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Technical Support

Altair provides comprehensive software support via web FAQs, tutorials, training classes, telephone and
e-mail.

Altair Support on the World Wide Web

The Altair web site is a valuable online companion to Altair software. Visit www.altairhyperworks.com
for tips and tricks, training course schedules, training/tutorial videos, and other useful information.

Altair Training Classes

Altair training courses provide a hands-on introduction to our products, focusing on overall functionality.
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your account manager is, please send an e-mail to training@altair.com and your account manager will
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Telephone and E-mail

When contacting Altair support, please specify the product and version number you are using along with
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what type of workstation, operating system, RAM, and graphics board you have, so please have that
information ready. If you send an e-mail, please specify the workstation type, operating system, RAM,
and graphics board information in the e-mail.

To contact an Altair support representative, reference the following table or the information available on
the HyperWorks website: www.altairhyperworks.com/ClientCenterHWSupportProduct.aspx.
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Australia 64.9.413.7981 anzsupport@altair.com

Brazil 55.11.3884.0414 br_support@altair.com
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Germany 49.7031.6208.22 hwsupport@altair.de
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Sweden 46.46.460.2828 support@altair.se

United Kingdom 01926.468.600 support@uk.altair.com
United States 248.614.2425 hwsupport@altair.com

For questions or comments about this help system, send an email to connect@altair.com.

In addition, the following countries have resellers for Altair Engineering: Colombia, Czech Republic,
Ecuador, Israel, Russia, Netherlands, Turkey, Poland, Singapore, Vietnam, Indonesia

Official offices with resellers: Canada, China, France, Germany, India, Malaysia, Italy, Japan, Korea,
Spain, Taiwan, United Kingdom, USA
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mailto:support@altairjp.co.jp
mailto:aseansupport@altair.com
mailto:mx-support@altair.com
mailto:support@altair.co.za
mailto:support@altair.co.kr
mailto:support-spain@altair.com
mailto:support@altair.se
mailto:support@uk.altair.com
mailto:hwsupport@altair.com
mailto:connect@altair.com
http://www.altair.com/

Table of Contents

OptiStruct for Linear Analysis

Basic Linear and Dynamic Solutions

Table of Contents.........o 3
Chapter 2: Linear Static ANalysSis .......cccceeeeeiciiiiiiiiirreeeccs s 5
Exercise 2a: Static Analysis of @ Solid Bracket................ueiiiiiiiiiiiiiiiiiiiiiiiiiiieievvinnianns 7
Exercise 2b: Static Analysis of a Simply Supported Beam .............cccccvvvvvviiveiiniininiennennn. 21
Chapter 3: Inertia Relief Analysis .......ccoeeeecciiiiiiiereeccccrr e e 31
Exercise 3a: Satellite Inertia Relief ANalySis..........ccuuiiiiiiiiiiii e 33
Chapter 4: Modal ANAlYSiS ....ccuuueeiiiiiiiiiicciccce e e rrssss s e e s s e s e e e e e s e e e e nmnnnnns 39
Exercise 4a: Compressor Bracket Modal ANalySis ...........coooiiiiiiiiiiiiiiiiiniiieeeee e 41
Exercise 4b (optional): Simply Supported Beam Modal Analysis ..............euvvvevvviivnnennns 49
Chapter 5: Linear Buckling ANalysSis .........ccccccmmmmmmmmmmmnnnnnnnnnnnsnssssnnnnnnnnsssnnnnnnnnes 53
Exercise 5a: Wing Linear Buckling ANalysis ..........ccuuuviiiiiiiiiiiiiiieeee e 55
Chapter 6: Thermal Stress Steady State Analysis...........ccoeerrmrremmecccciieesreeeeennne. 63
Exercise 6a: Thermal Stress Analysis of @ Beam ..........ccccciiiiiiiiiiiiiieece e 65
Chapter 7: Advanced TOPICS ......uuciiiiiiiiiicieccse s s e e s e rnsnssss s s s e s s s e s s nnnnss s s s e s s e e nnnnnnnns 79
Exercise 7a (optional): Static Analysis using Freeze Contact..............cccoociiiiiiieiiinnnns 81
Chapter 8: Optimization in Linear Analysis .......ccccceeeeiciiiiiiiissscesscssss e eeeennanens 85
Exercise 8a: Size Optimization of a Rail JOINt...............evviiiiiiiiiiiiies 87
Exercise 8b: Size Optimization of @ Shredder................ouuiiiiiiiiiiiiiiies 93
HyperWorks v2019 OptiStruct for Linear Analysis 3

Proprietary Information of Altair Engineering, Inc.



4 OptiStruct for Linear Analysis HyperWorks v2019

Proprietary Information of Altair Engineering, Inc.



Chapter 2: Linear Static Analysis

Chapter 2

Linear Static Analysis

HyperWorks v2019 OptiStruct for Linear Analysis 5

Proprietary Information of Altair Engineering, Inc.



Chapter 2: Linear Static Analysis

6 OptiStruct for Linear Analysis HyperWorks v2019

Proprietary Information of Altair Engineering, Inc.



Chapter 2: Linear Static Analysis

Exercise 2a: Static Analysis of a Solid Bracket

In this exercise, a structural analysis is performed on a bracket modeled with solid elements.
The objective is to set up a linear static analysis from scratch starting just with the meshed
model.

Model Information
o Force =(12000,12000, -20000) N
o Material Aluminium:
e E =70000 MPa
e Nu=0.33
e So=240 Mpa
e Spom=0.7"Sy
o UNITS: N, mm, ton, s

File Name and Location

~\STUDENT-EXERCISE\2a Torsion Link\torsion link.hm

HyperWorks v2019 OptiStruct for Linear Analysis 7
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Chapter 2: Linear Static Analysis

Step 1: Open the model in HyperMesh Desktop with OptiStruct user profile
selected

Step 2: Review the model and check the dimensions of the model

Tip: The length system is reasonable to be millimeter, the consistent units are mm,
MPa, N. The mesh size is about 10 mm. There are three components:

e torsion link for tetra elements
e RBE2 for RBE2 elements for two supports

e RBE3 for a RBE3 element to apply the force. RBE2 would include a rigid
condition that doesn’t exist.

Step 3: Create a MAT1 material a1u for aluminum with the properties:
Young’s modulus 70000 MPa, Poisson’s ratio 0.33

Tip: Click right mouse button in the Model Browser, select Create > Material or use
HyperMesh’s Quick Access Tool (Ctrl1+f) to create accordingly MAT1 material card.

8 OptiStruct for Linear Analysis HyperWorks v2019
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Chapter 2: Linear Static Analysis

E} e aterials (1]
C LR s TH 0
S Tilas 11
Mame Value
Solver Keyword MATT
M arne alu
D 1
Calor m
Include File [Mazter Madel]
[ efined [#]
Card Image MATI
User Comments Hide I Menu/E sport
matl| - E 70000.0
et 6
‘ MAT10 MU 0.33
=TT
Entities 1D Inchude
B g Aszzembly Hierarchy
E| & Components (3]
I] B torsion ek 1 [ 1]
- @ @ RBE2 2l 0
- @ B8 RBE3 3] 0
B3 Titles (1)
Create Azzembly
Expand Al Beam Seetion Callector
Collapse Al Beamsection
R — Block.
Configure Browser Component
T Contaet
Name Value Contact Su.rfac:e
Crozs Section
Curve
Feature
Field
Group
Include File
Laminate
Load Callectar
Load Step
Multibody
Dbk Bleele

Here we will use MAT1 which is a linear isotropic material that can represent the aluminum
behavior well. For more details about this material or other material formulations, please
refer to the HyperWorks Online Help

Step 4: Create a PSOLID property bracket referencing material alu
and assign it to the torsion link component

Tip: Click right mouse button in the model browser, select Create > Property

or use HyperMesh’s Quick Access Tool (Crt1+f) to create according PSOLID property card
and assign property to torsion 1link component by right mouse click on the component,
select Assign. This will make all elements in this component use this property. Note that this

HyperWorks v2019 OptiStruct for Linear Analysis 9
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Chapter 2: Linear Static Analysis

assignment serves as a default for this collector and will not change any element from this
component has another property directly associated with it in its element definition

Entities 1D @) Include

ré Agzembly Hisrarchy

E| ra Components (3]

L B torsionlink. 1 [ 0

EreE2 2@ O
- B RBE3 id i

(@ Materials (1]

L e 1l 0

-3 Titles (1)

Cortact Surface
Cross Section
Curve

Feature

Field

Group

Include File
Laminate

Load Collectar

L gy e i gy
=] l. Components [3]

} £~ brach Replace
(B Tiles(1] | xRef Entities

| Revew -- RBE2 :m
MName = o @ REE3 i
Name Hide T e
b fxclaie Name Value
Tty Nome  osion ik
D 1
Color 1 ]
Include [Master Model]
Fraperty (1) bracket
Iaterial (1) alu

ﬁ Assembly

Eram Section Collectar
EZE;SE?" Bearrzection
Elack
Configure Browser Companent
bame:V Contact

’ Assign to Compon

CH g Components (3)
@ B torsion link 10

E &5 Properties (1)

Loadstep . S bracket 1@
M aterial =
tultibod
nu e Name Value
utput Block.
Parameter Solver Keyword F=0LID
Plat MName bracket
Ply [m] 1
Color @
Region Include [Master bodel]
Defined =]
Card Image PSOLID
haterial (1) alu
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Chapter 2: Linear Static Analysis

Step 5: Create a load collector Support (no card image)
with the following SPC load type constraint, node 4830: DOFs 1-6 and node
4831: DOFs 1, 3-6

Tip: Click right mouse button in the Model Browser, select Create > Load Collector and
create the two SPCs. The boundary conditions can be created from the menu BCs > Create
> Constraints

E Assembly

Expand Al Beam Section Collectar

Beamsection
Collapze Al
P Block
Configure Brawser Companent

Contact

e Value Contact Surface

E}E Load Callectors (1)

-jn Support 1 [l 1]

- Materials 11

Crogs Section
Curve

Feature
Field
Group

Name Value
Mame Support

Include File D 1

Laminate Calar

Load Collzctor Irchade Filz [M aster Madel]

Load Step Card Image <Nonexr

Step 6: Create a load collector force (no card image) containing a force on
node 1 with constant components {12000, 12000, -20000}

Tip: Click right mouse button in the Model Browser, select Create > Load Collector
and create the force using the top menu BCs > Create > Forces

—*E Load Collectors [2)
- Swpot 1M

i
S -j B force 20 1]
- Load Steps (1)

FORCE - 26229.8
Name Value
Mame force

o] 2

Calor o [ qzsess |
Inciude File [Master Model] L=
Card Image <MNane>

Step 7: Create a load step Load of type Linear Static using Support as SPC
and force as LOAD entry

Tip: Click right mouse button in the Model Browser, select Create > Load Step

HyperWorks v2019 OptiStruct for Linear Analysis 11
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Chapter 2: Linear Static Analysis

