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HyperStudy Tutorials HyperStudy performs DOE (Design of Experiments), optimization, and stochastic studies in a CAE environment. As a member of the Altair HyperWorks suite of software products, HyperStudy replaces the StudyWizard found in previous HyperWorks releases. The design of HyperStudy as a wizard makes it very easy to learn and use. It is applicable to study the different aspects of a design under various conditions, including non-linear behaviors. It can be applied in the multi-disciplinary optimization of a design combining different analysis types. Besides the typical definition of solver input data as design variables, the shape of a finite element model can also be parameterized. The following tutorials present various ways of setting up a study. They are organized into groups that include introductory studies, study types, and studies involving various solvers. It is recommended that the introductory studies be completed first. File Location



All files referenced in the HyperStudy tutorials are located in the HyperWorks installation directory under /tutorials/hs/. To locate the HyperWorks installation directory, , use the following approach: From the menu bar, click Tools and select Readers, Writers and Functions…. The Import Templates tab displays the path to the templates. The is the portion of the path preceding the templates/directory. If you need more help finding the installation directory, see Finding the installation directory or contact your systems administrator.



Introductory Studies Simple Optimization Study - HS-0010 Simple DOE Study - HS-0020 Simple Stochastic Study - HS-0030



Tutorials Ordered by Study Type Size Optimization Studies Size Optimization Study Using OptiStruct FE Solver - HS-1000 Size Optimization Study Using HyperMesh and OptiStruct FE Solver - HS-1010 Size Optimization Study Using LS-Dyna - HS-1020 Size Optimization Using MotionView and MotionSolve - HS-1030 Composite (Size) Optimization Study Using OptiStruct FE Solver - HS-1040 Optimization Study Using an Existing DOE From an Excel Spreadsheet - HS-1050 Altair Engineering
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Shape Optimization Studies Shape Optimization Study Using HyperMesh and the HyperForm Solver - HS-2000 Shape Optimization Study Using HyperMesh and ANSYS - HS-2010 Shape Optimization Study Using HyperMesh and ABAQUS - HS-2020 Shape Optimization Study Using HyperForm - HS-2030 Shape and Process Optimization Study Using HyperForm - HS-2040



DOE Studies DOE Study Using OptiStruct FE Solver - HS-3000 DOE Study of an Electro-Magnetic Problem Using ANSYS - HS-3010 DOE Study Using MotionView and MotionSolve - HS-3020



Multi-disciplinary Optimizations Multi-disciplinary Optimization Study Using OptiStruct FE Solver - HS-4000



Tutorials Ordered by Way of Parameterization Studies using a HyperStudy Template File Size Optimization Study Using OptiStruct FE Solver - HS-1000 Size Optimization Study Using LS-Dyna - HS-1020 Shape Optimization Study Using HyperMesh and the HyperForm Solver - HS-2000 DOE Study Using OptiStruct FE Solver - HS-3000 DOE Study of an Electro-Magnetic Problem Using ANSYS - HS-3010 Multi-disciplinary Optimization Study Using OptiStruct FE Solver - HS-4000



Studies started from inside HyperForm Shape Optimization Study Using HyperForm - HS-2030 Shape and Process Optimization Study Using HyperForm - HS-2040



Studies started from inside HyperMesh Size Optimization Study Using HyperMesh and OptiStruct FE Solver - HS-1010 Composite (Size) Optimization Study using OptiStruct FE Solver - HS-1040 Shape Optimization Study Using HyperMesh and ANSYS - HS-2010 Shape Optimization Study Using HyperMesh and ABAQUS - HS-2020



2



HyperStudy 7.0 Tutorials



Altair Engineering Proprietary Information of Altair Engineering



Studies started from inside MotionView Size Optimization Using MotionView and MotionSolve - HS-1030 DOE Study Using MotionView and MotionSolve - HS-3020



Studies using HyperStudy model type Optimization Study Using an Existing DOE From an Excel Spreadsheet - HS-1050



Tutorials Ordered by Solver OptiStruct FE solver Size Optimization Study Using OptiStruct FE Solver - HS-1000 Size Optimization Study Using HyperMesh and OptiStruct FE Solver - HS-1010 Composite (Size) Optimization Study using OptiStruct FE Solver - HS-1040 DOE Study Using OptiStruct FE Solver - HS-3000 Multi-disciplinary Optimization Study Using OptiStruct FE Solver - HS-4000



HyperForm Shape Optimization Study Using HyperMesh and the HyperForm Solver - HS-2000 Shape Optimization Study Using HyperForm - HS-2030 Shape and Process Optimization Study Using HyperForm - HS-2040



MotionSolve Size Optimization Using MotionView and MotionSolve - HS-1030 DOE Study Using MotionView and MotionSolve - HS-3020



ANSYS Shape Optimization Study Using HyperMesh and ANSYS - HS-2010 DOE Study of an Electro-Magnetic Problem Using ANSYS - HS-3010



LS-Dyna Size Optimization Study Using LS-Dyna - HS-1020



ABAQUS Shape Optimization Study Using HyperMesh and ABAQUS - HS-2020



MS Excel Optimization Study Using an Existing DOE From an Excel Spreadsheet - HS-1050 Altair Engineering
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Finding the Installation Directory Most tutorials use files that are located in the tutorials/ directory of the software installation. In the tutorials, file paths are referenced as /../. In order to locate files, you will need to determine the path of the installation directory, . This path is dependent on the installation that was performed at your site. Instructions to determine this follow. 1. Bring up the application. 2. From the menu bar (located at the top of graphics user interface), click Tools and select Readers, Writers and Functions…. This bring up the Readers, Writers, and Functions dialog (shown below).



3. Select the Import Templates tab, and review the path preceding the directory /templates/. This is the path. In the example below, the is C:/hyperworks/MyInstallation/Altair/hw.
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Simple Optimization Study - HS-0010 This tutorial demonstrates how to optimize a simple function defined using a Templex template. The sample base input template can be found in \tutorials\study\Simple. Copy the file from this directory to your working directory. The base input template defines two design variables, DV1 and DV2, labeled X and Y, respectively. The objective of the optimization is to minimize X + Y with the constraint 1/X + 1/Y – 2 < 0. This tutorial starts HyperStudy from HyperGraph. You can also start HyperStudy from HyperView, MotionView, or directly (standalone). To view the base input template in HyperGraph: 1. Start HyperGraph. 2. Using the window mode selector, change to Text Editor. 3. Click the open file icon from the tool bar. 4. Use the file browser to open the file Simple.tpl from your working directory. The following text is displayed: {parameter(DVAR1,"Area 1",.5,0.2,5)} {parameter(DVAR2,"Area 2",.5,0.2,5)} {RES = DVAR1 + DVAR2} {CON = 1/DVAR1 + 1/DVAR2 - 2} {RES} {CON} {DVAR1} {DVAR2} 5. Click the Edit Text icon on the tool bar. The Templex statements are evaluated, and the parameters are replaced with their initial values. The following numbers are displayed: 1.0 2.0 To begin the study: From Study on the menu bar, select HyperStudy.
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To perform the study setup: 1. Click Add study….and select New…. The Add Study dialog is displayed. 2. Click OK to accept the default Label: and Variable:. 3. Select your working directory as Study directory: using the file browser in the upper right of the window. 4. Click Next to continue on to the Create models dialog. 5. Click Add model…. 6. Click OK. A new model is added to the list. 7. Select the Template file using the file browser in the upper right. 8. Open the file Simple.tpl from your working directory. 9. Click Next to continue to the Create DVs dialog. 10. Check the settings of lower and upper bounds. 11. Click Next to continue to the Do nominal run dialog. 12. In the Solver input file, field enter res. This is the name of the input file created by HyperStudy for the solver. 13. Choose Templex from the Solver execution script drop down menu. The input to Templex will be res. You do not need to edit the Solver input arguments field. To perform the base run: 1. Click Write and then Execute. or Write/Execute. This creates a nom_run directory inside the study directory. The res file is the result of the nominal run and is created in the nom_run directory. 2. Click Next. The Create responses dialog is displayed. To define responses: 1. Click Add Response. 2. Click OK. 3. Repeat steps 1 and 2 to create a second response. 4. Click Response_1. 6
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5. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 6. On the Vectors tab, click Add. A result vector called Vector 1 is added. This vector now needs to be defined. 7. Click the browser button under Vector resource file and select the res file. The result file, res, contains a vector {1.0, 2.0}. 8. Click Apply to use this vector in the expression field. The first value of the vector should be Response_1, the second Response_2. 9. In the Response expression field, enter [0] after v_1, resulting in v_1[0], to select the first value of the vector. 10. Check the Evaluate response expression box. The expression v_1[0] should change to 1.0. 11. Click OK. 12. Click Response_2. 13. Click Response Expr Builder again. Vector1 is still selected. 14. Click Apply to use this vector in the expression field. 15. Enter [1] after v_1, resulting in v_1[1], to select the second value of the vector. 16. Check the Evaluate response expression box. v_1[1] should change to 2.0. 17. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, optimization, or stochastic study).
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To run an optimization study: 1. Click Continue to… and select Optimization Study. or Click on the blank box for Create optimization study in the Navigation tree. 2. Click Add optimization. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window, select the optimization method. 6. Click Next to continue to the Define design variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Constraints dialog. 8. Click Add constraint. 9. Click OK. 10. From the drop down field for Apply constraint on, select Response_2. 11. Set an upper bound of zero using the Less than radio button. 12. Click Next to continue to the Objectives dialog. 13. Click Add objective. 14. Click OK. 15. From the Apply On drop down field, select Response_1. 16. From the Objective: drop down field, select Minimize. None of the optimization parameters need to be changed. 17. Click Launch Optimization. An information window informs you about the way the optimization is run. Either interactive mode or batch mode is possible. The mode can be changed using the Tools drop down menu on the HyperStudy menu bar. There you have to select Job management … and then choose the Optimization Study tab. 18. After the optimization has finished, click Next to continue to the Post processing dialog. To view the iteration history of an optimization study: 1. Use the file browser after Optimization results plot file: to select the file s_1.hgres from the study directory. 2. Click Open. The file is loaded. In each of the tabs Obj. & Constr., DV, and Resp., boxes are displayed with the labels of their respective functions. 3. Click a check box to display the appropriate iteration history. 8
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Simple DOE Study - HS-0020 This tutorial demonstrates how to run a DOE study on simple functions defined using a Templex template. The base input template defines two design variables, DV1 and DV2, labeled X and Y, respectively. The objective of the study is to investigate the two design variables X, Y forming the two functions X+Y and 1/X + 1/Y – 2. Before running this tutorial you must complete the tutorial Simple Optimization Study - HS-0010 and have the study from this tutorial still loaded. To run a DOE study: 1. Click the blank box for Create DOE study in the Navigation tree. 2. Click Add DOE Study. 3. Click OK. 4. Select Full factorial from the drop down list Controlled factors, DOE Class. 5. Click Next to continue to the Design Variables dialog. 6. Increase the levels for each design variable to 3. 7. The design variable Radius 1 is selected. 8. Click Add Level. 9. Click Fill. 10. Click OK. 11. Repeat steps 7 through 10 for design variable Radius 2. 12. Click Next to continue to the Interactions dialog. No interactions need to be changed at this time. 13. Click Next. This page shows you the design matrix that is automatically selected and contains nine design variable combinations or designs. 14. Click Next three times to jump over the Uncontrolled variables that are not defined in this study. This brings you to the DOE responses dialog. 15. Review the responses. 16. Click Next. This gets you to the dialog to actually run the study. 17. Click Write/Execute.
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18. Answer the question that pops up with Yes. This executes all nine runs. 19. Click Next to get to the Extract responses page. 20. Click >> Extract >>. This extracts the responses defined from the nine runs. 21. After the results are extracted, click Next to continue to the Post-processing window. To post-process the results of the DOE study:
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•



Main effects



•



Generate approximations



•



Anova
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Simple Stochastic Study - HS-0030 This tutorial demonstrates how to run a stochastic study on simple functions defined using a Templex template. The base input template defines two design variables, DV1 and DV2, labeled X and Y, respectively. The objective of the study is to investigate the two random variables X, Y forming the two functions X+Y and 1/X + 1/Y – 2. To run this tutorial you must complete the tutorial Simple Optimization Study - HS-0010 and have the study from this tutorial still loaded. To run a stochastic study: 1. Click the blank box for Create stochastic study in the Navigation tree. 2. Click Add Stochastic Study. 3. Select Exact analysis solver. 4. Click OK. 5. Select Latin hypercube from the drop down list. 6. Set the Number of runs to 50. 7. Click Next to continue to the Random Variables dialog. 8. For both design variables select a normal distribution. Do not change the mean and deviation at this time. 9. Click Next to continue to the Correlation structure dialog. Nothing needs to be changed at this time. 10. Click Next to go to the Stochastic responses dialog. 11. Review the responses. 12. Click Next. This gets you to the dialog to actually run the study. You can see the actual distribution of the design variables for each run in an Ant-Hill plot. By selecting the Histogram/PDF/CDF tab, you also get these representations of the random variable input. 13. Click Write/Execute/Extract. 14. Answer the question that pops up with Yes. This will execute all fifty runs and extract the results. 15. After the results are extracted, click Next to continue to the Post-processing window. To post-process the results of the stochastic study: •



Ant-Hill (response vs. response)



•



Ant-Hill (response vs. random variable)



•



Histogram/PDF/CDF



•



Statistical Summary
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Size Optimization Study Using OptiStruct FE Solver - HS1000 This tutorial demonstrates how to perform a size optimization on an OptiStruct finite element model. The sample base input template can be found in \tutorials\study\OptiStruct. Copy the files from this directory to your working directory. In this tutorial, you will: •



Create a base input template from an OptiStruct input file using the HyperStudy Parameterizer.



•



Set up a study.



•



Run an optimization study.



