedron Mesh.1 : rectangularPlate
5 Properties.

1

A static case
i) Restraints.1

@ Loads.1

% Static Case Solution 1

éij Sensors.1
—lofx|

T~

1

Glabal | Local |

Size II:I.lin
S5aq IEI.IIIlin

() Linear

— Element tvpe

W Parabalic <}

B

thickness is a good
way to start. Then use
localized adaptive

=] @ cancsl

meshing for precise

{esults.

CAT509, Workshop 10b, March 2002
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Step 3. Apply an advanced and isostatic restraint

LI
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Anaysis Menager 1o @
@3 Links Manager Mame | 2estraint. 1 ‘\ L
& Finite Element Model SUpports 7 | Wy "N
% Nodes and Elements [ Auls System &
. - dr
@ Properties.1 WDEIGlubal J [
Eﬁ [ Display locally @J
Static Case
| b
L@ Restraints.1 2.
.,j-'l' Restraint.1 [ Restrain Translation 1 @
a; Isostatic.1 [] Restrain Translation 2 ®
I3 Restrain Translation 3
_@ Loads.1 f ¥
[T Restrain Rotation 1 @g
_53' Static Case Solution.1 [T Restrain Rotation 2 2 5
‘_@ Sensors.1 [T Restrain Rotation 3 E%'
o CK ] o Cancel ] f
Ea
/ \
R =
1. Select the |r'-.lame | Isostatic. 1 |
Advanced Restraint :
icon, restrain the 4 @ ok | @ cancel
bottom edges. -
2. Select isostatic
restraint icon, select _ o —— , ,
feck or a cammand | EI

CAT509, Workshop 10b, March 2002 WS10b-8 MSC SOFTWARE



Step 4. Apply aforce

[#]CATIA ¥5 - [ws10aRectPlate.CATAnalysis] 1= x|

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

ﬁl’rick of the trade” : \ """

Special construction | 7
techniques are
necessary to enable
you to apply a force to
patterns that do not
exist on parts.

Steps:

1. Make your .CATPart C Fill Surface Definition
current and Launch the
Generative Shape
Design workbench.

2. Sketch a 0.2 inch
diameter circle
centered on top of the
plate.

3. Fill this sketch with a
surface.

Boundary:
CUrves

Sketch, 3

Addafker I Replace Remove

.ﬂ.ddBeFDreI ReelaceSqunrt Remaovesupport
Cnntinuity:lm

Passing paink: |I"-.I|:| caleckion

- ml M ﬂCancele|I )/1
Y

ck or a command | AI

o | oy

\Continue on.... J
CAT509, Workshop 10b, March 2002 WS10b-9 MSC SOFTWARE



Step 4. Apply aforce

81
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
@ Analysis Manager o

EE} Links Manager
-é Results - CA\ELFINI'plates'\ws10aRectPlate CATAnalysisResults
-é Computations - > C:\ELFINI'plates‘\ws10aRectPlate CATAnalysisCqus

"‘ﬁé} Link.1 -> CA\CATIA\ Training'\data\ws10aRectPlate CATPa

\ = @ rectangularPlate

ake a solid thickness

¢

1

1

4

oA RovARANEARIR @

based on the surface. ... xy plane

Steps: —..... yZ plane

1. Go to the Part i X plane

Design Workbench. T—J‘* Axis Syste

2. Create a “thick” 713 partBody

feature 1/2 the plate ) pad.1 1

thickness into the part &

and a fraction out of the ThickZurface 1 2| x| 2

part (0.0001 inch). ‘—% Open_body .1 T

3. Put the Sketch and T‘ * Point.1 et | O =

the Fill features in no- t@ Sketch 3 Second OFfset: IIE-EIIZI4in E %‘r <+ @v

show then go back to by Fill 2 Object to offset: |Fill.2 E.Ei

the analysis 8 Reverse Diection Ty

workbench. ¥ steel I I I &

- & 0K o Cancel Preview -

. Finite Element Model — w

This method will not
effect stress levels and

kwillworkon any shape. |BS Y B0 R BG4 QAR50 6

%ject or a command

CAT509, Workshop 10b, March 2002 WS10b-10

MSC X SOFTWARE

SIMELATING RERLITY



Step 4. Apply aforce

@ OK I 1ﬂCEn'u:EII

Now we have a 0.2
inch diameter circular
pattern in a location of
our choice that is
selectable.

Steps:

1. Select the Force
icon and the center

=181 %]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager _ 10O x| @
Ea} Links Manager hame |Distributed Force.1 o
"‘IE Finite Element Model Supports . é
T_{i:w Nodes and Elements Faieaiain g.
o Type |Global -
@ Properties.1 " I J @'
[ Cisplay locally d
-—gii Static Case =
T-@ Restraints.1 2.
—Farce Yeckar
Loads.1 ;I;'
l_ Mot ISEIIZIII:uF —
%‘, Distributed Force.1 &
x [olbf <« £
&% static Case Solution.1 - a
¥ [olbf 4
=24 Sensors.1 | t 5.
z 500l .
/ \ ‘ﬂ Energy 1 j%
2
k.
et
&,

selectable area. Use
force magnitude x/iy
Qaluesasshown. JaEiEaoeR aHenQQLE 066 pnBL/ BLE FonERe 6  cariar:
Select an object or a command | AI

\
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Step 5. Compute the initial analysis

FlraT14 ¥5 - [ws10aRectPlate.CATAnalysis] = xi
i TeamPDM  Fle Edit  Yiew Insert  Tools  ‘window  Help =& x|

Save first. =
Analysis Manager @

Steps: -
T‘ E'-EE; Links Manager [

1. Compute All —
L ‘Iﬁ. Finite Element Model &

4]

%Nodes and Elements

T 4‘ OCTREE Tetrahedron Mesh
(Ea Properties.1

"A Static Case
42 Restrainis.

.!j'" Restraint.1

= Isostatic.1

-—@ Loads.1

% Distributed Force.1

—4% Static Case Solution.1

L Sensors.l

‘ﬂ Energy

E PFPe Bro20! #2375 D

Computation Resources Es — |EI|5|

2e+001 = of CPU -
4, 26e+003 kila-bytes of memary

2.07e+004 kilo-bytes of disk

Inkel MEL(C) Library found: InkelfR) MEL %S, 1.0

A

Do ol wank bo conkinue the computation?

es Mo

- L
NesEsiB2acR w“FHe+aaAA53 60868 B4 v /BLE Fouman | o eausr
Select an object or a command | AI

\
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Step 6. Check global and local precision

[#]CATIA ¥5 - [ws10aRectPlate.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
Estimated local error &

@ Analysis Manager

simply supported.

2. Check Global
precision (looks

Kgood).

/éct of a command |

CAT509, Workshop 10b, March 2002

Bl —
T"%} Links Manager 1.43e-008 4
=— 4\ Finite Element Model I 1.25e-008 'y
| L15e008 o
T‘@g Modes and Elements le-008 @'
G Properties.1 599003 @.
T_ ' 7.16e-009 v
=—AI. Static Case 573009 fm
, 4,3e-009
T—@ Restraints. 1 S ere00 g 4
T‘@ Loads.1 I 144e-009
3.94e-012
7~ Check Deformation, "\ 73 Static Case Solution.1 fi
and global precision. L. Deformed Mesh 1a Q
Steps: {4, Estimated local error * 57
1. Create a == Sensors.1 £
deformed image and A Energy % - f
animate to verify i
your system deflects Eil el
as expected. 2a v =
You should expect
even deformation b
_and the Slde_S pulllng Precision Location @ Global *
In representing Estimated Precision : 0,.00101514 Bty

1b

i

T

fwBAE e BB FONEREE ¢

;Lan—%.u. ¥« 0.0001 /95 Bed
(| Global Estimated Error Rate : ?.565@
~—

BaiEEoecR u@eésaQ sl EEE

L

4&4 TIA P2
fsoiuvrions )

=T

s
?

x
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Step 6. Check global and local precision

[SlcaTiavs - [ustoomectmate caramatysny 1=h
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Analysis Manager i
" & Adaptivity Box -1 x| 2 f
EZ; Links Manager [
Mame | Adaptivity Box. 1 i
‘S Finite Element Model %
Cbjective Errar (%) |5
% MNodes and Elements @,
- Salution | Skatj & Solukion, 1 &
Properties.1 “ [
<Lu:u:a| Errar (%) |3,|:|45 ) @J
A Static Case | Select Extremum j%‘
i=) Restraints.1 @ Concel | ’
@ Loads.1

/Find the global
element with the
highest estimated
error.

Find local precision.

Steps:

1. Use the Search
Image Extrema icon.

2. Local precision is
found using the
adaptivity box icon.

Local error looks OK

e

Qut I might prefer 5%. %

ﬂ Static Case Solution.1
ri% Deformed Mesh

rr_ Estimated local error
% Extrema

Global Maximum.1
‘_‘ﬁj Sensors.1l

@ Adaptivity Process

@ Adaptivity Convergence.1

”g% Adaptivities.1

@ Adaptivity Box.1

SR RN NN N

Select an object or a command

CAT509, Workshop 10b, March 2002
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Step 7. Refine the mesh locally

[#]CATIA ¥5 - [ws10aRectPlate.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

au
b <

Analysis Manager

EZ} Links Manager
‘S Finite Element Model

/Refine the mesh to
achieve 5% precision
inside the adaptivity
box.

Steps:

1. Locate and size the
adaptivity box where
you want refinement,
as shown. Use a goal
of 3% error.

2. Use only one
kconvergence.

\

@ Adaptivity Process

% MNodes and Elements
G Properties.1
A static Case

@ Restraints.1

@ Loads.1
ﬂ Static Case Solution.1
ri% Deformed Mesh

rf_ Estimated local error
% Extrema

*“ﬁj Sensors.1

Global Maximum.1

Adaptivity Box

=10l x|

rarme |.ﬁ.daptivit';.f Biowx. 1

@ Adaptivity Convergen

”g% Adaptivities.1

@ Adaptivity Box.1

/

Objective Error (%%
=ul Malalpll Skatic Case Solution, 1

al Error (%) | 2.045

Select Extrenmum

1

@ oK I GCancell

Adaptivity Convergence

=10l x|

Marme | Adaptivity Convergence, 1

Iterations Max Mumber | 1

Buo20 wav . parapl: &

ﬂCanceII —

g BE0cR 9HesQQ 56 8.8

v
L.
o

CAT509, Workshop 10b, March 2002
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Step 8. Visualize final results

[#]CATIA ¥5 - [ws10aRectPlate.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

g |=[ 3]
=131

@ Analysis Manager
T—ﬁ\“} Links Manager
¥ ‘lﬁ Finite Element Model
T‘ @a MNodes and Elements
T_@ Properties.1
=4 static Case
+-@ Restraints.1
T"@ Loads.1

-

E Extrema

@tegs:

1. Check local
precision again.

2. Activate the
refinement.

We now have a
Qrecise model.

*’ﬂj Sensors.1

Adaptivity Process

@ Adaptivities.1
@ Adaptivity Box.1

deformation image to A
see the local mesh

& Deformed Mesh | 2

Estimated local error

rﬂﬁ Static Case Solution.1

@ Adaptivity Convergeny

Adaptivity Box

=10l |

Mame |.|5.|:|apti'-.-'it';.-' Bowx. 1

Objective Errar (%46) | 3

B Prs Bro2x0 rav ppopl s

=te| Maimal Static Case Salukion, 1 Precision Location : Global
L ocal E %) | Estimated Precision : 0.000594382 Btu
ocal Errar (%) | 3.8071 Skraj :
1 Select Extremunm < Global Estimated Error Rate : 5,75148 =4
[ ——
1 & Cancel I )/1
. T 'y
B paocR amésqQasd 8686 mBa!t B8 dosurae | ¢  auar
/d{act ar a command I AI
P
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Step 8. Visualize final results

File  Edit

Yiew Insert  Tools  window

Help

===
=131

Visualize Von Mises
stress field patterns. |nalysis Manager
\} Links Manager

"“I\_\. Finite Element Model

T‘ﬂf Nodes and Elements
(e Properties.1
= A static Case
b Restraints 1
@ Loads.1
~3% Static Case Solution.1
rila Deformed Mesh
' ri% Estimated local error
*‘& VYon Mises Stress (nodal value)
#—] sensors.1

#—3 Adaptivity Process

W i

|

P

RN
Anvavad
SR

AN

Won Mises Stress (nodal walue)

f
s ‘1"&-
T

e

W A ey
»

guprocR wEEEARAS5E,086 mBE 'S BLE PONBESG ¢

psi

&, 9e+004
5.22a+004
5. 5de+004
4.80a+004
4.18a+004
3.5e+004
2.82e+004
2, 15e+004
1.47e+004
J.87a+003
1.08e+003

O Boundary

AL

4(:44 TIA P2
fsoitvrions)

@

4
FPolBvo20 »A37 wdapl|

Select an object or a command
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Step 8. Visualize final results

Principal Stresses

Hand calculations =
80,317 psi

[ lraTra ¥5 - [wslDaRectPlate.CATAnalysis]

TeamPDM  Fle  Edit  Yiew Insert  Tools  ‘Wwindow  Help

Image Edition

Analysis Manager

s
2% Links Manager

’7-! Display on Deformed Mesh

g [m[ .

Defarmed

|

L ‘I\_x Finite Element Model
T‘ﬂf Modes and Elements
T‘ﬁ Properties.1

Wisu | Criteria | Filkers |!: ﬂl

DISCOMNTIMUOIS-IS0

S¥YMBOL
AVERAGE-ISC
TEXT

=A static Case

Edition
(Iso,l'Fringe I Sumbol I Axis Swskem

|
T—@ Restraints.1

: a Cancel I

T‘ @ Loads.1

- ij% Static Case Solution
_rjl.-. Deformed Mesh

*‘@ Sensors.1

#—0: Adaptivity Process

*'_rjl.-. Estimated local error
*‘5@ Yon Mises Stress (nodal value)

1

_& Stress principal tensor component (element's nodes values)

2N Boundary
NegsgipzocR uménqQasm 0686 B4 6 ' BLE SosupRE o

1

ol |l

F.5%92+004

£.51e+004
5.13e+004
3. 75e+004
2.37e+004
2.93e+003 1
-3.86e+003
-1.77e+004
-3.14e+004
-4,52e+004
-5.9e+004

F ﬁ l §1%1®4% @ l 4‘5;1'42\* % l4@4@4@4

4

AL

4’&4 TIA P2
fsoiuvrions )

Select an object or a co

mmand
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Step 8. Visualize final results
151
=181

| . \{eamEDM File  Edit ‘Yiew Insert  Tools  Window  Help
Vertical displacement

Hand calculations = bR

0.003 inches

% Links Manager

Finite Element Model

| ..
2 Nodes and Elements

Y Y
T‘ = Properties.1 ﬂw‘e'a
VAR
I—A Static Case \/ .‘9
I
@ Restraints.1

A .
pr AR D

T‘ @ Loads.1

4% Static Case Solution.1

B PP Brxo20 rav pdopl; g

_ri% Deformed Mesh 0.00325
T‘& Estimated local error : I 000795
*‘& Yon Mises Stress (nodal value) TR 0.00263
Defarme:
_ri% Stress principal tensor component {element' ’: Display on Deformed Mash 00023
_& Translational displacement magnitude - Yisu | Critetia | Filkers H e 0.00137 *
i—@ Sensors.i DISCONTINUDLS-IS0 0.00164
*"&; Adaptivity Process " I RO eR
0,000335
0000857
Edition 0,000328
lrlso,l'Fringe | sumbol | dsxis System 0
& cancel | hHelp | On Boundary xj"

NEESLE200R umenqQAs 088 B4 W/ BLE dovpye o Suauir
Select an object or a command | AI

\_
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Step 8. Visualize final results

Conclusions

o CATIA V5 GSA workbench is validated for a rectangular
flat plate with a uniform load over a small concentric

circle scenario.

CAT509, Workshop 10b, March 2002

Hand Calculations .125 inch Parabolic Global Mesh, .013 inch sag
.06 inch Local Mesh, .006 inch sag
Global % Precision error NA 5.7 %
Local % Precision error NA 3.8%
Error Estimate NA 4.93e-9 Btu global
Translational Displacement -0.003 inch -0.00328inch
Max Von Mises Stress 80317 psi 78900 psi
WS10b-20 MSD'\SOFrwAnE



Step 9. Save the analysis document

B Start  TeamPDM WS Edit  Wiew Insert  Tools

D BEw, . Chrl+H
Save your documents Mew From. ..

(=% Open... Chrl+O

Close

Save Zbrl4-5

Save As...