LI s )

Expand All
Collapse &l

Configure Browser

Agzembly

Beam Section Callector
Beamzection
Block
Component
Contact
Contact Suface
Cross Section
Curve

Feature

Field

Graup

Include File
Laminate

Load Collactar

Load Step

Iaterial

Step 8: Export the model as solver deck

Iy Load Steps (1)
‘o Load 1
Bl Materials (1)

Name
Solver Keywoard
Mame
In]
Include
User Comments
=/ Subcase Definition
=| Analysis type
SFC
LO&AD
SUPORTI
FRETENSION
MFC
DEFORM
STATSUB (PRELOAD)
STATSUB (FRETENS)
= SUBCASE OPTIONS
LABEL
SUBTITLE
= ANALYSIS
TYPE
AZSIGN

Value

SUBCASE

Load

1

[Master Model]
Hide In Menu/Export

Linear Static
(1) Support

(2) force
<Unspecified>
<Unspecified>
<Unspecified>
<Unspecified>
<Unspecified>
<Unspecified>

%
STATICS

Tip: Click on button Solver Export Deck, choose file name and hit Export

Step 9: Review the . fem file in a text editor and understand the references

fala-B-w %7 S
Session Madel |Expart x
TR

File selection

File type: OptiStuct -

Template: ’W

File: |lUrsiUn_Iink_lraining.fern ﬁ

[ Expoit options

Expart:

Solver options:  Select Options

Comments:

[ HypeMesh

¥ Connector

¥ Part &ssemblies/Parts

Include files:  |Merge -

W 1D Rules
Iv Prompt ta save invalid elements

I¥ Prompt before ovenarite

Custam - Select Entities

Expart

Tip: Exported . fem file without HyperMesh comments

e Constraint reference

12 OptiStruct for Linear Analysis
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Chapter 2: Linear Static Analysis

e Load reference

$$ optiscruct
SUBCASE x |
LABEL Load

ANALYSIS STATIC
SPC =
LOAD =

BEGIN BULK

GRID 3 -520.701-61.91252.0557-5

CTETRA 42822 - 5866 6434 10115 10208

PSOLID 1 i)

MAT1 4 70000.0 0.33

SPC 1 4830 123456 0.0

SPC 4831 13456 0.0

FORCE : | 01.0 12000.0 12000.0 -20000.0
ENDDATA

Step 10: Run the analysis with OptiStruct

Tip: Use the HyperWorks Solver Run Manager to run the exported . fem file, make sure that
OptiStruct states “ANALYSIS COMPLETED” and review the created files.

HyperWorks v2019 OptiStruct for Linear Analysis 13
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Chapter 2: Linear Static Analysis

@ HyperWorks Solver Run MaE i@DEWLEiE_

# torsion_link_trainingfem - H

(| File Edit View Legs Selver

Input file(s): torsion_link_training.fem

Options: -ncpu 4 -core in

s 3 [ Use SMP: -nt 2

rWarks Solver Vi

Solver |optistruct 2017.23_win6d.exe
Input file: [torsion_link training.fem Job completed
Run command|.../hwsolver.tcl .../torsion_link_training.fem -screen -ncpu 4 -core in ~dir -solver 05

Message log: Optimization summary:

HyperWorks Help

[T] Use MPI options

Messages for the job: “ ble Grig/Elem ID Value

742 Z -1.04148
ANALYSIS COMPLETED. -

« » < i,

Run summary:

ek e ke e e e e |

Find:
-
- -
*E OptiStruct 2017.2.3 il
o we
" Advanced Engineering Analysis, Design and LA
= Optimization Software from Altair Engineering, Inc. **
o we
- -
o Windows 7 SB1 (Build 7601) DEWLT257 o
- 8 CPU: Intel(R) Core(TM) i7-4800MQ CPU € 2.70GEz =
" 24554 MB REM, 65396 MB swap LA
. w

#* Build tag: 0900751 9433xxx Ce64RBWBUH14M:138991-2 4000020006000  *¥
A BB R R A BB A B R AR R RN R R
** COPYRIGHT (C) 1396-2017 Altair Engineering, Inc. **
#* A1l Rights Reserved. Copyright notice does not imply publication. *¥
o Contains trade secrets of Rltair Enginsering, Inc. -
** Decompilation or disassembly of this software strictly prohibited. **
T N

The amount of memory allocated for the run is 115 MB.
This run will use in-core processing in the solver.

ANALYSIS COMPLETED.

==== End of solver screen output

|

m

Results View = Close

Use solver control || Sche

Run | ’

Close ]

torsion_link_training.fem

torsion_link_training.h3d

torsion_link_training.htrml
torsion_link_training.mvw
torsion_link_training.out
torsion_link_training.res
torsion_link_training.stat
torsion_link_training_frames.html

torsion_link_training_menu.html

Step 11: Add output requests in order to get desired

1.

echo .out file on the screen

2. getresults only in H3D format and suppress the html file output

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+£f) to add control cards

SCREEN, OUT
OUTPUT, H3D, ALL
OUTPUT, HTML, , NO

14 OptiStruct for Linear Analysis
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E}--ré Cards 2]

@ GSCREEM 1 0
@ OUTFUT 2 0
- [‘6 Components (3]

¥ Load Collectars (2]

Q Mame Value
ouf gl "
Include File [Maszter kiodel]
[eLomes oureur peQuesT Stotus
OUTFILE = number_of_outputs = 2
= DUTPUT 1
Setup Card Edit Output Blocks KETWORD H3D
Sstup Craate Output Blocks FREQ ALL
Setup Delste Output Blocks OFTION
Setup Edit Output Blocks = OUTPUT 2
Setup Organize Duput Blocks KEYWORD HTML
OPTIOM MO

Setup Renumber Output Blocks

Step 12: Rerun the analysis with OptiStruct

Tip: Review the created files and note the additional output in the HyperWorks Solver View

Solver: |optistruct 2017.23_winbd.exe

Input file: torsion_link_done fem Job completed

Run command:|../hwsolvercl .../torsion_link_done.fem -screen -ncpu 4 -core in -dir -solver 05

Message log: Opti summary:
Messages for the job: -

»le Grid/Elem ID Value -~

T742_Z -1.04148
ANALYSIS COMPLETED. =

« Voo [ 0 »

Run summary:

(Running in-core solution) "
Volume = 9.01016E+006 Mass —erorrrrer—
Subcase Compliance Epsilon

1 9.456644E+03 4.347119E-13

Note : Epsilon = Residual Strain Energy Ratic.
AR R R R AR AR AR AR R ARRREEREERE

ANALYSIS COMPLETED.

AR AR AR RRR AR RRRARERA RS
RESOURCE USAGE INFORMATION

MAXIMUM MEMORY USED 115 MB
MAXIMUM DISK SPACE USED 27 MB

ke ke ok ko

\CCMPUTE TIME INFORMATION

EXECUTION STARTED
EXECUTION COMPLETED
ELAPSED TIME

CPU TIME

Tue Feb 06 08:29:30 2018

Tue Feb 06 08:29:34 2018
00:00:04
00:00:07

ke ke ok ok o

For Useful OptiStruct Tips and Tricks, go ta the URL:
nttp://www.altairhyperworks. com/tips. aspx

End of solver screen output

torsion_link_donefem

torsion_link_done.h3d

=——— Job completed =———

torsion_link_done.mvw

torsion_link_done.out

Results View ~ Close

torsion_link_done.stat

Step 13: Review the . out file wrt warnings, errors and Auto-SPC

HyperWorks v2019 OptiStruct for Linear Analysis 15
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Chapter 2: Linear Static Analysis

Tip: There are 19 elements that exceeded recommended range (warning) for the element

quality check.

OptiStruct auto-SPCed 1344 degrees-of-freedom (DOF).

Element # 13814, element type TETRA.

WARNING - Cutside of recommended range: Face Vertex Angle = 12.440

lower limit = 15.000

NCTE : other similar error/warning messages wWere suppressed,
use PARAM,CHECEEL, FULL to obtain full report

Element Quality Check Summary

Total # of elements that exceeded recommended range (warning) =

Note: Only element with the highest vicolation of each check is listed below.

Recommended range viclations:

Element Broperty ¥ of Recommended Range Max. Viol.
Viol. Lower Upper Value type
TETRR Face Vertex Angle 19 15.00 165.00 11.395

List of|Auto-SPC d.o.f.s| for loadcase 1
Total number of Auto-5PC d.o.f.z = 1344

Grid No. Component
3870 456
3871 456
3872 456
3873 456
3874 456
3875 456
3876 456
3877 456
3878 456
3879 456
3880 456
S221 4 5 f

By default, OptiStruct uses AUTOSPC, ON as it helps to prevent undesired stops or failure
runs. For example, if the model has an element unattached to the structure with no

16 OptiStruct for Linear Analysis
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Chapter 2: Linear Static Analysis

constraint applied to it, the run would stop complaining about a rigid body movement. With
AUTOSPC ON, OptiStruct would automatically fix this element and run the analysis.

The user should be aware of any DOF fixed by the AUTOSPC as it can lead to a wrong
behavior. Also, do not forget that in the end, if the run is made with “AUTOSPC ON”, to
verify which DOF was fixed and if this has not affected the solution.

Step 14: Add parameter to deactivate automatic constraining

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+f) to add control card
PARAM, AUTOSPC, NO
Note that this card will be added in the bulk section.

Bl Cards (3]
D SCREEN 1 0
-@ DUTRUT 2 i
| L@ PARAM 3 i
-l Companents (31

Name Value
=l AUTOSPC W
W1 MO
AUTOSPRT

Step 15: Rerun the analysis with OptiStruct and review the . out file again

Step 16: Review the displacements and stresses in HyperView

Tip: Click on Results in the HyperWorks Solver View and HyperView will directly open the
according .mvw session file created by OptiStruct.

| Results | View = Close

In the displacement contour plot the deformed shape is scaled by 100. In the stress contour
plot it is easy to notice that the stress results are not ideal due to discontinuities in the mesh.
The next step would be to rerun this model with a refined mesh.

HyperWorks v2019 OptiStruct for Linear Analysis 17
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Contour Plot Static Analysis Contour Plot

Displacerment(Mag)

Analysis system Subcase 1 (Load) Analysis system

1.056
[ 0.933
0.821

— 0.704
— 0587
— 0469

0.352
0.235
0.117
0.000

Mlax = 1.056
Grids 760
Min = 0.000
Grids 3824

B0.162
[ 55000
41367

— X7
— 14102

— 0469 i

0.373
0288 | N
|
o1gr £} ‘
0107 /

Mlax = B0.162
3D 24876
hdin = 0.107
30 3562

]

Static Analysis Contour Plot
Element Stresses (2D & 3D)w0@ﬂi’%53e 1 (Load)

| . (20 & 20y Static Analysis
Element Stresses WOl ses
o %Ec)ase 1 (Load)

A finer mesh results on the one hand typically in a more accurate solution, on the other hand

increases the computation time.