The directory includes the following files: plate.fem



Original OptiStruct input file.



plate.tpl



Base input template.



The objective is to minimize the volume of the plate under a stress constraint for element number 43. The stress should be less than 22. The design variables are the thicknesses of the three components defined in the input deck plate.fem via the PSHELL card. The thickness should be between 0.05 and 0.15, the initial thickness is 0.1. The optimization type is size optimization.



Figure 1. Double symmetric plate model.
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To create the base input template in HyperStudy: 1. Start HyperStudy. 2. Go to the Tools drop down menu and click Create Template…. 3. In the open window, go to File and Import… the file plate.fem. 4. Under Edit, use Find… to search for PSHELL. Below, you see three PSHELL cards having ten fields with eight characters each. In the fourth field, the shell thickness is defined. We need to replace the eight characters of this field with a formatted Templex statement to mark a design variable. 5. Pull down Edit and click on Setup selector. 6. Enter 8 in Fields: 7. Click OK. 8. Hold down the CTRL button on your keyboard and left click your curser left on the 0.1. This highlights exactly eight fields. 9. Click your right mouse button. 10. Click Create Design Variable…. 11. In the pop-up window, enter Name:



TH1



Label:



Property 1



Initial value:



0.1 (taken from the input deck)



Lower Bound:



0.05



Upper Bound:



0.15



Format:



%8.5f (defined by the earlier field selection of 8)



12. Click OK. This defines the first design variable, which is marked in the text in blue using the variable name. 13. Repeat steps 8 through 12 to define the variables TH2 and TH3 with the labels Property 2 and Property 3, respectively. 14. Go to File and Export as… plate.tpl. 15. Click save. 16. Close the Create Template window.
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To review the base input template in HyperGraph: 1. Start HyperGraph. 2. From the Window Mode Selector, choose Text Editor. 3. Select the Open File icon from the tool bar. 4. Select the file plate.tpl from your working directory using the file browser. 5. Click Open. 6. At the top of the file, the design variables are defined by three Templex parameter statements: {parameter(TH1,"Property 1",0.1,0.05,0.15)} {parameter(TH2,"Property 2",0.1,0.05,0.15)} {parameter(TH3,"Property 3",0.1,0.05,0.15)} If you search through the file for PSHELL, you will find the parameterized PSHELL cards, which reference the design variables: $ $ PSHELL Data $ PSHELL 2 $HMNAME COMPS $HMCOLOR COMPS PSHELL 3 $HMNAME COMPS $HMCOLOR COMPS PSHELL 4



2{TH1,%8.5f} 3patch1 3 11 2{TH2,%8.5f} 4patch2 4 12 2{TH3,%8.5f}



2



1.0



20.8333330.0



2



1.0



20.8333330.0



2



1.0



20.8333330.0



7. Click the Edit Text icon on the tool bar. The Templex statements are evaluated, replacing the parameters with their initial values. 8. Search for PSHELL again. You will find: $ $ PSHELL Data $ $HMNAME COMPS $HMCOLOR COMPS PSHELL 2 $HMNAME COMPS $HMCOLOR COMPS PSHELL 3 $HMNAME COMPS $HMCOLOR COMPS PSHELL 4
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2shell 14 2 0.10000 3patch1 3 11 2 0.10000 4patch2 4 12 2 0.10000 2



2



1.0



20.8333330.0



2



1.0



20.8333330.0



2



1.0



20.8333330.0



HyperStudy 7.0 Tutorials



Altair Engineering Proprietary Information of Altair Engineering



To perform the study setup: 1. Go back to the open HyperStudy. 2. Click Add study …. 3. Select New…. The Add Study dialog is displayed. 4. Click OK. 5. Select Study directory as your working directory using the file browser in the upper right of the window. 6. Click Next to continue the Create models window. 7. Click Add model …. 8. Click OK. A new model is added to the list. 9. Select the Template file using the file browser in the upper right. 10. Select the file plate.tpl from your working directory. 11. Click Open. 12. Click Next to continue to the Design Variables dialog. 13. Check the settings of lower and upper bounds. 14. Click Next to continue to the Do nominal run window. 15. In the Solver input Files field, enter plate.fem. This is the name of the input file created by HyperStudy for the solver. 16. Choose OptiStruct from the drop-down menu as the Solver execution script. The input to OptiStruct will be plate.fem. You do not need to edit the Solver input arguments field. To perform the base run: 1. Click Write and then Execute. or Write/Execute. A nom_run directory is created inside the study directory. The files plate.out, plate.oslog, and plate.res are the results files of the nominal run. These files are created within the nom_run directory. 2. Click Next. The Create responses panel is displayed.
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To create the first response: 1. Click Add response. 2. Click OK. 3. Repeat 1 and 2 to create a second response. 4. Click Response_1. 5. Click Response Expr Builder. The HyperStudy - Response Expression Builder window is displayed. 6. On the Vectors tab, click Add. A result vector called Vector_1 is added. This vector now needs to be defined. 7. Click the browser button under the Vector resource file field and select the plate.out file. 8. Define Vector 1 as the volume of the plate by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type:



OptiStruct Analysis



Request:



Out File



Component:



Volume



9. Click Apply to use this vector in the expression field. As there is only a single value in this vector, when you click Apply, it automatically enters [0] after v_1, thereby automatically choosing the first (and only) entry in the vector. 10. Click the Evaluate response expression box. The expression v_1[0] should change to 232.384. 11. Click OK. 12. Click Response_2. 13. Click Response Expr Builder again. 14. To define a second vector, on the Vectors tab, click Add. A second result vector called Vector 2 is added. 15. Choose the Vector resource file that contains the result of interest, which for Vector 2 is the file plate.res. This file contains the analysis results including stresses. 16. Define Vector 2 as the von Mises Stress of Element 43 by choosing the following options: Type:



von Mises Stress



Request:



Element 43



Component:



Value



17. Click Apply to use this vector in the expression field. As with Vector 1, there is only a single value in this vector, so that when you choose it for use in the expression field, the first (and only) entry is automatically selected. . 16
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18. Check the Evaluate response expression box. The expression v_2[0] should change to 26.6471. 19. Click OK. This completes the Study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). To run an optimization study: 1. Click Continue to… and select Optimization study. or Click on the blank box for Create optimization in the Navigation tree. 2. Click Add optimization. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window you can the select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Define constraints dialog. 8. Click Add constraint. 9. Click OK. 10. Select Response_2 from the drop down field in the upper right. 11. Set an upper bound of 22.0 using the Less than radio button. 12. Click Next to continue to the Define objective dialog. 13. Click Add objective. 14. Click OK. 15. Select Response_1 from the Apply on drop down field. 16. Select Minimize in the Objective drop down field. None of the optimization parameters need to be changed. 17. Click Launch optimization to launch the optimization. An information window will inform you about the way the optimization is run. Either interactive mode or batch mode is possible. The mode can be changed using the Tools drop down menu on the HyperStudy menu bar. There you have to select Job management …/ Optimization Study After the optimization has finished, click Next to continue to the Post-processing window.
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To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open. The file is loaded. 3. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of the respective functions. 4. Click a check box to display the appropriate iteration history.
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Size Optimization Study Using HyperMesh and OptiStruct FE Solver - HS-1010 This tutorial demonstrates how to perform a size optimization started from inside HyperMesh using the direct link of HyperStudy to Hypermesh, and OptiStruct as finite element solver. The necessary file can be found in \tutorials\study\OptiStruct. Copy the files from this directory to your working directory. In this tutorial, you will: •



Parameterize a finite element model inside HyperMesh.



•



Set up a study.



•



Run an optimization study.



The directory includes the following file: plate.fem



Original OptiStruct input file.



The objective is to minimize the volume of the plate under a stress constraint for element number 43. The stress should be less than 22. The design variables are the thicknesses of the three components defined in the input deck plate.fem. The thickness should be between 0.05 and 0.15, the initial thickness is 0.1. The optimization type is a size optimization.



Figure 1. Double symmetric plate model.
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To load the model in HyperMesh: 1. Start HyperMesh. 2. Click user prof… and select OptiStruct from the drop down menu that pops up. 3. Click OK. 4. Click files. 5. Click import. 6. Click FE. 7. Use the import… file browser to open the file plate.fem. This brings up the finite element model. 8. Click Return. To begin the study: 1. Go to the BCs page. 2. Click HyperStudy. This brings up the HyperStudy interface. To perform the study setup: 1. Click Add study …. 2. Select New…. The Add Study dialog displays. 3. Click OK. 4. Select your working directory as the Study directory using the file browser in the upper right of the window. 5. Click Next to continue to the Create models window. 6. Click Add model …. 7. Select Model type: HyperMesh. 8. Click OK. A new model is added to the list. 9. Click Next to continue to the Design Variables dialog to add the design variables. 10. Click Add Model Parameter…. This brings up a tree of the components of the model. 11. Open the Thickness folder. 12. Open the shell folder.
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13. Select T.1. 14. Enter the Lower bound of 0.05 and the Upper bound of 0.15. 15. Click Add. 16. Repeat steps 12 through 15 for the components patch1 and patch2. 17. Click OK. This returns you to the Design Variables dialog. Three design variables have been created. 18. Check the settings of initial value, lower and upper bounds. 19. Click Next to continue to the Do nominal run window. 20. In the Solver input Files field, enter plate.fem. This is the name of the input file created by HyperStudy for the solver. 21. Choose OptiStruct from the drop-down menu as the Solver execution script. The input to OptiStruct will be plate.fem. You do not need to edit the Solver input arguments field. To perform the base run: 1. Click Write and then Execute. or Write/Execute. Inside the study directory is the nom_run directory. The files plate.out, plate.oslog, and plate.res are the results files of the nominal run and are located within the nom_run directory. 2. Click Next. The Create responses panel is displayed. To create a response: 1. Click Add response. 2. Click OK. 3. Repeat 1 and 2 to create a second response. 4. Click Response_1. 5. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 6. On the Vectors tab, click Add. A result vector called Vector 1 is added. This vector now needs to be defined. 7. Choose the Vector resource file which contains the result vector. 8. Click the browser button under the Vector resource file field and select the plate.out file.
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9. Define Vector 1 as the volume of the plate by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type:



OptiStruct Analysis



Request:



Out File



Component:



Volume



10. Click Apply to use this vector in the expression field. As there is only a single value in this vector, when you click Apply, it automatically enters [0] after v_1, thereby automatically choosing the first (and only) entry in the vector. . 11. Click the Evaluate response expression box. The expression v_1[0] should change to 232.384. 12. Click OK. 13. Click Response_2. 14. Click Response Expr Builder again. To define a second vector: 1. On the Vectors tab, click Add. A second result vector called Vector 2 is added. 2. Choose the Vector resource file that contains the result of interest, which for Vector 2 is the file plate.fem, either by typing the full path (including filename) in the Vector resource file field or by clicking Browse... and selecting the plate.res file from the nom_run directory. This file contains the analysis results including stresses. 3. Define Vector 2 as the von Mises Stress of Element 43 by choosing the following options: Type:



von Mises Stress



Request:



Element 43



Component:



Value



4. Click Apply to use this vector in the expression field. As with Vector 1, there is only a single value in this vector, so that when you choose it for use in the expression field, the first (and only) entry is automatically selected. . 5. Check the Evaluate response expression box. The expression v_2[0] should change to 26.6471. 6. Click OK. This completes the Study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study).
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To run an optimization study: 1. Click Continue to… and select Optimization study. or Click on the blank box for Create optimization in the Navigation tree. 2. Click Add optimization. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window you can the select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Define constraints dialog. 8. Click Add constraint. 9. Click OK. 10. Select Response_2 from the drop-down field in the upper right. 11. Set an upper bound of 22.0 using the Less than radio button. 12. Click Next to continue to the Define objective dialog. 13. Click Add objective 14. Click OK. 15. Select Response_1 from the Apply on drop-down field. 16. Select Minimize in the Objective drop-down field. None of the optimization parameters need to be changed. 17. Click Launch optimization to launch the optimization. An information window informs you about the way the optimization is run. Either interactive mode or batch mode is possible. The mode can be changed by using the Tools drop-down menu on the HyperStudy menu bar and selecting Job management …/ Optimization Study. 18. After the optimization has finished, click Next to continue to the Post-processing window. To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of the respective functions. 3. Click a check box to display the appropriate iteration history.
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Size Optimization Study Using LS-Dyna - HS-1020 This tutorial demonstrates how to perform a size optimization on a finite element model defined for LS-Dyna. The sample base input template can be found in \tutorials\study\Dyna. Copy the files in this directory to your working directory. The directory includes the following files: boxbeam.bdf



Original LS-Dyna keyword input file



boxbeam.tpl



Base input template.



The objective is to minimize the mass of the beam under the following two constraints: the internal energy must be more than 450, and the resulting reaction force must be less than 75. The design variables are the thicknesses of the four components defined in the input deck boxbeam.bdf via the *SECTION_SHELL cards. They are combined into two design variables. The thickness should be between 0.5 and 2.0, the initial thickness is 1.0. The optimization type is size.



Figure 1. Boxbeam model, undeformed.
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Figure 2. Boxbeam model, deformed, t = 2.001. To create the base input template in HyperStudy: 1. Start HyperStudy. 2. Go to the Tools drop down menu and click Create Template…. 3. In the open window, go to File and Import… the file boxbeam.bdf. 4. Under Edit, use Find… to search for *SECTION_SHELL. Below, you will find four lines with real numbers only that define the shell thickness for each component. They have five fields with ten characters each. In the first four fields, the shell thickness is defined. We need to replace these fields with formatted Templex statements to mark a design variable. 5. Pull down Edit and click on Setup selector 6. Enter 10 into Fields: 7. Click OK. 8. Hold down the CTRL button on your keyboard and left-click on the 1.0. This highlights exactly ten fields. 9. Click the right mouse button. 10. Click Create design variable.