Save All

2 x|
Sk I 1 Action Save |
Madified =1 tPlake, « 5 CCATIATrainingldata Save 4s. .. |
Cpened ws10aRectPlate, CATARalysisResults CHELFIMIplates b e drect I
Cpened ws10aRectPlate, CATARalysisComputations  CA\ELFIMIplates rupagats drsctory
Modified wz10aRectPlate, CATPart CACATIANTrainingldata HEeset |
2 Unsaved File(s) Left [] Enable independent sawves
@ OhE wCancele] |
-

P
CAT509, Workshop 10b, March 2002 WS10b-21 MSC >\ SOFTWARE
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WORKSHOP 10...

FOUR EDGES FIXED,
TWO EDGES SIMPLY SUPPORTED - TWO EDGE FREE
THREE EDGES FIXED
TWO EDGES FIXED
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WORKSHOP 11
PRESS FIT
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WORKSHOP 11 — PRESS FIT

Problem Description

¢ Determine the contact pressure and the hoop stress for a class FN4
force fit (0.010 inch of interference on the diameter) of a steel plug into
an aluminum cylinder.

Plug Material: Steel
Young Modulus = 29e6 psi

Poisson Ratio = .266
Density =.284 Ib_in3
Yield Strength = 36259 psi

Outside Cylinder Material: Aluminum
Young Modulus = 10.15e6 psi
Poisson Ratio = .346

Density =.098 Ib_in3

Yield Strength = 13778 psi

Note: parts are modeled net size

CAT509, Workshop 11, March 2002 WS11-3 MSC \ SOFTWARE
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WORKSHOP 11 — PRESS FIT

Hand calculations
¢ Contact pressure due to 0.010 inch press fit on the diameter.
Asmmea tha limit of intarfaranca dua to aprass fit = 0,010 inch on the diamater = 3

am Finney gptinder ' ,[(’zmﬂ+’zhurugj+,m:|+ Fizmazop ' P (1= Pyngs)
Bousrotnter | (r2 gy opt = Pirnar o) et oyinder

] : : ]
0.010in = [ i -’I] Jlero bt ’+u.345m]+ Lomaod P (1 _0266,,,,,)
10.15¢ cuneoptindesl (2.0 107 gy = 1. Cperayt) 29 ez ytinclr
] 4I
10.15# 29

0.010 ;
pm—m= 43478 pai
23s

¢ Hoop stress at outside and inside diameters.

2 n d
— (" outer cylinder ri.tmer-:g.r]indﬂr)
Thoop T F 2 2

{ruutercgr]jndﬂr ~ Finner cg.r]jnder:'

2 2
2.0 +1.05
Opgop = 44782psi ( R 1ol _ 43475 1667 = 72478 psi
(2.0 -

“Mouter inmer sl j

3r1_1-[:]

CAT509, Workshop 11, March 2002 WS11-4
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WORKSHOP 11 — PRESS FIT

Suggested Exercise Steps

1. Open a ...CATProduct, and specify materials.
2. Create assembly constraints.

3. Create a new CATIA analysis document.

4. Apply analysis properties.

5. Mesh globally and locally.

6. Apply an isostatic restraint.

7. Compute the initial analysis.

8. Check global and local precision (animate deformation, adaptive
boxes and extremas).

9. Visualize final results.
10. Save the analysis document.

\\
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Step 1. Open ...CATProduct and specify material

LI
n Start  TeamPDM  File Edit  Yiew Insett  Tools  Analvee  Window  Help =181l

11— @

@ yIPressFit =
T3 wsi1outerCyl (wsllouterCyl.1) EE*

_ = s

*‘@ ws11outerCyl —
— <7 xy plane )
—<7 yz plane £
- 3
<7 zx plane B
T‘} Axis Systems !

. izl
*‘ PartBody Eél
— @ Aluminium <«— 2 =
@tegs: \ _ S
o T2 wsllinnerCyl (wsllinnerCyl.1) &
1. Open the existing _ =
ws11CylPressFit *'@ wsllinnerCyl é
.CATProduct from the | N
S <7 xy plane i
training directory. s
2. Apply aluminum < yzplane gg
material properties to —7 7x plane 7\
the
ws1louterCyl.CATPart #-13 partBody
as required. — ¥ Steel < 3 -
3. Apply steel material | L, . .. o
properties to the Al S x/iy e
é”;ij&l?fggy"cmparﬁ ypaoew umenaa s e KEa's'nde/elo sl ol S
" ct or a cormmand | oy

CAT509, Workshop 11, March 2002 WS11-6 MSC \ SOFTWARE
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Step 2. Create assembly constraints

[#]CATIA ¥5 - [ws11CylPressFit.CATProduct] 1= x|
1 B Start  TeawPDM  Ele  Edt  Yew Insert el Analvze Window Help &) x|
N & yIPressFit 69 Eormula... | o

83 wsilouterCyl (wsiloL  Image

T .
Macro T Options General | Conskrainks

wsllinherCyl (wsilinr Customize, .,

*‘ wsllinnels Yisualization Fili

T‘ Constraints

creating a constraint it plications 3
could be due to your

current options. é

Stegs: __@ Mold Tooling Design

EE; Geometry nok published,
1. Click Tools, Options, ﬂ 5y

. . Select another geometry ar publish it before use ik,
Mechanical Design,

Assembly Design and
the Constraints tab.

2. Make sure “Use any .
geometry” is selected.

m aeneral Paste components

.I e el % @ ‘Without the assembly constrainks
T‘ nfrastructure

T~ Mechanical Design

() with the assembly constraints only after a Copy

(1 'with the assembly constraints only afrer & Cut

— &3 Part Diesign (23 Always with the assembly constraints

— i — Conskrainks creation
. S

_,;_._ sketcher BI ................. i QEOMEL ’:-.’
() Use published geometry of child components anly

(1 Use published geometry of any level

4
£

4

3. Otherwise this
Assistant will appear.

4. Return to the
Assembly Design
workbench. Select the
Fix Component icon.

Se!ectthe outer =RERG .@@@M‘ %Eﬂ@’@@%@w' @ J:ﬁ;g@cﬂ” Jo\ %qfﬁJ@ J@ J?ﬁvjﬁ..;k.J » 4(:,41';.4‘?2
Qy“nder /ctoracommand | AI
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Step 2. Create assembly constraints

[$|CATIA V5 - [ws11CylPressFit.CATProduct] == %]
Ig Start  TeamPDM  Elle  Edit  Yew Insert  Tools  Analvze  Window  Help =171xl
/"Using the Compass \% |-
Steps: ; wsllouterCyl {wslilouterCyl.1) 1 [
. 11outerCyl
1. The compass is ~] wstioutercy W
available to assist you -‘%wslllnnercﬂ (ws1linnerCyl.1) )
in creating assembly & ws1innerCyl 3 g
constraints. Move the | o= . Bl
curser onto the red dot - %
of the compass and it Fix.1 (wsllouterCyl.1) g
will change to crossing | —applications
arrows. '
2. Hold mouse button "
one down and drag it to iﬁ
the plugs outside face 2
as shown, let go of &
mouse button one. =
3. Move the curser to €
the Z vector of the &
compass, hold button §
one down and drag to @
position shown. @f
4. Return compass to
it's original state by N
dragging and dropping 4 %
it on the view axis. S )/1 |
W
=N Jcariar:
We are now ready to — ]

Qpply constraints.
CAT509, Workshop 11, March 2002 WS11-8 MSC ) SOFTWARE

||||||||||||||||




Step 2. Create assembly constraints

[#]CATIA ¥5 - [ws11CylPressFit.CATProduct] =l&ix]
B Start  TeawPDM  Ele  Edt  Yew Insert el Analvze Window Help == =l

f‘(x] Formula. .. &

Image i N
Opkions | Caonskrainks l}'

Macro T-m Cenetal Update %

Customize, ., ) Aukomatic @ Manual %

LUstomige T_. InFrastructure @ LCarnatic aridal -,_\

Yisualization Fil E@

Mechanical Design Y

@ ylPressFit] i1 Active level ¥ all the levels

— & Part Design e,

/)Apply a Contact \ a.’} W5110uterC)f| (wsllouterCyl.l) @ Arccess ko geometry g
constraint. ﬁ::r ws11innerCyl (ws1linnerCyl.1) ] ‘%J% < Automatic switch to Design mode i)
. i)

- Constraints L
Steps: - £l
1. Make sure the Fix.1 (wsllouterCyl.1) @E
Assembly Design @ Surface contact.? (wsllouterCyl.1,wsilinnerCyl.1) S
general update is set to Applications &
Manual. 5
2. Select the Contact €
Constraint icon. <
3. Select the inner and | SesiEaEE 2
outer surfaces as Oretteees il 8 L il &
h CI k OK i Line contact Mame: [Surface contact.2 j//
shown. IC . @ Surface contact  — Supporting Elements
Type | Zomponent | Skatus |

Cylinder  wsllookerCyl (wsllouterCyl 1) | Connected e

Cylinder  wsllinnerCyl (ws1linnerCyl 1) Connected ~

This surface contact b
. A F L. 8

feature will be used in — oy
the analysis workbench | @ ok | @ cancel| ,/iy Pl
whenapplyingthe g5 pavcew wmenaasn o mE4's a8 /0o s o) uauar
Contact Connection ot | =

Qroperty.
CAT509, Workshop 11, March 2002 WS11-9 MSC\%SOFTWAHE
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Step 2. Create assembly constraints

[#]CATIA ¥5 - [ws11CylPressFit.CATProduct]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  Analvee  Window  Help

¥IPressFit

54 wsi1 louterCyl (wsllouterCyl.1)
'

wsllinnerCyl {wsllinnerCyl.1)

s

-

Constraints
Fix.1 {wsllouterCyl.1)

— Applications

/Apply an offset
constraint.

Steps:

icon.

keeps the plug

This Offset Constraint

\positioned in the hole.

~

@ Surface contact.? (ws11louterCyl.1,ws:
&9 Offset.4 (wsllouterCyl.l wsllinnerCy

2

1. Select the Offset 2|
Constraint icon. - =
2. Select the outside Name: [Cffset.4
COplanar faces as Supporting Elements
shown Type | _ormponent | Status |
’ Plane wsllouterCyl (ws1loukerCyl, 1) Connected
3 Key in Oin (Zero) for Plane wsllinnerCyl fws1linnerCyl, 1) Connected
the Offset, select OK. Reconmect, ., I

4. Select the update Orlentation] & seme ||

OFFsetlm

| & Cancel I

P eRdprvEgeg & o @

a&«l—‘
*

,

e BOAESHBSB® M

4 JE

T
HS/BBwoR nEeénQQ50 0686 mBE '8 Hd6 '@ /0)

] -
A ra =N Eaeeaat

cted
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Step 3. Create a new CATIA analysis document

[$|CATIA ¥5 - [ws11pressFit.CATAnalysis]
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help

€ps.

1. Launch the
Generative Structural
Analysis workbench for
a Static Analysis.

2. Specify the
Computations and
Results storage
locations as shown.

Click File and Save
Management to save
this new document,
confirm names and
locations of all other

@ Analysis Manager
*-E%; Links Manager

"‘I\_l. Finite Element Model

[St 1 _@ OCTREE Tefrahedron Mesh.2 : wsllinnerCyl.1

\documents involved. //

2

-é Results - = CAELFINIpressFit'pressFit. CATAnalysisResults /

-é Computations -> C:\ELFINI\pressFit\pressFit.CATAnalysisComputations

*‘5‘9 Link.1 - C:A\CATIA\ Training' data‘ws11CyIPressFit. CATProduct

‘_53 MNodes and Elements
_é OCTREE Tetrahedron Mesh.1 : wsllouterCyl.1

; ﬁ Properties.1
_4 Material Property3D.1
_4 Material Property3D.2

I'—«_ﬁ Static Case
_@ Restraints.1

_@ Loads.1

—3% Static Case Solution.1

=31 Sensors.1

ﬂ Energy

A5y ero-w wTenQQ L@ 0EE BE e BLE Fomewe o Aoy

ck or a command

I j=i|

CAT509, Workshop 11, March 2002 WS11-11
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Step 4. Apply analysis properties

[$]CATIA V5 - [ws11pressFit.CATAnalysis] =]
n Start  TeamPDM  File  Edit  Wew Insert  Tools  Window  Help ;Iilll
@ Analysis Manager
: B Lirnks Manager 1
ﬁlmulate a contact \ % . . , ]
Ay -, Results - > CAELFINI\pressFitipressFit CATAnalysisResults
. -é Computations - > C:\ELFINI\pressFitpressFit .CATAnalysisComputations Contact ConnEctig ;IEIEI @] e
Steps: "_"3'@ Link.1 -> C:\CATIA\Training'data\ws11CyIPressFit.CATProduct Marme |C|:|nta|:t Connection, 1 .
1. Select the Contact *‘@ CylPressFit lwaie gl 1 Constraint
Connection icon. ﬁ:} wsllouterCyl (wsllouterCyl.1) 2 & Clearance I-D.Dlin < 3
2. Select the surface #—08 ws11innerCyl (ws1linnerCyl.1)
contact constraint from L1 Constraints

the features tree. QEI Fix.1 (wsllouterCyl.1)

3. Key in negative 7 Surface contact.2 (ws11outerCyl.1 ws1 tinnerCyl.1)
0.010in for the 5“ Offset.4 (wsllouterCyl.1,wsllinnerCyl.1}
clearance, select OK.
This negative clearance
simulates an e
interference fit. % Nodes and Elements

_@/‘ OCTREE Tetrahedron Mesh.1 : wsliouterCyl.1

— Applications
‘E Finite Element Model

4. Note the Contact
Connection.1 object in
the features tree. _@ Contact Connection Mesh.1

*‘5 Properties.1

_@/‘ OCTREE Tetrahedron Mesh.2 : wsllinnerCyl.1

B EF» BYO20 $AXT bDBe - &

4

. _4 Material Property3D.1
Contact connections 'y : 4
define clearance or S Gt U 7
penetration boundaries P Contact Connection.1 X/E
between parts but - static Case y
otherwise move BSLozEo-w wuBenls0066 KB4 B S8 dovpwe | s

Qrbitrarily. //ed e — ' | o
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Step 4. Apply analysis properties

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager
' EE; Links Manager
.E Results - C:\ELFINI'\pressFit'pressFit. CATAnalysisResults

_ialx]

Marme |Sm|:u:|th Connection, 1

-é Computations -> C:\ELFINI'pressFit\pressFit .CATAnalysisComputations

' ﬁ'@ Link.1 -> C:\CATIA\ Training\data'ws11CyIPressFit . CATProduct

Supports ey s

[ \ CylPressFit

Simulate a smooth o @ ok | @cancel|
. =5¥ wsllouterCyl (wsllouterCyl.1

connection to prevent v v “

the center plug from

—2 ws1linnerCyl (ws1linnerCyl.1)

moving or sliding out. : Constraints

Steps: Fix.1 (ws11louterCyl.1)

1. Select the Smooth @ Surface contact.? (ws1louterCyl.1,ws1linnerCyl.1)
Connection icon. 4% Offset.4 (wsliouterCyl.1,wsilinnerCyl1) « 2
2. Select the offset — Applications

constraint from the
features tree, click OK.