In order to get an idea of a finite element model that is good enough to predict an accurate
solution for a problem with a reasonable model size, a convergence study can be

performed:

e Create a mesh using low, but reasonable number of elements and do an analysis

¢ Refine the mesh, do a reanalysis and compare the results for the first mesh.

o Keep refining the mesh and reanalyzing until the results like max. stress and max

displacement converge.
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Chapter 2: Linear Static Analysis

STRESS (MPa)
2
=

s VON MISES
Emror =11%
Errot = 16%
Error Based on a refined model with
CE:f:]E'E(WT!) nd
e 2" order elements (S=95MPa)
sz Change =(S,-S,.,)/S,

Change = 4.9 % (15
Error = 33%

Factor = Elem Size  ,/Elem Size,

1 2 3 4 5
1/(SIZE) mm

[3

HyperWorks v2019
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Chapter 2: Linear Static Analysis

10
6.5
5

3

2
0.55
0.17

60.2
63.3
69.5
73.0
80.0
84.4
89.3

1.06
1.08
1.09
1.10
1.10
1.09
1.09
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Chapter 2: Linear Static Analysis

Exercise 2b: Static Analysis of a Simply Supported
Beam

In this exercise, a structural analysis is performed on a simply supported beam. The
objective is to create a finite element model that is good enough to predict the theoretical
solution for this model.

o Beam modelled by shell elements, length = 1000 mm, height = 20 mm, width = 10
mm

o Material steel (Young’s modulus 210000 MPa, Poisson’s ratio 0.33, density 7.85e-9
t/mm3)

e Force of 1000 N in the center of the beam.

SRSV
Theoretical Results
M, _GH*45 _ 3FL FP FP FI
Opay =0 — =~ = =375MPa U, =- =- _=— =14.881
I B ) BH? m T TYSEl | 48EET 4EBH” o

File Name and Location

~\STUDENT-EXERCISE\2b Simple Beam\beam.hm.

HyperWorks v2019 OptiStruct for Linear Analysis 21
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Chapter 2: Linear Static Analysis

Step 1: Open the model in HyperMesh Desktop with OptiStruct user profile
selected

Step 2: Review the model and check the dimensions of the model

Tip: The length system is reasonable to be millimeter, the consistent units are mm, MPa, N.
The mesh size is 10 mm. There is one components beam containing elements and surfaces

Step 3: Create a MAT1 material steel for steel with the given properties

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) to create according MAT1 material card

g Materials (1)
£ steel 1@ 0
Name Value

Sohver Kevword MAT

MName steel

ID 1

Color o

Include [Master Model]

Defined v
mat] = Card Image MATT
_ User Comments Hide In Menu/Export
watio E 210000.0

€]

NU 033

RHO 7.85e-009

Step 4: Create a PSHELL property shell with a thickness of 10 mm
referencing material steel and assign it to the beam component

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) to create according PSHELL property
card and assign property to beam component in the entity editor

g Properties (1)

i shell 10 0
Name Value
Sobver Keyword PSHELL
Name shell
ID 1
Calor [l ]
Include [Master Model]
pshell o, Defined v
T Cardimege  PSHELL
Material (1) steel
User Camments Hide In Menu/Export
T 100
22 OptiStruct for Linear Analysis HyperWorks v2019

Proprietary Information of Altair Engineering, Inc.



Chapter 2: Linear Static Analysis

/g Companents (1)

[ [ beam 1@ 0
: & Materials (1)

LE steel 1@ 0
- e Properties [1]

e shel TH 0
-8 Titles (1)

Name Value
Mame beam
D 1
Calor @
Include File [Master Model]
Property Property | # ‘ )
tdaterial <Unzpecified>

", Select Property

Enter Search String...

MName D Color  CardIm
@ shel 1 1 ] PSHELL

Step 5: Create a load collector SPC (no card image) with the following SpPC load
type constraint

e Node 205: DOFs 1-5

e Node 1: DOFs 2-3

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+f) with SPC to create the two SPCs

spd <
SPCICC)

SPCADD

SPCD

SPCF(OR]

Step 6: Create a load collector FORCE (no card image) containing a force on
node 53 with constant components {0, -1000, 0}

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+f) with FORCE to create the load
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Be aware, that loads and constraints can generate singularities. These can lead to a very
high stress that is not physical, and appears only in the mathematical model

forcs]|

ECs Create Forces

ECs Edit Forces

FORCET

Post Free Body Force

Fost Free Body Fesultant Force and Moment

Step 7: Create a load step Load of type Linear Static using SPC as SPC and
FORCE as LOAD entry

Tip: Click right mouse button in the Model Browser, select Create > Load Step and set
Analysis type to Linear Static

s TEE )
ﬁ Agzembly
Expard Al Beamn Sec.tlnn Collectar
Collamse Al Beamsection :
i Black G-, Load Collectors (2)

Configure Browser Componert ﬂ i SPC 1 m
Lontact @ B FORCE 2m 0
Contact Surface
Cross Section & ‘ Load Steps (1)
Curve & Load 1 0
Feature L1}
Field Name Value
Group Sl g I s el SURCASE
Include File | Name Load
Larninate [0} 1
Load Callector Include [Master Modlel]

User Comments Hide In Menu/Expont
Material = initi
= Analysis type Linear Static
SPC (1) SPC
LOAD (2) FORCE

ORCE = 10000

Step 8: Add output requests in order to

e echo .out file on the screen
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get results only in H3D format and suppress the html file output

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+£f) to add control cards

SCREEN OUT
OUTPUT, H3D, ALL
OUTPUT, HTML,, NO
E}‘é Cards [2]
L@ ouTPUT 1 ]
: @ SCREEM 2 il
; Companents [1]
auf Q Name Value
(GLOBALOUTPUTREQUEST e el
Stab [
OUTFILE aus
= number_of_outputs = 2
= DUTPUT 1
Setup Card Edit Output Blocks KETWORD HaD
Setup Creale Dutpul Blacks FRED AL
Setup Delete Dutput Blocks QPTION
Setup Edit Dutput Blocks = OUTPUT 2
Setup Organize Output Blocks KEYWORD HTHL
Setup Renumber Dutput Blocks QPTION HO

Step 9: Run the analysis with OptiStruct

Tip: Run the model in OptiStruct using e.g. the OptiStruct panel via pull-down menu
Optimization > OptiStruct

Post

thing

Create
Edit

XX '
- N
Azzign L3
3
3

Delete
Card Edit

QOrganize ¥
Renumber ¥

OptiStruct

inputfile | M3 c _ 5 imple_Beamibeam_done . fem SEvE 85.. _
export oplions: run options; memary options: _

- custam - aptimization : memory default
[~ include connectars opfions: - ncopou 4 - cot e i _

Step 10: Review the .

HyperWorks v2019

out file wrt warnings, errors and Auto-SPC
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Step 11: Review the displacements and stresses in HyperView and check

e max. displacement in y-direction

e makx. stress in (global) xx-direction

Tip: In the contour plots the deformed shapes are scaled by 10. The maximum
displacement is 14.895 mm, the maximum stress is +185.751 MPa (both in the center of the
beam).

Contaur Plot Static Analysis Contour Plat Static Analysis Contour Plat Static Analysis
Displacemant(¥) Element Stresses (2D & 30)(x%, Max) Element Stresses (2D & 30)(%, Max)
Global System Subcase 1 (Load) Global System Subcase 1 (Load) Global System Subcase 1 (Load)
0.000 185.751 185.751
[ -1.655 [ 144 473 [ 144 473
= 3310 = 103195 = 103.195
— 4985 — 61917 — 61917
— -b.620 — 20639 — 20639
— 8X5 = 20839
= 9.0 — 1917 B
NG ey ———————————————————————————a* 106,195 55 = — 13
[ -13.240 T A [ 144473 o T [ -144.473
14,895 O AEE75 e ma— AEE.750
Max = 0.000 Max = 185.751 Max = 185.751
Grids 1 20102 20102
Min=-14.835 Min = -185.751 Min = -185.751
Grids 54 20101 20101
Y ¥ ¥
| A 4 Z % - A

Step 12: Calculate the theoretical results for
¢ max. displacement in y-direction

e max. stress in xx-direction

X

Omax
F13 Fi3 Fi13 —1000 - 10003
Umax = = 3 = s = > = 14.881 mm versus 14.895 mm
48El 4o % 4Eth3  4-210000-10 - 20
1
Muax Z g (+E) 3F1 310001000
Omax = ———= =222 = + =4 = 4+ 375 MPa versus +185.751 MPa
1 th3 2 th? 210202
12
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The displacement result of the analysis is very good with an error ~0.5%. However, the
stress results look not good with an error superior to 50%.

But as in OptiStruct element stresses for shell (and solid) elements are output at the
element center only, you may not compare OptiStruct’s stress result with s at + h/2, but +
h/4:

h
o= Mmax(i'z)_ + 3F1 _ 4 3:1000-1000
- I T 4th? T 4-10-202

= +187.5 MPa versus +185.751 MPa

Step 13: Add the global output request STRESS (H3D, CORNER) =YES

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) with STRESS to add this control
card/global output request STRESS (H3D, CORNER) =YES

g Cards [3)
@ OouTPUT 1 0
@ SCREEN 2 ]
@ GLOBAL DUTPUT REQUEST 3 o

-l Companerts (1)
[ Load Collectors (2]
[ Iy
MName Value
=1 5TRESS v

= STRESS_MWLUM = 1

= GLOBAL_OUTPUT_REQUEST 1
SORTIMG

FORMAT H3D)
FORM
TYPE
LOCATION CORMER|
RANDOM
FEAK
MODAL
SURF
NEUBER
MMF
THRESH
RTHRESH
TOP

stress] “ RTOP
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Step 14: Rerun the analysis with OptiStruct

Step 15: Review the stresses in HyperView and check

e max. displacement in y-direction max. stress in (global) xx-direction

The maximum stress is £370 MPa versus £375 MPa (theoretical result). Do not forget to set
activate use corner data.

Iv Use comer data

Cantour Plot i i Cantour Plot i i
Element Stresses (20 & 301303, Max, CornerDatg Static AnalySIS Elerent Stresses (20 & 30103, Max, CornerDatg Static AnalySIS
Global System ubcase 1 (Load) Global System ubcase 1 (Load)
[370.11? [370.11?

287673 287673
= 205229 = 205.229
— 122,735
— 40.340
— -42.104

— 124548

-206.992 et -206.992
[-289.436 e [ -269.436
-371.880 -371.880
Max = 370.117 Max = 370.117
ah 102 D 102
Win = -371.880 Win = -371.880
PRI pBIDS
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Chapter 3

Inertia Relief Analysis
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Exercise 3a: Satellite Inertia Relief Analysis

This exercise runs an inertia relief load case on a simple satellite. This is a test made with
aerospace structures that will need to support inertia loads. The objective of this kind of test
is to verify if the structure is strong enough to support these loads without a static failure.