Altair Engineering



HyperStudy 7.0 Tutorials Proprietary Information of Altair Engineering.



25



11. In the pop-up window enter: Name:



t1



Label:



Upper part



Initial value:



1.0 (taken from the input deck)



Lower Bound:



0.5



Upper Bound:



2.0



Format:



%10.5f (defined by the earlier field selection of eight)



12. Click OK. This defines the first design variable, which is marked in the text in blue using the variable name. The next three fields must have the same design variable. So we need to assign t1 to these fields, too. 13. Hold down the CTRL button on your keyboard and left-click on the next 1.0. This highlights exactly ten fields. 14. Click the right mouse button. You will see the design variable already created. 15. Click on t1 and then Apply. Now the same variable is applied to the next field. 16. Repeat this two more times in the same row. 17. The second component should have the same thickness, hence we also apply the same design variable t1 to all four thickness values. 18. Use the same procedure as described in steps 8 through 17 to define the design variable t2 with the label Lower part. An example of how the text should look like after the definition of the design variables: *SECTION_SHELL $HMNAME PROPS 1



11 2



1.0



20.000000000.00000000



0



1.0



20.000000000.00000000



0



1.0



20.000000000.00000000



0



1.0



20.000000000.00000000



0



t1t1t1t10.00000000 $HMNAME PROPS 2
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t1t1t1t10.00000000 $HMNAME PROPS 3



33 2



t2t2t2t20.00000000 $HMNAME PROPS 4



44 2



t2t2t2t20.00000000



19. Go to File and Export as… boxbeam.tpl. 20. Close the Parameterizer.
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To view the base input template in HyperGraph: 1. Start HyperGraph. 2. Change the Window Mode Selector to Text Editor. 3. Select the Open File icon from the tool bar. 4. Select the file boxbeam.tpl from your working directory using the file browser. 5. Click Open. 6. At the top of the file, the design variables are defined by two Templex parameter statements: {parameter(t1,"Upper part",1.0,0.5,2.0)} {parameter(t2,"Lower part",1.0,0.5,2.0)} 7. Search for *SECTION_SHELL to view the parameterized *SECTION_SHELL cards, which reference the design variables: *SECTION_SHELL $HMNAME PROPS 11 1 2 1.0 20.000000000.00000000 {t1,%10.5f}{t1,%10.5f}{t1,%10.5f}{t1,%10.5f}0.00000000 $HMNAME PROPS 22 2 2 1.0 20.000000000.00000000 {t1,%10.5f}{t1,%10.5f}{t1,%10.5f}{t1,%10.5f}0.00000000 $HMNAME PROPS 33 3 2 1.0 20.000000000.00000000 {t2,%10.5f}{t2,%10.5f}{t2,%10.5f}{t2,%10.5f}0.00000000 $HMNAME PROPS 44 4 2 1.0 20.000000000.00000000 {t2,%10.5f}{t2,%10.5f}{t2,%10.5f}{t2,%10.5f}0.00000000 8. Click the Edit Text icon on the tool bar. The Templex statements are evaluated, replacing the parameters with their initial values. 9. Search for *SECTION_SHELL again. You will find: *SECTION_SHELL $HMNAME PROPS 11 1 2 1.0 20.000000000.00000000 1.000000001.000000001.000000001.000000000.00000000 $HMNAME PROPS 22 2 2 1.0 20.000000000.00000000 1.000000001.000000001.000000001.000000000.00000000 $HMNAME PROPS 33 3 2 1.0 20.000000000.00000000 1.000000001.000000001.000000001.000000000.00000000 $HMNAME PROPS 44 4 2 1.0 20.000000000.00000000 1.000000001.000000001.000000001.000000000.00000000
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To register LS-Dyna as a solver: In order to use LS-Dyna as a solver, you need to register it in the preference file for HyperStudy. 1. Go to the Tools pull-down menu. 2. Choose Register Solver Script…. The Register Solver Script window appears. 3. Click Add…. 4. Enter the Label: Dyna. 5. Enter the Variable: Dyna. 6. Browse for the Script:. 7. Click OK. 8. You can now save the change to a new user preference file using Save As…, append the current user preference file using Append, or exit the solver registration using Close. In the last case, the solver will only be registered for the current study. If you save or append, the solver registration does not have to be repeated in later studies if you use the same preference file. To perform the study setup: 1. Click Add study…. 2. Select New…. The Add Study dialog is displayed. 3. Click OK. 4. Select your working directory as Study directory: using the file browser in the upper right of the window. 5. Click Next to continue the Create models window. 6. Click Add model…. 7. Click OK. A new model is added to the list. 8. Select the Template file using the file browser in the upper right. 9. Select the file boxbeam.tpl from your working directory. 10. Click Open. 11. Click Next to continue to the Design Variables dialog. 12. Check the settings of lower and upper bounds. 13. Click Next to continue to the Do nominal run window.
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14. In the Solver input Files field, enter boxbeam.key. This is the name of the input file created by HyperStudy for the solver. 15. Choose DYNA from the drop-down menu as the Solver execution script. 16. The input to DYNA will be boxbeam.key. 17. Modify the Solver input arguments field to read i=$file. To perform the base run: 1. Click Write and then Execute. or Write/Execute. This creates a nom_run directory inside the study directory. The files glstat (for the strain energy), spcforc (for the reaction force), and d3hsp (for the structural mass) are the results of the nominal run and will be used in the optimization. The files are created inside the nom_run directory. 2. Click Next. The Create responses panel displays. To define responses: 1. Click Add Response. 2. Change the label to Energy. 3. Click OK. 4. Repeat step 1 to create a second response labeled Force, and a third response labeled Mass. 5. Click Energy. 6. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 7. On the Vectors tab, click Add. A result vector called Vector 1 is added. This vector now needs to be defined. 8. Click the browser button under the Vector resource file field and select the glstat file. 9. Define Vector 1 as the internal energy of the model by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type:



Energy



Request:



Internal Energy



Component:



Energy



10. Click Functions..., which can be found in the bottom of the panel. The Functions list displays. Altair Engineering
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11. Choose max. 12. Click OK. max() is now selected, and is displayed in the Expression field. Vector 1 is still highlighted. 13. Click Apply to use this vector in the Expression field. The Expression field should now display the expression max(v_1), which is one of the responses to be constrained. 14. Check the Evaluate response expression box. The expression max(v_1) should change to 598.982. 15. Click OK. 16. Click Force. 17. Click Response Expr Builder again. To define a second vector: 1. On the Vectors tab, click Add. A second result vector called Vector 2 is added. 2. Choose the Vector resource file that contains the force history. 3. Select the spcforce file from the nom_run directory. 4. Define Vector 2 as the resultant reaction force in the Z-direction by choosing the following options: Type: Request: Component:



Force Resultants Z



5. Click Functions…. 6. Select max. 7. Click OK. Vector 2 is still highlighted. 8. Click Apply. The Expression field should now display the expression max(v_2), which is another one of the responses to be constrained. 9. Check the Evaluate response expression box. The expression max(v_2) must change to 92.578. 10. Click OK. 11. Click on Mass. 12. Click Response Expr Builder again. 30
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To define a third vector for the mass to be minimized: 1. On the Vectors tab, click Add. A third result vector, called Vector 3, is added. 2. Choose the Vector resource file that contains the mass, which is the d3hsp file. 3. Define Vector 3 as the mass by choosing the following options: Type:



LS-Dyna Mass Properties



Request:



Total



Component:



Mass



4. Click Apply to use the vector in the Expression field. 5. The frequencies are stored in a vector. Therefore, to select the first frequency, edit the text window by typing [0] behind v_3 giving v_3[0]. 6. Check the Evaluate response expression box. The expression v_3[0] must change to 0.5357. 7. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). To run an optimization study: 1. Click Continue to… and select Optimization study. or Click on the blank box for Create optimization in the Navigation tree. 2. Click Add optimization. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Define constraints dialog. 8. Click Add constraint. 9. Click OK. 10. Select Energy from the drop-down field in the upper right. 11. Set a lower bound of 450.0 using the Greater than radio button. 12. Click Add constraint again. Altair Engineering
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13. Click OK. 14. Select Force from the drop-down field in the upper right. 15. Set an upper bound of 75.0 using the Less than radio button. 16. Click Next to continue to the Define objective dialog. 17. Click Add objective. 18. Click OK. 19. Select Displacement from the Apply on drop-down field. 20. Select Minimize in the Objective drop-down field. None of the optimization parameters need to be changed. 21. Click Launch optimization. An information window informs you about the way the optimization is run. Either interactive mode or batch mode is possible. The mode can be changed by using the Tools drop down menu on the HyperStudy menu bar and selecting Job management …, and then choosing Optimization Study. 22. After the optimization has finished, click Next to continue to the Post-processing window. To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of the respective functions. 3. Click a check box to display the appropriate iteration history.
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Size Optimization using MotionView and MotionSolve - HS1030 This tutorial demonstrates the use of HyperStudy to perform an optimization with MotionSolve. The files needed are located in: \tutorials\study\MotionSolve, and should be copied to your working directory. In this tutorial, you will: •



Use MotionSolve to start HyperStudy and create the design variables.



•



Setup a study.



•



Run a system identification optimization study.



The design variable is the angle θ (swing angle) of the pendulum. The response target is to achieve Y-velocity of 6m/s at the tip of the pendulum.



To create the design variables: 1. Open MotionSolve and load Pendulum.mdl. 2. Click Solvers from the top menu. 3. Click MotionSolve. 4. Click Study from the top menu and select HyperStudy. This launches HyperStudy. 5. In the HyperStudy window, click Add Study. 6. Click New. 7. In the HyperStudy – Add Study window, type a name for a study or select the default name and click OK.
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8. Under the Study Directory, select the working directory. 9. Click Next. 10. Click Add Models. 11. In the HyperStudy – Add Model window, type in a model name or select the default name and click OK. 12. Click Next. 13. In the Design variables page, click Add Model Parameter…. This opens a Model Parameter Tree window. 14. Double-click Solver variables. 15. Double-click theta and select value. 16. Click Add and then click Done. 17. Change the Lower bound of the dv_1 to 0 and the Upper bound to 2. 18. Click Next. 19. In the Solver Input file, enter m1.mdl. To perform the base run: 1. Click Write and then Execute. or Write/Execute. When the MotionSolve job completes, a message appears saying: Solver execution of "Model_1 (m_1)" for "nom_run" complete. A nom_run directory is created inside the study directory. The file m1.abf is the result of the nominal run. It is created within the nom_run directory. 2. Click Next. The create responses panel is displayed. To create a response: 1. Click Add response. 2. Click OK. 3. Click Response_1. 4. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 5. On the Vectors tab, click Add. A result vector called Vector 1 is added. This vector now needs to be defined. 6. Click the browser button under the Vector resource file field and select the m1.abf file. 34
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7. Under Type, select Velocity. 8. Under Request, select tip velocity (on pendulum body). 9. Under Component, select Y. 10. Click Apply to use this vector in the expression field. 11. In the Response expression field, enclose v_1 in parentheses and enter max before (v_1), resulting in max (v_1). 12. Check the Evaluate response expression box. The expression max(v_1) should change to 4.79928. 13. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). To run an optimization study: 1. Click Continue to… and select Optimization study. or Click on the blank box for Optimization study in the Navigation tree. 2. Click Add Optimization study. 3. Click next. 4. Keep the default Optimization Engines as Sequential response surface method. 5. Click Next. 6. Check the design variables. 7. Click Next. 8. Click Next. 9. In define objective page select the objective as System Identification. 10. Click Add Objective. 11. Response_1 is automatically selected. 12. Change the Target Value to 6.0. 13. Click Launch Optimization. 14. Once the optimization is completed, click Next to continue to post-processing.
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To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes display with the labels of the respective functions. 3. Click a check box to display the appropriate iteration history table. The target value is obtained after six iterations. 4. Check the theta value and compare it with the analytical solution.
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Composite (Size) Optimization Study Using OptiStruct FE Solver - HS-1040 In this tutorial, you will learn the steps required to perform a ply orientation optimization for a composite structure. The figure below shows the bicycle frame model used for this exercise.



In this tutorial, you will: •



Retrieve the HyperMesh Database file.



•



Set up the problem in HyperMesh and submit the job.



•



View the results



To retrieve the structural model and define the OptiStruct template: 1. Start HyperMesh. 2. Click user prof… and select OptiStruct from the drop down menu. 3. Click OK. 4. Select the files panel on any main menu page. 5. Select the hm file subpanel using the radio buttons on the left-hand side of the panel. 6. Click retrieve…. An Open file… browser window appears. 7. Select the bicycle_frame.hm file, located in the HyperWorks installation directory under \tutorials\study\OptiStruct. 8. Click Open. The bicycle_frame.hm database is loaded into the current HyperMesh session, replacing any existing data. Note that the location of bicycle_frame.hm is now displayed in the file: field. Altair Engineering
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To create load collectors for the loads and boundary conditions: You will find that the structural model has already been set up with the necessary elements, parts, property, and material data. The frame will now be loaded to simulate a sprint scenario. 1. Select the collectors subpanel on any of the main menu pages. 2. Select the Create subpanel using the radio buttons on the left-hand side of the panel. 3. Click the collector type: switch and select loadcols from the pop-up menu. 4. Click name = and enter: crank. 5. Click Color and select color9. 6. Click the creation method: switch and select no card image from the pop-up menu. 7. Click Create. A new load collector, crank, is created. 8. Click name = and enter: spcs. 9. Click Color and select color7. 10. Click Create. A new load collector, spcs, is created. 11. Click Return to return to the main menu. To create loads: 1. Select the global panel from the permanent menu in the lower right-hand corner of the interface. 2. Set the page toggle to pg1. 3. Click loadcol=. 4. Select crank from the list of load collectors. Note that crank now appears after loadcol: on the header bar. This indicates the current load collector. 5. Click return to exit the global panel. 6. Select the forces panel from the BCs page on the main menu. 7. Select the create sub-panel using the radio-buttons on the left-hand side of the panel. 8. Click the entity selection switch, immediately to the right of the create radio-button, and select nodes from the pop-up menu. 9. Select the node at the center of the rigid spider as seen in Figure 2 below, by clicking on it in the graphical display area. 10. Set the coordinate system toggle to global system.
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11. Click the vector definition switch and select vectors. 12. Click magnitude = and enter: -100.0 13. Click the direction definition switch below magnitude = and select the z-axis from the pop-up menu. 14. Click Create. This creates a point force at the pedal location. 15. Click return to return to the main menu. 16. Select the moments panel from the BCs page on the main menu. 17. Select the create sub-panel using the radio buttons on the left-hand side of the panel. 18. Click the entity selection switch, immediately to the right of the create radio-button, and select nodes from the pop-up menu. 19. Select the node at the center of the rigid spider as seen in Figure 2 below, by clicking on it in the graphical display window. 20. Set the coordinate system toggle to global system. 21. Click the vector definition switch and select vectors. 22. Click magnitude = and enter: 100.0 23. Click the direction definition switch below magnitude = and select the x-axis from the pop-up menu. 24. Click Create. This creates a moment at the pedal location. Note:



This is a simplified loading regime that represents the transformed loads from a person’s foot on the pedal.