3. Note the Smooth o _
Connection.1 object in & Properties.1
the features tree. 4 Material Property3D.1

Finite Element Model

{wﬁ MNodes and Elements

4 Material Property3D.2

Smooth Connectlons ﬁ] Contact Connection.l

fasten parts together so

##* Smooth Connection.1

they beh_ave as a single | A static case
body while allowing g 5y pavew nmesaQsm0.8E AB4S /Y BLE Poruun o S

\deformation.

ck or a cammand | EI
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Step 5. Mesh globally and locally

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  Analvee  Window  Help 81|

Analysis Manager
EE; Links Manager
-é Results - C\ELFINI'pressFitipressFit. CATAnalysisResults

-é Computations - > C\ELFINI'\pressFitipressFit. CATAnalysisComputations

o

[

- ~ | Le
The compass is very '-f; |nk.1 -= CANCATIA\Training\data\ws11CylPressFit. CATProduct i%
handy when specifying CylPressFit +———— 1 E!
your mesh on an =— 4" Finite Element Model T
assembly of parts. «L— — ] A B
53 Nodes and Elements

Steps: _é OCTREE Tetrahedron Mesh.1 : wsllouterCyl.1 il
1. Double _Click. the_ —&P OCTREE Tetrahedron Mesh.2 : wsi1innerCyl.1 E
CylPressFit object in 5 Contact C tion Mesh 1 e
the features tree. This ontact Lonnection Hesh. Ry
takes you into the _ﬁ Smooth Connection Mesh.1 :
Assembly Design ¥ Properties.1 _’@
workbench. @
Static Case g

2. Move the center &
plug like we did earlier gj
as sho .
3. Return compass to 2
it's original state.
™

4. Double click Finite s
Element Model object 3 N B
in the features tree to X/ﬂy ;
take us back to the : _ J _ J — e -
@nalysis workbench. HoiEdncR wEHé33QQAS50 0686 mBE 2 488 @ ¢ '8 D = L
artBody selected | o

CAT509, Workshop 11, March 2002 WS11-14 MSC \ SOFTWARE
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Step 5. Mesh globally and locally

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager OCTREE Tetrahedron e

£ Links Minage G | ol |
‘E. Finite Element Model Size ||;|,3i,-,
; Nodes and Elements 1 " |5ag [o.03in
' 4 OCTREE Tetrahedron Mesh.1 : wsllouterCyl.1 /

—Element type

‘. Local Mesh Size

W Linear @
() Parabolic <}

)
B
-
2.
b,
@ Ok I 4Cancell
2
.
§4
=
&
(S
Ea)

@ Local Mesh Sag

_@4 OCTREE Tefrahedron Mesh.2 ; wsl1linnerCyl.1

M oco esh size SIS

Mame |L|:u:al Mesh Size

I:ﬁ Supports

~A value[0.2n s )

@ oK I 4Cancell

/ — /
Mesh the outer _ o] x| >

cylinder. =
Mame |L|:u:al Mesh Sag

Steps: Supports

1_. Globally mesh with value [0.020 = y

size, sag and type as

shown. @ Ok I & Cancel I

. -

2. Locally mesh with Xj\

size and sag as shown Y
\on the inside surface. ES¥BH 9 R wum+4A852 066 a8 4% 'BL8 ' FovErd ¢ Jcariar:

ct or a command | o
WS11-15 MSC >\ SOFTWARE
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Step 5. Mesh globally and locally

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager
EE; Links Manager
‘S Finite Element Model

MNodes and Elements
4 OCTREE Tetrahedron Mesh.1 ; wsllouterCyl.1
‘. Local Mesh Size
@ Local Mesh Sag
_@4 OCTREE Tetrahedron Mesh.2 : wsi1linnerCyl.1
_@ Contact Connection Mesh.1

_ﬁ Smooth Connection Mesh.1
ﬁ Properties.1

Qhown.

EA Static Case
ol
Size IIII.2in
1 __» [7Eg IEI.IZIZin
—Element tvpe
fMesh the inner A @ Linear /b
cylinder. (2 Parabolic &
Steps:
1. Globally mesh with — [ ok ]| @ cancel |
size, sag and type as —JSariar

=]

CAT509, Workshop 11, March 2002 WS11-16 MSC \ SOFTWARE
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Step 5. Mesh globally and locally

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  Analvee  Window  Help

=181

@ Analysis Manager
*‘EE; Links Manager

-é Results - C\ELFINI'pressFitipressFit. CATAnalysisResults

-é Computations - > C\ELFINI'\pressFitipressFit. CATAnalysisComputations
*_&9 Link.1 -> CM\CATIA\ Training'data\ws11CylPressFit. CATProduct

| .
] P —
i—,ﬁi‘:‘. Finite Element Model <\

*‘53 MNodes and Elements 3

_é OCTREE Tetrahedron Mesh.1 : wsl1louterCyl.1

é’[EQSZ

1. Double Click the
CylPressFit object in
the features tree. This
takes you into the
Assembly workbench.

2. Update the
assembly to bring
everything back
together.

3. Double click Finite
Element Model object
in the features tree to
take us back to the
Qnalysis workbench.

\ _é OCTREE Tetrahedron Mesh.2 : wsllinnerCyl.1
_@ Contact Connection Mesh.1

—ﬁ Smooth Connection Mesh.1

' ﬁ Properties.1
*—@A Static Case

2 |@

T
B BroeR nEeénAR50086 #BE'53 486 '@ 08~

=151 x|

B aRABNCLEEE sl g

¥ Bo B At 8w Y

AL

BJ » 4CATIA‘P

artBody selected |

CAT509, Workshop 11, March 2002 WS11-17
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Step 6. Apply an isostatic restraint

151 x]
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =171xl
Analysis Manager ‘&
; EZ; Links Manager ‘\ Ll
— 4" Finite Element Model il f&
' %;w Nodes and Elements i
, . %
¥ Properties.1
' Static Case N
-8 rea ,
i) Restraints.1 ’.
I_;F Isostatic.1 % « %
_@ Loads.1
—3!% Static Case Solution.1 .
@teps: \ _ i
*‘éij Sensors.1l §
1. Select the Isostatic &
Restraint icon, then —
select OK. That's all. f'
(B
The program =
automatically chooses
three points and _|of x|
restrains some of their :
degrees of freedom (in ame [Tsostatic 1 |
this case all 6 D.O.F.).
. @ Ok ¥ Cancel
The resulting e | |
boundary condition Xj\y
makes your system _ _ J o J —— J J }
Qtatically determinate. S BE O R wHGIRQASD 0EE mBA B BLE FONEEE & Jcariar:
feck or a cammand | EI
WS11-18 MSC A\ SOFTWARE
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Step 7. Compute the initial analysis

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis] 3l x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager
' @3 Links Manager
' ‘\_‘; Finite Element Model
~E5 Nodes and Elements
—{E Properties.1

' A Static Case
L@ Restraints.1
;F Isostatic.1

_@ Loads.1
—41% Static Case Solution.1

1
sensors.1 =0l —-I.

FEE

@ave all before \ 4e+002 5 of CPU

computing. 4,92+004 kilo-bytes of memaory

7.9e+004 kilo-bytes of disk.
Steps: Inkel MEL(C) Library Found: InkelfR) MEL S, 1.0
1. CompUte All. Do you want ko conkinue the computation?
- /Ev

Should take about 7 _ = | — J e e —————— fcariars

@inutes. 1S R0 rR wHERAALD 0E6E BAL B ELE & | S BEE @ ____:I
ar aca =i

CAT509, Workshop 11, March 2002 WS11-19 MSC \ SOFTWARE
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Step 8. Check global and local precision

o
EJ stat  TeamPDM  Flle  Edit  View Insert  Tools  Window  Help =l
@ Analysis Manager Image Fem Editor _ Ol x|

s =
T_i.t&.@; Links Manager Deformed
a Display on Deformed Mesh

r& Finite Element Model
T‘% MNodes and Elements
G all
Properties.1 { I:":TF'EE Tetr :||'n-|:|r| N Mes

'—A Static Case

Mesh | Selections |

B PP ByxoLD ST BOR

| m::u:nl:n Cannectm
\ *‘@ Restraints.1 Isoskatic, 1

_@ Loads.1

/Visualize the
Deformation and

animate. "ﬁlﬁ\Static Case Solution.1 [ < Cancel I Help I

Steps: & Deformed Mesh

1. Select the #-4) sensors 1

Deformation icon.

2. Select on the % Ml

Animate icon to 7

verify expected

deformations. 1 i

Display each mesh

separately and in

various combinations

to get a better @ <« 2

understanding of X/i

what the connections ) |
_ create. jgma PR uEenQA L0 EE Bk % BLE dovses o 4&:&.3

fect or a command | =i
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Step 8. Check global and local precision

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis] =l&ix]

n Start  TeamPDM  Ele  Edit  Yew Insert  Tools  Window  Help =181x]

@ Analysis Manager Estimated local error ‘&

T‘ﬁa Links Manager Bt 4

?‘lh Finite Element Model Precision Location @ Global 1.03e-005 T@

Estimated Precision ; 10,7215 Btu N 1

T_*“" Nodes and Elements Skrai e I Shtis R ells i

islobal Estimated Error Rate : 12,8354 % 8 24005 6

.= Properties.1 1

A 7.21e-006 A

- i Static Case 6 156-006  #=

— ¥~ Restraints.1 ] 2

mllsuallze the \ 3. 15e-006 b

computation error —4J Loads.1 3 4.12e-006 %
map. 4% static Case Solution.1 109006 @

Steps: P Deformed Mesh 2.06e-006 A

1.03e-008 2.

1. Select the i_% Estimated local error ' §
Precision icon. r%Emema 5.18e-011 g
2. Select on the Global Maximum.1 &
information icon. #— E

ﬁj Sensors.1l 1 [, EI — b.
3. Select the = |
Estimated local error

1

object in the features

tree. Note the global v
estimated error rate is

OK (recommend max
20%).

4[| B2
4. Search for ? )/1
maximum extrema and !
rousonit. /,E]M@@@%?J%EH@'@@%Q@v&meﬁvﬁéjbvjvkjﬁﬁﬁiﬂﬁr%l%v =
Gct ar a cormmand | AI

'\
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Step 8. Check global and local precision

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis]

BT et

TeamPDM  Fle Edit  Yiew Insert  Tools  ‘window  Help

=181

/Determine maximum
local error %.

Steps:

1. Select the adaptivity
box icon.

2. Since the extrema is
not any where near the
press fit location just
use the compass and
green dots to locate and
size box around area as
shown.

3. Local error is
marginal, not below the
recommended 10%.

In the interest of time
let’s use these results.

@ Analysis Manager

S

T"%’} Links Manager
"‘IE Finite Element Model

» Nodes and Elements

a Properties.1
i—A Static Case
B restrainis.
_@ Loads.1
=—3l¥ Static Case Solution.1
Fie Deformed Mesh
5_% Estimated local error

"% Extrema

Global Maximum.1
*"ﬂj Sensors.1

f:% Adaptivity Process

@ Adaptivity Convergence.1
E‘@ Adaptivities.1
@ Adaptivity Box.1

=151 x|

G
:

=

Mame | Adaptivity Bosx. 1

Salution |Statiu: Case Solution, 1

Objeckive Errar (%) |5

B FPre B4xox0! 43T pdapl &

1

Local Error {%%) | 12.653 <

| Select Exkrernum

Wil Cancel J

3

BSyEE0cR nEénqQAs@ 8686 mBd 6 BLE dospBrEd o

AL

4&4 TIA P2
fsoiuvrions )

Aﬂébject or a command

CAT509, Workshop 11, March 2002
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Step 9. Visualize final results

SE
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
i Vo Mises Stress (nodal value)
@ Analysis Manager bl
e
= |Links Manager 1.05e+005
74 Finite Element Model I 2.72e+004
| s . n B.96e+004
i+ Nodes and Elemen
T_ 0 8.192+004
. Properties.1 7 432+004
= static case £.67e+004

|
*—3  Restraints.1

_@ Loads.1
L 'ﬂ Static Case Solution.1

I S.91e+004
5.15e+004
4, 39e+004
I 3.63e+004
2.87e+004

{On Boundary

& Deformed Mesh
T‘ﬁa Estimated local error
"‘% Yon Mises Stress (nodal value)

'—% Extrema

Global Maximum.1
*‘ﬂj Sensors.1

L Adaptivity Process

/\/isualize Von Mises )
stress field patterns.

Steps:
1. Select the Stress
)/iy

E Pre 8020 HxTV DL e

1

NN G
4

Von Mises icon.

x

/éct or a command | EI

\2- Find the Extrema. B paocR amésqQasd 8686 mBEa !t BLE SosERe | ¢ LA

o
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Step 9. Visualize final results

15l
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
40 snaivis manager 1o AR ¢
T‘”g;’} Links Manager Deformed . [
.—& Finite Element Model L Display on Deformed Mesh T@
I Nodes and Elements Wisu | Criteria | Filkers | Selections I ﬁv
Position : - L]
-/ Properties.1 osten - Jhode = ~
.._A Static Case Compaonent 1 j ;-
*It_;----_: Laminia 1 E[Min-rﬂax] Y
Hie Restramts.1 Sup-Mid-Inf - '_:;'
_@ Loads.1 Fepeat : -| ]
4% static Case Solution.1 —_— =10l x| ®
!";1‘., Edition ——— £
. Deformed Mesh ’7 - Deformed 3
/Fmd hoop stress on the\ Lojiinae : Q.
. . o Display on Deformed Mesh
inner surface of the T‘ﬁa Estimated local error 3 o 1 @““"
outer cyIinder. t& Von Mises Stress (nodal value) . WisL | Zrikeria I Filkers | Selections | &
- Al v
Steps: & Stress principal tensor symbol OCTREE Tetrahedron Mesh,1 @ wslloukerCyl, 1 4
o *_@ AN DCTREE Tetrahedron Mesh. 2 ¢ wsllinnerCyl, 1 (5
1. Select the Principal Sensors.1 ) 5 Contack Connection Mesh, 1
: 5 kh i kion Mesh. 1
stress icon. Adaptivity Process e g on e
2. Double click Stress
principal tensor symbol
object in the features Edition
tree and modify the filter ’7 LeofFringe | Swmbal | Axis System

and selections tabs as 3 { { {
shown. K W Cancel Help
- [,

Image shownonnext [B&yEE0 R wHeésQQA L6066 BE B BLE doNBEEE ¢ ~ff canars

Kpage. . v

k or a command I AI
MSC A S0
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Step 9. Visualize final results

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

7 A42e+004

7.568+004

-

inner surface of the
outer cylinder.

Steps:

point the specific

Q/alues.

Find hoop stress on the

~

1. Use the curser to pin

Stress principal tensor symbol

_ ‘&
psi -
5. 1e+004 K
I 7.272+004 T@
.45 +004 i
5.63e+004 &
4.8e+004 &,
3.95e+004 —

I 3.15e+004 2;
r(v

2.33e+004 3.
1.5e+004 |

I £.75e+003 ()
-1.52+003 2
<N Boundary il
§4

&

(9

1

&,

4&4 TIA P2

)

t or & comman d |

CAT509, Workshop 11, March 2002 WS11-25
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Step 9. Visualize final results

13y
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
. Image Edition _ |0 x B
@ Anal)(S'S Manager —I—I—I
a0 Deformed ‘
T‘M} Links Manager '
d Display on Deformed Mesh

"“IE. Finite Element Model T —m—

Modes and Elements »
Position : INu:u:Ie

../ Properties.1

L Lo

Component : 5

r+ Static Case Lamina 0 E[Min-l‘ﬂax]

shown.

Qage.

1. Double click Stress
principal tensor symbol
object in the features
tree and modify the filter Edition
and selections tabs as ’7

Image shown on next

Fol Bryo20 #a7 pp2pl: @

=5 Restraints.1 Sup-Mid-InF : =]
_@ Loads.1 s j
b 'ﬂ Static Case Solution.1 Edition
. iki _I I kA
& Deformed Mesh r Ism’ange I ST m| _I
Deformed
T‘ﬁa Estimated local error @ oK l
. = |'4 Display on Deformed Mesh
/ . \ P von Mises Stress (nodal value)
Verify the contact Wisu I Criteria | Filkers | Selections |
pressure due to 0.010 & Stress principal tensor symbol A
inch interference fit. i—@ Sensors.1 \ OCTREE Tetrahedran Mesh.1 ¢ wsllaukerCyl, 1
1 C_TREE Tekrahedron Mesh.2 @ wsllinnenCyl. 1
Steps: Adaptivity Process Contact Connection Mesh, 1 =
Sl e piivity Smaoth Connection Mesh. 1 El
Isoskatic. 1

IsofErinme I Symbal I Ais Svstem

& 0K I ﬂCanceII Help I L
y

.
BayPaocw amensQ sl 066 mBL 't BLE SoNBRE | ¢  Sanar
t or a command | AI

)

o, 5
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Step 9. Visualize final results

[#]CATIA ¥5 - [ws11pressFit.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =18 x|

-4.ad

/p 1y

Stress principal tensor symbiol
psi

-3.02e+004
I -3, 3e+004
-3.5%2+004
-3.872+004
-4, 152+004
-4, 4da+004
I -4, 7 2e+004
-Ge+004
-5,2%92+004
I -5.572+004
-5.85e+004

O Boundary

| -
N _4?e+/4.63e+m4
-4, 7 Ra+ 004
t i
P

B PPa BAo20 $AT pp2p o &

Verify the contact
pressure due to 0.010
inch interference fit.

doyBancR uEesqAsR0 88 B4 s ELE doveeg o FouiE

ooooooooo d | EI

CAT509, Workshop 11, March 2002 WS11-27 MSC \ SOFTWARE

llllllllll REALITY



Step 9. Visualize final results

Conclusions

o CATIA V5 GSA workbench is validated for a press fit

scenario.

Hand Calculations

various Linear Global Mesh

Global % Precision error NA 12.8 %

Local % Precision error NA 12.7 %

Error Estimate NA 1.03e-5 Btu global
Max Von Mises Stress NA 104,765 psi

Hoop Stress 72,478 psi 74,900 — 76,300 psi
Pressure due to 0.010 interference 43,478 psi 46,000 — 47,300 psi

CAT509, Workshop 11, March 2002
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Step 10. Save the analysis document

[%|CATIA ¥5 - [ws11pressFit.CATAnalysis]
B Start  TeamPDM SN Edit  Wiew Insert  Tools

D M, . Chrl4+R

/Stegs: \ e Frarm. ..