File Name and Location

.\STUDENT-EXERCISE\3a_ Satellite\satellite.hm
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Step 1: Open the model in HyperMesh Desktop

Step 2: Review the model and check total mass

Tip: Total mass: 3.090 t

area = [ 1 B A90e+0f
volume = [ 2  836e~+079
total mass = [ 3 090 ‘

Step 3: Set common OUTPUT requests

Use HyperMesh'’s Quick Access Tool (Crt1+f) to add control cards

SCREEN OUT
OUTPUT, H3D, ALL

OUTPUT, HTML, , NO

ou] “
OUTFILE
OUTPUT

Setup Card Edit Output Blocks
Setup Create Output Blocks
Setup Delete Output Blocks
Setup Edit Output Blocks
Setup Organize Output Blacks
Setup Renumber Output Blocks

Name
Inchude File
Status
= number_of_outputs =
= DUTPUT 1
KEvwORD
FREQ
OPTION
= DUTPUT 2
KEvwORD
OPTION

Value

[M aster Madel]
W

2

HiD
ALL

HTHL
NI

Step 4: Set control card PARAM, INREL to -1

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) to set control card PARAM, INREL to -1
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Entities D@ Include
- [, Assembly Hierarchy
-/ g Beam Section Collectors (1)

E-lg@ Cards [3)
@ SCREEM 1 n
@ OouTPUT 2 0
@ |[PaRaM 3 0

[-lga Components [14)
[ Materials [4)
[-figs Properties [13]
B3 Titles (1)

MName Value
I645LY
=1 [INREL
INREL_%1
INTRFACE

El<

Step 5: Create a load collector Support (no card image) with the following
SUPORT1 load type constraints representing the fictitious support

e Node 2: DOF 2
e Node 3: DOFs 1-3

e Node 4: DOFs 1-2

Tip: Switch the Load Type for constraint in HyperMesh from SPC to SUPORT1 before
creating the constraints

force = [FoORCE
moment = (M OMEMNT |
constraint = SUFPORT 1
pressure = PLOADA

Step 6: Create the following load collectors (no card image) and forces on
Node 1 of the model

e 3x Gx: force components {92700,0,0} (equivalent to three times gravity
in x direction)
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e 3x Gy: force components {0,92700,0} (equivalent to three times gravity
in y direction)

e 2x Gz: force components {0,0,61800} (equivalent to two times gravity in
z direction)

Step 7: Create a following load collector 4. 7x G with card image LOADADD and
select all three above created load collectors with scale factor 1.0

Name Value

Sohver Keyword LOADADD

Mame 47xG

In] [

Colar 1]

Include [Master Model]

Card Image LOADADD

User Comments Hide In kMenu/Export

5 0 S—
=1 LOAD_Mumn_Set= '3 \ LOAD_Num_Set =

Data: 51. ... B
S1 L1
110 (2) 3m Gix

210 (3) 3¢ Gy
310 {4) 2x Gz

Step 8: Create four Linear Static load cases using Support as the SUPORT1
entry for each of the four load collectors created before
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B+ gl Load Steps 4)
- @ Gy
é: I Gy
~dp 24 Gy
ogn 476

Name
Solver Kewword
Mame
1o}
Include File

User Comments
=] Subcase Definition
= Analysis type
SPC
LOAD
SUPORTH

DEETERICICA

B

Chapter 3: Inertia Relief Analysis

oo oo

Value

SUBCASE

470G

4

[Master Model]

Hide In Menu/E xport

Linear Static
<Inspecified:
474G (9]
Suppart [1]

m it

Step 9: Run the analysis with OptiStruct

Step 10: Review the . out file wrt warnings and errors

Step 11: Review the results in HyperView and check if

¢ Max. relative displacement < 500 mm

e Max. von Mises stress < 70 MPa for 2D modeled components

Tip: Max. relative displacement = 421.4 mm (load case 4.7x G) < 500 mm and Max. von
Mises stress = 22.3 MPa (load case 4.7x G) < 70 MPa

HyperWorks v2019
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Contour Plot
Element Stresses (2D & 3D)vonMises, Max)
Analysis system )

1.447E401
Fiss
1.126E+401
— S.B48E+00
7 B.O40E+00
- B.432E+00

E 4B24E400

3216E400
4521E05

Ma b

Min=

1.608E+00
Plot

Subcase 1 (3x Gx

-

Contour
Element Stresses (2D & 3D)vonMises, Max)

Subcase 3 (2x Gx)

Analysis system

12296401
[ 1.093E401

9.562E400
— B.196E+00
—— BEIEH0
= 5.484E+00

4.098E 400
27326400

E 1.366E-+00
2048E.05
Ma

Min = 2!

30 1862

Contour Plot
Element Stresses
Analysis system

1.344E401
Lo

1.046E+01
— B.962E400
= 7.4BBE400
= 5975E400
= 4481E400

t 2987E400

1.494E+00

z
Lo
v

Cantour Plot
Element Stresses
Elemental system

22088401
[ 1.981E+01

17336401
— 1.486E401

BE51ED5
Mas b
20945
Min =6,
3D 1939

Subcase 2 (3x Gy)

@D & 3D)onMises, Max)

@D & 3D)onMises, Max)

Contour Plot
Displacement(Mag)
Analysis system

Subcase 1 (3x Gx)

. g

Subcase 3 (2x Gx)

-~

15405402
Fimca

1.198E+02
— 10276402
—— BES7E1
= B4SET
= 5.134E401

3423401
171E+1
0.000E+00
Max = 1 S40E402
Grids 14346
Min = 0.000E+00
Grids 3

z
x
¥

Contour Plot
Displacement(Mag)
Analysis system

30106401
[ 2B7BE4D1

2341E401
— 2007E401
— 1672E401
= 133E401
e

[ 6.689E 400

3344E400
0.000E+00
Max = 30108401

Contour Plot
Displacerent(Mag)
Analysis system

2671402
Fvea

2078E402
— 1781E402
T 1484E402
= 11E7EH2
= B04E+01

5.93BE1

2.9BBE401

0.000E+00
Max = 2671E+02
Grids 14346

Min = 0.000E+00
Grids 3

Contour Plot
Displacernent(Mag
Analysis system

4214E402
[ 374BEH2

3278E402
— 2809E402
— 231E402
— 1873EHR
o se

9.364E+01
fiass
0.000E+00
Grids 14345
Min = 0.000E+00
Grids 3

2
e

Subcase 2 (3x Gy)

. g

Subcase 4 (4.7x G)

‘@“

)

| S
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Chapter 4

Modal Analysis
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Exercise 4a: Compressor Bracket Modal Analysis

This exercise runs a modal analysis on a compressor system. This is very common problem
for an engine designer, who needs to find the best way to link the compressor with the
engine. To make this system viable the vibration produced by the engine can’t have
resonance with the compressor system, and then the key to the project is to develop a
bracket that makes the frequencies higher than excitations. Suppose that our 4-cycle engine
can work up to 8000 RPM, and then the excitations from the second order (2 explosions per
cycle) are up to ~266 Hz.

Then the objective of this project is to have a Bracket with the first frequency higher than
350 Hz.

In this exercise, you will learn how to:
. Determine if a FEA model is well defined

. Understand how well the modal results represent the model

File Name and Location

..\STUDENT-
EXERCISE\4a Bracket Compressor\bracket compressor 2nd.hm
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Step 1: Open the model in HyperMesh Desktop

Step 2: Review the model

Tip: The length system is reasonable to be millimeter. There is no representation for the
bolts and the compressor. To do this kind of simplification the analyst needs to have know-
how about the system behavior, in general we can assume that the bolt is strong enough to
not change the modal result. But the compressor geometry needs to be studied before any
simplification. In this case we will add a mass element to represent the compressor.

Step 3: Create a MAT1 material steel for steel with the properties: Young’s
modulus 210000 MPa, density 7.85E-9 t/mm3, Poisson’s ratio 0.3

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) to add according MAT1 material card

mati|

‘ MATI0
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EI I Materials [1)
LE stesl
-IE Titles [1]

Mame

Salver Keyword
Name

o]

Caolor

Inzlude File
Drefined

Card Image
User Comments

Value

MaT1

steel

1

1|

[Master Model]

o

MaT1

Hide In Menu/Export
2100000

n3
7.85e-003
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Step 4: Create a PSOLID property bracket referencing material steel and
assign it to the bracket component

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) to create property PSOLID and assign
it to the bracket component with the right mouse menu

Ei-@ Comparents (4]

Ellw]

H b
H RE
g8 Fe

Duplicate Ctrl + [
Rename F2
Make Curent

Card Edit

Replace

= —[g I atesials [1)
wE steel
= b Properties [1]
ik bracket
. 3 Tidas M1

7\ Assign to Compone

Fropety: bracket

Narne
Sabver Kepword
Name

Inciude File
Defined
Card Image

Value
FSOLID
bracket
1
[l |
[Master Model]
PSOLID

I aterial Material
N

User Commpsst

Micka L b, £

CORDM o

7 Select Material

IS0F
FCTN

Enter Search Shing...

PSOLID=

Narne D Color  Card Image

steel 1 O mam

Step 5: Create a mass element at node 6 (dependent node of the RBE3
element) with value 0.003

Tip: Check that mass is the active collector (marked in bold in the Model Browser), and
create a CONM2 element (Concentrated Mass Element Connection, Rigid Body Form). You
can reach the panel with HM’s Quick Access Tool or with the pull-down menu Mesh >

Create > Masses

& create
 update

HyperWorks v2019

mass = | 0. 003
property - [
system

elem types = CONM2
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E ritities 1D Include
B Agzembly Higrarchy
1@ Cards (3]
@ SCREEM 1 o
@ OuTPUT 2 ]

L@ GLOBAL_OUTPUT_REQUEST 3
g Components [4)
> w BH bracket m
- @ FBE3 30
B REBEZ k| |
+0
o

o

oo oo

I] B mass

El-lpg Materials (1)
L stesl 1
01 fig Properties 1)

Note that a RBE3 element is used to link the mass element to the bracket. An RBE2 would
include a rigid condition between the compressor links that doesn’t exist. As optional
exercise you can rerun the model with an RBE2 instead and compare the results.

Step 6: Create a load collector SPC (no card image) and with constraints to all
five bolt locations RBE2 independent nodes (1-5) for DOF 1-3 each

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+f) with SPC Note that with these five
constraints (DOF 1-3) the engine all is considered to be rigid. It might be that the engine all
is thin on the region where the bracket is fixed, and it can be very important on the modal
behavior. Here the analyst needs to study the region to make the right assumption

spc] =

SPECICC]
SPCADD
SPCD
SPCFOR]

Step 7: Create a load collector modal (card image EIGRL) and set the number
of desired roots (ND) to 6

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+f) with EIGRL and set ND to 6

44 OptiStruct for Linear Analysis HyperWorks v2019

Proprietary Information of Altair Engineering, Inc.