Figure 2. Loads applied to bottom bracket of a bicycle.
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To create constraints: 1. Select the global panel from the permanent menu in the lower right-hand corner of the interface. 2. Set the page toggle to pg1. 3. Click loadcol=. 4. Select spcs from the list of load collectors. Note that spcs now appears after loadcol: on the header bar. This indicates the current load collector. 5. Click return to exit the global panel. 6. Select the constraints panel from the BCs page of the main menu. 7. Select the create sub-panel using the radio-buttons on the left-hand side of the panel. 8. Click the entity selection switch, immediately to the right of the create radio-button and select nodes from the pop-up menu. 9. Select those nodes, shown as constrained in figures 3 and 4 below, by clicking on them in the graphical display window. 10. Constrain dof1, dof2, dof3, dof4, dof5, and dof6. Dofs with a check will be constrained while dofs without a check will be free. Dofs 1, 2, and 3 are x, y, and z translation degrees of freedom. Dofs 4, 5, and 6 are x, y, and z rotational degrees of freedom. 11. Click Create. This applies these constraints to the selected nodes. 12. Click return to return to the main menu.



Figure 3. SPCs applied to rear wheel location of frame.
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Figure 4. SPCs applied to upper and lower portion of head tube.



To create an OptiStruct subcase (referred to as a loadstep in HyperMesh): 1. Select the loadsteps panel from the BCs page on the main menu. 2. Click Name= and enter: crank. 3. Click loadcols and select crank and spcs from the list of load collectors. 4. Click create. An OptiStruct Subcase, crank, has been created. 5. Click return to return to the main menu. To set up the optimization problem using HyperStudy: 1. Click on the HyperStudy button on the BCs page of the main menu. The HyperStudy interface launches. HyperStudy will be used to perform the rest of the setup and to perform the optimization. 2. Click the Add Study… button and accept the default label and varname values. 3. Use the Study directory: area to browse to the directory in which you would like to perform the optimization. 4. Click Next > when complete. 5. Click Add Model… and accept the default model type or type an alternate model label if the default is not desirable.
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6. Click Next >. You will now need to create the fifteen design variables required to conduct the optimization. 7. Click Add Model Parameter…. 8. Click PlyAnlges in the model tree. You will then see the tree expand to include each of the components in the model that will be included in the optimization. 9. Click each of the components to expose each of the ply orientation angles. 10. One by one, click each of Theta.1 Theta.3 and Theta.5 for each part. 11. Be sure that the lower and upper bounds for the orientation angle are 0.0 and 90.0 respectively. 12. Click OK. 13. Click Next >. 14. In the Solver input file window, type an appropriate input deck file name. 15. Click Write/Execute in order to conduct a nominal run which will be used to setup the remaining elements of the optimization. 16. Once the nominal run has been completed, click Next >. 17. Click Add Response and Response Expr Builder. 18. Click Add to add a response vector. 19. Browse to find the results file created from the nominal run already conducted in the Vector response file window. 20. Once loaded, click the Type: pull down menu and select displacement. 21. From the Request: window, select Node 7001. This is the node ID where the loads were applied for the crank loadcase. 22. From the Component: window, select MAG to track the total displacement of this node. 23. Click the Apply button. 24. Click the Evaluate response expression bullet in order to calculate the displacement value of node 7001 for the nominal run. 25. If the value equals ~1.26, then deselect Evaluate response expression and click OK. 26. Click Continue to…, and select Optimization Study. 27. Click Add Optimization, and accept the default label. For the purposes of this tutorial, leave the remaining parameters in this page as default. You should now see the design variable matrix.
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28. Select each of these design variables and change the Initial value: found on the right side of the window to 1.0. 29. Click Next > twice as there are no constraints being placed on this model. 30. Click Add Objective and because there was only one response created, the Apply On column should be populated by this response. 31. Change the Relative convergence tolerance to be 0.01. 32. Click Launch Optimization and the optimization process should be initiated. To view the design variable and objective history: 1. After the optimization process is complete, click Next >. The results should be loaded automatically. The Objective function should be illustrated as it starts from the initial value (calculated from the first iteration through to the last) required for convergence of the optimization problem. 2. Click the DV tab to show the change in ply orientations for each of the design variables through the entire optimization process. The final values are those used to satisfy the convergence constraint.
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Optimization Study Using an Existing DOE From an Excel Spreadsheet - HS-1050 This tutorial demonstrates how to perform an optimization study where the design variables and the results are given in an Microsoft (MS) Excel spreadsheet. The Excel file can be found in \tutorials\study\Excel and copied to your working directory. study.xls



Excel spreadsheet



The objective is to create an approximation on the study in the spreadsheet and to then perform an optimization on that approximation. The spreadsheet used here contains five columns. The first contains the numbering of the designs, the second and third contain the values of the two design variables for each design, the fourth and the fifth columns contain the results of a DOE study previously run. Twenty-six designs have been evaluated. To create a matrix input that HyperStudy can evaluate: 1. Open the spreadsheet in MS Excel. 2. Review the information. Find the columns with the design variables and the ones with the responses. 3. Save the spreadsheet as Text (Tab delimited) into the file study.txt. To perform the study setup: 1. Open HyperStudy in standalone mode. 2. Click Add Study…. 3. Select New…. 4. Click OK. 5. Select your working directory as Study directory using the file browser in the upper right of the window. 6. Click Next to continue to the Create models window. 7. Click Add model…. 8. From the combo box select Model type: HyperStudy. 9. Click OK. Model_1 is added to the list. 10. Click Next to continue to the Create design variables window. 11. Click Add Design Variable…. 12. Click Apply twice. 13. Click Cancel. You have now added the two design variables to the study. 14. Click Next to continue to the Do nominal run window. You will find the input in this window grayed-out. 44
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To create a response: 1. Click Next to continue to the Create responses window. 2. Click Add Response. 3. Click Apply three times to create three responses. 4. Click Cancel. 5. Left and then right click Response_1. 6. Change the name to Index. This response will be used as a counter for the designs. 7. Click Enter. 8. In the field Response expression: write or copy from this document: convert(getenv("STUDY_RUN_NUMBER"))-1. The environment variable STUDY_RUN_NUMBER returns the number of the current DOE run. In the Study setup it has the value of one. HyperStudy counts indices starting for zero, therefore we need to subtract one. 9. Double-click Response_2. The HyperStudy - Response Expression Builder window appears. 10. On the Vectors tab, click Add. A result vector called Vector 1 is added. 11. Choose the Vector resource file that contains the result of interest, which for Vector 1 is the file study.txt, using Browse.... 12. Select the Vector file type Reference file using the radio button. 13. Define Vector 1 as the values in column 4 of your spreadsheet by choosing the following options: Type:



Unknown



Request:



Block 1



Component:



Column 4



14. Click Apply to use this vector in the expression field. As counter Index is used, which has the variable name r_1. This will extract a response for each design. 15. Edit the Response expression and enter v_1[r_1]. 16. Click the Evaluate response expression box. The expression v_1[r_1] should change to -0.326671.
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17. Click OK. 18. Double-click Response_2. 19. On the Vectors tab, click Add. A result vector called Vector 2 is added. 20. Choose the Vector resource file that contains the result of interest, which for Vector 2 is the file study.txt, using Browse.... 21. Select the Vector file type Reference file using the radio button. 22. Define Vector 2 as the values in column 5 of your spreadsheet by choosing the following options: Type:



Unknown



Request:



Block 1



Component:



Column 5



23. Click Apply to use this vector in the expression field. As counter Index is used, which has the variable name r_1. This will extract a response for each design. 24. Edit the Response expression and enter v_2[r_1]. 25. Click the Evaluate response expression box. The expression v_2[r_1] should change to 0.683385. 26. Click OK. 27. Click Next to continue to the Link design variables window. No design variable linking will be performed. To create an approximation: 1. Click Continue to… and select DOE study. or Click on the blank box for Create DOE study in the Navigation tree. 2. Click Add DOE Study. 3. Select Run Matrix from the drop-down list Controlled factors, DOE Class. 4. Select the file study.txt using the file browser. 5. Click Next to continue to the Controlled variables dialog. This allows you to review the design variables. 6. Click Next to continue to the Controlled interactions dialog. Note that all interactions are on by default. You cannot edit this window.
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7. Click Next to continue to the Controlled allocations dialog. This is the place to connect the design variables with the columns in the run matrix. 8. On the right hand side, use the drop down menus to allocate dv_1 to the second matrix column (Col 1), and dv_2 to the third column (Col 2). 9. Click Apply. 10. Click Next three times to continue to the Extract responses dialog. 11. Click >> Extract >>. This extracts the responses from the spreadsheet. 12. Click Next twice to continue to the Create approximations panel. 13. In the Add Approximation tab, click Add Approximation…. 14. Go to the Define Approximation tab. You will find that there is already a second order approximation created for each response. Response_1 is only a counter and not of interest. The other two responses are the ones we want to approximate and use in the optimization study. 15. Select Response_2 using the radio buttons. 16. In the table Regression terms and coefficients, first un-toggle all terms that show very small Values of about zero. Note that the corresponding T-values are very small too, indicating that the contribution to the approximation is also very small. The Residuals tab allows you to investigate the accuracy of your approximation. You can use the residuals table, a scatter plot, or a bar chart. You can see that this approximation is exact. 17. Select Response_3 using the radio buttons. 18. Change the approximation Order: to 4. The Residuals tab allows you to investigate the accuracy of your approximation. You can use the residuals table, a scatter plot, or a bar chart. You can see that this approximation is exact. You will find that this approximation is not as good as that for Response_2, but still sufficient. To run the optimization study: 1. Click on the blank box for Create optimization study in the Navigation tree. 2. Click Add optimization…. 3. Select Approximation. 4. Click OK. 5. Click Next to continue to the Define design variables dialog. This allows you to review your design variables. 6. Change the Initial values, Lower bounds, and Upper bounds for DesignVariable_1, and DesignVariable_2 to 2.0, 0.2, 5.0, respectively.
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7. Click Next to continue to the Constraints dialog. 8. Click Add constraint…. 9. Click OK. 10. From the drop down field for Apply constraint on, select Response_2. 11. Set an upper bound of zero using the Less than radio button. 12. Click Next to continue to the Objectives dialog. 13. Click Add objective…. 14. Click OK. 15. From the Apply On drop down field, select Response_3. 16. From the Objective: drop down field, select Minimize. None of the optimization parameters need to be changed. 17. Click Launch Optimization. Review the optimization results.
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Shape Optimization Study Using HyperMesh and the HyperForm Solver - HS-2000 This tutorial demonstrates how to perform a shape optimization on a HyperForm finite element model. The sample base input template can be found in: \tutorials\study\HyperForm. Copy the files from this directory to your working directory. The directory includes the following files: hat.hf



HyperForm database for the initial design.



hat.parm



Original HyperForm solver input file.



hat.tpl



Base input template.



hatDV.hm



HyperMesh database containing the design variable definition using HyperMorph.



hatDV.hyperform.node.tpl



Grid coordinate template included in hat.tpl, result of the AutoDV run.



hatDV.shp



Grid perturbation vector data, read by hatDV.hyprform.node.tpl.



This tutorial demonstrates how to perform a shape optimization if no direct link between HyperMesh/HyperForm and HyperStudy is used. The parameterization is done through a base input template. Standalone HyperStudy is used. The creation of shape variables must be performed in HyperMesh using the OptiStruct user profile. After exporting the shape parameterization, a base input template based on the HyperForm input format has to be created. The objective is to minimize the sum of all element thickness changes (thinning, thickness strain) during the stamping process of the part. The design variables are the radii of the hat shaped section of the part. The model considers one symmetry plane. The optimization type is shape.



Figure 1. Metal forming model with initial thinning distribution. Altair Engineering
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To perform the shape parameterization in HyperMorph: 1. Start HyperMesh. 2. On the Tool page, click user prof… and select OptiStruct from the drop-down menu. 3. Click OK. 4. Load the database hat.hf from the files panel using the hm file sub-panel. 5. Go to the BCs page. 6. Click optimization. 7. Click HyperMorph. This brings up the HyperMorph sub-panels. 8. Click domains. This gets you into the panel to create domains for the shape parameterization. The domains that are generated automatically can be used for this tutorial. The curve tolerance needs to be modified to be able to create domain elements automatically for this example. 9. Set the radio buttons on the left to parameters. 10. Type in curve tolerance = 5.0000. 11. Set the radio buttons back to create. 12. Click autogenerate. This action generates the domains and handles to manipulate the shape of the mesh and to generate shape perturbations needed for the shape optimization. 13. Click return.
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Figure 2. Domain elements and handles.