1. Select Save (5 open.. o)
Management from the 1 Clase
File menu. -

Save Chrl+3
2. Highlight document -
you want to save.

Save All

3. Select Save As to

specify name and 3
Kpath, select OK. j 2
Save Management |
Skate | Marme \ | Path | Ackion | Save I
Cpened ws11CylPressFit, CAaTRyoduck CCATIA Trainingtdata /
Opened wsllinnerZwl CATPart CACATIATrainingdata B ke direct I
Cpened wsl1loukerCyl CATPark CACATIA Trainingtdaka ropagate dirsctory
wsl1pressFit, CATAnalsis CHCATIA Trainingldata Save Reset I
Cpened press fit, CATARalysisResultks CHELFIMIYpressFit
Opened pressFit. CATanalyvsisComputations CAELFIMIYpressFit
0 Unsaved File(s) Left [] Enable independent saves
- CK I ' Cancel I
[ -
PN
WS11-29 MSC >\ SOFTWARE
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WORKSHOP 12
FLAT PLATE COLUMN BUCKLING

N
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WORKSHOP 12 — FLAT PLATE COLUMN BUCKLING

Problem Description
¢ Rectangular plate under uniform edge compression Ops
¢ Two short edges simply supported, two long edges free.
¢ Find the critical load when buckling begins.

J

3]

o

!
Free

Free

Material: Aluminum

Modulus of elasticity = 10.15e6 psi
Poisson Ratio = .346 200
Density =.098 Ib_in3
Yield Strength = 13778 psi

Design requirements:
Thickness, t = 0.1 inch \

Vertical Load, w = 100 Ibs/in \\
~1.00 Simply

supported

\\
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WORKSHOP 12 — FLAT PLATE COLUMN BUCKLING

Hand calculations

o Critical load of a long slender column:

2
B 3 3
Critical Load = P,, = — min ;b _ 10001

. 4
72 min ' B = 000005333 inch

2 . 4
P, = w0 101526 pet - 0.00008333 inch ~ _ 599 1bs

4.0° inch

+ Verify model by checking deflection using the standard
formula for a simply supported beam at both ends with uniform
load over the entire span using a pressure of 100 psi (3D).

100 Ibs/in (2D)

1 4.0 inch 1

4 , e
384 8 Lgn 384 10.15¢6 pai * 0.00008333 inch

'\
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WORKSHOP 12 — FLAT PLATE COLUMN BUCKLING

Suggested Exercise Steps

w

00r = O

9.

Create a new CATIA analysis document (.CATAnNalysis).
Mesh globally with parabolic elements.

Create virtual parts and apply advanced restraints (simply
supported).

Apply a force.

Insert a Buckling Case.

Setup static and buckling parameters.
Compute all (the static and buckling analysis).

Check global and local precision (animate deformation, adaptive
boxes and extremas).

Visualize final results.

10. Save the analysis document.

CAT509, Workshop 12, March 2002 WS12-5
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Step 1. Create a new CATIA analysis document

EATIA ¥5 - [ws1ZcolumnPlateBuck CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager
*‘Eaa Links Manager
h Results - = C:\ELFINI\buckling'.columnPlateBuck .CATAnalysisResults
-é Computations - = C:\ELFINI'buckling'columnPlateBuck .CATAnalysisComputations

fSteps:
1. Open the existing
wsl2columnPlateBuck
.CATPart from the
training directory.

2. Apply aluminum
material properties to
the part as required.

3. Launch the
Generative Structural
Analysis workbench for
a Static Analysis case.

4. Specify the
Computations and
Results storage

CAT509, Workshop 12, M

"“I\_\. Finite Element Model

' 531 Nodes and Elements

*‘f@ Properties.1
L —

(‘ Material Property3D.1
M\ static case
@E_-] Restraints.1

@ Loads.1

4% Static Case Solution 1
*‘@ Sensors.1

-4 Link.1 -> C:\CATIA' Training'data‘,ws1 2columnPlateBuck CATPart

4

v

1

A A 4

i

4

4

1

SO paxV . pdoel el

jﬁﬁ[‘@yﬁal%ﬁﬁ@i

AL

Jﬁﬁﬁ@g@ J %v 4CATIA‘P2

Q)cations as shown. rmmd

arch 2002

WS12-6
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Step 2. Mesh globally with parabolic elements

=15

B start  TeampDM Bl Edt  View Insert Tods  iindow  Help 1=

@ Analysis Manager ‘&

T‘E'-EE; Links Manager ‘\ T},

=4\ Finite Element Model N ;

| %Nodes and Elements i)

T OCTREE Tetrahedron Mesh.1 : ws12columnPlateBuck g'

—5¥ Properties.1 \ ; )

= static case 1 {

@ Restraints.1 ’?'

@ter_)s: \ @ Loads.1
1. Globally mesh as 2% Static Case Solution.1 ﬁg"

shown

Thin gauge sheet
problems are very
sensitive to the mesh
parameters. Parabolic
elements are highly
recommended for this
because they are
formulated with a
parabolic displacement
field within the element,
which agrees with
basic bending theory.

\_

*‘éﬁj Sensors.1

L=

Global | L

acal |

Size IIZI.lin
S5aq IEI.IIIlin

i Lineat
W Parabalic

—Element tvpe

P
A

| & cancel I

d5 L BE0-? nHésQAAST 066 wBE B B L

Bl FFe B

AL

4(:44 TIA P2
..... fsoitvrions)
O,

g dosmrE | §

ct or a command
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Step 3. Create virtual parts

ElEATIA ¥5 - [ws12columnPlateBuck.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager ‘&
T—Eas Links Manager _ |0l x| ‘\ N
=— 4\ Finite Element Model Name [Rigid V. Part. 1 Wy ;
T_ga Nodes and Elements / supports 1 @:
5 Properties.1 Part Handler [Mo selection Ev
_4 Material Property3D.1 - * -
@ ok | & cancel| :
— Al Rigid V. Part.1 - ,i]j 5’;
G
— Al Rigid v. Part.2 b Py
=\ static Case A
_@ Restraints.1 %
/ \ _‘-@ Loads.1 @v
Steps: y
— —&1%¥ static Case Solution.1 T 2| 9
1. Select the Rigid #—41) sensors.1 ¢ i%
Virtual Part icon, =10l %] &
select the upper face, Name [Rigid v. Part.2 (8
S5O Supports o
2. Repeat the process Part Handler [Mo selection v
to create a second :
rigid virtual part on the o @ ok | & cancel |
bottom face.

AL

Baypaoeow amesaAQsl 066  nBE /b BLE dovpre | ¢ anar

x

k /éct ar a command I AI
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Step 3. Apply advanced restraints

e
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager @
T_E%? Links Manager Advanced Restraink 1Ol x| ‘\ L
. ./’/ \“\ P
r‘|\_\l Finite Element Model Name [Restraint. 1 'y
T" % MNodes and Elements S supports ST l 2
‘_cr_ﬁ Properties.1 il e *
3 Tyvpe IGI-::I::aI j
Material Property3D.1
perty [ Display locally Jj_',.
A Rigid v. Part.1 - \

A Rigid V. Part.2

4 ‘Pestrain Translation 1

LA s cone .
| . [ Restrain Translation 2
/ \ @ Restraints 1 [ Restrain Translation 3

E FFes  Bror@!l » AT 5D

Steps:
.\2"' Restraint.1 1 [] Restrain Rokation 1 ™N
1. Select the @ [] restrain Rotation 2 \
: Loads.1
Advanced Re_Stramt |:| Restrain Faokation 3
icon, select virtual part &% static case Solution.1
1 at the top of the @ ok | @ cancel | 2
plate =Y
2. Select Restrain
Translation 1, select
OK.
)/iy
L BayBp@aocR amesqasd0EE  #nBaE /b BLE dovERE | ¢ Sausr
/éct or a command | AI

\
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Step 3. Apply advanced restraints

SE
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Analysis Manager Df"
T'_ E%) Links Manager ‘\ [
L ‘l\_\. Finite Element Model o ¢,
T" % MNodes and Elements 1 -
- @ Properties.1 v

4 Material Property3D.1
A Rigid V. Part.1
A Rigid V. Part.2

-

Steps:

1. Select the
Advanced Restraint
icon again, select
virtual part 2 at the
bottom of the plate

2. Restrain all
directions except
Rotation 2, select OK.

\_

~

| .
"@ Restraints.1
b5 Restraint.1

.:2‘7‘ Restraint.2

_@ Loads.1

o

Mame | Restraint, 2

Supports EERTEEE s

— Bxis Syskern

Type IGI:::I:uaI j
[ Display locally

i Restrain Translation 1

o Restrain Translation 2

4 Restrain Raotation 1 /

|:| Restrain Rokation 2

d Reskrain Rotation 3

o K I ﬂCanceII

—

i Restrain Translation 3 1 2

4
A~

E FFes  Bror@!l » AT 5D

AL

Baypaoeow amesaAQsl 066  nBE /b BLE dovpre | ¢ anar

x

/éct or a command
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Step 4. Apply aforce

e

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
. 13

@ Analysis Manager &

T" E%; Links Manager [

r‘\_\. Finite Element Model 1 Py

|
T’“% Nodes and Elements
“@ Properties.1 Surface Force Densit = |EI|£|

4 Material Property3D.1

Marme |Surface Force Densiky. 1

o LT et
A Rigid V. Part.2 — Pdis System
Type IGI:::I::aI j
LA oo cose

[ Display locally

I
T-@ Restraints.1 i
/Apply force to the top ) &1 Loads.1 :§

@ Fr» BHGor®! ¥ b

<_
—Farce Yeckar -
face L@ Surface Force Density.1 -
Morm |1IIIIIIIIIIZI|:|5| f
Steps:
. | Opsi 1
1. Select the Surface :
Force Density icon K [Opsi
and select the top z | -10000psi I
face. — Optional Elements \ 2
2. Enter -10000 in the [ pata Mapping
z direction and select 3
(]34 I ¥ Cancel I
OK. -
)/iy
L BayBp@aocR amesqasd 066  #nBaE b BLE dovERE | ¢ Sausr
/éct or a command | AI

\
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Step 5. Insert a Buckling Case

EATIA ¥5 - [ws1ZcolumnPlateBuck CATAnalysis] ;Iilﬂ
Start  TeamPDM  File  Edit  View ) =181x]
F IE= Tools  Window  Help
— I

*‘gﬁ Static Case 1 hna Obest

. ﬁ% Skatic Case

T_@ NS ik @ Frequency Case

len Buckling Case 2

o 4 i
53‘ Statlc Case Solution.1 [¢S and Elements

/ @ Propeyties.1 I3 Hide Existing Analysis Cases
Steps:

1

4

A

A

i

|5tati|: Case Solution: ReFerencel ColurmnPlatesalution |

4

1. Rename the Static Static Gase . @ ok | & cancel | 3
Case Solution.1 to - Restkaints .1
ColumnPlateSolution. T_ ) A

1

2. From the menu
select Insert then
Buckling Case.

3. Select *‘@ Sensors.1
ColumnPlateSolution

from the features tree *_t_A Buckling Case

as your reference
solution.

1

5% ColumnPlateSolution «— 3

A

B Fro BloR0 ST bdoe! s &

Fi

5% ColumnPlateSolution
é’ Buckling Case Solution.2

éjij Sensors.3

For clarity and

organization it's a i
good idea to start ’
uniquely identifying B EaweR ' umésQQ sl 066 B4/ ' BL8 donerd fcariar:

=]

Cases . ect ar a cormmand I
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Step 6. Setup static and buckling parameters

EATIA ¥5 - [ws12columnPlateBuck.CATAnalysis]

EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help

@ Analysis Manager

T_EEB Links Manager

*“IL Finite Element Model
T‘%@ Modes and Elements
T‘ﬁ Properties.1
T Static Case

T-@ Restraints.1

*‘@ Loads.1

(s

eps:
1. Double click

verify parameters.
Click OK.

2. Double click
Buckling Case
Solution in the

of what calculation

ColumnPlateSolution
in the features tree to

features tree to verify
parameters. Click OK.

You should be aware

thods will b d.
\me ods will be use j

_55 ColumnPlateSolution

\ *‘Lﬂj Sensors.l
E-&\ Buckling Case
_55 ColumnPlateSolution

_J" Buckling Case Solution.2

_éij Sensors.3 \

Static solution Paramek _ O] x|

—Method

iZ) autn

@ gauss
(1 gradient
] gauss R&

SCCLFACY

—iaradient parameters
rnaximum iteration number [

1e-008

= I & Cancel I

Buckling solution Parame N =] |

—Mumber of modes

[ =
—Method

—> @ gauss!
(21 lanczos
—Dvwnamic parameters
raximum iteration number 5o E
Accuracy 0,001 E

o & 0K I ﬂCanceIl

1gupEocR lamensaqsmnEe kB /BrE Feospre ¢ Sanas

ohject ar a command
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Step 7. Compute all

[#]CATIA ¥5 - [ws12columnPlateBuck.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =18 x|

@ Analysis Manager ‘\ -
[

T‘@} Links Manager

*“l Finite Element Model
L‘E@ Modes and Elements
*‘5 Properties.1

Static Case

*—é Buckling Case
(ﬁ% ColumnPlateSolution

5' Buckling Case Solution.3
éij Sensors.4

Computation Resources Estima 1Ol x| \
<

3e+001 = of CPU

5.85e+003 kila-bytes of memary

2.92e+004 kilo-bytes of disk

Inkel MEL(C) Library found: InkelfR) MEL %S, 1.0

' FrelBxoR® AT p2E

=l

Save first.
Do ol wank bo conkinue the computation?
Steps:
Yes l Mo l X/i
1. Compute all objects. - y
S HSYBE0ecR uHesQ850.0606 #Bg 3/ BLE Fonpwe o Sfoansz
Select an object or a command | o

CAT509, Workshop 12, March 2002 WS12-14 MSC \ SOFTWARE
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Step 8. Check global and local precision

and global precision.

Steps:

1. Create a deformed
image and animate to
verify your system

deflects as expected.

2. Check Global

precision (Estimated
local error image can
only be added to the

e *— .- Static Case
Check Deformation, 1

EATIA ¥5 - [ws1ZcolumnPlateBuck CATAnalysis] ;Iilﬂ
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager Df}
B -
T‘%}} Links Manager B
"‘l Finite Element Model @:
| )
#~F Nodes and Elements &)
#—(F properties.1 5’;
i r(v
&
A Buckling Case @
| =)
"ﬂF_‘CnIumnPlateSnlutinn la g—
[, Estimated local error v o
"f Buckling Case Solution.3 % Al f'
Pa
& Deformed Mesh oq > Eil NN
_ﬁj Sensors.4 ' 1

2b

Precision Location : Glabal

Static

ColumnPlateSolution).

Estimated Precision : 0,000110767 Btu
Skrain
obal Estimated Error Rate : 1,.58582 <&

T

J
&
1

AL

BaynaocR aBenqQsk 86868  mB4 6 BLE PdONBEEG | o WAL

x

K /éct or a command
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Step 8. Check global and local precision

ElEATIA ¥5 - [ws12columnPlateBuck.CATAnalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Analysis Manager -
Adaptivity Box _ Ol x| 2
.
T"&E} Links Manager — ¥
Mame | Adaptivity Box. 1

‘Il\. Finite Element Model
T‘@g Nodes and Elements
T‘ G Properties.1

{_é. Static Case
/Find the global B

A Buckling Case

&
f

‘EL‘PF&lﬁ‘%‘Q‘%@l 43;1'42\*%[4@4@4@4@[4 l@l

Ohjective Ervar (%) | 3

Saolution

< Local Error (%% [0

Select Extremum

- oK J ﬂCanceIJ

element with the
highest estimated

|
‘_ﬂF ColumnPlateSolution

error. "“_% Estimated local error
Find local precision. %Emema

Global Maximum.1
Steps:

"f' Buckling Case Solution.3
1. Use the Search

Image Extrema icon. Pl Deformed Mesh

. . . _@ Sensors.4
2. Local precision is
found using the L Adaptivity Process
adaptivity box icon. & Adaptivity Convergence.1
'@ Adaptivities.1 1
Local error shows @ Adaptivity Box.1

energy balanced in the /
plate center, our area ximum, 1: 1.441458e-003 B

of most concern. We s P E ,/1\,«

Qave a precise model.g
TEESYL RE0c R  uEe3QQALD B EE uBt b BLE dosBERE | o WLALA
Select an object or a command | AI

I

\\
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Step 9. Visualize final results

ElEATIA ¥5 - [ws1ZcolumnPlateBuck CATAnalysis]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

===
=131

/Find the critical load
when this plate will fail.