Chapter 4: Modal Analysis

<[4 Load Collectors (2]

- 10 1]
- @ modal 20 1]
Mame Value
Saleer Keyword EIGRL
Mame modal
o] 2
Caolor o
Includz File [M aster Madel]
Card Image EIGRL
Uszer Comments Hide |n Menu/E=part
W1
W2
ND [
MSGLYL
. || O MAXSET
= - SHFSCL
e NOFM MasS
I T

Step 8: Create a load step normal modes and reference the two local
collectors accordingly

Tip: Set Analysis type to Normal modes in order to reduce the number of Subcase
Information Entries

-l Load Steps (1)

¢ normalmodes 1 0
Name Value
Solver Keyword SUBCASE
Name normal modes
D 1
Include [Master Model]
User Comments Hide In Menu/Export
=| Subcase Definition
=l Analysis type MNormal modes
SFPC (1 SPC
MPC <Unspecified>
METHOD (STRUCT) (2) modal
METHOD (FLUID) <Unspecified>
STATSUB (PRELOAD) <Unspecified>

Step 9: Set common control cards requests

Tip: Use HyperMesh'’s Quick Access Tool (Crtl+f) to add control cards
SCREEN OUT

OUTPUT, H3D, ALL

OUTPUT, HTML, , NO
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Step 10: Request the strain energy results using global output request ESE

Tip: Do the same for ESE

E} i@ Cards (3]

i L@ SCREEN 1 i
@ OuTPUT ' 2 i
@ GLOBAL_OUTPUT_REQUEST 3 ]
-- @ Components (4]

(51 Load Callectars (2)

G1-fgh Load Steps (1]

Mame Value
=l ESE v
=l ESE_NUM = 1
=l GLOBAL_OUTPUT_RERQUEST 1
FORMAT H3D
TYPE
DMIG
PEAKOUT
RTHRESH
ESE_\1 ALL
LI

Step 11: Run the analysis with OptiStruct

Tip: Run the model in OptiStruct using e.g.the OptiStruct panel via pull-down menu
Optimization — OptiStruct

:
i Create il
Edit 4
Aegign 4
Delete 4
Card Edit *

Organize  *
Renumber ¥

OptiStruct
055 mooth

Step 12: Review the .out file wrt warnings and errors and check if f1 > 350 Hz

Tip: There are 22 elements that exceeded recommended range (warning) for the element
quality check. f1 = 398 Hz > 350 Hz, so the constraint is fulfilled

Generalized Generalized

Subcase |Mode Frequency igenvalue Stiffness Mass

E
1 1 3.982029E+02 6.259916E+06 6.259916E+06 1.000000E+00
1 2 5.387327E+02 1.145794E+07 1.145794E+07 1.000000E+00
1 3 1.142351E+03 5.151795E+07 5.151795E+07 1.000000E+00
1 4 1.540108E+03 9.364018E+07 9.364018E+07 1.000000E+00
1 5 2.053619E+03 1.664943E+08 1.664943E+08 1.000000E+00
1 6 2.363966E+03 2.206186E+08 2.206186E+08 1.000000E+00

Step 13: Review contours of the mode shapes and strain energy in
HyperView
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Tip: Screenshot shows mode shapes 1 and 2. Strain energy can give to the analyst a very
good indication if the mode is well refined or there is need for a mesh refinement. It works

like the stress for a static analysis.

nosPln Mode 1 - F = 3.982020E+02 Cevee Mode 2 - F = 5.387327E+02
Analysis system Analysis system

3597E+D1 JAZIED1
[3\97E+ﬂ| [ 3 040E+

& 2 B50E+D1
— 2 280E+01
7 1 800E+01
— 1520E+01
= 1 1a0E+01

7.EDIEAID

&2 797E+01
— 2.396E+01
§— 1998E+01
— 1596401
- 11996401

3.982029E+02
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Exercise 4b (optional): Simply Supported Beam
Model Analysis

In this exercise, a modal analysis is performed on a simple supported beam from exercise
3c:

e Beam modelled by shell elements, length = 1000 mm, height = 20 mm, width = 10
mm

o Material steel (Young’s modulus 210000 MPa, Poisson’s ratio 0.33, density 7.85e-9
t/mm3)

e Force of 1000 N in the center of the beam.

The objective is to compare the results of the first three eigen frequencies of the finite
element model with the theoretical solution.

File Name and Location

..\STUDENT-EXERCISE\ 4b_Simple Beam\beam modal.hm
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Step 1: Open the model in HyperMesh Desktop with OptiStruct user profile
selected

Step 2: Review the model

Step 3: Constrain all nodes additionally in the z-direction in order to get only
the shapes in xy-plane

Step 4: Create a load collector modal (card image EIGRL) and set the number
of desired roots (ND) to 3}

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) with EIGRL and set ND to 3

-4 Load Collectors (2)

- @ @ modal ¢ m 0
- g | SPC 1@ 0
1 | nar Stans (11
Mame Value
Sohver Kesawvord EIGRL
Marne modal
In] 2
Color o
Include [Master Model]
Card Image EIGRL
ser Comments Hide In Menu/Export
1
We
MND 3
siorl - MSGLYL
e MAXSET
SHFSCL
MNORM MASS

Step 5: Create a load step MODAL and reference the two load collectors
accordingly

Tip: Set Analysis type to Normal modes in order to reduce the number of Subcase
Information Entries
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Chapter 4: Modal Analysis

--'dp Load Steps (1)
¢ normalmodes 1 0
Name Value
Solver Keyword SLUBCASE
MNarme normal modes
D 1
Include [Master Model]
User Comments Hide In Menu/Export
Subcase Definition
=l Analysis type MNormal modes
sSPC (1) SPC
MPC <Unspecified>
METHOD (STRUCT) (2} modal
METHOD (FLLID) <Unspecified>
STATSUB (PRELOAD) <Unspecified>

Step 6: Run the analysis with OptiStruct

Step 7: Review the .out file wrt warnings and errors and check f1 , f2 and 3

Tip: from the . out file:

Subcase HMode Frequency
1 1 4.682963E+01
1 2 1.863840E402
1 3 4.1552859E+402

Step 8: Calculate the theoretical results for f1 , f2 and f3

Tip: The equations for simply supported beam shown below

j’m El _ j’m | En? _ j*hm |E .
fj AT ’12pl4 = S5 3pforasmplysupportedbeam

220 210000 . .
fi= 1—=2" Hz = 46.9 j2 Hz for this example
4-100002 ) 3 x 0.00000000785

f;=46.9 Hz versus 46.8 Hz
f=187.6 Hz versus 186.4 Hz
f3=422.2 Hz versus 415.5 Hz
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Chapter 4: Modal Analysis

Step 9: Review contours of the three mode shapes HyperView

Tip: In the contour plots the deformed shapes are scaled by 2

Cortour Plat
Eigen Mode(Mag)
Analysis systerm

Subcase 1 (Modal)
Mode 1 - F = 4.682963E+01

Cortour Plat
Eigen Mode(Mag)
Analysis systerm

Subcase 1 (Modal)
Mode 2 - F = 1.863840E+02

Cortour Plat

Eigen Mode(Mag)

Analysis systerm
365

Subcase 1 (Modal)
Mode 3 - F = 4.1565289E+02

3|7 356

[ N7 N7 3E

_ 77 _ 77 _ 77

— 238 — 238 — 237

— 198 — 198 I — 198 P ™

E e —— A - ~ N _”
76 Ve 70 D e—— 70 * " Ao
40 40 40

[UU [UU [UU

Max=35.7 Max=35.6 Max=35.5

Erids 54 Erids 106 Erids 54

Min=0.0 Min=0.0 Min=0.0

@rids 205 @rids 205 @rids 205
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Chapter 5: Linear Buckling Analysis

Exercise 5a: Wing Linear Buckling Analysis

This exercise runs a linear buckling analysis on a simple aircraft wing. This is a typical
problem in aerospace structures that need to be very light and consequently become
slender. Because the structure has a high slenderness ratio, the buckling failure verification

becomes necessary.

The objective of this project is to determine if the 3 static load cases applied to the wing will
cause failure, the positive buckling factors should be higher than 1.5.

File Name and Location

..\STUDENT-EXERCISE\5a Wing\wing.hm
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Step 1: Open the model in HyperMesh Desktop

Step 2: Review the model (control cards, components, properties, materials,
load collectors & steps)

Tip: To review the model wrt components, properties and materials the component view in
the model browser is well suited.

Common control cards requests are set:
SCREEN and OUTPUT

There are three static load steps defined:
(1) pressure on skin

(2) load on tip

(3) combination of both using LOADADD card
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|Sessi0n |M0del x|Exp0rt ‘

s efeli 65 s

Enter Search Sting... Q v ¥

L o o = s % & &
- %% | _RENEER A
Components 1D @) | Include igs @~ | Direct Property Indirect Property PID Property Card Image Thickness| Material — MID) Material Card |

-]H skin 1 [l 0§ [} skin 1 PSHELL 50 aluminium 1 MAT1
-]H web 2 [] 0o ] web 2 PSHELL 8.0 aluminium 1 MAT1

Entities ID @ Include
[l-[g, Assembly Hierarchy
B Cards [2)
@ SCREEM 1 0
@ ouTPUT 2 0
El-lgg Companents [2]
@ skin TH 0
g B web 20 0
£+, Load Collectars (4)
.]” constrainks 1 [ 0
W pressue 2 [ 0
, @ tip_load 3 0
L@ suM 1@ 0
£l Load Steps [3)
PRESSURE 1 0
& TP 2 0

* SUM 3 ]
I';:'l--vr_g Materialz (1)
LfE aluminium 10 0
EIYQ Froperties [2]
g skin 10 1]
‘i web 2 i

iy,
\1
i\li!i‘{!i‘lllt\\!s..

Step 3: Run the static analysis in OptiStruct, review the results in HyperView
and check if
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¢ Max. static displacement < 20 mm for all load cases.

e Max. von Mises stress < 70 MPa

Tip: Max. displacement = 13.9 mm
(load case sSuM) < 20 mm

Max. von Mises stress = 12.25 MPa
(load case suM) < 70 Mpa

Contour Plot - Subcase 1 (PRESSURE)  Contour Plot Subcase 2 (TIP) Contour Plot Subcase 3 (SUM)
Displacement(Mag) Displacement(iag) DisplacementMag)
Analysis system Analysis system Analysis system
0.450 13.526 13.676
[ 0.400 [ 12,025 [ 12,335
0.350 10.522 10,793
— 030 — 9013 — 9251
— 0250 — 7516 —77m
—— 020 ‘ ( —E013 —— 167
0.150 4.509 4825
0.100 3.006 3.084
0.050 ' 1.503 1.542
0.000 0.000 0.000

Max = 0.450 Max = 13528 Max = 13.676
Grids 1766 Grids 1592 Grids 13
Iin = 0.000 Min = 0.000 Min =0.000
Gridg 927 Gridg 927 Gridg 927
v 2 ¥ 2 ¥ 2
% X X

Contour Plot - Subcase 1 (PRESSURE)  Contour Plot Subcase 2 (TIP) Contour Plot Subcase 3 (SUM)
Element Stresses (20 & 3D)(vonhises, Max) Element Stresses (20 & 3D)(vonMises, Max) Element Stresses (20 & 3D)(voniises, Manx)
Analysis system Analysis system Analysis system

0.644 11636 12,248
[D573 [m355 [maﬂ?