14. Click morph. This gets you to the panel to morph the shape of the mesh. The goal here is to create two design variables that represent the radii of the two fillets. 15. Click the radio button alter dimensions. 16. Set the right selector to radius =. 17. Set the left selector to fillet. 18. In the first fillet, select the two curved edges. 19. Set radius = to 2.0000. 20. Click morph.
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This generates our first shape (shown below).



21. Change the radio button to save as shape. 22. Enter the name sh1 into shape =. 23. Click save. 24. Click undo to prepare for the generation of the next shape. 25. Click the radio button alter dimensions. 26. Set the right selector to radius =. 27. Set the left selector to fillet. 28. Click reset below domains. 29. In the other fillet, select the two curved edges. 30. For radius =, enter 2.0000. 31. Click morph. This generates a second shape. 32. Change the radio button to save as shape. 33. Enter the name sh2 into shape =. 52
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34. Click save. 35. Click undo to prepare for the generation of the next shape. 36. Click return. 37. Save the HyperMesh database into hatDV.hm using the files panel. To export the shape parameterization from HyperMesh: 1. Select the shape panel. 2. Make sure that the upper left hand radio button for desvar is on. 3. Click shapes. 4. Select both shapes. 5. Click return. 6. Click create. This creates a shape design variable for export for each shape selected. To animate the shapes, you can click the animate button. This brings you to the deformed panel where you can animate the shape variables by clicking the modal or linear button. 7. Click return. This brings you back to the shape panel. 8. Click the radio button export. 9. Select analysis code: HyperStudy, sub-code: HyperForm. 10. Verify the file name is hatDV.shp. 11. Click export as…. 12. Click save. 13. Click return. 14. Click return. The following two files are written: hatDV.hyperform.node.tpl



Grid coordinates template.



hatDV.shp



Grid perturbation vector data read by hatDV.hyperform.node.tpl.
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To create the base input template in HyperStudy: 1. Go to the BCs page in HyperMesh. 2. Start HyperStudy. 3. Go to the Tools drop down menu and click Create Template…. 4. In the open window go to File and Import… the file hat.parm. 5. Go to the first GRID card. 6. Highlight the entire block of GRID cards. 7. Click the right mouse button and select Shape Template… to open a file browser. 8. Select the file hatdv.hyperform.node.tpl. 9. Click Open. 10. In the pop-up window, enter: Number of shapes:



2



Base Name:



DVAR



Base Label:



Shape



Initial value:



0.0 (default)



Lower Bound:



-1.5



Upper Bound:



1.5



Format:



%8.5f (meaningless in this example)



11. Click OK. The highlighted GRID cards are now displaced with a blue line giving the path name of the file selected previously. 12. Go to File and Export as… the file hat.tpl. 13. Close the Create Template window. To perform the study setup: 1. (Starting from the Create Studies window) click Add study …. 2. Select New…. The Add Study window is displayed. 3. Click OK. 4. Select your working directory as Study directory using the file browser in the upper right of the window. 5. Click Next to continue the Create models window. 6. Click Add model…. 54
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7. Click OK. A new model is added to the list. 8. Select the Template file using the file browser in the upper right. 9. Select the file hat.tpl from your working directory. 10. Click Open. 11. Click Next to continue to the Design Variables dialog. The lower and upper bounds on the design variables can now be modified. 12. Select the first row, which contains information pertaining to Shape1; the arrow in the left-hand column indicates the selected row. 13. Enter –1.5 in the Lower bound: text box. 14. Enter 1.5 in the Upper bound: text box. 15. Select the second row, which contains information pertaining to Shape2. 16. Repeat steps 13 and 14. 17. Click Next to continue to the Do nominal run window. 18. In the Solver input Files field, enter hat.parm. This is the name of the input file created by HyperStudy for the solver. 19. Choose HyperForm from the drop down menu as the Solver execution script. The input to HyperForm will be hat.parm. You do not need to edit the Solver input arguments field. To perform the base run: 1. Click Write and then Execute. or Write/Execute. A nom_run directory is created inside the study directory. The file hat.dat contains the FLD for the given data. A vector of the thickness change for each element can also be extracted from this file. 2. Click Next. The Create responses panel displays. To create a response: 1. Click Add Response. 2. Click OK. 3. Click Response_1.
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4. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 5. On the Vectors tab, click Add. This adds a result vector called Vector 1. This vector now needs to be defined. 6. Click the browser button under the Vector resource file field and select the hat.dat file. 7. Define Vector 1 as the thickness strain of the model by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type:



HyperForm Results



Request:



FLD



Component:



Thickness Strain



8. Click Functions..., which can be found in the bottom of the panel. 9. Choose sum. 10. Click OK. This selects sum(), and it is displayed in the Expression field. Vector 1 is still highlighted. 11. Click Apply to use this vector in the Expression field. The Expression field should now display the expression sum(v_1), which is one of the responses to be constrained. 12. Check the Evaluate response expression box. The expression sum(v_1) should change to 38096.5. 13. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). To run an optimization study: 1. Click Continue to… and select Optimization study. or Click on the blank box for Create optimization in the Navigation tree. 2. Click Add optimization. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window, select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 56
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7. Click Next to continue to the Define constraints dialog. No constraints are defined in this optimization. 8. Click Next to continue to the Define objective dialog. 9. Click Add objective. 10. Click OK. 11. Select Response_1 from the Apply on drop-down field. 12. Select Minimize in the Objective drop-down field. 13. Enter 0.1 in the Relative Convergence: text box on the Parameters tab. This tightens the convergence tolerance. None of the other parameters need to be altered. 14. Click Launch optimization. An information window informs you about the way the optimization is run (interactive or batch mode). The mode can be changed by using the Tools drop down menu on the HyperStudy menu bar and selecting Job management…, and then choosing Optimization Study. 15. After the optimization has finished, click Next to continue to the Post-processing window. To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes display with the labels of the respective functions. 3. Click a check box to display the appropriate iteration history.
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Shape Optimization Study Using HyperMesh and ANSYS HS-2010 This tutorial demonstrates how to perform a shape optimization started from inside HyperMesh using the direct link to HyperStudy. The finite element solver is ANSYS. HyperMorph is used to do the shape parameterization. The files needed can be found in \tutorials\study\Ansys. Copy the files from this directory to your working directory. In this tutorial, you will: •



Do a shape parameterization using HyperStudy.



•



Run a study from inside HyperMesh.



•



Set-up a study.



•



Run an optimization study.



The directory includes the following file: plate.ans



Original OptiStruct input file.



ansys.bat



Sample execution script for the educational version of ANSYS.



The objective is to minimize the maximum stress of a plate with a hole. The solution can be expected to be some kind of ellipse. Hence, the design variables are the half-axes of the hole.



Figure 1. Double symmetric plate model.
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To load the model in HyperMesh: 1. Start HyperMesh. 2. From the Tool page, click user prof…. 3. Select Ansys from the drop-down menu. 4. Click OK. 5. Click files. 6. Click import. 7. Click FE. 8. Verify that the solver choice is ANSYS. 9. Use the import… file browser to open the file plate.ans. This will bring up the finite element model. 10. Click Return.



Figure 2. Finite element model.
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To do the shape parameterization in HyperMorph: 1. Go to the Tool page. 2. Click HyperMorph. This brings up the HyperMorph sub-panels. 3. Click domains. This gets you into the panel to create domains for the shape parameterization. For this tutorial, you can use domains that are generated automatically. 4. Click autogenerate. This action generates the domains and handles to manipulate the shape of the mesh and to generate shape perturbations needed for the shape optimization. 5. Click return. 6. Click morph. This gets you to the panel to morph the shape of the mesh. The goal here is to create three design variables: the two half-axes of an ellipse, and the radius of the hole. 7. Click the radio button set biasing. 8. Select the two yellow handles at the corners of the quarter circle. 9. Change bias = to 2.000. 10. Click update. 11. Click the radio button alter dimensions. The radious can now be defined as shape. 12. Change the right selector to radius. 13. Change the left selector to hold center. 14. Select the red edge of the hole. 15. For radius =, enter 30.0000. 16. Click morph. This generates the first shape. 17. Change the radio button to save as shape. 18. Enter the name sh1 into shape =. 19. Click save. 20. Click undo to prepare for the generation of the next shape. 21. Click the radio button move handles. 22. Change the left selector to along xyz.
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23. Change the right selector to translate. 24. Select the lower yellow handle on the hole. 25. Type in xval = 15.0000. 26. Click morph. This generates the second shape. 27. Change the radio button to save as shape. 28. Enter the name sh2 for shape =. 29. Click save. 30. Click undo to prepare for the generation of the next shape. 31. Click the radio button move handles. 32. Click reset below handles. 33. Select the upper yellow handle on the hole. 34. Type in yval = 15.0000. 35. Click morph. This generates the third shape. 36. Change the radio button to save as shape. 37. Enter the name sh3 into shape =. 38. Click save. 39. Click undo to get back to the initial mesh. 40. Click return twice. To begin the study: 1. Go to the BCs page. 2. Click HyperStudy. This will bring up the HyperStudy interface.
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To register ANSYS as a solver: In order to use ANSYS as a solver, you need to register it in the preference file for HyperStudy. 1. Go to the Tools pull-down menu. 2. Choose Register Solver Script…. The Register Solver Script window pops up. 3. Click Add…. 4. Enter the Label: Ansys. 5. Enter the Variable: Ansys. 6. Browse for the Script:. The script ansys.bat is a sample of an execution script for ANSYS on Windows. You can copy ansys.bat to the c:\ directory to use it. 7. Click OK. 8. You can now save the change to a new user preference file using Save As…, append the current user preference file using Append, or exit the solver registration using Close. In the last case, the solver will only be registered for the current study. If you save or append, the solver registration does not have to be repeated in later studies if you use the same preference file. To perform the study setup: 1. Click Add study …. 2. Select New…. The Add Study dialog is displayed. 3. Click OK. 4. Select your working directory as Study directory using the file browser in the upper right of the window. 5. Click Next to continue the Create models window. 6. Click Add model …. 7. Select Model type: HyperMesh. 8. Click OK. A new model is added to the list. 9. Click Next to continue to the Design Variables dialog to add the design variables. 10. Click Add Model Parameter…. This brings up a tree of the components of the model. 11. Open the Shape folder. 62
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12. Select sh1. 13. Make sure that the lower and upper bounds are –1.0 and 1.0, respectively. 14. Click Add. 15. Repeat the step 12 through 14 for the sh2 and sh3. 16. Click OK. This returns you to the Design Variables dialog. Three design variables have been created. 17. Check the settings of initial value, lower and upper bounds. 18. Click Next to continue to the Do nominal run window. 19. In the Solver input Files field, enter plate.ans. This is the name of the input file created by HyperStudy for the solver. 20. Choose Ansys from the drop-down menu as the Solver execution script. The input to ANSYS will be plate.ans. 21. Enter plate.out plate after $file into the Solver input arguments field. These are the arguments for the ANSYS script. To perform the base run: 1. Click Write and then Execute. or Write/Execute. A window appears when the ANSYS job is complete. 2. Click OK. A nom_run directory is created inside the study directory. Among other files, the file plate.rst is generated, which contains the displacement and stress results. 3. Click Next. The Create responses panel is displayed. To register a new reader for the ANSYS results: In this study we want to minimize the maximum stress. The ANSYS animation reader is registered by default. For this study, it is better to use the hgopt_ansys.exe reader. 1. Go to the Tools pull-down menu. 2. Choose Readers, Writers and Functions…. The Readers, Writers, and Functions window pops up. 3. Select the External Readers tab. 4. Click Register…. Altair Engineering
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5. Browse for hgopt_ansys.exe in \externalreaders\bin\\plot. 6. Click Open. 7. You can now save the change to a new user preference file using Save As…, append the current user preference file using Append, or exit the reader registration using OK. In the last case, the reader will only be registered for the current study. If you save or append, the reader registration does not have to be repeated in later studies if you use the same preference file. To create a response: 1. Click Add response. 2. Click OK. 3. Click Response_1. 4. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 5. On the Vectors tab, click Add. This adds a result vector called Vector 1. This vector now needs to be defined. 6. Choose the "Vector resource file" which contains the result vector. 7. Click the browser button under the Vector resource file field and select the plate.rst file. 8. Define Vector 1 as the von Mises element stresses of the model by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type: Request: Component:



Step 0 Element data Stresses von Mises SEQ



9. Click Functions..., found in the bottom of the panel. The Functions list is displayed. 10. Choose max. 11. Click OK. max() is now selected, and is displayed in the Expression field. Vector 1 is still highlighted. 12. Click Apply to use this vector in the Expression field. The Expression field should now display the expression max(v_1), which is one of the responses to be constrained. 13. Check the Evaluate response expression box. The expression max(v_1) should change to 598.982. 14. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study).
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To run an optimization study: 1. Click Continue to… and select Optimization study. or Click on the blank box for Create optimization in the Navigation tree. 2. Click Add optimization. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window, select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Define constraints dialog. No constraint has to be added to solve this problem. 8. Click OK. 9. Select Response_1 from the Apply on drop-down field. 10. Select Minimize in the Objective drop-down field. None of the optimization parameters need to be changed. 11. Click Launch optimization. An information window informs you about the way the optimization is run (interactive or batch mode). The mode can be changed by using the Tools drop-down menu on the HyperStudy menu bar and selecting Job management…, and then Optimization Study. 12. After the optimization has finished, click Next to continue to the Post-processing window. To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of the respective functions. 3. Click a check box to display the appropriate iteration history.
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Shape Optimization Study Using HyperMesh and ABAQUSHS-2020 This tutorial demonstrates how to perform a shape optimization started from inside HyperMesh using the direct link to HyperStudy. The finite element solver is ABAQUS, and HyperMorph is used to do the shape parameterization. This tutorial also demonstrates how to solve a problem when HyperMesh and HyperStudy are run in Windows and the solver is on a UNIX platform. The necessary files can be found in \tutorials\study\Abaqus. Copy the files from this directory to your working directory. In this tutorial, you will: •



Use HyperMorph to generate shape variable.