Steps

1. Make sure the
Buckling Case is “Set
As Current Case”.

2. Right click Sensors
in the features tree
then select Create
Sensor.

3. Click to highlight
bucklingfactors in the
Sensor Creation
window. Click OK.

@ Analysis Manager

T‘ @3 Links Manager

‘IE\. Finite Element Model
T"%g] MNodes and Elements

T‘@’ Properties.1 1
Static Case ¥

-— A Buckling Case Set fs Current Case |
|
T‘ﬂ% ColumnPlateSolution

fl: Buckling Case Solution.3 2 e ——T ] ]

Pty Deformed Mesh Functions ———————
el 21|
'—% Sensors .4 Create Sensor ‘bucklingfactars

buckfactorl
buc
buckfackor3

4. Double click this

sensor “Buckling

Factors” in the
Qeatures tree.

0.519465625

—Measure Body
ﬂ Buckling Factors | @ Ok I @ Cancel | bucldingfagggggf‘g'gite Element MndellBuckJJ
.@;{ Adaptlvity Process \ 3 < Farameter Yalue

@ FPrPasl s or0l vy i pdaPls el

3096623039
4 buckfactord 4, 7665805649
buckfactors  5.472147942
buckfactore  12.185117951
buckfactor?  13.137681007
buckfactors 16271015167
. - - buckfactors  18,459434509
Critical Load = (.519)(10,000 psi) = 5190 psi buckfactorld 13659662247
Compare with hand calculations: Close
Critical Load = (5190 psi)(0.1 inch2) = 519 Ibs. — ‘_I *j\v
Hand calculations = 522 Ibs. BE B  BELE donpre ¢ fSariarz
Select an object or a command | AI
MSC X SOFTWARE
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Step 9. Visualize final results

EATIA ¥5 - [ws1ZcolumnPlateBuck CAT oo i

Window  Help

BJ sat TeameDM Al Edt  yijigEll Tools

=18
=18

Analysis Manager Dhject

A

EE; Links Manager ﬁ% Skakic Case
"A Finite Element | @ Frequency Case

/ Add a different Static
Case: Beam simply
supported at both
ends, uniform load
over entire area.

Steps

1. From the menu
select Insert then
Static Case.

2. Select existing
restraints to save
setup time.

3. Rename Simply
Supported Beam.

We are doing this to
verify that the beam i
deflecting properly.

Also introducing
Kmultiple load cases.

|
N T‘% Nodes and f Buckling Case
T‘@’ Properties.1
7% Static Case

[
@ Restraints.1
Ji"" Restraint.1

2 >

.Ji._" Restraint.2
@ Loads.1
T"ﬂ% ColumnPlateSolution
#—811 sensors.1

Static Case

=101 %]

Restrains:

............................

Loads: @ new ) Reference

d Masses: W Mew () Reference

-

4 Hide Existing Analysis Cases

@ oK I & Cancel |

. Buckling Case

I—@ii SimplySupportedBeam o | 3

#—1=1 Restraints.1
,j—l- Restraint.1
;.Fl Isostatic.1

_@ Loads.2
_5 Masses.1

— 2% Static Case Solution.?

S
bl Sensors.5

ﬂ Energy

lé'“&‘ Adaptivity Process

SRS REDeR uHés3QQR50 086  wEA /B8 dospue ¢

Bl e Breod®! AT poapls el

L

4::,4 TIA P2
il fsoLurionsd
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Step 9. Visualize final results

[#]CATIA ¥5 - [ws12columnPlateBuck.CATAnalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help =18 x|

@ Analysis Manager _ 10O x|
T‘ @3 Links Manager

Marme |SurFace Force Density, 3

14 Fite Eloment Model e !
% Nodes and Elements —ﬂxisl System J
Type |Global -

T‘ &F properties.1

[ Display locally

—Farce Yeckar

| harm | 100psi
T—@ Restraints. 1 1
by |-100psi *
%l Loads.?
¥ | Opsi
@ Surface Force Density.3 :§ <+
zZ |El|:|si i
@ Masses.1

— Optional Elements

% static Case Solution.2

=T Sensors.5
(" Load 100 psi and T _i5xl| 2 ok | 3wl

ﬂ Energy

4“ l 4@ F &[ §1%1®4%@l 4‘5‘;’5‘42\*? l4@4@4@<®[<y l @:’l'

]
4

s tﬁ Adaptivity Process feefal i

Steps 0 kilo-bytes of memary ?
1.11e+003 kilo-bytes of disk

1. Use the surface Tnkel MKL(C) Library Found: Intel(R) MKL ¥5.1.0 3

force density icon.

Do you want ko conkinue the computation?
2. Select the face as

shown. Yes ho_|
- x/iv
\ 3 Compute all. SBE i REoe R nmenqQQ R 0,606 mBaE e 5L  Fonpre e SSAUsr
Select an object or a command | AI

o, 5
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Step 9. Visualize final results
151 x]
=181

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

@ Analysis Manager ‘&
T‘ é\’} Links Manager Lo
T ‘I\_\. Finite Element Model = T@
% MNodes and Elements @.
£ - '

T_ Properties.1 Translational displacement vector &

i Static Case i =

T_ . i -
T‘é« Buckling Case L5 0,358 2
= A simplysupportedBeam % 0.358 i

| ; -

T—@ Restraints.1 %@’f’ 0.313 ®

7 £
‘I@ Loads.2 5 7 % 0.278 1

2

/f% 0,239 2
& Masses 1 /f}‘f’:"fﬁ ' F

g , . e / ;{j 0.199 &

IEstatlc Case Solution.? g ?///,//}j {;/ =

. _ G //3?” e 0,159 P

& Translational displaceme el e
a/;’:f.-'

/Compare hand =80 Sensors 5 A 0.119 <—§
calculation a 0.0796 9
displacements. i Energy 00308
s +. Adaptivity Process o
1. Select the On Boundary
Displacement icon.

Hand calc’s = .394 in.
FEA = .398 in. I
y
\ Looks good. SEE EEecR uFHesRQAL0 006  mBS /I BLE donnre |6 WLausz
Select an object or a command | AI
WS12-20 MSC\,,_:\SOFTWAHE
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Step 9. Visualize final results

Conclusions

¢ CATIA V5 GSA workbench is validated for a flat plate
column buckling scenario.

Hand Calculations .1 inch Parabolic Global Mesh, .01 inch sag
Global % Precision error NA 1.58 %
Local % Precision error NA 0%
Error Estimate NA 1.44e-9 Btu global
Critical Load 522 Ibs 519 Ibs
Model verification using 0.394 inch 0.398 inch
simply supported beam
displacement

CAT509, Workshop 12, March 2002 WS12-21 MSC_ A\ SOFTWARE



Step 10. Save the analysis document

"% |CATIA ¥5 - [ws12columnPlateBuck.CATAnalysis]

B Start  TeamPDM QSN Edit  view  Insert

D New, .. Chrl+M

(% open... Chrl4-0

Save your documents

Save Chrl+5

Save As...

Save Al

State | Mame | path Save {
OpenEd ws12ED|umnP|atEBUCkIC|‘:’|TPart C:IIICATIAIIITraInIngIIIdata '\. ................. 5a.YEF5.sAAA ...................
Modified w51 2columnPlakeBuck. CATARalsis CCATIANTrainingdata -

Cpened colurnnPlabeBuck, CATARalysisResults CHELFINDbuckling Propagate directory I
Cpened columnPlateBuck, CATARalysisComputations  CAELFINTbuckling Reset |

0 Unsaved File(s) Left

[] Enable independent saves

@ oK I ﬂCanceII

WS12-22
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WORKSHOP 12...

FLAT PLATE BUCKLING,
PINNED ALL FOUR EDGES
FIXED ALL FOUR EDGES
PINNED TWO EDGES, FIXED TWO EDGES

CANTILEVER PLATE LATERAL BUCKLING

CAT509, Workshop 12, March 2002 WS12-23 MSC >\ SOFTWARE
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WORKSHOP 13

BICYCLE FENDER
SURFACE MESHING

rd
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WORKSHOP 13 - BICYCLE FENDER

Problem Description

¢ Assume you are speeding down a steep hill at 30
mph. This causes a wind load of 5 psi on the fender.

¢ Determine the maximum stress and deflections.

0. 06in

Material: Bright Green Plastic
Modulus of elasticity = 31.9e4 psi
Poisson Ratio = .38

Density = .043 Ib_in3

Design requirements:

Thickness, t = 0.06 inch )
Wind Load, w =5 psi ‘

CAT509, Workshop 13, March 2002 WS13-3 MSC_ A\ SOFTWARE



WORKSHOP 13 — BICYCLE FENDER

Suggested Exercise Steps

10.

11.

12.

13.

14.

15

Start the Advanced Meshing Tools workbench (static analysis).
Specify global surface meshing parameters.

Add surface constraints.

Impose surface nodes.

Mesh the part.

Check mesh gquality and repair.

Start the Generative Structural Analysis workbench.

Edit surface thickness.

Apply a clamp restraint.

Apply a pressure force.

Compute all.

Check global precision (animate deformation and find extremas).
Refine mesh and re-compute.

Visualize final results.

Save the analysis document.

CAT509, Workshop 13, March 2002 WS13-4
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Step 1. Start the Advanced Meshing Tools workbench

Sl TeamPDM File  Edit Wiew  Insert Tools  Window  Help
Infrastruckure » 2 g -%‘ 4.2@,
Mechanical Design » l}v
Shape » R
9 &
rnulakicr L -‘-‘1{:‘.\\-& Advanced Meshing Tools
BEC Plank » P@ Generative Skruckural Analysis 2
M Manufackuring » -'I! Analysis Conneckions S ?E
o &
/S \ @ Analysis Manager 5
ter: -
EE; Links Manager
1. Open the existing .
— & Results -> CA\ELFINIsurf Analysis1 .CATAnalysisResults
wsl3fender.CATPart
from the training _-‘E Computations - > CA\ELFINI\surf,Analysis1 .CATAnalysisComputations
directory. #—25 Link 1 -> CA\CATIA\ Training!data\ws1 3fender CATPart
Apply plastic material =— 4 Finite Element Model |
properties to the fender —521 Nodes and Elements 1
part as required. N x
. _@ Properties.1
2. Start a Static . QA ] |
: . Static Case Frequency Analysis
AnalySIS with the_ ) Free Frequency Analysis
Advanced meshing 4] Restraints.1
tools workbench. The &+ Loads.1

[ keep as default starting analysis case

o oK I @ cCancel | Help |

material property does

not show up in the FEM &% Static Case Solution 1

tree until you launch the =4 Sensors.1 —
GPS workbench. # energy xj\
Y

vsi B =0 e® aEHesQA2060 86 ' fxB 3 o cariar:

Ksave your ana ySIS /éctoracommand I AI

\
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Step 2. Specify global surface mesh parameters

=181
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =181l
@ Analysis Manager 1 &
T‘E'-EE; Links Manager * L5
"‘& Finite Element Model Ca S jﬁ
I £ =
%Nodes and Elements -
Smart Surface Mesh.1 Q
5 Properties.1 3 ?E
*—é Static Case ¥
B
@te - \ Free edges are displayed with a green color. Flement shaps @I@
1. Select the Surface Mesh size [0.25in
Mesher icon. Maximumsag [gozen
2. Select the part. Offset o
3. Specify the mesh Min holes size [ i
size as shown, with 3 Meras during simolficat
-
element Shape Set tO e erge. uring simplirication
frontal quadrangle nimn sz g.075in
method, select OK. fire S
| @ oK l & Cancel l
Other mesh methods Unspecified edges are displayed with a white color.
are available after this Gaps would be displayed with a pink color. )j\\’
initial shape using the - | — — > _fcaniar:
Kre-mesh a domain icon/.fég} SilEincR BH$3RQS50 066  fn B & | ____ll
ck or a cammand =i

CAT509, Workshop 13, March 2002 WS13-6 MSC \ SOFTWARE
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Step 3. Add surface constraints

[#]CATIA ¥5 - [ws13fender.CATARalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
@ Analysis Manager

T‘@} Links Manager "% 1

"‘IE Finite Element Model

L Nodes and Elements

"‘é& Smart Surface Mesh.1
9/- Constrained Geometries
_ﬁ Properties.1

#- A static case
/Add constraints. \
Steps: 2
L. Select the 2
Add/Remove

Constraints icon.

BB Bod R @dRMIRR 2L

2. Select the four white e | Gﬂlﬂm?tf‘f = | status - |
e 1 Split. 4/2weep, 1/Edge Conskraine
unspeC|f|ed edges, the_y 2 Split,4/Sweep, 1JEdge onskrained
should turn yeIIow. This 3 Split.4/Sweep. 1/Edge Constrained
“constrains” the edges, 4 Split.4/Sweep, 1/Edge Conskrained

meaning the finite
element edges will align
along this constrained

REmoyve l Femowve Al l FOa l

edge. 5 - ]
Il Cancel
.
Y
Selecting it again will !
. @ J 2 @Gl N 8 CATIA P2
\ Jemove the constralnt./f[‘ 2 % B0 aH¢BRARSD 66 foB o | 4.__.;

\'
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Step 4. Impose surface nodes

=181 %]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
@ Analysis Manager &
T‘@} Links Manager [
. 1| -
"ﬁ Finite Element Model - T 7,
T =3 Nodes and Elements &
-‘ « C
"‘é& Smart Surface Mesh.1
g Constrained Geometries &
2ixd|
C Imposed Nodes —
g niform j £R
— &~ Properties.1
/ > 2 > (@ Mumber of nodes IS ?
Impqse pode - Static Case ( pop Eral R
distributions around the &
mounting holes. @ apply | Scancel | | 4
9
Steps: =
Imposed Modes 7| x| o
1. Select the Imposed @
Nodes icon. MNodes | Capture | @
2. Select all the hole | Geometry | Destription |
f d t 1 Split, 4/5plit, 3/Edge Uniform, 5 nodes
ee Etlglss (one at a 2 split.4/splt.3/Edge Uniform, 5 nodes
time) and impose 5 3 Split.4/Edge Uniform, 5 nodes
nodes on each % circle. 4 Split.4/Edge Unifarm, 5 nodes
5 Split.4/Edge Uniform, 5 nodes
6 Split.4/Edge Uniform, 5 nodes
. Edit § E R all =
You can specify node i) fereve | Remove dld Zoon |
distributions on
constrained or free — ] 9 cancel |
edges. _ N e = !
J 3528002 uEssARLE00,66 6mEa A cara:
K /éct or a command | AI

CAT509, Workshop 13, March 2002 WS13-8 MSC >\ SOFTWARE
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Step 5. Mesh the part

=131
n Start  TeamPDM  Fle Edit  Yiew Insett  Tools  Window  Help =181l
@ Analysis Manager &
T‘@} Links Manager K
= ‘S Finite Element Model 7
F—a= MNodes and Elements A

1 c

"@ Smart Surface Mesh.1 1

9’- Constrained Geometries &

Qo

C Imposed Nodes —

. (&%

_3 Properties.1 B
#-A\ static case &
2% &

=

&,

th

N

&

@

KM \

x|

1. Select the Mesh The -

. . Frontal quadrangle, size = 6,35 mm
Part icon. The mesh is 1525 nodes created
generated immediately. 1694 elements created
Mesh Ok

2. Notice the

modification Tools @ oK

toolbar is now available .

and the quality

visualization mode is X/iy

23:?:]?tlcany made SuBBIcR 9HEBARASE 60,86 B & A i
k /éct or a cammand | Al

CAT509, Workshop 13, March 2002 WS13-9 MSC_,_.,_:-\SOFTWAHE
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Step 6. Check mesh quality and repair

[#]CATIA ¥5 - [ws13fender.CATARalysis]

BT et

TeamPDM  Fle Edit  Yiew Insert  Tools  ‘window  Help

finite elements by
searching for all the
worst elements.

Steps:

1. Select the Quality
Analysis icon.

2. Select the Worst
elements browser.

3. For this model,
searching for the 10
worst elements should
find them all. Cycle
through the top 10 by
selecting AutoFocus on

fCheck the quality of the

\element and Next. “. CAEN NN

@ Analysis Manager

T‘@} Links Manager

*‘ﬁ Finite Element Model

L Nodes and Elements

*‘é& Smart Surface

_5 Properties.1
Y&l Static Case

Worst Elements Browser

rumber of worst elements to look, at :I 10

I3 autoFocus on element

Presy I et IC:rrentll_

X
[ show single analysis window ,/

=181

Quality Analysis

Select | Cptions I

I3 Taper _I
4 skewness ‘_I
I3 Diskortion
I3 Jacabian _I
S Warp Facktar ‘_I
I3 wWarp Angle _I
I3 skew Angle ‘_I
I3 stretch ‘_I
[ Min. Length _I
[ Max. Length ‘_I
I3 shape Factor _I
4 Length Ratio _I
All Mone I

EILIE )

2=

<
<

@ 0K I l‘.ﬁ.pplyl

BEHPBRASE

5.5 6 | foB %

4(:44 TIA P2
fsoitvrions)

=151 x|

ct or a command

CAT509, Workshop 13, March 2002
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Step 6. Check mesh quality and repair

\

/Fix the worst elements\
using node distribution.