0.503 9.094 9.565
— 0432 — 7823 — 822
— 0.362 — 6552 — 6.620
— 0282 — 528 — 5551

0221 4010 4212

0151 2738 2873

0.080 1.467 1634

0.010 0198 0.1%5

—

Mai = 0,644 Max = 11636 Manc = 12,246
20 2088 202071 202071
Min =0.010 Min=0.196 Min =0.195
202855 20 2891 202891
v v 2 v <
t& e : X X

Step 4: Create a load collector buckling (card image EIGRL) and set the
number of desired roots (ND) to 10 and V1 to 0.001

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) to create an EIGRL card.

Note that with 0. 001 as V1 negative buckling factors (i.e. load with opposite direction) are
not considered.
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F:_}-TE Load Collectors [5)

B constraints 1@ 1]
-- pressure 2 1}
B8 tip_load : 0 0
B sum 40 1]
: EE buckling 5 0
1.5 | nad Shane (7]
Name Value
Sokver Keyword EIGRL
Mame buckling
D 5
Color 1 |
Include File [Master Model]
Card Image EIGRL

Uszer Comments

1

Hide In Menu/Expart
0.001

Step 5: Create the buckling load steps for each static load step

Tip: As the three new linear buckling load steps only differ by STATSUB entry, it is easier to
create the first and use duplicate functionality for the others

MName
Sobser Keyword
MName
D
Include
User Comments

Value

SUBCASE
BUCK_PRESSURE
4

[Master Model]

Hide In Menu/Export

=l Subcase Definition

=) Analysis type
SPC
MPC
STATSUBBUCKLING)
METHOD (STRUCT)
DEFORM
STATSUB (PRELOAD)

Linear buckling
(1) constraints
<Unspecified>
(1) PRESSURE
(5) buckling
<Unspecified>
<Unspecified>

= SUBCASE OPTIONS

LABEL
SUBTITLE

= AMALYEIS

TvFE

EIGYRETRIEVE
ElGYSAVE
EXCLUDE
POST
RADSMND
RESVEC
QUTPUT
SUBCASE_UNSUFPORTED

HyperWorks v2019

o

b PRESSURE

& TP

Load Steps (]
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=k @ Load Steps (5]

TIP
SUKM

: BUC
E-fpg Matenals
L alum

& o,

e e aa 4

PRESSURE

BUCK_FRESSURE
BUCK_TIP

Analysis

A e W =
oo ooo

Cirl + O

Rename F2

Card F dit

Name
Sokser Keyword
Name
0
Include
User Comrments
—| Subcase Definition
=l Analysis type
SPC
MPC
STATSUB(BUCKLING)
METHOD (STRUCT)
DEFORM
STATSUB (PRELOAD)
- SUBCASE OPTIONS
LABEL
SUBTITLE
=l ANALYSIS
TvPE
EIGYRETRIEVE
EIGVSAVE
EXCLUDE
POST
RADSMND
RESYEC
QUTPUT
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Mame
Solver Kewword
Mame
D
Include
User Comments

=l Subcase Definition
=| Analysis type

SPC

MPC
STATSUBBUCKLING)
METHOD (STRUCT)
DEFORM

STATSUB (PRELOAD)

= SUBCASE OPTIONS

LABEL
SUBTITLE

=l AMALYEIS

TYFE
EIGYRETRIEVE
EIGYSAVE
EXCLUDE
FOST
RADSMND
RESWEC
QUTPUT

SUBCAZE_UNSUPPORTED

Value

SIUBCASE
BUCK_SUM

[

[Master Model]
Hide In Menu/Export

Lingar buckling
(1) constraints
<Unspecified>
(3) SUM

(5) buckling
<Unspecified>
<Unzpecified>

BUCK

SUBCASE_UNSUPPORTED

Value

SUBCASE
BUCK_TIF

5

[Master Model]
Hide In kenu/Export

Linear buckling
(1) constraints
<Unspecified>
2TIF

(5] buckling
<Unspecified>
<Unspecified>

BUCK
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Step 6: Run the analysis with OptiStruct

Chapter 5: Linear Buckling Analysis

Step 7: Review the .out file wrt warnings and errors and check if the lowest A

for each buckling subcase is > 1.5

Tip: buckling factors As = 10.0, As = 3.0, A6 = 2.9, S0 A > 1.5

Step 8: Review contours of the buckling modes in HyperView

Tip: Buckling modes 1 for load steps 4-6 shown below

Contour Plot Subcase 4 (BUCK_PRESSURE) Contour Plot

BuckingModeiMaol  paoe 4. F = g.ggg1g6E+Dq EUcking ModelMag)

Analysis system
r 1,005

0893
#0782
— 0870
— 0558
& 0447
g 0338

0223
[ 0112

0.000
Max = 1,005
Grids 1202

Win = 0.000
Grids 927

Analysis system
r 1.005

0.693
& o072
— 0670
0550
& 0447
g 033

0223
[ 0.112

0.000
Max = 1,006
Grids 1279
Iin = 0.000
Grids 927

Subcase 5 (BUCK_TIP) Contour Flot Subcase 6 (BUCK_ALL)
Mode 1-F = 3.021708E+00 - CWNOMOdeME)  poqe 4 . F = 2.935746E+00

Analysis system

L 1.005
0893
Lo
— 0Em
- 0558
= pag7
= 033%

073
[ o112
0.00

Max = 1.005
Grds 1279
i = 0,000

Grids 927
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Chapter 6: Thermal Stress Steady State Analysis

Exercise 6a: Thermal Stress Analysis of a Beam

This exercise runs a thermal stress analysis on a simple supported beam modeled with shell
elements, known from exercises 3b and 5b.

The objective is to calculate the deformed shape and maximum displacement due to the
SPCs and the following temperature load

Reference temperature of 20

Lower/middle/upper row of nodes has a temperature of 20/30/40

File Name and Location

..\STUDENT-EXERCISE\6a Simple Beam\beam.hm
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Chapter 6: Thermal Stress Steady State Analysis

Step 1: Open the model in HyperMesh Desktop

Step 2: Review the model

Step 3: Add the thermal expansion coefficient and a reference temperature to

the material card

Tip: As the material is steel, take 1.2e-5 as A. TREF is given as 20

[E stesl

E1ES Pronartias 11

MName
Solver Keyword
Mame
D
Caolar
Include
Defined
Card Image
Uszer Comments
E
G
MU
RHO
A

TREF
F

g I\;aterials 11

1

Value

MATI

steel

1

o

[Master Model]
]

MATI

Do Mot Export
210000.0

03
7.85e-009
1.2e-005
20.0

Step 4: Create a load collector TEMPERATURE (card image TEMPD) with T = 20
and create TEMP loads with a value of 30 and 40 for the middle and upper row

of nodes respectively.

Tip: Use HyperMesh'’s Quick Access Tool (Crt1+f) to create a TEMPD card

@ | seC

5[ Load Steps (2)

@ Load

MName

Solver Keyword
M ame

D

Caolar

Include

bempd

Card Image

] Uszer Comments

_ T1
1
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@ 3 FORCE
@ [ TEMPERATURE

o Load Collectors (3)

1O
ey |
3@
1@

Value

TEMPD*

TEMPERATURE

3

o

[P azter bodel]

TEMPD

Hide In Menu/E xport

20.0
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Chapter 6: Thermal Stress Steady State Analysis

Due to TEMPD card with T = 20, there is no need to create TEMP loads for the lower row of
nodes

es [ECS Setup  Tools Morphing  Optimization

Create Constraints
Edit 4 Equationz
Aszzign 4

Forces
Delete 4 M q

oments

Card Edit L4 .

Line loads
Organize 4 Line loads
Renumber 4 Pressures
Check 4

Temperatures
Loads on Geometry Flu=
Contaour Loads .

Accelerations

Contact Sufaces

Interfaces
Rigid "/ all=

H ket hh RRE T T -P-®-@8ow -FP oS-

& ceate v | v | nodes 1] 4| relative size = | 50 000
© update [~ labelloads
load types = TEMP
- | valug = | 40 . 000
[Model [@ beam [@ TEMPERATURE |
- et R@L T % -G @@ 8row -P-P---e- S M
@ create ¥ | hd | nodes I{I i I relstive size = I 50.000
 update [~ labelloads
load types = TEMP
- | value = I i0.000)
[ [Model [B beam [ TEMPERATURE

Step 5: Create a load step Temp with SPC referencing SPC load collector and
TEMP(LOADCOL) referencing new TEMPERATURE load collector

Tip: Use Generic as Analysis type.
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1 a
; 2 a
E| [ Materials (1)
MName Value
Solver Keyword SIBCASE
Mame Temp
D 2
Inchude [Master Model]
Uszer Comments Hide In Menu/E xport
= Subcase Definition
= Analyziz tpe Generic
SPC [1]5PC
LOAD <Unzpecified:
MPC <Unzpecified:
FREQ <Unspecified:
TEMP (LOADCOL) (3 TEMPERATURE
TEMP [SUBCASE] <Unspecified>
METHOD [STRUCT) <Unspecified:>

Step 6: Run the analysis with OptiStruct, review the results in HyperView and
check the maximum displacement

Tip: Maximum displacement is 1.663 (deformed shape inflated by 100)

Contour Plot Subcase 2 (Temp) : Static Analysis © Frame 4
DisplacementMac)

Analysis system

1 BRIE+00 '%HET )
I a7+ S0 MLy
= 1 294E+00 e .

— 1109E+00
— 9.240E-1
— 7T.392E-1
— S.54ME-
3 B9EE-01
1.84E8E-01
0.000E+00

@t\"
Max = 1 GEIE+00
Hid= 53

Wi = 0.000E+00
(icg T
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Chapter 7: Advanced Topics

Exercise 7a (optional): Static Analysis using Freeze
Contact

This exercise runs a linear static analysis on a simple C beam modeled with shell elements.
Additional ribs will be added and connected to the beam using freeze contact.

The objective of this project is to determine without any mesh changes if the additional ribs
will reduce the maximum total displacement to below 0.38.

File Name and Location

..\STUDENT-EXERCISE\7a Beam Rib\beam rib.hm
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Step 1: Open the model in HyperMesh Desktop

Step 2: Review the model (control cards, components, properties, materials,

sets, load collectors & step)

Tip: To review the model wrt components, properties and materials the component view in

the Model Browser is well suited.