•



Run a study from inside HyperMesh.



•



Perform a shape parameterization using HyperStudy.



•



Set up a study.



•



Write a script to run ABAQUS on UNIX and register the script in the preference file.



•



Run an optimization study.



The directory includes the following file: link.hm



Original HyperMesh file.



Abaqus.bat



Sample execution script.



Run_abaqus.bat



Sample execution script to run ABAQUS on UNIX.



The objective is to minimize the mass of a link that is connected to a shaft, given a stress constraint of 200MPa. The design variables are defined by the outer shape.
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To load the model in HyperMesh: 1. Start HyperMesh and choose the Tool page. 2. Click user prof… and select Abaqus from the drop-down menu. 3. Click OK. 4. Click Standard2D for Template name:. 5. Click files. 6. Select hm file. 7. Click Retrieve… and use the file browser to open the file link.hm. This brings up the finite element model. 8. Click Return. To do the shape parameterization in HyperMorph: 1. Go to the Tool page in HyperMesh. 2. Click HyperMorph. This brings up the HyperMorph sub-panels. 3. Click domains. 4. Select 2D domains. 5. Select all for elems. elements. 6. Click create. This action generates the domains and handles to manipulate the shape of the mesh and to generate shape perturbations needed for the shape optimization. 7. Click return. 8. Click morph. This gets you to the panel to morph the shape of the mesh. The goal here is to create one design variable the outer edge of the link. 9. Change the toggle switch from interactive to translate. 10. Change the y val to –5.0. 11. Select the yellow handle at the top right corner of the link. 12. Click morph. 13. Change the radio button to save as shape. 14. Enter the name sh1 into shape =. 15. Click save. 16. Click undo to get back to the initial mesh. 17. Click return until you reach HyperMesh home.
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To begin the study: 1. Still in HyperMesh, go to the BCs page. 2. Click HyperStudy. This will bring up the HyperStudy interface. To run HyperStudy on Windows while the study directory is on UNIX, and the solver is running on UNIX: Files on UNIX can be accessed from a Windows PC by mapping a network drive to the UNIX side of the network. Abaqus.bat is a sample batch file used to facilitate the execution of the solver on UNIX from the HyperStudy running on Windows. The batch file uses the rsh command to log into the UNIX machine and execute the solver on the iterative designs created by HyperStudy. To use the sample script: 1. Open Abaqus.bat in a text editor. 2. Change the parameter unix_machine and user appropriately. 3. Change the path name inside run_abaqus.bat appropriately. run_abaqus.bat is the UNIX batch file that executes the ABAQUS. 4. Copy run_abaqus.bat to the working directory on the UNIX platform. 5. From the command prompt, use to_unix run_abaqus.bat run_abaqus.bat to strip all lines from the ^M characters. 6. Open the run_abaqus.bat script and change the ABAQUS command line appropriately. 7. Make sure run_abaqus.bat is runable by using chmod 755 run_abaqus.bat at the command prompt. To register ABAQUS as a solver: In order to use ABAQUS as a solver you need to register it in the preference file for HyperStudy. 1. Go to the Tools pull-down menu. 2. Choose Register Solver Script…. The Register Solver Script window pops up. 3. Click Add…. 4. Enter the Label: Abaqus. 5. Enter the Variable: Abaqus. 6. Browse for the Script:. The script abaqus.bat is a windows sample script, which logs on to the desired UNIX machine and executes the UNIX script run_abaqus.bat to execute ABAQUS. You can copy abaqus.bat to the c:\ directory to use it. 68
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7. Click OK. 8. You can now save the change to a new user preference file using Save As…, append the current user preference file using Append, or exit the solver registration using Close. In the last case, the solver will only be registered for the current study. If you save or append, the solver registration does not have to be repeated in later studies if you use the same preference file. To perform the study setup: 1. Click Add study …. 2. Select New…. The Add Study dialog displays. 3. Click OK. 4. Select your working directory on the UNIX platform as the Study directory using the file browser in the upper right of the window. The UNIX working directory must be mapped to a drive on your Windows PC. This can be done in your Windows Explorer by using Tools, and Map Network Drive …. 5. Click Next to continue the Create models window. 6. Click Add model…. 7. Select Model type: HyperMesh. 8. Click OK. A new model is added to the list. 9. Click Next to continue to the Design Variables dialog to add the design variables. 10. Click Add Model Parameter…. This brings up a tree of the components of the model. 11. Open the Shape folder. 12. Select sh1. 13. Make sure that the lower and upper bounds are 0.0 and 1.0, respectively. 14. Click Add. 15. Click OK. This returns you to the Design Variables dialog. Check the settings of initial value, lower and upper bounds. 16. Click Next to continue to the Do nominal run window. 17. In the Solver input Files field, enter link.inp. This is the name of the input file created by HyperStudy for the solver.
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18. Choose Abaqus from the drop-down menu as the Solver execution script. The input to ABAQUS will be link.inp. 19. Replace $file with link in the Solver input arguments field. To make the link between Windows and UNIX work, it is necessary to replace $file. To perform the base run: 1. Click Write and then Execute. or Write/Execute. A nom_run directory is created inside the study directory. Among other files, the file link.fil is generated, which contains the displacement and stress results. 2. Click Next. The Create responses panel is displayed. To create a response: 1. Click Add response. 2. Click OK. 3. Click Response_1. 4. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 5. On the Vectors tab, click Add. This adds a result vector called Vector 1. This vector now needs to be defined. 6. Choose the Vector resource file containing the result vector. 7. Click the browser button under the Vector resource file field and select the link.dat file. 8. Define Vector 1 as the mass of the model by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type:



Mass



Request:



MASS



Component:



Value



9. Click Apply to use this vector in the Expression field. The Expression field should now display the expression v_1[0], to the mass response. 10. Check the Evaluated box. The expression v_1[0] should change to 0.000118866. 11. Click OK. 70
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12. Repeat steps 1 to 7 to create the second response for stress. Type: Request: Component:



Step 0 Element Data SINV-Mises stress



13. In the Response expression field, edit the expression to get max(v_1). 14. Check the Evaluated box. The expression max(v_1) should change to 144.275. 15. Click Finish. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). To run an optimization study: 1. Click Continue to… and select Optimization study. or Click the blank box for Create optimization in the Navigation tree. 2. Click Add optimization. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window, select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Define constraints dialog. This allows you to review your design variables. 8. Click Add constraint. 9. Click OK. 10. Select Response_2 from the drop down field in the upper right. 11. Set an upper bound of 200.0 using the Less than radio button. 12. Click Next to continue to the Define objective dialog. 13. Click Add objective. 14. Click OK. 15. Select Response_1 from the Apply on drop down field. 16. Select Minimize in the Objective drop down field.
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17. Click Launch optimization. An information window informs you about the way the optimization is run (interactive or batch mode). The mode can be changed by using the Tools drop-down menu on the HyperStudy menu bar and selecting Job management …, and then choosing Optimization Study. 18. After the optimization has finished, click Next to continue to the Post-processing window. To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of the respective functions. 3. Click a check box to display the appropriate iteration history.
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Shape Optimization Study Using HyperForm - HS-2030 This tutorial demonstrates how to perform a shape optimization within HyperForm using a one-step solution. The direct link between HyperForm and HyperStudy is used. The HyperForm database hat.hf can be found in: \tutorials\study\HyperForm and copied to your working directory. The objective is to minimize the sum of all element thickness changes (thinning, thickness strain) during the stamping process of the part. The design variables are the radii of the hat-shaped section of the part. The model considers one symmetry plane. The optimization type is shape.



Figure 1. Metal forming model with initial thinning distribution. To do the shape parameterization in HyperMorph: 1. Start HyperForm. 2. Load the database hat.hf in the files panel using hf file. 3. Go to the Die page. 4. Click HyperMorph. This brings up the HyperMorph sub-panels. 5. Click domains. This gets you into the panel to create domains for the shape parameterization. For this tutorial, you can use domains that are generated automatically. The curve tolerance needs to be modified to be able to create domain elements automatically for this example. 6. Set the radio buttons on the left to parameters. 7. Type in curve tolerance = 5.0000. 8. Set the radio buttons back to create. Altair Engineering
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9. Click autogenerate. This action generates the domains and handles to manipulate the shape of the mesh and to generate shape perturbations needed for the shape optimization. 10. Click return.



Figure 2. Domain elements and handles.



11. Click morph. This gets you to the panel to morph the shape of the mesh. The goal here is to create two design variables that represent the radii of the two fillets. 12. Click the radio button alter dimensions. 13. Set the right selector to radius =. 14. Set the left selector to fillet. 15. In the first fillet, select the two curved edges. 16. Set radius = to 2.0000. 17. Click morph. This generates the first shape (shown on the next page).
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18. Change the radio button to save as shape. 19. Enter the name sh1 for shape =. 20. Click save. 21. Click undo to prepare for the generation of the next shape. 22. Click the radio button alter dimensions. 23. Set the right selector to radius =. 24. Set the left selector to fillet. 25. Click reset below domains. 26. In the other fillet, select the two curved edges. 27. Type in radius = to 2.0000. 28. Click morph. This generates the second shape. 29. Change the radio button to save as shape. 30. Enter the name sh2 for shape =. 31. Click save. Altair Engineering
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32. Click undo to prepare for the generation of the next shape. 33. Click return. 34. Save the HyperForm database into hatDV.hf using the files panel. To perform the study setup: 1. Go to the Util page. 2. Start HyperStudy. 3. Click Add study …. 4. Select New…. 5. The Add Study dialog is displayed. 6. Click OK. 7. Select your working directory as the Study directory using the file browser in the upper right of the window. 8. Click Next to continue the Create models window. 9. Click Add model …. 10. Select Model type: HyperMesh. 11. Click OK. A new model is added to the list. 12. Click Next to continue to the Design Variables dialog. 13. Click Add Model Parameter…. The Model Parameters dialog appears. 14. In the model tree, open the Shape collector. 15. Select the two shapes by double-clicking on sh1.S, and sh2.S. 16. Click Add. 17. Click OK. 18. Select the first row, which contains information pertaining to sh1.S 19. Enter –1.5 in the Lower bound: text box. 20. Enter 1.5 in the Upper bound: text box. 21. Select the second row, which contains information pertaining to sh2.S. 22. Repeat steps 19 and 20. 23. Click Next to continue to the Do nominal run window. 76
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24. In the Solver input Files field, enter hat.parm. This is the name of the input file created by HyperStudy for the HyperForm solver. 25. Choose HyperForm from the drop down menu as the Solver execution script. The input to HyperForm will be hat.parm. You do not need to edit the Solver input arguments field. To perform the base run: 1. Click Write and then Execute. or Write/Execute. A nom_run directory is created inside the study directory. The file hat.dat contains the FLD for the given data. A vector of the thickness change for each element can also be extracted from this file. 2. Click Next. The Create responses panel is displayed. To create a response: 1. Click Add Response. 2. Click OK. 3. Click Response_1. 4. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 5. On the Vectors tab, click Add. This adds a result vector called Vector 1. This vector now needs to be defined. 6. Click the browser button under the Vector resource file field and select the hat.dat file. 7. Define Vector 1 as the thickness strain of the model by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type: Request: Component:



HyperForm Results FLD Thickness Strain



8. Click Functions..., which can be found in the bottom of the panel. 9. Choose sum. 10. Click OK. This selects sum(), and displays it in the Expression field. Vector 1 is still highlighted. Altair Engineering
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11. Click Apply to use this vector in the Expression field. The Expression field should now display the expression sum(v_1), which is one of the responses to be constrained. 12. Check the Evaluate response expression box. The expression sum(v_1) should change to 38096.5. 13. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). To run an optimization study: 1. Click Continue to… and select Optimization study. or Click the blank box for Create optimization in the Navigation tree. 2. Click Add optimization. 3. Select desired analysis solver. 4. Click OK. 5. In the upper right of the window, select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Define constraints dialog. No constraints are defined in this optimization. 8. Click Next to continue to the Define objective dialog. 9. Click Add objective. 10. Click OK. 11. Select Response_1 from the Apply on drop-down field. 12. Select Minimize in the Objective drop-down field. 13. Enter 0.1 in the Relative Convergence: text box on the Parameters tab. This tightens the convergence tolerance. None of the other parameters need to be altered. 14. Click Launch optimization. An information window informs you about the way the optimization is run (interactive or batch mode). The mode can be changed by using the Tools drop down menu on the HyperStudy menu bar and selecting Job management…, and then choosing Optimization Study. 15. After the optimization has finished, click Next to continue to the Post-processing window. 78
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To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of the respective functions. 3. Click a check box to display the appropriate iteration history.
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Shape and Process Optimization Study Using HyperForm HF-4000/HS-2040 This tutorial takes you through setting up an optimization study using the link between HyperForm and HyperStudy. Familiarity with HyperForm and HyperMorph is required. Stamping processes typically deal with large number of shape and process design variables. In order to automate the process of arriving at an optimal choice of design variables, a link between the analysis program and the optimization program is essential. The process variables are set up from HyperForm panels. The shape variables are set up with the help of HyperMorph, a mesh morphing tool. The example used here utilizes HyperForm’s 1-step analysis solver. But the same process can be easily extended to an incremental forming analysis. A quality function that minimizes failure by tearing or wrinkling has been developed using the major and minor strain ratios corresponding to the formability zones under a forming limit diagram. The objective function is to minimize the distance between the major and minor strain coordinates for each material point in strain space and the curve describing the quality function as illustrated in the figure below.