Steps:

1. Select the Imposed
Nodes icon.

2. Select the boundary
edges as shown
(separately), key in 0.2
inch, select OK.

The left side looks
good, more work is
need on the right side. [@& 4 =& 2@ eénQQAULM 086 B A

[#]CATIA ¥5 - [ws13fender.CATARalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Analysis Marnager aix| *
Ea; Links Manager riform ﬂ 3
‘E\ Finite Element Model e |2— 7
Nodes and Elements @ Size [0zn g
é& Smart Surface Mesh.1 - =
@ oK | i Apply | & Cancel |

W Constrained Geometries
- 3
C Imposed Nodes 2 1 %
_5 Properties.1 T %I
#-A static case g
A
@
.

S sariar:
-
=

feck or a command | o

CAT509, Workshop 13, March 2002 WS13-11 MSC \ SOFTWARE
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Step 6. Check mesh quality and repair

[#]CATIA ¥5 - [ws13fender.CATARalysis]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

Analysis Manager

Ea; Links Manager

‘E\ Finite Element Model

Nodes and Elements

é& Smart Surface Mesh.1
" Constrained Geomelries
C Imposed Nodes

_5 Properties.1
v\ static Case

ste another tool for
fixing finite elements.

Re-Mesh a Domain

Steps:

1. Select the Re-Mesh
a Domain icon.

2. Select the Domain as
shown, change the
mesh method to Front
trias, select OK.

Do the same for the
opposite side.

3. Notice the Mesh
methods that are
Qvailable to you here.

=181

Mesh size

1 |
v
2 @?: el |
2| ©

=151 x|

Mesh method I Front trias j

I 0.25in

I3 Impact neighbour domains

OB PO SIRSE NI R Ly

3 <

@ ok | Sapph |  close |

-~

Front trias
Mapped quads
Mapped Free quad
Bead guads

Half Bead quads

Projection

5

AL

4(:44 TIA P,
1

CAT509, Workshop 13, March 2002 WS13-12
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Step 6. Check mesh quality and repair

[#]CATIA ¥5 - [ws13fender.CATARalysis] =l&ix]
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l
Analysis Manager &
. 2 : —
@3 Links Manager |
‘l\. Finite Element Model 7
MNodes and Elements g
AnOthe_r tool for ﬁXing @ Smart Surface Mesh.1
bad finite elements. ar _ _ 2
Constrained Geometries %
H |
Manually Edit mesh " Imposed Nodes %
Steps: —5¥ Properties.1 ‘%I
1. Select the Edit Mesh | #-g\ static Case 1 8
icon, turn off all the 1 ”

options.

l

Mesh Editing Dptions ed A

2. Hold the cursor on
the node until the
symbol changes as

shown and drag down &7 Remoye edge [ Smooth around modifications
slowly until the element 3P ¢g¢' Condense nodes [] Combine around modifications
turns green. gﬂ Insert node [ ] swap atound maodifications

3. Right clicking on ] Propagate to neighbour domains
element edges brings Global Cptimization I

up this contextual
menu. You really do not -

need the contextual
menu when you see the X/E
condense or insert y
\symbol, just left click.

4(:44 TIA P
1

Select an object or a command | o

CAT509, Workshop 13, March 2002 WS13-13 MSC \ SOFTWARE
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Step 6. Check mesh quality and repair

[$|CATIA ¥5 - [ws13fender.CATAnalysis] == x]

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help

=151 x|

(cont.).

Steps:

1. Edit all elements until
you have all green.

2. Use the Element
quality browser to focus
i\non others.

CAT509, Workshop 13, M

ﬂanually Edit mesh \

Analysis Manager

Ea; Links Manager

‘E\ Finite Element Model

Nodes and Elements

é& Smart Surface Mesh.1
" Constrained Geomelries
C Imposed Nodes

_5 Properties.1

#-d\ static case

Before

Step One

Step Two

arch 2002

WS13-14

R RIS,

RBH B

AL

S sariar:
S
=

=i

MSC X SOFTWARE
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Step 7. Start the GSA workbench

['%|CATIA ¥5 - [ws13fender.CATAnRalysis] ﬁi{
k. TeamPLM  Ele  Edit  jew Insert Tools  window  Help —

o .lnFrastructure » j@’
Mechanical Design » l}v
Shape r A
» %, Advanced Meshing Tools g
AEC Plant ¢ :..-':f;éf' imenerative Structural Analysis
RIC ManuFacturing k -'|1 Analysis Connections g
@ Analysis Manager ?%i
T‘ E%; Links Manager S
= jll Finite Element Model g
T—&3 Nodes and Elements =
Ly @ Smart Surface Mesh.1 ﬁ
f Constrained Geometries ?E
C Imposed Nodes &

_5 Properties.1

= static Case

@ Restraints.1

/

\_

Save your analysis first.

Steps:

1. Launch the :
Generative Structural i

q Y
Analysis workbench.

\ @ Loads.1

4% Static Case Solution.1
*‘@ Sensors.1

JESF@0c R aHEBQAQ5 06 o canar

Select an object or a command | o

%
CAT509, Workshop 13, March 2002 WS13-15 MSC”_:\SOFTWAHE
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Step 8. Edit surface thickness

=131

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help ===l

@ Analysis Manager 1 ‘&

E'-Ea; Links Manager [

h Results - CAELFINI\surf.fender CATAnalysisResults ;

-é Computations - > C:\ELFINI'surffender .CATAnalysisComputations @,

o

*"ﬁlﬁ} Link.1 -> C:\CATIA\ Training'data‘\ws1 3fender CATPart @'

"ﬂ Finite Element Model ;_ 1

¥ &® MNodes and Elements p

'—@ Smart Surface Mesh.1 ’2*.

7 Constrained Geometries @

C Imposed Nodes g

L] @'

"@ Properties.1 §

dk Material Property2D.1 <— 2 &

A static Case \ &

. (S

. | Restraints.1
Steps: g _lnx e
[z Loads.1 =
1. Set up all your NamelMateriaI Property2D.1 v
external storage names —&l# static Case Solution.1
Supports

2. Edit the surface
thickness (0.06in) by

Property2D.1 in the
features tree, select
OK.

double clicking Material

and locations as usual. | #&I1 sensors.1

Thickness | 0.0in

& Cancel l

AL

Haypaoeow amesaAsl 066  mnBE /b BLE dovpre | ¢ anar

x

/éct or a command

CAT509, Workshop 13, March 2002
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Step 9. Apply a clamp restraint

[#]CATIA ¥5 - [ws13fender.CATARalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

@ Analysis Manager ‘&
T‘@; Links Manager N
=4\ Finite Element Model N ;v
IT“%@ Modes and Elements 1 7

5 Properties.1 *

'—QA Static Case

T
+

|
T Restraints.1
2" Clamp.1

_‘i@ Loads.1

— 3% Static Case Solution.1
*‘Q_j Sensors.1

_iofx]

Farme | Clamp.1

| & Cancel I

Steps:
1. Apply a clamp X/QY

restraint to all the _
mounting holes. @osupaocw wBeésQAs0 066 ls B/ B8 Fovpue o Aoz
=

}t of & command |

CAT509, Workshop 13, March 2002 WS13-17 MSC“ m§gfrmnf



Step 10. Apply a pressure force

[#]CATIA ¥5 - [ws13fender.CATARalysis] 1= x|

/Assume the pressure \
is from the inside out.

Steps:

1. Select the Pressure
icon and the outside
face as shown, key in

@ Analysis Manager
T‘EE; Links Manager

"‘li Finite Element Model

A Static Case

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

e

% MNodes and Elements
@ Properties.1

|

F-1e] Restraints.1 1
Z" Clamp.1 *

"‘(;@ Loads.1

@ Pressure.1

Pressure [l Y
MName | Pressure, 1

Supparts

Pressure | -5psi

—3% Static Case Solution.1
*"Lﬂj Sensors.1

—Optional Elements

[ Data Mapping

A
B P BYoR0 P AT B3 o

| & cancel I

AL

BayBp@aocR amesqasd 866  #nBaE b BLE dovERE | ¢ Lausr

-5psi.
K p jéct or a command | AI

CAT509, Workshop 13, March 2002 WS13-18 MSC \ SOFTWARE
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Step 11. Compute all

=81

EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|
13

@ Analysis Manager g

T—EE; Links Manager ‘\ o
e —

"‘Il\. Finite Element Model @ Y

T‘ % MNodes and Elements

(G Properties.1
'—A Static Case

-lr-@ Restraints.1
2" Clamp.1
-—@ Loads.1

@ Pressure.1

—4# static Case Solution. 1
*‘@ Sensors.1

Computation Resources EsEin

4 5 of CPU

2.4e+003 kilo-bytes of memory
7.37e+003 kilo-bytes of disk
Inkel MEL(C) Library found: InkelfR) MEL w5, 1.0

4
8 PrelBko® »A7 5o o

;IEIEI

Save first. _ _
Do ol wank bo conkinue the computation?

Steps: s NDI )/1
Y

1. Compute All.

4(:44 TIA P2
- fsoiuvrions )

Select an object or a command | o
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Step 12. Check global precision

=181
EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help =1
@ Analysis Manager (]
T‘ ﬁf«?,@ Links Manager ‘\ -
rlll\ Finite Element Model N :
T" %21 MNodes and Elements @,
G Properties.1 @'
@v
i—A Static Case ;_
|
T—@ Restraints.1 Estimated local error 3
Bt E
Loads.1 -
T_@ oaus 1.08e-005 £
% Static Case Solution.1 I 9. 756-006 %
M Deformed Mesh 8.67e-005 1 @'
7.59e-006 a -
f%, Estimated local error oc EO% * i
L Ge- e
&
*_@ Sensors.1l 5.4 2a-006 -
e o\ I 4.33¢-006 % - &
Checl|< De:‘ormqtl_on, 556006 g
and global precision. 5 176-006 Ea ,
L, -
Steps: 1.08e-006 2a 2 B,
2.45e-010

1. Create a deformed

image and animate to
verify your part
deflects as expected.

2. Check Global
precision.
Recommend 20% or

Qess.

CAT509, Workshop 13, March 2002

44ﬁ]/Ect or a command |

Precision Location ; Global
Estimated Precision ; 0.602471 Btu
Skrain.E

RS e = o T
Global Estimated Errar Rate @ 22,1255 9%

1b

i

2b

v

T

s
?

BE T #00w waHeénQQAsm0 686  wnBE45 v/ 5L.8 dospgs o

A,

4::,4 TIA P2
fsoLuvrionsg

WS13-20
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Step 12. Check global precision

/Find the global
element with the
highest estimated
error.

Steps:

18]
EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help =1
@ Analysis Manager "B
T‘ ‘i? Links Manager

L ‘I\_\. Finite Element Model :
T" %gl MNodes and Elements &7
& Properties.1 @.
@v

i‘—A Static Case -

| -

T-@ Restraints.1 »
T"@ Loads.1 i -

“—'ﬂ Static Case Solution.1 (=]
& Deformed Mesh ?-
“% Estimated local error §>'

'—% Extrema W

Global Maximum.1 &

*‘@ Sensors.1 &
B,

1. Use the Search
Image Extrema icon.

Note: local precision
and the adaptivity box
are not available for
Qurface FEM.

4

g C A

4
’u‘éxf%@@w? lume QU0 866 mBES B /BLE davpre | ¢ AL

Select an ohject or a command

CAT509, Workshop 13, March 2002
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MSC O\ SOFTWARE

SIMELATIN

WS13-21



Step 13. Refine mesh and re-compute

===
=131

IA ¥5 - [ws13fender.CATAnalysis]

S TeamPDM  File  Edit Wiew  Insert Tools  Window  Help
.lnfrastructure L4

Mechanical Design 3
& v
Simulation A, Advanced Meshing Tools =
: =
AEC Plant L4 @ Generative Struckural Analysis :I- B
MC Manufacturing Pl Apalysis Connections
= Mesh Parameters 7] x|

Analysis Manager

T_Eaa Links Manager

"& Finite Element Model

Element shape @I@

Mesh size I':" 1in

/Refine the global
surface mesh.

Steps:
1. Launch the

Tools workbench.

features tree, then
select Yes.

Advanced Meshing

2. Double click Smart
surface Mesh.1 in the

3. Select the Global
Meshing Properties
Q:on, edit as shown.

Maximurmn sag I 0.01in

COffset

[
\ T¥~8= MNodes and Elements /

Qin
"é& Smart Surface Mesh.1

Min holes size I':" 1in

o Merge during simplification

Qﬂ Constrained Geomeltries
C Imposed Nodes

BOR' DA IRBR SROIRR 7| ¢a

Minimun size ||;|.|:|?gi|-.
T‘@ Properties.1
Mare === I
= static Case A BEEl
A w Cancel
T—@ Restraints.1
Loads.1 -

T-,ﬁ% Static Case Solution.1

L E Editing the mesh\part will remove the existing mesh, Conkinue anyway
L
*’éij Sensors.1

Yes Mo

AL

CAT509, Workshop 13, March 2002

4’::,4 TIA P2
fsoiuvrions )

ugﬁéx%@@@MJ%EQ@Q%éﬁ@ﬁEJﬁﬁﬁ

Smart Surface Mesh. 1 Nodes and Elements/Finite Element Model selected |

=T
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Step 13. Refine mesh and re-compute

[#]CATIA ¥5 - [ws13fender.CATARalysis] 1= x|
EJ et TeawPDM  Ele  Edit  View Insert  Tools  window  Help 81|

Analysis Manager
T‘ @3 Links Manager
“"‘IE Finite Element Model
T &= Nodes and Elements

= fr_b Smart Surface Mesh.1

9’- Constrained Geometries

C Imposed Nodes

BLR' LIRS OXMOIRI L2l ta

T‘ 5% Properties.1 1
r@ig Stafic Coe 1
T-@ Restraints.1
T‘@ Loads.1
T-SB Static Case Solution.1
. #—31 Sensors .1
KReflne the global \ ‘ﬂj
surface mesh (cont.)
Steps: x
1. Select the Mesh Frontal quadrangle, size = 2,54 mm
. 11752 nodes created
The Part icon, select 11430 elements created
OK. Mesh 0K
20 & oK
Then go back to the L g - )/1
kGSA workbench. % Y
DEESLRE0CR  9EHEnARLM 6. 56 | fiB o cariare
Smart Surface Mesh. 1 Nodes and Elements/Finite Element Model selected | AI

\\
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Step 14. Visualize final results

=181 %]
EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help =1
@ Analysis Manager @
T‘ E'-EE; Links Manager ‘\ .
rlll\ Finite Element Model o é
% Modes and Elements g.
(e Properties.1 @v
= static case 3
|
T-@ Restraints.1 2,
&
T‘@ Loads.1 -
7—#%¥ Static Case Solution.1 5 %
r;l.-. Deformed Mesh / @.
= H? Estimated local error C §
S e ~iBix =
Global Maximum.1 1 %
Ae+001 s af CPL I,
*’_ﬂj Sensors.1 1.33e+004 kilo-bytes of memory * 58
7. 24e+004 kilo-bytes of disk @
/ \ Inkel MEL(C) Library found: InteliR) MEL ¥S.1.0 .v
Save first. hd
Precision Location : Global Do o wank bo continue the computation?
Steps Estimated Precision : 0.331126 Bty ves | mo |
Strain Enesow: S0s4e8 By _'
1. Compute All. lobal Estimated Error Rate 16.@
2. Find the Estimated E‘i?
Global error again. : /L
¥

kGood, below 20%.

Jéxff’é@@m lume QL0 866 mBES B /BLE davmre | ¢ AL
Select an ohject or a command | L_II

\\
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Step 14. Visualize final results

18]
EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help =1
@ Analysis Manager Translational displacement magnitude '@
T‘ﬁk} Links Manager it [
‘_ﬁ Finite Element Model 0.598 :
| 3
T‘% Nodes and Elements I 0.535 &7
(G Properties.1 OudiE )
0.419 .
i—A Static Case y
| 0,359 A=
I=1 Restraints.1 0.999 z.
T‘@ Loads.1 I 0,239 i,
3% Static Case Solution.1 0,179 ®
My Deformed Mesh 01z ?‘
Fi Estimated local error I 0.0558 &
& Translational displacement magnitude 0 #
*—ﬂj Sensors.1 Cn Boundary &
(9
% <« [
i 5 |
r &
1
[Find the maximum N
deflection.
Steps
1. Select the ,/L
¥

kdisplacement icon.
SPGB0 lumenqUs0 866 mBES B /BLE davmre | ¢ LanLr
Select an ohject or a command | L_II

\
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Step 14. Visualize final results

[®]CATIA ¥5 - [ws13fender.CATAnalysis] =13 x|
EJ stat  TeamPDM  Fle  Edit  ¥ew Insert  Tools  window  Help -2l
Yo Mises Stress (hodal value) s @

psi —
1.97e+004 I}-
I 1.7 7a+004 r'y
1.582+004 @.
1.38e+004 &1
1.18e+004 4
2.87a+003 -
7.91=+003 &_;
5. 94e+003 &
3.98e4+003 -
2.01=+003 ©
Analysis Manager Die %'
e 49,1 Q@
= Links Manager y -~
Bondar
"‘IE\. Finite Element Model v g'
% Nodes and Elements i
& Properties.1 & 2
| — 4
= A static Case B
| :
i) Restraints.1 4
@ Loads.1 1 1

“‘ﬂ Static Case Solution.1

/Find the maximum
Von Mises Stress.