Common control cards requests are set:SCREEN and OUTPUT . There is one static load step
defined: analysis There are two sets defined: slaves as grid set (ID 1) master as

element set (ID 2)

Model x |Utiity | |
Heolros3
Enter Search Sting... Q - ¥
W% -k T
Components 1] e Include G @~ Direct Property Indirect Property PID | Property Card Image Thickness Material MID| Material Carn
I beam 1 [ 0 O p_beam 1 PSHELL 20 steel 1 MATH
-- ibs 2 ! 0 O p_ribs 2 PSHELL 20 steel 1 MATI
Entities D @
ra Aszembly Hierarchy
@ Cards (2)
@ OUTPUT 4
@ SCREEN 3
Elri Components [2]
: B beam 1 @
g @ ibs : @
£y Load Collectars (2)
> W s 10
’ B force 2 3
I':'l"ri Load Steps (1]
* analysis 1
B (g Materials (1)
LfE steel 1
g Properties 2]
..... 1l
Lk PN |
E-igg Fets (2]
1
2
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Step 3: Run the static analysis in OptiStruct, review the results in HyperView
and check maximum static displacement

Tip: Max. displacement = 0.4089 (deformed shape inflated by 100)

The two ribs are not connected to the beam

Contour Plot Subcase 1 (analysis) : Static Analysis : Frame 4
Displacement(Mag)
Analysis system

4.089E-01
[ 3.635E-01
3.180E-01

— 2726E1
— 2272EM
— 1.817ED

1.363E-M
9.087E-02
4 543E-02
0.000E-+H10D

Max = 4.082E-01
Grids 967
tlin = 0.000E-+ID
Grids 528

e

Step 4: Create a group collector freeze_contact (card image CONTACT) with
TYPE = FREEZE, SSID = slaves (grid) set (ID 1) and MSID master (element) set
(ID 2)

Tip: Use HyperMesh’s Quick Access Tool (Crt1+f) to create a CONTACT card
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E] ‘W@ Groups (1]

ﬂ freeze_contact 1 [ 1}

contac|

BCs Assign Contact Surface Normals
BCs Card Edit Contact Surfaces

BCs Create Contact Surfaces

BCs Delete Contact Surfaces

BCs Edit Contact Surfaces

BCs Renumber Contact Sufaces

Help Contact Us

Tools Contact Browssr

Tools Contact Comparison

Name
Solver Keyword
Mame
D
Calar
Include
Card Image
User Comnmerts
=) Property Option
TvPE
SSID
MSID
MORIEMT
SRCHDIS
= Adjust Option
ADJUST
CLEAR&NCE
DISCRET

Value
COMTACT
freeze_contact
1
o
[t azter kodel]
CONTACT
Hide In teru/E=port
Property Tupe
FREEZE
1] slaves
[2] master

Stiing Value

Step 5: Rerun the analysis with OptiStruct, review the results in HyperView
and check if maximum static displacement is below 0.38

Tip: Max. displacement = 0.3676 < 0.38 (deformed shape inflated by 100)

The two ribs are connect to the beam

Contour Plat
Displacement(Mag)
Analysis system

3.676E-01
[ 3.268E-01
2.859E-01

— 2451EM
— 2.042EM
— 1.634ED

Max = 3.6
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Exercise 8a: Size Optimization of a Rail Joint

The purpose of this exercise is to set up a property parameter optimization on an automobile
rail joint modeled with shell elements. The deflection at the end of the tubular cross-member
should be limited. The optimal solution would use as little material as possible

Problem Definition

Design Variables

*  Property parameter thickness of tube1 and tube2 with
initial values of 1.0, lower bounds of 0.1 and upper ones
of 5.0

( )

( N\
Responses N Objective: min volume

I

* volume L )

« Uxatload )
application point Constraints
for load step
LOAD_X > . U,<09

* U atload . U,<1.6
application point
for load step
LOAD Z y,

File Name and Location

..\STUDENT-EXERCISE\8a Rail Joint\joint size.fem
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Step 1: Import the model in HyperMesh Desktop with OptiStruct user profile selected

Step 2: Review the model and check the constraints and load steps

Step 3: Run an analysis with OptiStruct and review displacements U, and U,
according to the later constraints:
U= 1.273and U, = 2.144

Step 4: Create two size/parameter design variables with initial values of 1.0, lower
bounds of 0.1 and upper ones of 5. 0, empty (default) move limit and no ddval.

Step 5: Create two generic relationships to link the property parameters thickness to
the according design variables

Name Value @ Name Value @
Solver Keyword DESVAR Solver Keyword DESVAR
Name dv_tubel MName dv_tube2
] 1 D 2
Include [Master Model] nclude [Master Model]
Config size/shape Config sizesshape
Mawe Limit Move Limit
Ddval 1d <Unspecified> Ddval 14 <Unspecified>
Shape Id <l Inspecified: Shape Id <Unspecified>
Initial Value 1.0 Initial Value 10
Lower Bound 0.1 Lower Bound 01
Upper Bound 50 Upper Bound 5.0
RAND RAND
RANP RA&NP
MName Value @ MName Value @
Solver Keyword DVPREL1 Solver Keywort DVPREL1
MName rel_t1 MName 1el_t2
nchude [Master Model] Include [Master Model]
Config Genernic Config Generic
Global Py Global Ply
Property Type PSHELL Property Type PSHELL
Property 1d 111 tube1 Property Id (2] tube2
Property Name Thickness T Property Name Thickness T
Constant 0.0 Constant 0.0
List of Design Variables 1 Designvars List of Design Variables 1 Designvars
= Number of Design Varables 1 =] MNumber of Design Vanables 1
Desvar Coefficients Desvar Coefficients 3
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Name Value @
Sokver Keyword DRESP1
Mame 1_volume
(o] 1
nchide [Master Model]
Response Type wolume
Property FPROP_TOTAL
Propetty Type total
Region |dentifier
DREFORT

Step 7: Create a static displacement response in x-direction for the load application
point (ID 5555), U,

Ste 8: Create a static displacement response in z-direction for the load application
point (ID 5555), U,

Name Value @ Name Value
Solver Keyward DRESP1 Solver Keyward DRESP1
MName _ux MName _uz
D 2 D 3
Include [Master Madel] Include [Master Madel]
Response Type static displacement Response Type static displacement
Property PROP_TOTAL Property PROP_TOTAL
List Of Nodes 1 Nodes List Of Nodes 1 Nodes
Region Identifier Region Identifier
dof1 dof3
COORD I COORD I
DREPORT DREPORT

Step 9: Create a constraint for U, response to be lower than 0.9 for load step LOAD_X

Step 10: Create a constraint for U, response to be lower than 1. 6 for load step
LOAD Z

Name Value @ Name Value
Solver Keyword DCONSTR Solver Keyword DCONSTR
MName c_ux MName c_uz
D 1 D 2
Include [Master Model] Include [Master Model]
Lower Bound Lower Bound
Upper Bound 09 Upper Bound 16
Response [2) r_ux Response [3)r_uz
List of Loadsteps 1 Loadsteps List of Loadsteps 1 Loadsteps
PROE PROE

Step 11: Define the objective function to minimize volume response
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Step 12: Export and review . fem file wrt optimization cards

Name
Sohver Keyword
Mame
D
nchide
Objective Type
Responze Id

Value
DESOBJ[MIN]
objective
1
[Master Model]
Minimize
1] 1_volume

@

DESOBJ (MIN) =1

SUBCASE 1
LABEL Force X
SPC = 1
LOAD = 2
DESSUB
SUBCASE 2
LABEL Force Z
SPC = 1
LOAD = 3
DESSUB
§
BEGIN BULK
DESVAR dv_tubell.D 0.1 5.0
DESVAR dv_tube21.0 0.1 5.0
DVPREL1 1 PSHELL 1
+ 1.0
DVPREL1 2 PSHELL 2
+ 1.0
DRESP1 1 r volumeVOLUME
DRESP1 2 r ux DISP TX 5555
DRESP1 3 r uz DISP TZ 5555
DCONSTR 2 0.9
DCONSTR 3 1.6
DCONADD
DCONADD
[...]
PSHELL 1 1 1 1 0.0
PSHELL 2 1 1 1 0.0
Step 13: Run optimization with OptiStruct, review . out file
90 OptiStruct for Linear Analysis HyperWorks v2019

Proprietary Information of Altair Engineering, Inc.



Chapter 8: Optimization in Linear Analysis

ITERATICN 4
the 2nd satisfied convergence ratio = 2.7998E-05

Objective Function (Minimize VOLUM) = 2.28294E+05 % change = =-0.00

Maximum Constraint Violation % = 0.92458E-01

Volume = 2.28294E+005 Mass = 0.00000E+000
Subcase Compliance Epsilon

1 3.534265E+03 -1.106546E-14
2 8.007397E+03 1.515182E-13

Note : Epsilon = Residual Scrain Energy Ratio.

RETAINED RESPONSES TABLE

Response Type Response Subcase Grid/ DOF/ Response Objective Viel.
User-ID Label /RANDPS Elsment/ Comp Value Reference/ %
/Model MID/PID/ /Reg Constraint
+Frqncy Mode No. Bound
/Times
1 VOLUM r_ volume - -- TOIL 2.283E+05 MIN
2 DISFL r_ux 1 5555 X 7.06%E-01 < 9.000E-01 0.0
3 DISPL r_uz 2 5555 TIZ 1.601E+00 < 1.600E+00 0.1 A
Design Design Lower Design Upper
Variable Variable Bound Variable EBound
iDp Label

1 dv_rtubel 1.000E-01 9.803E-01 5.000E+00
2 dv_tube2 1.000E-01 1.679E+00 5.000E+00

DESIGNED PROPERTY ITEMS TABLE

DVPREL1/2 USER-ID PROP-TYPE PROP-ID ITEM-CODE FPROP-VALUE

DVEREL1 1 PSHELL 1 T 9.803E-01
DVEREL1 2 PSHELL 2 T 1.679E+00

R

OPTIMIZATION HAS CONVERGED.

FEASIBLE DESIGN (ALL CONSTRAINIS SATISFIED).

Step 14: Review results of _hist.mvw and .mvw files

24E4005 @

2 35E+005 |

2 3E+005-

22564005

2.2E+005

Objective

215E+005

21E+005

205E+005

2E+005

2
Iteration
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Contour Plot
Element Thicknesses(Thickness)

- 1.679E+I0
!: 1.601E+00
1.524E+00
— 1.446E+00
— 1.368E+00
— 1.291E+00
T 1.213E+00

I: 1.136E+H10

1,058E+00
9 803E-01

Max = 1.679E+10

20 223

inF 9.803E-01

Bl

Design : lteration 4 : Frar@

PSHELL, 1,
PSHELL, 2,

1,

.98030871461

1, |1.6789640958
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Exercise 8b: Size Optimization of a Shredder with Modal Loadcases

A size optimization involves the changing of the properties of either 1D or 2D elements. These
properties include area, moments of inertia of the 1D elements, and the thickness of 2D elements
and is performed when it is not necessary to remove materials, generate beads or change the shape
of the structure. Size optimizations are highly flexible, able to modify cross-sectional properties of
one-dimensional elements, material properties, thicknesses of shell and composite elements, and
other selected card entities. Values for such entities are changed within given bounds to meet the
necessary objective. Properties are linked with design variables (DESVAR) using DVPREL cards.