Quality function for minimizing formability defects.
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The shape variables are the blank edge profile. The die entry radius, the part depth, and the process variables are the blankholder force and the drawbead restraining forces as illustrated in the following figure.



Distribution of design variables



To set up the study: 1. Browse the /tutorials/hf/Opti/ directory to load the file part1b_opti.hf. 2. Go to the Util page. 3. Start HyperStudy. 4. Click Add study…. 5. Select New…. The Add Study dialog displays. 6. Click OK. 7. Select your working directory as Study directory using the file browser in the upper right of the window. 8. Click Next to continue the Create models window. 9. Click Add model…. 10. Select Model type: HyperForm. 11. Click OK. A new model is added to the list. Altair Engineering
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12. Click Next to continue to the Design Variables dialog. 13. Click Add Model Parameter…. The Model Parameters dialog pops up. 14. In the model tree, open the Shape, Drawbead, and Blankholder collectors. 15. Select all shapes and process variables under each collector. 16. Click Add. 17. Click OK. 18. Select each row which contains information pertaining to a shape variable. 19. Enter 1.0 in the Lower bound: text box for all shape variables. 20. Enter 1.0 in the Upper bound: text box for all shape variables. 21. Select the rows which contain information pertaining to drawbead restraining forces and blankholder tonnage. 22. Repeat steps 19 and 20 using a Lower bound: of 0.0 and an Upper bound: of 200. 23. Click Next to continue to the Do nominal run window. 24. In the Solver input file field, enter part1b_opti.parm. This is the name of the input file created by HyperStudy for the HyperForm solver. 25. Choose HyperForm from the drop down menu as the Solver execution script. 26. The input to HyperForm will be part1b_opti.parm. You do not need to edit the Solver input arguments field.



To perform the base run: 1. Click Write and then Execute. or Write/Execute. A nom_run directory is created inside the /tutorials/hf/Opti/ study directory. The data to evaluate the objective function is available under the file part1b_opti_opt.dat. The constraint can be evaluated from the data under the file part1b_opti.dat. 2. Click Next. The Create responses panel is displayed.
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To define the responses: 1. A response need to be created that corresponds to the objective function. −



Click Add Response.



−



Click OK.



−



Click Response_1.



−



Click Response Expr Builder. The Response Expression Builder is displayed.



−



On the Vectors tab, click Add.



−



This adds a result vector called Vector 1.



2. This vector now needs to be defined. −



Click the browser button under the Vector resource file field and select the part1b_opti_opt.dat file from the /tutorials/hf/Opti/ directory.



−



Define Vector 1 by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type: HyperForm Results Request:



FLD



Component:



Distance 1



−



Click Apply to use this vector in the Expression field.



−



Click in the Expression field window and enter the following expression: sum (v_1*v_1). The meaning of this expression is, take a sum of the squares of the distance between each strain coordinate and the quality function.



−



Checkmark ON the Evaluate response expression box.



−



The expression sum (v_1*v_1) should change to the corresponding value.



−



Click OK.



3. Create another response corresponding to the constraint: −



Repeat the previous steps to create a second response -- Response_2 and Vector 2.



−



Click the browser button under the Vector resource file field and select the part1b_opti.dat file.



−



Define Vector 2 by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type: HyperForm Results Request: FLD Component: Thickness Strain



−



Click Apply to use this vector in the Expression field.



−



Click in the Expression field window and enter the following expression: mean(sort(1,v_2)[0:49:1]) The meaning of the this expression is : 1) sort all the elemental thickness values in descending order, then 2) extract the top 50 values, and then 3) calculate the mean of those values. The result is a scalar representing the mean value of the top 50 thickness strain values in the model.
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−



Checkmark ON the Evaluate Response Expression box.



−



The expression mean(sort(1,v_2)[0:49:1]) should change to the corresponding value.



−



Click OK. This completes the Study setup. You can now proceed to the desired study type whether it is a DOE, Optimization, or Stochastic study.



Run the optimization study: 1. Click Continue to… and select Optimization study. Or simply click the blank box for Create optimization in the Navigation tree. 2. Click Add Optimization. 3. Select the Exact analysis solver. 4. Click OK. 5. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 6. Click Next to continue to the Constraints dialog. 7.



Click Add constraint.



8. Click OK. 9. Choose Response_2 in the Apply constraint on: field. 10. Click Less than: and type 25. This is to specify that the average of the thinning strain for the regions with the highest stretch levels should be under 25 percent. Such constraints are necessary to avoid localized defects which may occur if an objective function, like the one used here, based on the whole model is left unconstrained. 11. Click Next to continue to the Define objective dialog. 12. Click Add objective. 13. Click OK. 14. Select Response_1 from the Apply on drop-down field. 15. Select Minimize in the Objective drop-down field. 16. Select 50 for Maximum number of iterations:. None of the other parameters need to be altered. 17. Click Launch optimization to launch the optimization. An information window informs you about the way the optimization is run. Either interactive mode or batch mode is possible. The mode can be changed by using the Tools drop down menu on the HyperStudy menu bar and selecting Job management …, and then Optimization Study. 18. After the optimization has finished, click Next to continue to the Post-processing window. 84
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To view the iteration history of the optimization study: 1. Use the file browser in Optimization results plot file to select the file opti_1.hgres from the study directory. 2. Click Open to load the file. 3. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of their respective functions. 4. Click a check box to display the appropriate iteration history.



To view the results of the optimization study: 1. Open the file opti_1.hyperopt from the /tutorials/hf/Opti/ directory and go to the end to find the iteration # corresponding to the optimal design. 2. Open HyperForm and import the part1b_opti.parm file from the directory corresponding to the optimal run. 3. Save it as a HyperForm model file. 4.



From the run analysis panel, click load results.



5. Create fld plots and compare it with the initial run.
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DOE Study Using OptiStruct - HS-3000 This tutorial demonstrates how to perform a parametric study for a finite element model defined for OptiStruct. The sample base input template can be found in: \tutorials\study\OptiStruct and copied to your working directory. The following files are included: Plate.fem



Original OptiStruct input file.



Plate.tpl



Base input file.



In this parametric study, we are looking at the effect of the thicknesses of three constituent components of the model plate.fem on the volume of the plate and the stress of element number 43. The parameters for this study are the thicknesses of the three components defined in the input deck plate.fem via the PSHELL card. The thickness should be between 0.05 and 0.15, and the initial thickness is 0.1.



Figure 1. Double symmetric plate model.
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To start and set up the study: Repeat the first few steps of the tutorial Size Optimization Study Using OptiStruct FE Solver - HS1000 until the Study setup is completed. You can then proceed to carry out a DOE study. To run a DOE study: 1. Click the blank box for Create DOE study in the Navigation tree. 2. Click Add DOE Study. 3. Select Exact analysis solver. 4. Click OK. 5. Select Full factorial from the drop down list Controlled factors, DOE Class. 6. Click Next to continue to the Design Variables dialog. 7. Increase the levels for each design variable to 3. 8. The design variable TH1 is selected. 9. Click Add Level. 10. Click Fill. 11. Repeat for design variables TH2 and TH3. 12. Click Next to continue to the Interactions dialog. No interactions need to be changed at this time. 13. Click Next. This page shows you the design matrix that is automatically selected and contains eight design variable combinations or designs. 14. Click Next three times to jump over the Uncontrolled variables that are not defined in this study. This brings you to the DOE responses dialog. 15. Review the responses. 16. Click Next. This takes you to the dialog to actually run the study. 17. Click Write/Execute. 18. Answer the question that pops up with Yes. This executes all eight runs. 19. Click Next to get to the Extract responses page. 20. Click >> Extract >>. This extracts the responses defined from the eight runs. 21. After the results are extracted, click Next to continue to the Post-processing window. Altair Engineering
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To post-process the results of the DOE study: •



Main effects



•



Generate approximations



•



Anova



To create an optimization study: It is now possible to use the regression equation to optimize your design. In this example, the objective is to minimize the volume of the plate under a stress constraint on element number 43. 1. Click Add to add a new optimization study. The Add Optimization dialog is displayed. 2. Click OK. The Objective is to minimize Response 1 (this is chosen by default). 3. Click the Constraints tab to add constraints. To create a constarint: 1. Click Add. 2. Click OK. 3. Click Fx…. 4. Select Response 2. 5. Click OK. 6. Click the Upper bound value radio button. 7. Enter 22.0 in the text box. The optimization parameters do not need to be changed in the Parameters tab. 8. Click Optimize to launch the optimization analysis. 9. Click OK when the "Optimization Successful" message appears. 10. Click the Results tab to view the results. The objective value and the optimal design variables are displayed.
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DOE Study of an Electro-Magnetic Problem using ANSYS HS-3010 This tutorial demonstrates the use of HyperStudy to perform a DOE study using ANSYS solver. The problem is a 2-D electromagnetic transient analysis of a Solenoid. The files needed can be copied to your working directory from: \tutorials\study\ansys. In this tutorial, you will: •



Register ANSYS as a solver.



•



Create a base input template from an ANSYS input file using the HyperStudy parameterizer.



•



Set up a study.



•



Run a DOE study.



The directory includes the following files: Solenoid.ans



Original ANSYS input file.



ansys.bat



Sample execution script for the educational version of ANSYS.



The design variables are the permeability of the body and the input voltage of the coil. The objective is to study the effect of changing the input voltage of the coil and the permeability of the body on the maximum field force generated.



This tutorial starts HyperStudy as standalone. You can also start it from HyperMesh, HyperGraph, HyperView, or MotionView.
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To register ANSYS as solver: In order to use ANSYS as a solver you need to register it in the preference file for HyperStudy. 1. Go to the Tools pull-down menu. 2. Choose Register Solver Script…. The Register Solver Script window pops up. 3. Click Add…. 4. Enter the Label: Ansys. 5. Enter the Variable: Ansys. 6. Browse for the Script:. The script ansys.bat is a windows sample script for ANSYS on Windows. You can copy ansys.bat to the c:\ directory to use it. 7. Click OK. 8. You can now save the change to a new user preference file using Save As…, append the current user preference file using Append, or exit the solver registration using Close. In the last case, the solver will only be registered for the current study. If you save or append, the solver registration does not have to be repeated in later studies if you use the same preference file. To create the base input template in HyperStudy: 1. While HyperStudy is open, select the Tools menu and select Create Template…. 2. In the open Create Template window, go to File and Import… the file Solenoid.ans. 3. Under Edit, use Find… to search for MURX. This points to the magnetic permeability of the different materials used. 4. Select MURX for material card 2 as shown below: MPDATA,R5.0, 1,MURX,



2, 1,



1000.00000



,



5. Use the left mouse button to highlight the magnetic permeability value (number in bold) MPDATA,R5.0, 1,MURX,



2, 1,,



1000.00000



,



6. While the magnetic permeability value is selected, click the right mouse button and select Create Design Variable…. The Design Variable Properties window is displayed. 7.



Type permeability for Name and Label.



8.



Give a Lower Bound of 100 and an Upper Bound of 2000.



9. Click Ok. This replaces the permeability value by "permeability" as shown: MPDATA,R5.0, 1,MURX,



90



2, 1,



permeability
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10. To create a design variable for the input voltage given to the coil use Find… under Edit to search for VLTG. The following is displayed: BFE, 16,VLTG,



1,



12.0000000



11. Use the left mouse button to highlight the voltage value (number in bold): BFE,



16,VLTG,



1,



12.0000000



12. While the Voltage value is selected, click the right mouse button and select Create Design Variable…. The Design Variable Properties window displays. 13. Type voltage for Name and Label. 14. Give a Lower Bound of 10 and an Upper Bound of 15. 15. Click Ok. The voltage value will be replaced by "voltage." 16. Using the left mouse button, highlight the voltage value for the next node (number in bold): BFE, BFE,



16,VLTG, 17,VLTG,



1, 1,



voltage 12.0000000



17. While the voltage value is highlighted right, click the right mouse button to display the list of design variables. 18. Click volt and select apply. 19. A repeat 16 through 18 for all the nodes to which voltage is applied. 20. Click File and export as… soleniod.tpl. 21. Close the Create Template window. This completes the creation of the design variables. To perform the study setup: 1. Click Add study …. 2. Select New…. The Add Study dialog is displayed. 3. Click OK. 4. Select your working directory as Study directory using the file browser in the upper right of the window. 5. Click Next to continue the Create models window. 6. Click Add model ….
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7. Click OK. A new model is added to the list. 8. Select the Template file using the file browser in the upper right. 9. Select the file solenoid.tpl from your working directory. 10. Click Open. 11. Click Next to continue to the Design Variables dialog. 12. Check the settings of lower and upper bounds. 13. Click Next to continue to the Do nominal run window. 14. In the Solver input Files field enter m1.ans. This is the name of the input file created by HyperStudy for the solver. 15. Choose Ansys from the drop-down menu as the Solver execution script. 16. In the Solver Input Arguments, enter m1.ans m1.out m1. This is based on the sample batch file provided and can be changed. To perform the base run: 1. Click Write and then Execute. or Write/Execute. A window appears when the ANSYS job is complete. 2. Click OK. A nom_run directory is created inside the study directory. The file m1.rst is the result of the nominal run, and is created within the nom_run directory. 3. Click Next. The Create responses panel displays. To register a new reader for the ANSYS results: In this study we want to study the maximum field force. The ANSYS animation reader is registered by default. For this study, it is better to use the hgopt_ansys.exe reader. 1. Go to the Tools pull-down menu. 2. Choose Readers, Writers and Functions…. The Readers, Writers, and Functions window pops up. 3. Select the External Readers tab. 4. Click Register…. 5. Browse for hgopt_ansys.exe in \externalreaders\bin\\plot. 92
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6. Click Open. 7. You can now save the change to a new user preference file using Save As…, append the current user preference file using Append, or exit the reader registration using OK. In the last case, the reader will only be registered for the current study. If you save or append, the reader registration does not have to be repeated in later studies if you use the same preference file. To create a response: 1. Click Add response. 2. Click OK. 3. Click Response_1. 4. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 5. On the Vectors tab, click Add. A result vector called Vector 1 is added. This vector now needs to be defined. 6. Click the browser button under the Vector resource file field and select the m1.rst file. 7. Under Type select Dynamic Step 4. 8. Under Request select Element Data. 9. Under Component, select Field Forces Y. This selects the Y component of the field forces generated. 10. Click Apply to use this vector in the expression field. 11. In the Response expression field, edit the expression to get max(abs(v_1)). 12. Check the Evaluate response expression box. The expression max(abs(v_1))should change to 0.36054. 13. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study).
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To run a DOE study: 1. Click Continue to… and select DOE study. or Click the blank box for Create DOE study in the Navigation tree. 2. Click Add DOE study. 3. Click next. 4. Keep the default DOE Class as Fractional. 5. Click Next to continue to the Interactions dialog. No interactions need to be changed at this time. 6. Click Next. This page shows you the design matrix that is automatically selected and contains four design variable combinations or designs. 7. Click Next three times to jump over the Uncontrolled variables that are not defined in this study. This brings you to the DOE responses dialog. 8. Review the responses. 9. Click Next. This takes you to the dialog to actually run the study. 10. Click Write/Execute. 11. Answer the question that pops up with Yes. This executes all four runs. 12. Click Next to get to the Extract responses page. 13. Click >> Extract >>. This extracts the responses defined from the four runs. 14. After the results are extracted, click Next to continue to the Post-processing window. To post-process the results of the DOE study:
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•