Steps

1. Select the Von
\Mises icon.

~

ri% Deformed Mesh

E& Estimated local error

ri% Translational displacement magnitude

& Yon Mises Stress {nodal value)

A,

"‘@ Sensors.1

CAT509, Workshop 13, March 2002

=
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Step 14. Visualize final results

Conclusions
& This fender requires stiffening in the mounting hole areas.

Global % Precision error 16.4%

Error Estimate 8.7e-6 Btu
Von Mises Stress 19,700 psi
Maximum Displacement  0.598 inch

\\
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Step 15. Save the analysis document

B Start  TeamPDM QSN Edit  Wiew  Insert  Tools

D M, Chrl+N

Save your documents Mew From. ..

[ Cpen... Chrl4+0

Save Chrl+5

Save As...

Save All

cave Management ed A
Skate | E= | Fath | Ackion SaE I
Opened ws13fender CATPart CCATIATrainingldata Save As. .. |
Cpened Zatalog, CATMaterial CAProgram Files\Dassault SystemesiBOFinkel_alstarkupimaterials P e direct I

ws13Fender . CATANalysis CATIA\Training\data Save rapaga e dierlony
Cpened fender. CATARalysisResulks CAELFIMIYsurf Save Reset I
Cpened fender. CATARalysisComputations CAELFIMIYsurf Save
ol |
0 Unsaved Filels) Left [ Enable independent saves
i Cancel I
-

\
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WORKSHOP 14
KNOWLEDGEWARE
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WORKSHOP 14

Problem Description

¢ The preliminary design of the ATV Foot Peg must be completed as
soon as possible and must meet the given structural requirements.
The design must not exceed the material yield strength under
loading and it must not deform in a manner causing interference
with other parts of the vehicle.

< An initial static analysis of the Foot Peg has been completed
(Workshop 2). To assist in our design iterations, we need to
activate CATIA Knowledgeware capabilities to provide immediate
feedback on the critical analysis parameters.

\\
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WORKSHOP 14

Suggested Exercise Steps

1. Open the existing document for the Foot Peg static analysis.

2. Create analysis sensors for maximum displacement and maximum
stress.

3. Create a knowledge rule for maximum displacement.
4. Create a knowledge check for maximum stress.

5. Modify the Foot Peg design to meet requirements.

6. Compute the analysis for the modified design.

7. View results.

\\
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Step 1. Open the analysis document

Stat TeamPDM E||E-

Open the Foot Peg
static analysis
document from the
training directory.

Steps:

1. Select File and
Open... from the top
pull-down menu.

2. Access the class
workshop directory
using the typical

Windows interface.

3. Open the
wsl4footpegstatic.CA
TAnalysis document
by double-clicking.

The document is
opened in the GSA
workbench.

E

j Hew...

Mew from...

it

Toolz

Wiew  |nzert

Chrl+M

File Selection

K E3

\_

CAT509, Workshop 14, March 2002

Lookjre |4 catia =] ¥
| Demos
| Training
\ File Selection E
2 Lookin: | ‘=3 Temp =] |=_°F|
@ vzl Toutercyl. catpart @ vazdpedal catpart
;,J wil Twhlbub, catpart @ vwzdpedal catanalysis
;J wz 1 dfootpegalurninum. CAT Part ;*E wzdpedal catpart
3 wz] dfontpegstatic. CAT Analysiz Eﬁ wzbcrank azsy. catproduct
;,J wifootpeg. CAT Part @ wzbcrankl catpart
J wi3brake. catpart @ wsBwheel catpart
File name: | Open |
Filez of type: |.-'-‘-.II CATIA WS Files [".catalng;“.l:.ﬁ.T.ﬁ.nalysis;*j Cancel |
[ Open az read-orly
[ Show Preview
iz ‘ o Sanaz
oN
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Step 2. Create analysis sensors

n Start File  Edit ‘Miew Ingert Toolz ‘window Help ;Iilﬂ

Analysis Manager I &

E%; Links Manager b‘ T}

- Finite Element Model —3

n &

Analysis sensors must T_%% Nodes and Elements kv

be created to provide T‘E’ Properties.1 s

results information to s A Static Case &
the KnOWIEd eware | . VoansesStres.s(nodalva\ue)g

9 i—@ Restraints.1 .

application. Create a
sensor for maximum
displacement and for
maximum stress.

Steps:

1. Right mouse click
on Sensors.1 in the
specification tree.

2. Click on Create
Sensor in the menu.

3. Highlight dispmax
(max. displacement) in
the sensor creation
window.

4. Click OK.

5. Repeat steps 1-4 to

create the misesmax

sensor (max. Von
KMises stress).

Tt
Tt

|—§1— Clamp.1

Loads .1
% Distributed Force.1
Static Case Solution.1

Ei Von Mises Stress (hodal value)

#—@ Sensors.1
Center Graph
Beframe On
1
W cu Ctrbex

BayipEocp l =mE

Eopy [Chrl+Z
@ Eazte [Crl+

Faste Spesial..

= | Hide/Show

Senzor Creation =] E4

—

I Functions R

MMISESman

3 reaction
globalerror
dizpmaxongroup
4 —>@ ok | & cancel|
.

4

3484003
308e+003
2 76e+003
2 44+003
2136+003
1.876+003

I 1.492+003
1.176+003
855

I 537
220

On Boundary

4

4

4

4

4

Fi

4

4

4

Wy E @ PP Bo2® ATl -

5

FF umensqa DB EBE B @oNEREE WSALLR

_
emTra ooject or & command
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Step 2. Create analysis sensors

ECATIA ¥5 - [Foot Peg Static. CATAnalysis] [_ =] =]
n Stat  TeamPDM  File Edit  Miew Ingert Toolz ‘window Help ;Iilﬂ
Analysis Manager I &
Links Manager b ™
oS < [
- Finite Element Model —
n &
f—% Nodes and Elements ﬁ‘
f—@ Propetties.1 @:
= A sutic Case A,

-~

The sensors branch in
the specification tree
must be expanded to
view the newly created
Sensors.

Steps:

1. Click the plus (+)
symbol on the branch
node to expand the
sensors branch.

2. Expanded branch
shows all sensors.

The Energy sensor is
automatically created
with every analysis
document. It measures
global strain energy of
Qhe structure.

~

#

1

Tt

[
w—@ Restraints.1

|—§1— Clamp.1

w—% Loads .1

% Distributed Force.1

@ Sensors.1
\

\
\

X

Static Case Solution.1

I
o

2/

Ei Von Mises Stress (hodal value)

Sensors.1

‘ﬂ Energy

‘ﬂ Maximum Displacement
‘ﬂ Maximum Von Mises

Yon Mises Stress (nodal value)
psi
3.4e+003
3.08e+003
2.76e+003
2.44e+003
213e+003
1.87e+003
I 1.492+003
1.17e+003
o G55

Default Energy sensor

On Boundary

“dispmax” sensor

4

«— “misesmax” sensor

5

Bayeaoow  SHEDRET 9EenqQsn 886 mhEs  dosBEEE SALLY

_
emTra ooject or & command

CAT509, Workshop 14, March 2002
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Step 3. Create knowledge rule

EJ Stat  TeamPDM

[®]CATIA ¥5 - [Foot Peg Static_1.CATAnalysis]
File  Edit “iew  |nsert

I findow Help

~

KActivate the ability to
view knowledge rules
and checks in the
analysis specification
tree.

Steps:

1. Select Options from
the Tools menu.

2. Select Analysis &
Simulation branch.

3. Select General tab.

4. Activate both boxes

to show parameters

Gnd relations. /
KUpdate the analysis \
solution if needed.

Steps:

1. Check for “update
needed” symbol on the
Static Case Solution.1

2. Compute to update

f‘(x] Forrmula... 11(- Optiohs General | Graphics | Guality I
Image k BN Gereral Default analysis case
- : _ﬁj Display A [] Define a default starting analysiz case
1 | Customize.. — B Compatibility

Wizualization Filkers. .

Conferencing

the analysis results
K(see Section 3). J

Symbols shows
update needed

CAT509, Workshop 14, March 2002

_%ﬁ-ﬁ; Parareters

—fﬁ Devices and Virtual Bealil

T—. |nfrastructure

techanical Design

Specification tree

d Shaow parameters
d Show relations

2 Shape

halyziz & Simulation
AEC Plant
MC b anufacturing

‘ Digital Mockup

- E quipment & Syztems

Rezet. . |

I
—% Static Case Solution.1

R’i Von Mises Stress (nodal value)

WS14-8 MSC\kSp_FTwE



Step 3. Create knowledge rule

Fi

1. Select Start from
the top pull-down
menu.

4

[¥]CATIA V5 - [Foat Peg Static.CATAnalysis] (=[5
B stany TeamPDM  Fie  Edit iew Imwet  Toos window Help ==

Y -

\ ‘&

\ ’ -
1] ° {4 4

m TeamPDM  File Edit View B
| ‘v

h@ Generative Stuctural Analyziz &y
@ Agzembly Design @,

. £
b%\ Qraftlng ‘on Mises Stress (nodal valug)

: psi

Part Design 3.4e+003 _%'

%‘ wireframe and Surface Design AU =

2 76e+003 i
/ \ ﬁ Prizmatic M achining 2 442+003 4
o &
Now create a rule that A Sutace Machining e |29
will monitor maximum I U
displacement of the Infrastructure roduct Stuchure T7est0s | S8
Foot Peg and provide Mechanical Design Al * Knowledge Advizor 855 Qv

. L 537

pop-up messaging on I 520 f}\»v
the screen. Rules are on Boundlary 2
created using the 2 &
CATIA Knowledge G,
Advisor. B,
Steps:
®

&

@0 [~

2. Drag the cursor and
click the Knowledge ,
Advisor workbench Qx

Qnder Infrastructure. BayEmoey Jﬁﬁ@ B9 E T J%EE,‘{» 2 QR 56 E Jfﬁ@aﬁg B ARG ,{cmu-;z
TETECT anlUD/iECl of a command | AI

\
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Step 3. Create knowledge rule

[¥]CATIA V5 - [Foat Peg Static.CATAnalysis] (=[5
EJ Stat  TeamPDM  File Edit  ¥iew Inset Tools  window Help =lEx]
@ Analysis Manager Rule Editor | =1
*—E%; Links Manager 2 \ Name of Bule A »
Finite Element Model |Dizplacement Max '
The Knowledge % Dezcrption : [ |
: MBS S 3 " [Fule created by Student 12720701 3
Advisor workbench B Fropertes. i 1
should now = . /JHeIatinns Y
be active . ‘Ii Statie Case 4 . J ] ]
] . k. wil Cancel Help
Steps: T EI Restraints.1 . —* s
) . T—@ Loads.1 ! TE
1. Click the Rule icon —ﬁ% Static Case Solution.1 5 6
from the Knowledge T '
Advisor - Sensors.1 @
e Rule Editor : Dizplacement Max Active
workbench. & Energy
2. Key “Displacement q Maximum Displacement | [ ] Incremental gl
Max” as the name of & Maximum Von Mises S Rule created by Student 12/20/017/
the rule.
3. Key in a description Rule definition .
for the rule or accept entered here
the default.
4. The rule will be Dictionar Members of Parameters J Members of All
icti a | |Renamed parameters a | | 'Foot Peg'PartBody b atenal® ﬂ
savec_i under the D|Ct|0nary / K.epwords String "Foot PeghPartBodyhSketch, 1% ar
: [
Relations category = Categones to Operators Boolean Foot PeghParBodyhSketch. 1% ar
: Faint Constructors Length Foot PeghPartBodyhSketch. 14T ar
do not modify e
) aSS|St 1g] Analyziz operators |nteger Foot PeghPartBodyhSketch, 14T ar =
5. Click OK d f . | ISurface Constructors ll &ngle ll 4| | »
' ' erning rules |
6. Rule Editor window
displays the active rule . D fpply | @ Cancel |
Displacement Max). : = . —= - -
(Disp ) Baiepaoo  SHESRET  a@Beéa3QQ560 8686 ! B 4 ' @ SYffeaz e
ETETT anlUD/iECl or a command | AI

'\
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Step 3. Create knowledge rule

o
=
]

E|E.ATIA ¥5 - [Foot Peg Static. CATAnalysis]

Rule Editor : Dizplacement Max Aclive

g Start  TeanpEoes Taal Windo : ==
St |y . B
. Wy 18t line: Rule O incremsrial 7 &
Define the rule. | description | ‘ |
p SRule created by Student 12/204001%/ ‘ §
: nite Element Model ]
Steps: "
(]
1. Click to place the % Nodes and Elements 1
cursor at the end of =¥ Properties.1 —
g . 2 Dictionary tembers of Kepwordz 59
the 15'line and then hit (& siic case Parameters - if\ =]
| i
:']hee\/VElrr::sr key to start a |—EI Restraints.1 Mreratars LI Elii if 3 LI
. 1=
5 Select K ds | @ Loads.1 Rule Editor : Dizplacement Max Active | x|
- Select reywords In T«—ﬂ% Static Case Solution.1
the Dictionary window. [ Incremental gl
= Sensors.1 4
3. Double-click on “if” ,ﬂ Energy 'ﬁHulE created by Student 124204017/
to begin the line. '
9 q Maximum Displacement 5
4. Single-click the Max & Masimum Von Mises

Displacement sensor

: > Dictionar tembers of Parameters tembers of All {
in the tree to list its Mg o | | Maxirum displacdfnent Value =]
F.emwords FRenamed parameters “Finite Element kodeli a:-:imumjll;l
I ]

Iﬁx/larargetersfl/r& Itlhe Sy - | - =t
embers o area. Rule Editor : Dizplacement Max Aclive .

5. Double-click on

‘Maximum ] Incremental gl

displacement Value’ to FRule created by Student 124204015/

if "M awimunm dizplacement Walue®

add it to the definition. - 6

6. The parameter for

the max disp|acement Dictionar tembers of Parameters

v e i W}Pﬂ
7. The current value is 7 B |Mauirnum displacement Yalue = 0.011in

shown (.011 in).

tembers of All

w Apply ] ua Ear‘u:el] A" P2

BaiEgarn ' SHESREE

F H
—ETECT anlUD/iECl of a command r o

'\
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Step 3. Create knowledge rule

[®]CATIA V5 - [Foot Peg Static_1.CATAnalysis] (=[5
EJ Stat TeanPDM  File  Edit  Miew Inset  Tools window Help =lEx]
Analysis Manager Rule Editor : Displacement Max Active =1
—E%; Links Manager =
. =— A\ Finite Element Model [ Incremental C? | '
Define the rule (cont.). b
T,_%E Nodes and Elements AHule created by Student 124204075/ o
. - if "M axirmum dizplacement WValue™ > 0.009 in
Steps: T—Eﬁ Properties.1 [ re 8
8. Kev in the . . Mes_sage["T_he h’_la;-:. Displacement iz > 005N
.y = A Stafie Case Deszign modification required'’]
remainder of the rule |, . )
.. —EI Restraints.1 El
definition as shown. elze ra
Dictionary selection #—@ Loads.1 beszage' The Max. Displacement iz < 009" =
can be used for —4{’% Static Case Solution.1
Keywords, Operators, @-3p! Sensors.1 Dictionary Members of Kewwords _@
Messages, etc. ‘ﬂ Energy Pararneters - | |if £
9_ _C”Ck OK when 'ﬂ Maximum Displacement Operatars elze if
finished. & Maximum Von Mises Puoint Constructors {
~E Analyziz operators 1
10. If successful, the =—s® Relafions Surface Constructars
EIFO'C) . LEI'."'\.'
¥} Displacement Max

rule message will be
displayed.

Note: The current
max. displacement
value exceeds our
defined rule value of
.009 in. The message
suggests a design
modification is
required.