This exercise goes through the steps involved in defining a size optimization for a model
comprised of shell and bar elements. You will update the PBARL property to simulate the properties
of the bar elements and then link that to the design variable. The resulting design will have higher
frequencies and updated element properties.

Problem Setup

You should copy this file: shredder.hm
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Step 1: Open the file shredder . hmin HyperMesh Desktop and enter the Optimization View of

the Model Browser

Step 2: Create the size design variables for the shredder components

Mame Value
Solver Kewword DESYWAR
Mame cover_thk
I 1
[hiziude [t azter Model]
Config zizefshape
b ove Limit
Didval 1d <Unzpecifieds
Shape Id <Unzpecified:
Initial Walue a0
Lower Bound 0.5
Ilpper Bound 2.0
RaMD
RaMP

Mame Value
Solver Kewword DESWAR
M ame hat_height
I 2
[nclude [Mazter Model]
Config zizefzhape
Move Limit
Didval 1d <Unzpecifieds
Shape Id <Unzpecifieds
Initial W alue 100.0
Lower Bound a0
Ilpper Bound 126.0
RaMD
RaMP
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Marme Value
Salver Kewword DESWAR
Mame hat_thick,
I 3
Ihzlude [Mazter Maodel]
Config zizeshape
Move Limit
Didval Id <Unzpecified:
Shape Id <Unzpecified:
Imitial % alue 100
Lower Bound an
pper Bound 120
RaAMD
RaMP

Mame Value
Salver Kewword DESWAR
Mame hat_width
D 4
[hiziude [ azter Model]
Config zize/shape
b v Linit
Ddval Id <Unzpecified:
Shape Id <Unzpecified:
Initial W alue E0.O
Lower Bound 40.0
pper Bound a0o
RaMD
RaMP

Mame Value
Solver Kewword DESWAR
M ame hat_flange
I ]
[nclude [Mazter Model]
Config zizefzhape
Move Limit
Didval 1d <Unzpecifieds
Shape Id <Unzpecifieds
Initial W alue 300
Lower Bound 1.0
Ilpper Bound 40.0
RaMD
RaMP

HyperWorks v2019
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Step 3: Create relationships between the design variables and properties

Tip: Create > Design Variable Relationships > Generic

Mame Value "\ Select Designvars X
Salver Kewword CPRELT
Mame COWET I| k_{ w |I
[nizlude [t azter Model]
Config Genernc Mame D
Gilobal Ply v | cover_thk 1
Property Type PSHELL hat_height 2
Froperty |d [2] cover hat_thick, 3
Property Mame Thickness T hat_width 4
Constant 0.0 hat_flange 5
Lizt af D ezign W anables 1 Desigrvars = =
=1 Mumber of Dezign Y ariables 1 £ b I selzgizcl
Deszvar Coefficients 3z Cancel
Marne Value "\ Select Designvars X
Salver Kewword OWPRELT
Name DIM_hat_height || Q- ||
Inizlude [t azter Model]
Config G eneric Mame D
Global Ply cover_thk, 1
Property Type PEARL ¥ hat_height 2
Property 1d (1] frame2 hat_thick 3
Property Mame Dimenzion 1 hat_width 4
Cikistant 0.0 hat_flange ]
Ligt of Diesign Wanablez 1 Desigrvars . =
=1 Mumber of Dezign Y ariables 1 £ t I selzmicel
Desvar Coefficients £3s Eemes]
MName Value "\ Select Designvars >
Solver Kewword DWPRELT
Name DIM_hat_thick | Q|
Inciude [t aster Model]
Config Generic Mame D
Gilobal Fly cover_thk, 1
Froperty Type FEARL hat_height 2
Property 1d [1] frame2 ¥ hat_thick 3
Property Mame Dirmenzsion 2 hat_width 4
Conztant 0.0 hat_flange 3
Lizt af D ezign Vanables 1 Desigrvars . =
=l Mumber of Design Yanables 1 # b U sataeliacl
Deszvar Coefficients 3z Cancel
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Marne Value "\ Select Designvars X
Solver Kewword DWPRELT
Name DIM_hat_width | Q|
Inzlude [ azter Madel]
Config Generic Name ID
Gilobal Fly cover_thk, 1
Property T ype PE&AL hat_height Z
Property |d (1] frama2 hat_thick 3
Property Mame Dirnenzion 3 V| hat_width 4
Constant 0.0 hat_flange ]
Lizt af D ezign W anables 1 Desigrvars . =

=1 Murber af Dezign Y ariables 1 & t U sielzulicl

Deszvar Coefficients 3z Cancel

Mame Value "\ Select Designvars *
Salver Fewword OYPRELT
MHame Dt _hat_flange I| k_,,l e |I
Inzlude [td azter b odel]
Config enemic Mame D
Global Ply cover_thk 1
Froperty Tupe PEARL hat_height g
Property |d (1] frame2 hat_thick 3
Property Mame Dimenzsion 4 hat_width 4
Constant 0.0 #| hat_flange 5
Lizt of Design Y anables 1 Desigrvears = =

=1 Mumber of Dezign Y ariables 1 * ke  selzgize
Desvar Coefficients £3= Eepee]

Step 4: Create three responses to track the mass and third and fourth modes

Mame
Salver Kewword
Mame
D
Include
Responize Tupe
Froperty
Property Type
R egion |dentifier
DREPORT

Value
DRESF1

mass

1

[ azter Model]
mass
FROP_TOTAL
total

HyperWorks v2019
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Mame Value
Salver Kewword DRESF1
Mame freq_mode_3
I 2
Ihzlude [Mazter Maodel]
Responze Type frequency
Property LOADSTEPS
R egion |dentifier
tode Mumber: 3
Subcaze Mode Tracking
DREPORT

Mame Value
Solver Kewword DRESF1
M amne freq_made_4
I 3
[hiziide [t azter Model]
Rezponze Tupe frequency
Property LOADSTEPS
Region |dentifier
Mode Mumber: 4

Subcaze Mode Tracking
DREPORT

Step 5: Create two constraints: a lower bound for the 4" mode of 6 Hz and an upper bound for the

massof 1.8

Mame
Solver Kewword
Mame
I
Include
Responze
Lizt of Loadsteps
= Lower Options
Lower Optionz
Lower Bound
|lpper Options
FROE

Yalue

DCOMSTR
C_freq_mode_4
1

[t azter kodel]
[3] freq_mode_4
1 Loadsteps

Lawwer bound
E.0
<0FF>
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Mame Yalue

Salver Kewword DCOMSTA

Mame C_maszs

I 2

Ihzlude [Mazter Madel]

Rezponze [1] mazz

Lower Options <OFF>

= Upper Options

|Ipper Optionz Jpper baund
Ipper Bound 1.8

FROB

Step 6: Create the objective to max the £3 response for the 1d1 loadstep

Marne Yalue
Salver Eeword DESORI[kax]
ENE Objective
o 1
[niciude [Master Model]
Objective Type b animize
Rezponze |d [£] freq_mode_3
Loadstep |d (1] 1d1

Step 7: Run the optimization in OptiStruct
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Step 8: Post-process the results by viewing the shredder.out and shredder.prop files

628 DVPREL1/2 USER-ID PROP-TYPE PROP-ID ITEM-CODE PROP-VALUE

B29  -mmmmmmmm e m e mm o

638 DVPRELL 1 PSHELL 2 T 6.312E-81

631 DVPRELL 2 PBAR 1 DIML 1.258E+82

632 DVPRELL 3 PBAR 1 DIMz2 1.153E+81

633 DVPRELL 4 PBAR 1 DIM3 8. eeec+al

634 DVPRELL 5 PBAR 1 DIM4 4. 88RE+1

L L s

636

637 ITERATION 7

638 TRACKED OBJECTIVE FUNCTION/CONSTRAINT MODE # 4 GOES OUT OF BOUND,

639 RETURNED TO THE PREVIOUS GOOD DESIGN.

]

641 Objective Function (Maximize FREQ ) = 6.34153E4+8@ ¥ change = a.ea8
642 Maximum Constraint Violation 3 = @.00000E+08

643  Volume = 2.33875E+eas Mass = 1.79468E+@88
44

645 Subcase Mode  Order Weight Frequency Eigenvalue Weight/Eigen
646 1 1 1 1.888E+28 l.@31e23E+2@  4.196598E+81 2.382887E-82
647 1 2 2 B . eeec+ae 1.534846E+80 9.388133E+8l @ . epeaeac+ae
648 1 3 3 B . eeec+ae 6.341527E+880 1.5876023E+83 @ . epeaeac+ae
6449 1 4 1@ B . eeec+ae 8.145825E+88 2.619855E+83 @ . epeaeac+ae
658 1 5 4 B . eeec+ae 7.3582808EC+80 2.137484E+835 @ . epeaeac+ae
651 1 & 5 B . eeec+ae 7.358548E+880 2.137082E+83 @ . epeaeac+ae
652 1 7 & B . eeec+ae 7.359955E+88 2.138584E+835 @ . epeaeac+ae
653 1 g 7 B . eeec+ae 7.36l666E+88 2.139498E+83 @ . epeaeac+ae
654 1 9 8 B . eeec+ae 7.363115E+880 2.148341E+835 @ . epeaeac+ae
655 1 1@ 9 B . eeec+ae 7.423498E+88 2.175598E+a3 @ . epeaeac+ae
B50 - m et e m oo m——————————————— -
657 ~ implies mode is ambiguously tracked * implies mode cannot be tracked.

558

Tip: Some information about the design history can be reviewed visually

by animating a contour of

the thickness results in HyperView. Since most of the optimization in the model was performed on
1D element properties, the * . prop file is the best way to examine the final results.

3 & PROPERTIES AND MATERIALS AT ITERATION 7
S

5 %

&  SHMNAME PROP 1"frame2" 3

7  SHWCOLOR PROP 1 38

8 PBARL 1 1 HAT

9 +, 125.@, 11.525224986, 80.0, 40.8, 0.0

18 % A=1450.681 I1=8799222. I2=7828952. I12= B.8 1=197461.8 K1=.5269398 K2=.3539280
11§ C1~F2 = + £5.879383 46.8-59.1262 80.8-59.1202 -80.865.87983 -40.8
12 $M1A~N2B= + 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
13 $HMNAME PROP 2"cover” 4

14  $HWCOLOR PROP 2 3

15  PSHELL, 2, 1, .63122871619, 1, 1.8, 1, .833333, 0.0

16

Since the * . prop file contains the optimization results in OptiStruct FEM format, it can be
imported over an existing model to replace the property information in that file, allowing easy

update of models to the latest optimization results.
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