Main effects



•



Generate approximation



•



Anova
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DOE Study using MotionView and MotionSolve - HS-3020 This tutorial demonstrates the use of HyperStudy to perform a DOE study with MotionSolve. The problem is a kinematic analysis of a four bar link mechanism. The files needed for this tutorial are located in \tutorials\study\MotionSolve, and can be copied to your working directory. Save both of the following files in the same directory: Fourbarlink.mdl



Input file for MotionSolve.



trunklid.h3d



H3d file for the trunk lid.



In this tutorial, you will: •



Use MotionView to start HyperStudy and create the design variables.



•



Set up a study.



•



Run a DOE study.



The design variables are the locations of points A and B. The objective is to study the effect of changing the length of the links 1 and 2 on the displacement of point C.



To create the design variables: 1. Open MotionView and load the file Fourbarlink.mdl. 2. Change the graphics settings: −



Click Graphics from the top menu.



−



Select Implicit Graphics to open the Implicit Graphics Settings window.



−



Change the Size for Joints to 10.



−



Click Apply and Close.



3. Click Solvers from the top menu. 4. Click MotionSolve. 5. Click Study from the top menu and select HyperStudy. This launches HyperStudy. Altair Engineering
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6. In the HyperStudy window, click Add Study. 7. Click New. 8. In the HyperStudy – Add Study window, type a name for a study or select the default name and click OK. 9. Under the Study Directory select the working directory. 10. Click Next. 11. Click Add Models. 12. In the HyperStudy – Add Model window, type in a model name or select the default name, and click OK. 13. Click Next. 14. In the Design variables page, click Add Model Parameter…. This opens a Model Parameter Tree window. 15. Double-click points. 16. Double-click Point 4 and select z. This loads the Z coordinate of point 4 as the design variable. 17. Click Add. 18. To add the second design variable double-click Point 2 and select z. 19. Click Add. This adds the Z coordinate of point 2. 20. Click Done. 21. While the marker is on dv_1, change the Lower bound to 1095 and the Upper bound to 1105. 22. Change the marker to select dv_2 and change the Lower bound of dv_2 to 1100 and Upper bound to 1108. 23. Click Next. 24. In the Solver Input file enter m1.mdl.
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To perform the base run: 1. Click Write and then Execute. or Write/Execute. When the MotionSolve job is complete, a message appears saying: Solver execution of "Model_1 (m_1)" for "nom_run" complete. A nom_run directory is created inside the study directory. The file m1.abf is the result of the nominal run. It is created within the nom_run directory. 2. Click Next. The create responses panel displays. To create a response: 1. Click Add response. 2. Click OK. 3. Click Response_1. 4. Click Response Expr Builder. The HyperStudy - Response Expression Builder window appears. 5. On the Vectors tab, click Add. A result vector called Vector 1 is added. This vector now needs to be defined. 6. Click the browser button under the Vector resource file field and select the m1.abf file. 7. Under Type select Displacement. 8. Under Request select DISP1 (on input link). 9. Under Component select Z. This selects the Z component of the displacement of the input link. 10. Click Apply to use this vector in the expression field. 11. In the Response expression field, edit to obtain max (v_1). 12. Check the Evaluate response expression box. The expression max(v_1)should change to 1135.51. 13. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study).
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To run a DOE study: 1. Click Continue to… and select DOE study. or Click the blank box for Create DOE study in the Navigation tree. 2. Click Add DOE study. 3. Click next. 4. Keep the default DOE Class as Fractional. 5. Click Next to continue to the Interactions dialog. No interactions need to be changed at this time. 6. Click Next. This page shows you the design matrix that is automatically selected and contains four design variable combinations or designs. 7. Click Next three times to jump over the Uncontrolled variables that are not defined in this study. This brings you to the DOE responses dialog. 8. Review the responses. 9. Click Next. This gets you to the dialog to actually run the study. 10. Click Write/Execute. 11. Answer the question that pops up with Yes. This executes all four runs. 12. Click Next to get to the Extract responses page. 13. Click >> Extract >>. This extracts the responses defined from the four runs. 14. After the results are extracted, click Next to continue to the Post-processing window. To post-process the results of the DOE study:
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•



Main effects



•



Generate approximation



•



Anova
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Multi-disciplinary Optimization Study - HS-4000 This tutorial demonstrates how to perform a multi-disciplinary size optimization for two finite element models defined for OptiStruct that have common design variables. The sample base input templates (listed below) can be found in \tutorials\study\Multi and copied to your working directory. plate1.tpl



Base input template model 1.



plate2.tpl



Base input template model 2.



The objective is to minimize the volume of the plate under a stress and a frequency constraint. The design variables are the thickness of each of the three components, defined in the input deck via the PSHELL card. The thickness should be between 0.05 and 0.15; the initial thickness is 0.1 (shown below). The optimization type is size. To demonstrate the use of the optimization tool in a multidisciplinary optimization, two models are created. One model is used for the stress analysis and one for the frequency analysis. Both models must have the same design variables.



Figure 1. Double symmetric plate model.



To view the base input templates in HyperGraph: 1. Start HyperGraph. 2. Using the Window Mode Selector, select the Text Editor. 3. Select the Open File icon from the tool bar. 4. Select the file plate1.tpl from your working directory using the file browser. This is the model used for the stress analysis. 5. Click Open. Altair Engineering
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6. At the top of the file, the following Templex syntax defines three design variables, and then exports them to a file called TEMP: {parameter(TH1,"Property 11",.1,.05,.15)} {parameter(TH2,"Property 12",.1,.05,.15)} {parameter(TH3,"Property 13",.1,.05,.15)} If you search through the file for PSHELL, you will find the parameterized PSHELL cards, which reference the design variables: $ $



PSHELL Data



$ PSHELL



2



2{TH1,%8.5f}



2



1.0



20.8333330.0



PSHELL



3



2{TH2,%8.5f}



2



1.0



20.8333330.0



PSHELL



4



2{TH3,%8.5f}



2



1.0



20.8333330.0



7. Repeat the procedure for the file plate2.tpl. This is the model used for the frequency analysis. To begin the study: 1. Click Study on the HyperGraph menu bar. 2. Select HyperStudy. The Create studies window is displayed. To perform the Study setup: 1. Click Add Study…. 2. Select New…. The Add Study dialog displays. 3. Click OK. 4. Select your working directory as Study directory using the file browser in the upper right of the window. 5. Click Next to continue the Create models window. 6. Click Add model…. 7. Click OK. Model_1 is added to the list. 8. Select the Template file using the file browser in the upper right. 9. Select the file plate1.tpl from your working directory. This is the model to perform a linear static analysis. 10. Click Open. 100
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11. Click Add model … again. 12. Click OK. Model_2 is added to the list. 13. Select the Template file using the file browser in the upper right. 14. Select the file plate2.tpl from your working directory. This is the model to perform a normal modes analysis. 15. Click Open. 16. Click Next to continue to the Design Variables dialog. 17. Check the settings of lower and upper bounds. 18. Click Next to continue to the Do nominal run window. 19. In the Solver input file fields for both models, enter plate1.fem. and plate2.fem, respectively. These are the names of the input files created by HyperStudy for the solver. 20. Choose OptiStruct from the drop-down menu as the Solver execution script. The input to OptiStruct will be plate1.fem and plate2.fem, respectively. You do not need to edit the Solver input arguments field. To perform the base run: 1. Click Write and then Execute. or Write/Execute. A nom_run directory is created inside the study directory. The files plate2.out (for the structural volume and frequency), and plate1.h3d (for the stresses) are the results of the nominal run that will be used in the optimization. The files are created inside the nom_run directory. To create a response: 1. Click Next to continue to the Create responses window. 2. Click Add Response. 3. Change the label to Volume. 4. Click OK. 5. Repeat steps 1 through 3 to create a second response named Stress43, and a third response named Frequency1. 6. Double click Volume. The HyperStudy - Response Expression Builder window appears.
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7. On the Vectors tab, click Add. A result vector called Vector 1 is added. This vector now needs to be defined. 8. Click the browser button under the Vector resource file field and select the plate2.out file. 9. Define Vector 1 as the volume of the plate by choosing the following options from the pull-down menus in the lower right-hand section of the Vectors tab: Type:



Volume



Request:



Volume



Component:



Value



10. Click Apply to use this vector in the expression field. As there is only a single value in this vector, when you click Apply, it automatically enters [0] after v_1, thereby automatically choosing the first (and only) entry in the vector. . 11. Click the Evaluate response expression box. The expression v_1[0] should change to 232.384. 12. Click OK. To define the second response: 1. Double click Stress43. 2. On the Vectors tab, click Add. A second result vector called Vector 2 is added. 3. Choose the Vector resource file that contains the result of interest, which for Vector 2 is the file plate1.h3d, using Browse... and selecting the plate1.h3d file from the nom_run directory. This file contains the analysis results including stresses. 4. Define Vector 2 as the von Mises Stress of Element 43 by choosing the following options: Subcase:



Subcase 1 - Load



Type:



Element Stresses (2D)



Request:



E43



Component:



vonMises (Mid)



5. Click Apply to use this vector in the expression field. As with Vector 1, there is only a single value in this vector, so that when you choose it for use in the expression field, the first (and only) entry is automatically selected. . 6. Check the Evaluate response expression box. The expression v_2[0] should change to 26.6471. 7. Click OK.



102



HyperStudy 7.0 Tutorials



Altair Engineering Proprietary Information of Altair Engineering



To define the third response: 1. Double click Frequency1. 2. On the Vectors tab, click Add to define a third vector for the frequency response. A third result vector, called Vector 3, is added. 3. Choose the Vector resource file that contains the result of interest, which for Vector 3 is the file plate2.out, using Browse… and selecting the plate2.out file from the nom_run directory. This file contains the frequency analysis results. 4. Define Vector 3 as the Frequency results by choosing the following options: Type:



Frequency



Request:



Mode 1



Component:



Value



5. Click Apply to use the vector in the Expression field. 6. The frequencies are stored in a vector. Therefore, to select the first frequency, edit the text window by typing [0] behind v_3 giving v_3[0]. 7. Check the Evaluate response expression box. The expression v_3[0] must change to 31.3674. 8. Click OK. This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). To link the design variables between the two models: 1. Click Next to continue to the Link design variables window. 2. Double click design variable Property 21. 3. Double click design variables Property 11. This links the design variable Property 11 of model 1 to the design variable Property 21 of model 2. Property 11 is the independent design variable that will be used in the optimization. 4. Click OK. 5. Repeat the process to link Property 22 with Property 12, and Property 23 with Property 13.
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To run an optimization study: 1. Click Continue to… and select Optimization study. or Click on the blank box for Create optimization study in the Navigation tree. 2. Click Add optimization…. 3. Select Exact analysis solver. 4. Click OK. 5. In the upper right of the window you can the select the optimization method. 6. Click Next to continue to the Design Variables dialog. This allows you to review your design variables. 7. Click Next to continue to the Define constraints dialog. 8. Click Add constraint…. 9. Click OK. 10. Select Stress43 from the drop-down field in the upper right. 11. Set an upper bound of 22.0 using the Less than radio button. 12. Select Frequency1 from the drop-down field in the upper right. 13. Set an upper bound of 32.0 using the Greater than radio button. 14. Click Next to continue to the Define objective dialog. 15. Click Add objective…. 16. Click OK. 17. Select Volume from the Apply on drop-down field. 18. Select Minimize in the Objective drop-down field. None of the optimization parameters need to be changed. 19. Click Launch optimization. An information window will inform you about the way the optimization is run (interactive mode or batch mode). The mode can be changed by using the Tools drop-down menu on the HyperStudy menu bar and selecting Job management…, and then choosing Optimization Study. 20. After the optimization has finished, click Next to continue to the Post-processing window.
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To view the iteration history of an optimization study: 1. Use the file browser in Optimization results plot file to select the file s_1.hgres from the study directory. 2. Click Open to load the file. In each of the tabs; Obj & Constr., DV, and Responses, boxes are displayed with the labels of their respective functions. 3. Click a check box to display the appropriate iteration history.
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