11. Click OK to
dismiss the message.

\_

Rule created

=

Line Constructors

\\; ak. ] Qﬁ.pply] il:aru:el]

K|

InformationDisplacement Max : Information

10

The Max. Dizplacement iz > .00

 ©

Dezign modification reguired

BE&iEBoeR SHEDRET wBeésQQ260 866 ! B 4

5

4::,4 TIA P2
s oL vrionsd

CAT509, Workshop 14, March 2002
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Step 4. Create knowledge check

[®]CATIA V5 - [Foot Peg Static_1.CATAnalysis] (=[5
B Stat TeanPDM  Fle Edt  View et Tooks ‘wihdow Help ==
\qxlysis Manager Check Editor | ] | =
Create a check t_hat Links Manager 2 \ Narne of Check - " n
will monitor maximum  Einjte Element Model [ Mises Max Bl
. T o f¥}
Von Mises stress on I T 3 _>Eéiscertlun: e u o
the Foot Peg so that [ [Eheck crested by Stuert 1 -
. ] Froperties.1 Destination : ]
our design does not /Jﬂehtim 5
exceed the material A\ Static Case 4 — J ] ]
ield strength. - i Ok | & Cancel Help
y g f=1 Restraints. 1 - _T =
Steps: 4] Loads.1 c . =
. . — Stafic Case Solution.1
1. Click the Check icon [f 4 Stac Cess Soluion
from the Knowledge ~ [F~&k' Sensors.
. 9 Check Editor : Yon Mizes Max Inactive
Advisor 'ﬂ Ensrgy
workbench. 'ﬂ Maxdmum Displacement [ Incremental o
2. Key “Von Mises 'ﬂ Maximum Von Mises Tupe of Check : | Silert = Message : fon Mises Max is nat valid
Max” as the name of  Relations - -
h ik 5 HCheck created by Student 12/20/01%¢
the check. EI Displacement Max

3. Key in a description
for the check or accept
the default.

4. The check will be

Diictionar tembers of Parameters tembers of All

saved under the & | |Renamed parameters ;I Foot PeghPartBoduhbd atenial”  |fa
Relations category — Fewwards String _I :F-:u:t PegsFPartBodyhSketch. 14
do not modif I:Ip_erah:urs Boolean Foot Peg'FartBody.Sketch. 1 "-.[
Y. Point Conztructors Length “Foot PeghPartBodyhSketch 1
. Analyziz operators | nbeger Foot PeghPartBodvhSketch. 14| >
5. Click OK. Surface Constructars LI Angle LI P | | b

6. Check Editor |
window is displayed.

4% n ] @ Apply | & Cancel
AaiEanc FhES . pely | ancel | I

TETETT anlUD/iECl or a command T - |

'\
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Step 4. Create knowledge check

2/ - [Foot Peg Static_1.CATAnalysis]

Define the check.

Steps:

1. Select Warning as
the check type.

2. Key warning
message as shown.

3. Place the cursor at
the end of the 1%t line
and then hit the Enter
key to start a new line.

4. Single-click the Max
Von Mises sensor in
the tree to list its
associated
parameters.

5. Double-click on
‘Maximum Von Mises
Value’ to add it to the
definition.

6. The parameter for
the max. Von Mises
value is added and the
current value is shown
(3484.577 psi).

7. Enter the less than
symbol (<) as shown.

Select an object or a command T

CAT509, Workshop 14, March 2002

'ﬂ Maximum Von Mises

Check Editor : ¥Yon Mizes Max. Inactive

Relations

EI Displacement Max
[] Incremental

Type of Check : | aming j Message : I\-’Dn Mizes stress iz over wield strength

HCheck created by Student 12/20/01%¢
"t @i Yon Mizes Walue ¢ \
7
6 Dictionar Members of Parameters Members of Al
M Pl b asinum Yon Mises Walue”
Fepwords FRenamed parameters “Finite Element bModelt asirmun
Operators LI Freszure - _bl

"t amimuim Yon Mizes Walug® = 3384 577 psai

w Apply J o3 Eancel]

MAaiBRocR  ShHE S e

snPDM  Fie  Edt  iew Inset Jook  window Help =8|
ysis Manager Check Editor : Yon Mizes Max Inactive &

Links Manager Flbarenial Q =
5;:“: 1St Iine: Ru Ie Tupe of Check ; [ arning *| Meszage: [Mon Mizes stress iz over pield strength
R o deSC” ptlon \i’*Eheck created by Student 1242001 ".-"\
A static Case 3 5
—El Resfraints.1
@ Loads.1 Du:tlu:unarE - Members of Parameters M;ZE:-E,E:}&;L — %
T«—ﬂ% Stafic Case Solution.1 Eeywu:utrds Eenamed parameters "Finite Elernent Modelskd awirur
=—&l| Sensors.1 SPEETE [ |Fressvre ha KN | v —@
& Energy 4 | £

q Maximum Dly(lacemenl _— @ 0Kk | @ apply | & Cancel |

WS14-14
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Step 4. Create knowledge check

[%]CATIA V5 - [Foot Peq Stati
eamPO

File  Edit “iew Ingert Tools

c_1.CATAnalysis]

Window  Help

Define check (cont.).

Steps:

8. Expand the tree to
view the Foot Peg.

\

o
9. Single-click the Foot
Peg to list associated

Analysis Manager

Links Manager
E Results -> CATEM
'é Computations -> [ Incremental

F i .
-»lﬁ; Link.1->DATeME  Tyne of Check - |Warning

Check Editor : ¥Yon Mizes Max Inactive

j Meszage : I\-’Dn Mizes stress is over vield strength

M Check created by Student 12/20/01%¢

10

parameters.

b aimnum Yon Mizes Value' <

12

10. Scroll to locate
Pressure in Members
of Parameters area.

11. Click Pressure to

display parameters i

including material yield —
strength. -
12. Double-click on -
‘Aluminum...Yield !

Strength’ to add to the
definition.

13. Click OK when
finished.

tembers of Pressure

“Alurniniumialuriniun. 1. 75 og0g Modulus”
“Alurminiumialuriniunm, 1. 157ield Strength’

#—8% Relations
#—{ panBody
Finite Element Model
%E Nodes and Elements
& Properties.1
A static Case
Relations
Displacement Max

E Von Mises Max

Dictionar MembersLF Farameters

IM 4| Integerl -
F.emwords Angle ¥£
Operators _I LI

-

Check Editor : ¥Yon Mizes Max Aclive

[] Incremental

Type of Check : |*arming j Message : I&"Dn Mizes stress is over wield strength

HCheck created by Student 125200154
"t amimunm Yon Mizes Value® < CAluminombaluminium, 1.1 Yield Strength’

tembers af Prezsure
“Alurniniurmhaluminiunm, 1,757
“Alurminiurmaluminium. 1.8

: N

tembers of Parameters

Note: The check is

showing green which
means the max. Von
Mises stress is below

(ch

Check created and
shows green light

Integer =]
Angle =
h : |~ |

13

& Apply ] - Eancel]

eck not violated)

the material yield

kstrength for Aluminum./@ OB o Y

5

FHEDIET aBenQQA200686 ' HB%5  ad efcanaal
Select an object or a command | AI
-\
WS14-15 MSC X\ SOFTWARE
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Step 5. Modify Foot Peg design

[SICATIA V5 - [Foot Peq Static_1.CATAnalysis]
EJ Stat  TeanPDM  File  Edit  Miew Inset  Tools  window  Help EJ Stat  TeamPDM  File  Edit  Wiew Jnsen  Tooks window Help ===l
Analysis Manager Analysis Manager /y
o Links Manager L o Links Manager 2 n
Fé Results -> CA\TEMP\Analysis1_4.C 'é Results -> CATEMPYAnalysis1_4 CATAnalysisR =1
Computations -> CATEMPVAnalysig C tat -> CATEM lysis1_4.CATAN:
The knowledgeware :F P Y :F omputations > CATEMPVAnalysis1_ " B
results indicate the =—uii Link.1-> DATemp\Foot Peg Alumin =—uii Link.1-> DATemp\Foot Peg Aluminum_1.CATF @.
maximum Von Mises =~ Foot Peg =3 FootPeg %
stress is acceptable, 27 xy plane 27 xy plane =
however the maximum P IS =)
displacement of the P S el &)
A = plane
Foot Peg is too large. il = =pane &
i ’ ~EB .
T—Bm Relations 1 T_Bm Relations 2
Let's modify the Foot /
: #—93 ParBody =—133 PariBody i)
Peg design as i @A
suggested by the =— A\ Finite Element Model 3 \ :—@ Pad.1 o
knowledge rule to T—%g Nodes and Elements *,_@ Sketch.1 &,
re_duce maximum T—@ Properties.1 L Pocket.1 %
displacement. #- A sticc #7 Sketch.2 @
Steps: ‘_';"E‘ Relations =—|Cjl Pocket.2
1. Double-click the Displacement Max #—[F Sketch.3 e
PartBody in the tree to B von Mises Max — 1 RectPatiern.1 ;
SW“?h to the Part — Material=Aluminium &g
Design workbench. L ® Auminium ¥
2. Part Design is now =— A\ Finits Element Model #
the active workbench. Bl Nodes and Elements X
3. Expand the [EF Properties.1 Eff
PartBody branch to #- A Static Case Q: =
show solid features. _ Pr— - _
\ paibzocy FhEADREY DS@sinBocR FhEDBET | uimhe Quay
ki aﬁgiect o a command PartB ody/Foot Peg/Link.1 zelected y

\\
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Step 5. Modify Foot Peg design

[®]CATIA V5 - [Foot Peg Static_1.CATAnalysis] (=[5
EJ Stat TeanPDM  File  Edit  Miew Inset  Tools window Help ===l

Now in Part Design,
reduce the length of
the Foot Peg by
modifying the
corresponding solid
feature.

Steps:

1. Double-click Pad.1
in the tree to modify.
Pad Definition window
is displayed.

2. Double-click the

parameter Offset.19 to
modify its value.

3. Change the value to
7 inches as shown in
the Constraint
Definition window.

4. Click OK.

5. Click OK in the Pad
Definition window.

The length of the Foot
Peg is reduced to 7

Kinches.

CAT509, Workshop 14, March 2002

Analysis Manager
rE%; Links Manager
—é Results -> CATEMPVAnalysis1_4.CATAnalysisResults
'é Computations -> CATEMPlAnalysis1_4.CATAnalysisComputations
wiz Link.1-> DATemp\Foot Peg Aluminum_1.CATPart
=3

— <7 xy plane

Foot Peg

— <7 yz plans
__,»_—,- zx plane

h— ‘ m Relations

r’ PanBody

-
#-[F, Sketoh.1
Pocket.1
#- [ sketch.2
Pocket.2
#-[F, Sketoh 3
—EE RectPattern.1

Material=Aluminium ¢
y

— ﬂ Aluminium

L an

Offset19=0 2
L

Finite Element Model
%E Nodes and Elements
7 Preperties.1
T A Static Case

|

Pad Definition I S [

— First Lirnit

Type: I Dimenzion

Length: m

=
=

Limit: Mo zelection

— Profile

Selection: |Sketch.1

Beverse Side I

Ed]

[ Mirrared extent

Feverze Direction I

1]8 4 W Cancel I Presiew I

Moaores» I

Constraint Definition

Bo L 8 o000 RRovaRANSAM B »

W aluie|Tin = [] Reference
39 418 5
3 i
A @ Cancel I Ci

HEiERoeR | SHEBRET | amesALD

SEENY-

'Hhd 8

4CA TIA P2

Enter new data to edit the pad

WS14-17
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Step 5. Modify Foot Peg design

EJ Stat TeanPDM  File  Edit  Miew Inset  Tools window Help =lEx]
. Analysis Manager
| Links Manager . T}
& Results -> CATEMP\Analysis1 Preview of i
\ 'é Computations -> CATEMPAAN mOdIerd SpaCIng _@
After ma!("_.lg the r%ﬁ; Link.1 -> DATempiFoot Peg Aluminum.CATPart @v
change, it is apparent o =
: oot Pe ),
that the outer edge is il 9 5
too thin. Modify the £ xy plans
. fy Arrow shows | =
spacing between the L7 yz plane St A . o
top face cutouts. £ 2 plane 1st direction g
Steps: #—EE Relations P
1. Double-click the i— PartBody Hectangular Pattern Definition |
Pad.1
feature pattern _ ) . First Direction | Second Direction |
(RectPattern.1) in the =—|0)l Pocket.1 5 : .
tree to modify. *_@‘ Sketoh 2 F'arameters.lmstame[s] % Spacing j
. Instance(z] :I2 E
2. Select the First =—[Cjl Pocket.2 :
Direction tab. #—[F, sketch3 / 1 3 > |Spacing: [25in Y
. . i ] =l
3. Key in a new — 3 RectPattern.1 Length:  [750 ElE
spacing for the First — Material=Aluminium — Fieference Direction
Direction of 2.5 inches. L ® Aluminium Reference element|Edge.T
. . Reverse I
4. Click the Preview =— j\. Finite Element Model
button to view change. B3 Nodes and Elements Object ta Pattem
. < ) Object| Pocket.2
5. Click OK to accept. T—@? Properties.1 | 2
*_é& [ Keep specilications 4
Stafic Case
The' cutouts are now - 5 Mores |
positioned closer =4 Relations I I
— - i PR k. W Cancel Freview
Ktogether' AaibascR ' SHEDRET  ameésQQA 5B EE
L,nEn'gE‘fﬁnitial feature or body or modify parameters. | AI

\\
CAT509, Workshop 14, March 2002 WS14-18 MSC_ A\ SOFTWARE



Step 6. Compute analysis

[®]CATIA ¥5 - [Foot Peg Static. CATAnalysis] | _ (2] x|
EJ Stat TeanPDM  File  Edit  Miew Inset  Tools window Help ===l

Analysis Manager

L Links Manager

b Results -> CATEMPVAnalysis1_4.CATAnalysisResults
'é Computations -> CATEMPYAnalysis1_4.CATAnalysisComputations
#—%@ Link.1 -=> DATempiFoot Peg Aluminum CATPart

/ i—4‘_\ Finite Element Model 1\ 1
Now that the Foot Peg #—53 Nodes and Elements
design has changed, T—@ Properties. 1
our analysis conditions #- A Siatic Cace

have changed as well. Symbol Showing

= .
=—sm Relations

The anaIySiS mUSt be Displacement anaIySiS case
computed again. o

& VonMisesMal NOt updated

Steps:

1. Return to the GSA
workbench by double-
clicking the Finite
Element Model branch
in the tree.

mv<m l4®)l4ﬁ\- 4$ F &l @4%4®4%@l4§?4%% l 4& l4@494@(‘ l4 l @7

Compute M=l E3 2
2. Select the Compute |—_[
- TR -
icon.
3 A
4
3. Specify that All [Piviea
parameters should be / :
used in the calculation. 2 | © Cancel| %,
4. Click OK.

Bayraner  SHEDRET lamena st G668 pnBs | FdosEEn CALAr
DMECI o a command | AI

\\
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Step 7. View results

[ [5]x]

E|E.ATIA ¥5 - [Foot Peg Static. CATAnalysis]
EJ Stat TeanPDM  File  Edit  Miew Inset  Tools window Help

Analysis Manager
L Links Manager
b Results -> CATEMPVAnalysis1_4.CATAnalysisResults
'é Computations -> CATEMPYAnalysis1_4.CATAnalysisComputations

Immediately after #—%gg; Link.1 -> D:ATempiFoot Peg Aluminum .CATPart
computing the analysis | =—f\ Finite Element Model

solution we can Venfy *‘_%E Nodes and Elements
our rule and check. In

. . (¥ Properties.1
this case our design 3

=l81=l

@
‘V
@V
)
@v
%V
modifications are = I Stalic Case p
successful. @ Restraints.1 Eﬁ
Static Case Solution.1
1. A message r % Sensors.1 3 %'
Eenerla;ed frolm the q: - Max. displacement
nowiledge rule pops nergy . %'
onto the screen after & Maximum Displacément _ is now acceptable %
the computation is & MaximumvVonMises ™ < ky
complete. ~E . ' R Output Values K1 E3
=—s | Relations \ ~o p B3
2. The check for max. Displacement Max \\ RN < Meazure Body -
Von Mises stress is E Von Mises Max \ RN < 1t Walue” = dizpmas Finite Element b odelt v
ks y N e T g
green indicating the ~ o | Parameter alue o
value is less than the \ Dutput Values i E3 1Maxlmum dizplacement Yalue 0002 '
material yield strength. 2 —Measure Body —+ =8
izes Value = mizesthax( Finite Element Model\Static =
Cloze | =
3. The value of each Parameter < Walue .
sensor can be seen by M ariroum Wan Mizes Value 2896 478pai ,
double-clicking on the &
Censor in the tree. HM@@@"M = Cloze | 512 | £ B o - NS A e 4CATJA'P2
L . |
TETETTan object or a command I AI
MSC X SOFTWARE
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